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ABSTRACT

Coffee has been one of the most important prodiactshe Kenyan economy for
decades, and a high proportion of the coffee preduis Kenya is considered as the
best quality coffee in the world. The natural vaoila of coffee places it in a
widening spectrum of differentiated food productsick include wines, beers, and
cheeses among others. The possibility of coffeedymers capturing price
differentials will depend on consumers recognizingluable characteristics
produced at the green coffee production level.s Bhiildy was conducted to: assess
the genetic diversity among coffee genotypes iny&ensing molecular markers,
evaluate the sensory characteristics of diffefeoffea arabicagenotypes grown in
Kenya, characteriz€offea arabicagenotypes grown in Kenya by determination of
their biochemical components and assess the |ldvassmciation between sensory
and biochemical variables. Genetic diversity offeefgenotypes was assessed using
RAPD primers and microsatellites. Coffee samplassensory and biochemical
characterizations were processed by the wet metBeden sensory variables
namely; fragrance/aroma, flavour, aftertaste, agithody, balance and overall were
assessed and scored together with three processlogariables (uniformity, clean
cup and sweetness) by a panel of seven trainececsigm a 10-point scale. All the
sensory parameters (including the process contn@meters) were added together
to constitute the total score which was a reflectad the broad coffee quality
performance. Caffeine, oil, trigonelline, totalamtogenic acids (CGA), and sucrose
were analyzed in green coffee samples using speuiithodologies and quantified

on dry weight basis. The sensory and biochemict dhtained were subjected to

XXili



analysis of variance and multivariate analysis gisdostat, R-statistics, SPSS and

XL-STAT statistical programs.

This study confirmed the low genetic diversity inralica coffee genotypes
evaluated with dissimilarity of less than 5%. Theudy also widened the
information on genetic diversity of coffee germmplasavailable for breeding
programmes in Kenya since previous work was biasetbmmercial cultivars and
donors of resistance to diseases. The molecularsiiy shown among the Hibrido
de Timor (HDT) derivatives could be exploited irebding programmes especially
by subjecting more intensive molecular charactéonaand consequently selecting
elite lines among them. Analysis of variance inthdasignificant differences among
the forty (40) ex-situ conserved coffee genotypes evaluated alongside two
commercial varieties for sensory characteristidsster analysis grouped the forty
two (42) coffee genotypes into two major groupbe Tirst group comprised of
twenty seven (27) coffee genotypes, most of whigdrewcharacterized by low
beverage quality. The second cluster compriseti@fémaining fifteen (15) coffee
genotypes, most of which were relatively bettebeverage quality. Ninety two
percent (92%) of the fourty esitu conserved genotypes scored 80 points and above
in mean total score qualifying them as specialt{ffeeo In molecular analysis,
Ennareta and Geisha 11 clustered with non-intregeké\rabica genotypes and also
revealed high beverage quality. The kind of diwgrpresented could be exploited
with the aim of recommending some accessions fanngercial cultivation.
Sensory characteristics of the five advanced brgelihes Cr8, Cr22, Cr23, Cr27
and Cr30 together with the check cultivars SL28 Badu 11 showed considerable
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variations. Diversity was observed in some of theajypes due to seasons and sites
where they were grown. However, their sensory dtaretics were similar to those
of the check cultivars SL28 and Ruiru 11. In ak thenotypes evaluated in this
study, the levels of caffeine, trigonelline, oibtal chlorogenic acids (CGA) and
sucrose agreed with documented values in Arabiffaecdx situconserved coffee
genotypes were most diverse in green bean caffeimerogenic acids and sucrose
contents compared to the commercial varieties. Hiad the highest amount of
caffeine (1.68%) while Dilla Alghae had the lowastount (0.77%). Moka Cramer
had the lowest level of total chlorogenic acid4.886) while Barbuk Sudan had the
lowest amount of sucrose (5.11%). Correlation ef ¢hp quality and biochemical
attributes showed that trigonelline significantyr@lated to body, flavour, aftertaste
and overall. Total chlorogenic acids negatively related with all sensory
parameters while sucrose positively correlated ikogmtly with all the sensory
parameters. Higher green bean trigonelline andoseccontent can be improved
together with desirable cup quality. Similarlysadable cup quality traits and low
green bean caffeine content can be selectedultaneously Incorporating
biochemical components analysis as a complementatiiod of evaluating coffee
genotypes would generate additional informatiorthencoffee genotypes and may

reveal further diversity and potential for eventengloitation.
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CHAPTER ONE
1.0 GENERAL INTRODUCTION
1.1 Background information
Coffee is an important export crop and a major ifpreexchange earner for many
countries in the developing worlll.is the second most commonly traded commodity
in the world after crude oil providing a livelihodo about 25 million coffee farming
families around the world (Pare, 2002). Coffee lseare the seeds of a perennial
evergreen tropical plant, which belongs to the farRubiceaeand genu<offea.
Two species namely arabic&dffea arabica Linnaeus) and robustaCéffea
canephoraPierre) are cultivated commercially (Lashermeésl, 1999; Anthonyet
al., 2002a; Pearkt al, 2004) and to a limited extent liberi¢@offealiberica) and
excelsa Coffea excelsa(Charrier and Eskes 2004). Arabica coffee accodiot
about 70% of the world coffee production (Anthoetyal, 2002a). The natural
variation of coffee places it in a widening speuotraf differentiated food products
which include wines, beers, and cheeses among soitiwseberry, 1996). The
possibility of producers capturing price differesi will depend on consumers
recognizing valuable characteristics produced atdteen coffee production level

(Samper, 2003).

1.2 Global coffee production and its economic impdéance

Coffee is grown in over 70 countries in the tropigad subtropical regions of the
world. It accounts up to 75% of the export revenfienany of these nations and
provides a livelihood for about 25 million coffearining families around the world.

Coffee is the second most commonly traded commaulitiie world after crude oil



(International Coffee Organization (ICO), 2010).or Fadministrative and other
reasons, the ICO has divided coffee production fotw groups on the basis of the
predominant type of coffee produced by each mersbantry (Table 1). These
groups are; Colombian mild Arabicasther mild ArabicasBrazilian and other

natural Arabicagnd Robusta.

Table 1: Coffee producing countries in the world.

Coffee categories Producers

Colombian mild Arabicas Colombia*, Kenya, United Rbfic of Tanzania

Bolivia, Burundi, Cameroon, Congo Costa Rica, Cuba, DocaniRepublic, Ecuador, EI Salvador,
United States, Guatemala, Haiti, Honduras, India, Indapdamaica, Madagascar Malawi, Mexico¥,
Nicaragua, Nigeria, Panama, Papua New Guinea, Peru, (PRext), Rwanda, Venezuela, Zambia,
Zimbabwe

Other mild Arabicas

Braziian and otherdry .. _. . .
oroesse Araicas Brazil*, Ethiopia, Paraguay
Angola, Benin, Brazil, Cameroon, Central African Repub@dte d'Ivoire, Democratic Republic of

the Congo, Ecuador, EI Salvador, Equatorial Guinea, GaBbana, Guinea, India, Indonesia, Laos,
Liberia, Malaysia, Madagascar, Nigeria, Philippines, rGieLeone, Sri Lanka, Thailand, Togo,

Trinidad and Tobago, Uganda, Vietnam*

Robustas

Note: * main producing country under each coffetegary.
Source: International Trade Centre, (2002)

The trend in global coffee production for a peraddive years is shown in Table 2.
In the year 2004, coffee was the top agricultuxplogt for 12 countries and in 2005;
it was the world's seventh-largest legal agricalt@xport by value (FAO, 2007).

Coffee accounted for exports worth approximately8WU&5 billion in coffee year
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2008/09 (October—September) and an estimated US$hllon in 2009/10 when
some 5.6 million tonnes (93.4 million bags) wereppld (International Trade
Centre, 2011). Coffee therefore is an important rootity in the world economy.
Most of the world’'s green coffee beans are produicedlatin America and in

particular in Brazil, which has led world productisince 1840.

Table 2: Trend in global coffee production

(millions of bags of green coffee, 60 kg each)

Q Coffee years
>
é Coffee producing 2005/0 2006/0  2007/0 2008/0 2009/
% regions 6 7 8 9 10
O
Brazil 28.4 29.1 30.3 32.2 32.5
§ Colombia 12.6 12.6 12.5 8.7 9
'-g Other America 23.1 23.1 24.2 22.8 21.8
< Africa 6.7 7.4 7.7 7.1 7.2
Asia and Pacific 3.9 4.2 4.4 4.4 49
Brazil 9.3 10.2 10.7 10.6 10.9
Other Latin American 0.5 0.5 0.4 04 0.4
Vietnam 13.8 19.3 16.5 18.5 18
o Indonesia 7.2 6.4 6.9 8.1 8.6
g Other Asiaand 5.5 5.4 5.3 55 6.2
2 Pacific
©  Céte d’Ivoire 2 2.8 2.6 2.4 1.9
Uganda 1.7 2.2 2.6 2.6 2.4
Other African 2.8 2.9 2.7 28 24
producers
Global totals 117.4 126.1 126.8 126.1 126.2

(Source: International Trade Centre, 2011)



1.3 Coffee production in Kenya

The first coffee seed was introduced to Kenya ten€éh Missionaries around 1900
A.D. (Mwangi, 1983). Kenya produces Arabica coffaed has the reputation of
producing some of the best mild coffees in thedradhis is due to the varieties
used, edapho-climatic conditions, good agronomactmes, careful harvesting and
processing. The desirable quality attributes aeeiveld from inherent genetic
characteristics of selected coffee varieties, ditr@nditions and proper field and post
harvest management. Coffee is grown in three déitmones in Kenya, the high
altitude (over 1700 m above sea level), the medilitude (between 1580 m and 1760
m) and the low altitude (1520m-1580m) above seal [@3aetzold and Schmidt,
1993). The recommended cultivars in Kenya are KTolw altitude areas (with serious
cofee leaf rust), SL28 and SL34 for low to mediumaa with good rainfall (Mwangi,
1983), and Ruiru 11 suitable for all coffee growgas because it is resistant to
Coffee Berry Disease (CBD) and Coffee Leaf RustRL(Opile and Agwanda, 1993).
Within the country, coffee produced by two distirsgctors, namely plantations
(estates) and the small-scale producers. Therabangt 500,000 smallholder farmers

organized in 500 co-operatives whereas there anetdh200 plantations.

In Kenya, coffee is mainly grown in three regiongmely: East of Rift Valley
(comprising areas around Mt Kenya, the Aberdargearand Machakos), West of
Rift Valley (comprising of Kisii highlands, Mt Elgoarea and the North Rift valley)
and Taita Hills in the coast. Of the estimated 18I hectares of land under coffee,
the East of Rift Valley region accounts for aboR%® Western of Rift for 17% and

the Taita Hills for only 1%. Over the last 10 yeafdorth Rift Valley has



increasingly become important as far as the futdireoffee production in Kenya is
concerned. The production area and yield trena foeriod of five years is shown in

Table 3.

Table 3: Hectarage and average yield of clean coffdy sector in Kenya

Coffee Sector 05/06  06/07 07/08 08/09 09/10

Coffee by areain Ha Co-operative 128000 121000 0@@8 120000 120000
Estate 42000 42000 37000 40000 40000

Production intonnes  Co-operative 27000 28400 @230 29400 22300

Estate 21300 25000 19700 24600 19700
Average yield kg/ha  Co-operative 211 235 189 270 861
Estate 506 595 532 616 493

SourceiEconomic survey, 2011

Coffee in Kenya is mainly wet processed with a $npmbportion being dry
processed (commonly known as “buni”). The primamt wperations involved in
the wet processing of coffee include; harvestingrtisg, pulping, fermenting,
washing, and grading drying, storage and condiignEach of these steps has an
influence on the final quality of coffee (Mburu,@. In the dry mills, parchment
coffee is hulled and graded into seven grades dowpto size, shape and density by
use of mechanically agitated sieve graders. Ctiyrethhere are two coffee
marketing systems. The central auction system adaduevery Tuesday of the
week and the direct sales system commonly refdoed the “second window”. In

the auction system, licensed coffee dealers bufeedhrough competitive bidding



whereas in the direct sales, Marketing Agents nagotvith the buyer and a sales

contract is signed and registered with the CoffearB of Kenya (CBK).

1.4 Economic importance of coffee in Kenya

The agricultural sector is the main driver of Kesiyaconomy directly contributing
26% of the annual Gross Domestic Product (GDP) rfBeoc survey, 2010 The
sector accounts for 65% of Kenya'’s total exportd provides more than 70% of
informal employment in the rural areas. Kenya Misi@030 has identified
agriculture as one of the key sectors to deliverli®% annual economic growth rate
envisaged under the economic pillar. Coffee hasaneed an important export crop
in Kenya since its introduction by missionarieghe early 1900s' (Mwangi, 1983).
Coffee sector plays a fundamental role in foreigohange earning, tax income,
households income and employment opportunitiealsib stimulates the industrial
and the service sector such as agro-chemical inesistfertilizer industries,
education and medicare. Currently, the coffee sadotributes approximately 10%
of foreign exchange earning and is ranked fourtér dforticulture, tourism and tea.
The industry contributes to food and social segurthrough trade and
interdependence among various sectors in the ecpndrhe quantities of coffee
produced have been fluctuating. Coffee productimreased by 10% from 48.3
thousand tonnes in 2005/06 crop year (Economicesur2007). However, the
agricultural sector performed poorly in fiscal y&£07/08 due to adverse weather
and the post election crisis contracting by 5.4%gared with a positive growth of
2.1% attained in 2007 (Economic survey, 2009).&Rriof fertilizers and other farm
inputs also increased, further aggravating theasdn in the sector. Despite the
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observed decline in coffee yields, the averageeprfmaid for 100kg of clean coffee
doubled in 2010 (Economic survey, 2011). The trad#l export destinations for
the Kenya coffee have been Germany (30%), Bendelgium, Netherlands, and
Luxembourg) (12%) USA and Canada (11%), Sweden (Fa)and (6%) and UK

(6%), (Statistical abstracts, 2008). However, i02dour (4) new emerging markets

were identified which included China, Japan anddrus

1.5 Problem Statement and Justification

The recommended cultivated traditional coffee taagein Kenya are K7, SL34, and
SL28. Cultivar SL28 and SL34 were selected at timér Scott Laboratories (now
the National Agricultural Laboratories, (NARL) sitied at Kabete) on a single tree
basis (Jones, 1956). The prefix “SL” is an acrorfgmScottish Laboratories where
the variety was selected. The name is completesl d®rial number “28 and 34” for
the selections. These cultivars give excellent quplity but are susceptible to
Coffee Berry Disease (CBD), Coffee Leaf Rust (CL&)d Bacterial Blight of

Coffee (BBC) which are expensive to control (Wabyal983). The cultivar K7

cultivar was selected at Lengetet Estate in Muhofoom the French Mission

Coffee (Jones, 1956). The cultivar has resistém@®me races of CLR and tolerant

to CBD (Walyalo, 1983).

In order to alleviate the problem of coffee dissasa extensive breeding program,
at the Coffee Research Foundation (CRF), Kenya, thawelease of an Arabica
coffee cultivar, Ruiru 11 in 1985 (Nyoro and Spr&986). The variety name has

the prefix “Ruiru” referring to the location of th€éenyan Coffee Research Station



where the variety was developed. The name is cetegblby an additional two code
numbers, “11”. The first code humber denotes ype Of variety as a one way cross
between two designated parent populations and ¢kcensl number defines the
sequence of release, in this case the first rel@dsemale parents are of outstanding
selections from a multiple cross programme invalviBBD resistance donors,
Rume SudanR gene), HDT (T or CK-1 gene) and K7 and the goodliubut
susceptible cultivars such as SL28, SL34, Bourt®h gnd a drought resistant
selection (DRI).The female parents are advancedrgéons (F3, F4 and F5) of the
cultivar Catimor, ex Colombia, which is a hybrid DT and Caturra (Omondit
al., 2000). This variety is mainly reproduced by colked hand pollination
(Agwanda, 1993). A pollination team induces floweriby irrigation of the male
parents, collects pollen from these flowers ands ubkes pollen to fertilize female
parents. The cultivar Ruiru 11 is a composite of about 60 Hybrid sibs each
derived from a cross between a specific femaleraal@ population (Omondit al.,

2001).

Due to the challenges encountered with reproduRinigu 11, five coffee breeding
lines coded Cr8, Cr22, Cr23, Cr27 and Cr30 haven hewler evaluation at CRF
with the prospect of releasing them as commeraaieties. Their unique features
include tall stature, true breeding and resistabiB® and CLR. The five lines were
selected as individual tree from backcross progemeolving SL4, N39, Hibrido de
Timor (HDT) and Rume Sudan as the donor varietigsthe traditional commercial

cultivars SL28, SL34 and K7 as the recurrent pareltan der Vossen, (2005)



recommended exhaustive testing of the cup qualityew cultivars before releasing

them for commercial use.

A coffee gene bank is maintained at Coffee Rese&talion (CRS) whereb¢.
arabicaaccessions from Ethiopia, Sudan, Kenya, Tanzamgph, India, Reunion,
Portugal, South and Central America (Jones, 1966 anserveax-situ Some of
these conserved genotypes have been used as poogeni the main breeding
program at CRS (Walyaro, 1983). With the shiftimpsumer trends it implies that
guality specific selection will depend on the exjaltoon of unused genetic diversity.
However, in spite of its significance, ti@offeacollection has not been subjected to

thorough characterization.

Market studies show that consumers are more digsw@iing about differences
between groups of coffee, including distinctionssdzh on product origin, taste
characteristics, such as smoothness, aroma anilyacidyanic characteristics, and
other factors (Commission for Environmental Co-apien, 1999). The diversity of
some coffee genotypes in Kenya using morphologoteracteristics have been
determined Walyaro (1983) and Gichimu and Omond2010b ). However,

morphological markers are reportedly inefficientcégse they are generally
dominant traits, they often exhibit epistatic imigtrons with other genetic traits and
can also be influenced by the environment (Weighg@l, 2005). Evaluation of

genetic diversity of coffee genotypes in Kenya gsimlecular markers is desirable.
Much work has been done in characterizing coffeengiasm in Kenya based on
sensory variables (Owuor, 1988; Njorogieal. 1990; Ojijo, 1993; Omondi, 2008).
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A lot of work has already been done in attemptiogubderstand the biochemical
composition of green and roasted coffee beans@addociate such chemicals with
the cup quality (Bertrandt al, 2003). The link between such studies and thetgen

improvement of quality is lacking in Kenya.

Coffee has been one of the most important prodiactshe Kenyan economy for
decades, and a high proportion of the coffee preduic Kenya is considered as the
best quality coffee in the world. Cup quality isked to premium prices and
stimulates farmers in Kenya to improve the quatitytheir coffee. Each day, this
interest in quality is translated into bottom-liperchasing decisions. Organoleptic
methods are widely utilized in the selection of tleav cultivars and also act as a
tool to support new cultivars and as a tool to camitate to consumers the peculiar
traits of the products. This study envisages evagdhe genetic diversity of coffee
genotypes in Kenya by biochemical components amgplementary tool in coffee
analysis. Knowledge of the nature, composition dedels of the chemical
substances in relation to specific sensory attebwtould be of immense value in
appraisal of coffee quality. Such an approach natiegl at early stages may detect

finer differences between the breeding lines aedrdditional cultivars.
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1.6 Objectives
The general objective of this study was to charatethe diversity of coffee
genotypes in Kenya.
1.6.1 Specific objectives
I.  To assess the genetic diversity of coffee genotyp&enya using molecular
markers.
II.  To evaluate the sensory characteristics of diffe@aifea arabicagenotypes
grown in Kenya.
lll.  To characteriz&€offea arabicagenotypes grown in Kenya by determination
of their biochemical components.

IV. To assess the level of association between seasdrpiochemical variables.
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CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 Origin, distribution and genetic variability of C. arabica
Two types of coffee are consumed worldwide, Rob(Gtafea canephor#.) and
Arabica Coffea arabical.). The genusgoffeais diverse and reported to comprise
about 103 species (Daws al, 2006).Coffeaarabicais the only tetraploid (2n = 4x
= 44) species in this genus and self-fertile, whileer species are diploid (2n = 2x =
22) and generally self-incompatible (Charrier andrtBaud, 1985)C. arabica
contain two genomes that originated from two déferdiploid wild ancestor<;.
canephoraand C. eugenioidedvoore (Lashermest al, 1999). Genomic analysis
using Restriction Fragment Length Polymorphism (RJlof chloroplast DNA
(cpDNA), which is maternally inherited, supportg thotion thatCoffea eugenioides
donated the maternal genome while analysis of oivad DNA (rDNA)
demonstrated th&offea canephora@onated the paternal genome (Lashereates,
1995). Although highly homozygou€,. arabicacontains a considerable amount of

fixed heterozygosity in relation to its allotetraial origin.

The centre of origin of the genuSoffeais mainly confined to the plateau of
southwestern Ethiopia and on the Boma plateau da&Lashermest al, 1999;
Anthonyet al, 2002a). Populations &. arabicahave also been reported in Mount
Imatong (Sudan) and Mount Marsabit (Kenya) (Berthand Charrier, 1988). On
the other hand, the centre of origin of other aoffpecies overlaps elsewhere in the

central and western parts of Africa (FAO, 1968djerefore,C. arabicafollows the
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typical distribution features of polyploids, that peripheral expansion outside the

range of distribution of the other diploid speaxshe genus (FAO, 1968b).

Early domestication and selection of the species waried out by Arabs who
introduced it into Yemen probably in the 13 and' téntury (Wintgens, 2004). All
species ofCoffeaare woody, ranging from small shrubs to large roltees with
heights of up to 10 meters. Phenotypic variatiotwben species is wide.; some are
deciduous while others are evergreen; leaves ramgelour from yellow and dark
green to bronze and purple-green and vary in §izeffea liberica) has the largest
leaves); fruit size ranges from that of a small fiea good-sized plum. The coffee
flowers consist of a white fine lobe corolla, aysabf five, stamens and a pistil. The
ovary is at the base of the corolla and contains déwules that if duly fertilised
produce two coffee beans (Charrier and Eskes, 200#)d pollination maybe of
prime importance, however coffee blossom also @tirssects which contribute to
the pollination process. An illustration of coffe®ssom is shown in Plate 1. The
time taken from flowering until the maturation bktcoffee berries varies according
to the variety, climatic conditions, and agricuftupracticesC. arabicatakes 6-9

months while Robusta takes 9-11 months (Wintge®84 2
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Plate 1: Coffee Blossom
(a bee can be seen)

The genugCoffeais not only endowed with enormous morphologicalatasn, but
also with adaptation to a wide range of environregmtovided there is no frost. T
plants grow from sea level to 2600 meters altitadd®ve sea level, in habite
ranging from under shade without shade, from sandy to humic soils and fi
flooded habitats (exampCoffea congensiBrohener) to arid areas examCoffea
rhamnifolia (Chiov.) Bridson, (FAO, 1968a). lllustrations ofnse morphologica
diversity of some coffee genotypes are sn in Plate 2,Plate 3, and Plate 4.
Features of some berries of different coffee ggredyare shown iPlate 5 and Plate

6.

14
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Plate 3C. eugenioides
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Plate 4: Canopy characteristics of different coffegenotypes;

(A) Open tall statured advanced breeders’ line,tfi@)compact Ruiru 11 hybrid, (C)

the bushyCoffea eugenioidesnd (D) the robustoffea canephoréRobusta coffee)
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Plate 5: Features of berries of different coffee gmtypes

(A) typical Arabica coffee berries, (B) berries of theltivar SL28 infected by Coffee
Berry Disease, (C) the large round fruit with praemt disc end of Polysperma, (D)
the prominent navels of a variety of Robusta andi(ierent sizes of berries (i)
Polysperma, (ii, typical Arabica, (iii) Robusta afiv) Eugenioides
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Plate 6:Coffee berries showing different distinguiking features

(A) Characteristic normal two beans (B) Occasiara bean accompanied by a
malformed twin (C) Polysperma typically with mulggbeans per pod.

C. arabicais characterized by low genetic diversity (Lasheset al.,1996), which

is attributable to its reproductive biology andertevolution. Among other things,
the low variability is reflected in its susceptityilto most coffee diseases. Although
breeders have managed to exploit this low varighib develop improved coffee
varieties, transfer of traits of agronomic impodarfrom otherCoffeaspecies is
desirable. One avenue of such transfer is by usd@®f. HDT is a spontaneous
inter-specific cross betwedd. arabicaandC. canephorahat was observed as an
atypical tree in aC. arabica field planted in 1927, in the island of Timor
(Bettencourt, 1973). Progenies of this hybrid, maithree accessions (numbers
832/1, 832/2 and 1343), have been and continue tasbd worldwide as the main
source of resistance to various pests including CEIDR and nematodes
(Meloidogyne spp Molecular genetic analysis of derivatives of staeprogenies
have demonstrated that they variously contain @mate of 9-29% of theC.

canephoragenome, and they constitute a considerable soafcdiversity for
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Arabica coffee improvement (Lashermes al, 2000b). Breeding programmes
utilizing these progenies have given rise to intesged cultivars like ‘IAPAR59’ in
Brazil, ‘Variedad Colombia’ in Colombia ‘IHCAFE 90and ‘Costa Rica 95’ in
Central America, Ruiru 11 in Kenya and ‘Sin 12’India (Anthonyet al, 2002a).
The continued use of the derivatives of HDT for Hica coffee breeding
emphasizes the importance of these materials @aratiuction of genes from diploid
relatives ofC. arabica Coffee genetic resources are conventionally aveseas
trees in field gene banks. So far no efficient pchae is available for the long term

storage of coffee seeds (Floghal.,1995).

Important collections ofC. arabica are maintained at Coffee Research Station
(CRS) Ruiru. The coffee germplasm consereaesituat Coffee Research Station
(CRS) Ruiru, has man§. arabicaaccessions from Ethiopia, Sudan, Angola, India,
Reunion, Portugal, South and Central America amdesisom Kenya (Millot, 1969).
Genetic diversity analysis among such accessiomngakfor efficient utilisation of

the available germplasm.

2.2 Methods of assessing genetic diversity

2.2.1 Molecular techniques

Different methods such as morphological, biochehéral molecular markers are
available to estimate the genetic diversity withimd among genotypes. A variety of
techniqgues have been utilized to measure genetiatiws of coffee species in

Kenya. Walyalo (1983) evaluated the diversity @vein varieties (8 were from the
Kenya coffee gene bank accessions and three (¥ emnmercial cultivars) using
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morphological characteristics. Gichimu and Omor{d10b) also determined the
morphological diversity among some newly develoged existing commercial
cultivars in Kenya. However, morphological markexse reportedly inefficient
because they are generally dominant traits, thegnaéxhibit epistatic interactions
with other genetic traits and can also be influeniog the environment (Weisingt

al., 2005).

The importance of molecular markers for geneticrompment in perennial crops
like coffee is immense. It allows selection of dalie genotypes at an early growth
stage (at seedling stage), on a large number eflbrg lines, reduce the number of
backcross cycles required to restore the qualitythef recurrent parent and for
simultaneous improvement of different traits (Lasheset al, 2000b). A variety of
molecular techniques have been developed to meagmetic variation at both
interspecific and intraspecific levels in a numbéplant species. Recent advances
in the field of plant molecular genetics have re=ilin the development of a series
of DNA markers. Of these, Short Sequence Reped®Rgp or microsatellites
(Weber and May, 1989), Restriction Fragment Lengblymorphism (RFLP)
(Botsteinet al.,1980), Randomly Amplified Polymorphic DNA (RAPDJVglsh and
McClelland, 1990; Williamset al, 1990), and Amplified Fragment Length
Polymorphism (AFLP) (Vo®t al, 1995) are the most popular. Only the molecular

markers applied in this study are discussed below.
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2.2.1.1 RAPD

RAPD was first used by Williamst al, (1990) to examine human DNA samples.
This method is based on the fact that using shbitrary primer sequences; they
can by chance anneal on random sequences withigetheme in close proximity
and in opposite orientation to be amplified in aRP@rogramme. RAPD marker
technique is quick, easy and requires no prior eecgl information (Welsh and
McClelland, 1990). In coffee, RAPD technique wasdido study the genetic
diversity and relationships amorZpffeaspecies (Lashermex al., 1993, Orozco-
Castillo et al., 1994; Anthonyet al., 2001). The technique has also been used
successfully to analyze the genetic diversity amoulgvated and sub-spontaneous
accessions ofoffea arabica(Lashermeset al., 1996). Agwandeet al (1997)
conducted a study to identify RAPD markers assediatith CBD resistance and to
identify markers which could be used to select regfaihe genetic background of
CBD resistance donors. However, Gichwual. (2007, 2008) were not able to
regenerate polymorphic bands with the RAPD primeported by Agwandat al.
(1997). Destpite such shortcomings, RAPD markenge Haeen applied to study
general diversity. Masumbulet al. (2003) demonstrated that RAPD markers were
able to determine variability in the Tanzanian igalied C. arabica accessions
clustering them according to geographical locatighstudy conducted by Aget

al. (2003) on forestC. arabica in Ethiopia also demonstrated that the RAPD
technique could be applied for measuring the degrfegariability within, and
between foresC. arabica L. populations. Tshilenget al. (2009) established high
variability in the Congoles€offea caneforaar. robusta genepool using RAPD and
Inter-simple sequence repeat (ISSR) markers. like for many crops, evaluation
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of the genetic diversity and available resourcethiwithe genusCoffea is an

important step in coffee breeding (Culatyal, 2008).

2.2.1.2 Microsatellites

A microsatellite is a short DNA sequence that igsesged many times within the
genome of an organism. Repetitive DNA consistdrapte homopolymeric tracts of
a single nucleotide type [poly (A), poly (G), paly), or poly (C)] or of large or
small numbers of several multimeric classes of atpévan Belkunet al, 1998).
The number of repeats at a particular locus is iwgsgble between individuals of
the same species. Simple sequence length polynsonptaused by the variation in
the number of repeats can easily be detected byUBCig pairs of primers designed
from unique sequences bordering the SSR motifsis Ifor this reason that
microsatellites can be used for genetic fingerprqit Anthony et al (2002b)
studied the genetic diversity within and among Tgpi Bourbon- and
subspontaneous-derived accessions using six SSRandcidentified two alleles
which discriminated the Typica derived accessior@mnfthe Bourbon derived

accessions. Microsatellites have been applieddatity C. arabica, C. canephora

and related species (Combetsal, 2000). They have also been used to investigate

polymorphisms among wild and cultivat€l arabicaaccessions (Rovelkt al,
2000; Anthonyet al, 2002b; Barualet al, 2003; Moncada and Couch 2004) and to
analyze the introgression of DNA fragments fr@mcanephorandC. libericainto
C. arabica(Lashermest al, 2000, Lashermet al, 2010; Prakaskt al, 2002;
Gichuruet al, 2008). In Kenya, Gichuru (2007) showed Sat 23% Sat 172 to be

linked to CBD resistance while, Omoneli al. (2009) reported SSR polymorphism
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between a disease resistance donor, (Rume Sudath)a asusceptible cultivar,
(SL28). This study expect to use molecular markersassess overall genetic

diversity of coffee genotypes, in Kenya.

2.2.2 Organoleptic characterization of coffee

Organoleptic relates to the attributes perceptiljlehe senses. The human senses
have been used for centuries to evaluate the gudlfbods. Sensory evaluation has
been defined as a scientific method used to evoleasure, analyze, and interpret
those responses to products as perceived throwghketises of sight, smell, touch,
taste, and hearing (Martens, 1999). Coffee quaditgssessed organoleptically by
trained coffee tasters (Van der Vossen, 1985; Aglaath999). The distinct flavour
of brewed coffee is certainly the main reason ferwide popularity and almost
universal appeal as a refreshing beverage (Petrdd4d). The desirable aroma and
taste of brewed coffee is formed during roastinggoéen coffee beans. The
international standard 1SO-5492 (2008) gives adligerms used in sensory analysis
of coffee. In that standard, flavour is definedaasomplex combination of olfactory
(pertaining to the sense of smell), gustatory geimg to the sense of taste) and
trigeminal (oro-nasal chemesthesis) sensationsepeat during tasting. Coffee
aroma is composed of the gaseous chemical commowoénbasted coffee beans,
which escape as gases after the coffee beans amadgand as vapors’ during
brewing (Lingle, 2001). Coffee taste is composedwatter-soluble organic and
inorganic natural chemical components of roastadl gmnound coffee beans which

are extracted as liquids during the brewing pro¢esgle, 1996).

23



Acidity has been recognized as an important atieibaf the sensory quality in
coffee. The International Standard 1SO-5492 (2afi)nes acidity as a basic taste
produced by dilute aqueous solutions of most aalastnces. Some of the acids
contributing to this sensation are formed during development of the coffee bean
while some are generated during roasting (@nal, 2000). Acidity rises from the
presence of hydrogen ions from the ionization afistibuent acids (both inorganic
and weak organic) in agueous solution. Among thiéee tasters, sourness has a
particular connotation, generally unfavorable, velasr acidity is a favorable
characteristic Washed Arabicas (or milds) usuaklyehfine acidity whereas dry
processed Robustas are neutral with varying degreésirshness (Clarke, 1987).
Mouthfeel is a tactile sensation perceived by buouacous membranes, along with
the thermal response due to the beverage's teraper@etracco, 2001). In coffee
tasting, body is the sense of weight or heavinestisdoffee brew exerts in the mouth

sometimes referred to as mouth-feel.

Different countries have over time developed thewn methodologies for
assessment of coffee quality. In Kenya, Colombig Bthiopia for example, liquor
quality is determined on the basis of the leveholity, body, and flavour of the
brew (Devonshire, 1956; Moreret al, 1995; Asfaw, 2008). The coffee industries
rely on human sensory panels that are trainedsorichinate degrees of smell and
taste in coffee. It is difficult to relate the outpof analytical instruments to human
perception because the chemosensory systems of antkltaste use information
gathered from the interaction of complex chemicaktanes with the biological
sensors without separation of individual compong@seathet al., 2002). The
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international coffee market is increasing demand fwoducts of unique
characteristics or of high beverage quality. Thentespecialty coffee’ originated in
the United States where it was initially used teale the range of coffee products
sold in dedicated coffee shops, to differentiatenthfrom those available through
general retail outlets (International Trade Cen2@l1). Due to the growth and the
accompanying proliferation of specialty productpedalty Coffee Association of
America (SCAA) developed a standard protocol fag tertification of specialty
coffee (Lingle, 2001). The SCAA methodology hasrbeéesigned in such a way
that the entire panel employs the same terminadogigen evaluating coffee. When
panellists with the same level of training emplbye tsame terminologies, results
generally show good inter-panel agreement and areparable (Martinet al,
2000). However, the interpretation of the undedysensory dimensions responsible
for the perceived differences may differ betweemegt® due to differences in
individual panellist’'s understanding and use otaierattributes (Risvilet al, 1992;
Hunter and McEwan, 1998). Regardless of the apprbaing used to analyze the
sensory attributes of the coffee, panels requiteresive training before the panel

can become a reliable sensory instrument (Finettaf, 2006).

2.2.2.1 Some factors affecting coffee quality

Coffee beverage quality is a complex characteristiicch depends on a series of
factors. Genetic factors have been associated twehquality of coffee. The two
species ofCoffeathat have acquired worldwide economic importance arebisea
and Robusta. The difference in these coffees aregrezed commercially with
Robustausually selling at prices 20-25% lower than ArakiEateban-Diezt al.,
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2004,) Arabicabeans are highly valued by the trade, as theyarsidered to have a
finer flavour than Robusta. Bertraret al. (2005) reported that introgression of
genes from theC canephoragenome could have a negative impact on the cup
quality of cultivars derived from the Timor Hybritlowever some introgressed F1
hybrids have been found to have similar or supet@otraditional cultivars for

certain attributes, such as acidity or aroma (Bedet al.,2006).

The environment has also a strong influence oreeaffuality (Decasgt al., 2003;

Gichimu and Omondi, 2010a). The interaction betwéesm genotypes and the
environment has also been studied. Walyaro (19&pprted relatively lower
genotype by environment interaction effects on qugality characters. Van der
Vossen (1985) reported non-significant genotypetyironment interaction effects
on quality characters, such as bean size and caltyguHowever, Agwandat al.

(2003) reported significant genotype by environmiat¢raction effects on coffee

bean and liquor quality.

The quality of the soil and specifically the balarmetween the different nutrients is
important for the cup quality (Yadessial.,2008). Amber beans (smooth yellowish
coffee beans) were observed to be produced on $tgfging from iron deficiency
(Robinson, 1960). The coffee beverage produced froasted amber beans was
described as full in body but lacking acidity (Desbire, 1956). Iron deficiency in
coffee trees in Kenya was shown to be caused biyihle alkanity in the soil

(Robinson, 1960).
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Climate, altitude, and shade play an important tioteugh temperature, availability
of light and water during the ripening period havetrong influence on flowering,
bean expansion, and ripening (Hardetgl, 1987). Dessalegn (2005) reported that
if other factors are kept constant, better quatibffee can be found at higher
altitudes, while low land coffee were found to bengwhat bland, with considerable
body. The slowed-down ripening process of coffeerié® at higher elevations
(lower air temperatures), or under shading, allomse time for complete bean
filling (Vaast et al., 2006), yielding beans that are denser and far nmesse in
flavour than those grown at lower altitudes (or eméull sunlight). The slower
maturation process should therefore play a cemtigl in determining high cup
guality, possibly by guaranteeing the full maniéisin of all biochemical steps

required for the development of the beverage quéitivaet al.,2005).

Post harvest techniques also influence the qualftycoffee. Green coffee is
traditionally produced either wet or dry processiimgthe dry process, whole coffee
fruits are dried in the sun while in the wet pragesipe coffee cherries are
mechanically de-pulped and the mucilaginous residaee degraded during a
‘fermentation’ step and then washed off and suedlriThe coffee from the two
processing systems is hulled mechanically to obgaeen coffee. Wet processed
Arabica has been reported as being aromatic wihdicidity and some astringency,
while dry processed Arabica is less aromatic asd &idic but with greater body
(Clifford, 1985). The metabolic reactions that accluring wet-processing help
generate pleasant cup quality attributes (Sekhal., 2006). Natural dry-processed
Arabicas from Brazil and Ethiopia have been rembti® have low acidity, less
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marked aroma, but much stronger body, which is ntamd in espresso coffees (llly
and Viani, 2005). Cup quality may also be influegethe degree of roast, grind

and, brewing methods among other factors (Lingd®6).

2.2.3 Characterization of coffee genotypes by bioemical composition

Coffee cup quality is based on the characterizatibma large number of factors
including taste and aroma. These factors are ckl@teéhe biochemical content of
roasted beans. These compounds rise from a smalletber of biochemical
compounds present in green beans. There have la@muy investigations of the
chemical composition of green coffee beans (Cliffot985; Montagnoret al,
1998; Faralet al, 2006). Green coffee biochemical compositionas heen used to
discriminate between Arabica and Robusta (Maetinal, 1998; Fischeret al,
2001). The biochemical composition and beverage qudldg also been used to
compare Arabica hybrids grown at various elevation€entral America (Bertrand
et al, 2005). Caffeine, chlorogenic acids, sucrose taigdnelline have been used
for characterization of coffee species as well aseties within a species (Biccét
al., 1995; Kyet al, 2001).These biochemical compounds are important in begeera
quality since they are aroma precurs@srrelations between coffee cup quality and
some chemical attributes may be used as an adalitimol for coffee quality
evaluation (Farakt al. (2006). Some of the major biochemical componehtgeen

coffee bean are discussed below.
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2.2.3.1 Carbohydrates and their contribution to coflee quality

Carbohydrates are the most abundant constituentgwincoffee beans accounting
for more than 50% of the bean dry weight (Njorog@87, Wrigley, 1988). Green
coffee beans contain a wide range of different @aydrates which can be grouped
as simple sugars, disaccharides, oligosacchariageb @olysaccharides. The
principal low molecular weight carbohydrate or sugagreen coffee is sucrose.
Sucrose is one of the main sugars in the coffeayearying from 5% to 9.5% of
dry matter basis (dmb) i€offea arabicaand from 4% to 7% of dmb i€offea

canephora(Ky et al, 2001). Sucrose is the main contributor of redgcsugars

which are implicated in Maillard reactions occugiduring the roasting process
(Grosch, 2001). Sucrose as the most abundant,saatoma precursors that affect

both taste and aroma of the beverage (Matial, 1994).

The polysaccharides consist mannans or galactomanaaabinogalactan-proteins
and cellulose (Redgwedlt al, 2002). Small amounts of pectic polysaccharidet a
xyloglucan has also been found (Oosterveldal, 2003). The importance of
carbohydrates in coffee can be attributed not ¢emlyheir high concentration in the
bean but also to the complex changes they undengogdthe roasting process which
contribute to the organoleptic appeal of the coffegeerage. Roasting is an essential
step in coffee production for the formation of was types of flavour compounds. The
content and nature of sugars in the green beaimspigrtant in the development of
flavour and pigmentation during roasting (Flamemd 8essiere-Thomas, 2002). The
conversion of carbohydrates contributes signifigartb the formation of these

compounds (Marieet al., 1994). Heating during roasting hastens the inwersf
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sucrose to reducing sugars. Furan derivatives thee principal products of
decomposition of monosaccharides and higher sgment and Bessiere-Thomas,
2002). Compounds such as phosphates, acids arid &kal to catalyse the pyrolysis
of sugars and amino compounds. Sulphur contaimmgaacids react readily forming
sulphur derivatives of furan such as furfurylth{@lart and Nursten, 1985). These
compounds are particularly important organolegdiics they possess rich roasted and
coffee-like aromas. The roasting process is resplengor opening the cell-wall
matrix resulting in the solubilisation of polysaeciies upon extraction (Leloup and

Liardon, 1993).

Sucrose represents the major transport form ofgslyothetically assimilated carbon
in coffee and its metabolism plays a key roletipalarly in sink tissues such as
fruits (Lalondeet al., 1999). Higher sucrose contents in Arabica gtesre been
shown to partially explain its better cup qualiy et al., 2001). Considering its
importance, it would therefore be of interest talagate Kenya coffee genotypes for

sucrose levels.

2.2.3.2 Alkaloids in coffee

Coffee plants contain two different kinds of alkdk derived from nucleotides.
Caffeine (1, 3, MN-trimethylxanthine) and theobromine (3 N7dimethylxanthine)

are purine alkaloids while, trigonelline {-methylnicotinic acid) is a pyridine
alkaloids. The physiological functions of alkaloidee not completely understood,

but they are considered to participate in plantnubael defences (Ashihara and
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Crozier, 1999). Caffeine has been related to therphcological effects of coffee

and trigonelline has been associated with flavounétion coffee roasting.

2.2.3.2.1 Caffeine and its biosynthesis

The most important sources of caffeine are coff€effea spp.), tea Camellia

sinensi}, guaranaRaullinia cupand, mate [lex paraguariensis cola nuts Cola

vera), and cocoaTheobromacacgo(Suzukiet al, 1992). The amount of caffeine
found in these crops vary with the highest amouotshd in guarana (4-7%),
followed by tea leaves (3.5%), mate tea leaves9¢l&3%), coffee beans (1.1-
2.2%), cola nuts (1.5%), and cocoa beans (0.03%fqi@d et al, 1990). InC.

arabicaseedlings, caffeine occurs mainly in leaves arigledons and is essentially
absent in roots and the older brown parts of sh@teng and Ashihara, 2004).
Chemically, caffeine remains stable during coff@asting except for minute
amounts that sublime although roasting has beeortezpto cause a reduction in

caffeine content (Frana al.,2005; Hec'imovicet al.,2011).

Caffeine was isolated from tea and coffee in theye&a820s, but the main
biosynthetic and catabolic pathways of caffeineenmot fully established until the
year 2000 (Katcet al, 2000). The xanthine skeleton of caffeine is \deti from
purine nucleotides. Main caffeine biosynthetic path is a four step sequence
consisting of three methylation and one nucleosidaactions (Figure 1. The initial
step is the methylation of xanthosine by-adenosyl-I-methionine (SAM). In the
process SAM is converted ®adenosyl-L-homocysteine (SAH) which in turn is

hydrolysed to L-homocysteine and adenosine (Ashibamal, 2008). The last two

31



steps of caffeine synthesis are also catalysed RBM-8ependent N-

methyltransferase(s).

)\N SAM SAH @ +CHJH20 Rbose 0  CHy SAM SAH O Chy sau SAHHC 0 CH
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Xanthosine T-Methylxanthosine

Figure 1: Caffeine biosynthesis

Source: Ashiharat al (2008)

The exact biological role of caffeine and relatediqe alkaloids of plants is still
unclear, although there are some hypotheses. lohtbmical defense theory, it has
been proposed that caffeine protects young leawek feuit from predators (
Hollingsworthet al, 2002) and that the caffeine released by the seatiprevents
germination of other seeds (allelopathic or autatdeory) (Friedman and Waller,
1983). In agreement with these proposals, it issknthat caffeine is accumulated in
both the seeds and young leaves of coffee planshiljara and Suzuki, 2004).
Strong supporting evidence for the chemical defetie®ry has recently been
obtained by Uefujet al (2005), who demonstrated that leaves of transgebiacco
(Nicotiana tabacumplants engineered to produce caffeine were lasseptible to

insect feeding compared to control leaves thanhdidcontain caffeine.
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Caffeine is probably the most frequently ingesteldarmacologically active
substance in the world and presents a charaatebitter taste that is important to
coffee flavour (Trugo, 1985). It accounts for 13 of the bitterness of coffee
brew detected by taste (Viani, 1985). After itslongestion, caffeine is absorbed,
and distributed to various tissues, and broken dtavmetabolites with variable
pharmacological actions, which are then excretedn@él, 2002). In the human,
slightly more than 80% of administered caffeine3{(Z;trimethylxanthine) is
metabolized by demethylation to paraxanthine (Himethylxanthine) via liver
cytochrome P-450 1A2, and about 16% is convertedtheobromine and
theophylline, (3,7- and 1,3-dimethylxanthine, retpely) (Benowitzet al, 1995).
Caffeine is a mild stimulant, which acts on thetc@mervous system and increases
the metabolic rate. Consumption of caffeine eqentato that found in a couple of
cups of coffee has been shown to improve alerta@ss enhance concentration.
Liebermanet al. (2002) examined whether moderate doses of caffemed reduce
adverse effects of sleep deprivation and exposoreevere environmental and
operational stress on cognitive performance. Thmynd that even in the most
adverse circumstances, moderate doses of caffemdd cimprove cognitive
function, including vigilance, learning, memory,damood state. When cognitive
performance is critical and must be maintained rduexposure to severe stress,
administration of caffeine may provide a significaudvantage. A dose of 200mg
appeared to be optimal under such conditiddmmith (2002) conducted a study
aimed at determining whether a realistic drinkiagime (multiple small doses - 4 x
65 mg over a 5-h period) produced the same effects single large dose (200 mg).
The smaller doses were selected so that the anoduatffeine present in the body
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after 5 hours would be equivalent to that foundhvilte single dose. The results
showed that in both consumption regimes caffeimktteincreased alertness and
anxiety and improved performance on simple andaghoeactive tasks, a cognitive
vigilance task, a task requiring sustained respamska dual task involving tracking
and target detection. Rogessal (2003) compared the mood, alerting, psychomotor
and reinforcing effects of caffeine in caffeine mmnsumers and acutely
(overnight) withdrawn caffeine consumers. The michg effect of caffeine was
evident from an effect on drink intake, but drinkoece was unaffected. Caffeine
increased self-rated alertness of both caffeineswmers and non-consumers;
however, for some of the non-consumers this wascaded with a worsening of

performance.

Commercially cultivated coffee plants contain sahsiil quantities of caffeine.
arabica beans usually contain 1.2-1.4% (DWB) afd canephoral.2—3.3%
(Mazzafera and Calvalho, 1992). Demand for deaadtedd coffee has increased
gradually since the early 1970s. Sales of decadteth coffee in the world have
achieved a 12% share of the total market, estimitdae worth more than US$4
billion (Heilmann, 2001). Decaffeination sometimeterferes with the organoleptic
characteristics of the coffee. However, accordiogWtzthum (2005) modern
methods of decaffeination carried out correctly maynimally affect the
organoleptic quality of the beverage. In Kenyateof studies have been conducted
to evaluate caffeine levels in tea leaves. Studewucted in Kenya showed that
withering may influence the caffeine concentrationtea compared to normal
withers, since the levels in physically witheredgseavas less (Owuaat al., 1987).
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Mohammed and Suleiman, (2009) compared teas fromyd&end China. The
caffeine content in the tea leaves samples analyaadd from 1.40% in Kenya
sample to 2.80% in China sample, with a mean d%.8nd coefficient of variation
11.6 percent. The levels of caffeine in certaim lbeands (chai mara moja, kericho
gold, sasini, finlays premium) in the Kenyan markedre found to be within the

documented range (Wanyika al, 2010).

Wanyikaet al. (2010) evaluated caffeine content in some solabfeee found in the
Kenyan domestic market. It is important to note thast soluble coffees are made
from Robusta coffee. Despite its importance, infation on caffeine levels in
coffee genotypes existing in Kenya is limited. A¢ tsame time, when new varieties
are developed it is important to bench mark therth wie existing varieties in

caffeine content.

2.2.3.2.2 Trigonelline and its biosynthesis

Trigonelline is an alkaloid with chemical formulakGNO, and a molecular weight
of 137.138 g/mol. Structural formula of trigone#linis shown in Figure 2.
Trigonelline was first isolatedrom seeds of fenugreekTrigonella foenum-
graecum (Johns, 1885). Common foods containing trigonellinclude barley,
cantaloupe, corn, onions, peas, soybeans, and demé&Beckstrom-Sternberg and
Duke, 1996). Trigonelline exposure also occurs wbrristaceans, fish, or mussels
containing trigonelline (Itet al, 1994) are consumed. Coffee is a significants®ur
of trigonelline where it occurs naturally in greeoffee. Trigonelline levels iIC.

arabica, have been reported to range from 0.88% to 1.7i% @Ky et al, 2001),
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1% to 1.94% dmb) and 1.52% to 2.9% dmb ( Mazzafe®&@1). InC. canephora
levels reported ranges 0.75% to 1.24% dmb €Kal, 2001) and 0.91% to 1.94% (

Martin et al, 1998).

The direct precursor of trigonelline is nicotinicié (Joshi and Handler, 1960). In
plants, nicotinic acid is produced as a degradatraauct of Nicotinamide Adenine
Dinucleotide (NAD) (Wagner and Backer, 1992; Zheagd Ashihara, 2004).
Trigonelline and its metabolic synthesis fortiJ] nicotinic acid are distributed in
all parts of coffee seedlings (Zheng and Ashiha2804). Biosynthesis of
trigonelline has been found to be high in youngeligping coffee leaves and
declines in aged leaves. Trigonelline also accutaslan fruits ofCoffea arabica
during growth, and accumulates finally in seedsimiu and Mazzafera (2000)
found that trigonelline accumulated in the seedss/erted to nicotinic acid during
germination, and is used for the NAD synthesisthis case, trigonelline acts as a

reservoir of nicotinic acid in plants.

Trigonelline is a pyridine derivative known to cohute indirectly to the formation
of appreciated flavour products including furangragine, alkyl-pyridines and
pyrroles during coffee roasting (Kt al, 2001). Some thermal degradation products
are shown Figure 2. Demethylation of trigonellthging coffee roasting generates
nicotinic acid, a water-soluble B vitamin also kmowas niacin. Nicotinic acid
produced during coffee roasting is highly bioavaliggin the beverage, in contrast to
natural sources where it is present in bound fofimugo, 2003). Coffee is a
significant source of this vitamin in the diet (§aset al, 1985). However, contents
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in commercial coffee may be highly influenced by ceffespecies, variet
geographical origin and roastinconditions (Ky et al, 2001). Despitethe
significance of trigonellinto coffee flavour developmenip studies are reported

the levelsof this variable in Kenyan coffee genotyy
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Figure 2 Structural formula of trigonelline and some of its thermal
degradation product
(Source: Truget al, 198F)

2.2.3.3 Occurrenceof chlorogenic acids in coffee

Chlorogenic acids (CGA) are esterstrans-cinnamic acids, such as caffeic, fert
andp-coumaric acids, with quinic acid (QACIifford, 2000. CGA are products ¢
the phenylpropanoid pathway, one brancl the phenolic metabolism in high
plants that is induced in response to environmestedss conditions such

infection by microbial pathogens, mechanical wouaggdiand excessive UV or hig
visible light levels (Herrmann, 1995). Plant phendacids ar synthesized from
phenylalanine and tyrosine via the shikimic acidhpay, which converts simp

carbohydrate precursors, derived from glycolysid #re pentose phosphate sh
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(phospho-enol-pyruvate and D-erythrose-4-phosphat&) aromatic amino acids.

(Farah andonangelo, 2006)

Chlorogenic acids (CGA) are the highest occurringlsin coffee and have been
analyzed extensively (Carebt al.,1974; Rees and Theaker, 1977; Van der Stegen
and Van Duijn, 1980;De Azevedoet al, 200§. The structural formula of

chlorogenic acid is shown in Figure 3.

O

H \)LG

HO HO

COOH

OH
OH

Figure 3: Structural formula of chlorogenic acid

(Source: Marinovat al.,2009)

The major CGA subgroups are quinic acid esters wdiffieic acid [caffeoylquinic
acids (CQA) and dicaffeoylquinic acids (diCQA)] owith ferulic acid
[feruloylquinic acids (FQA)] and represent 98% df @GAs (Clifford, 1985;
Morishita, et al, Kido, 1989). There are also some minor compousuish as esters
of Feruloyl-Caffeoylquinic acids (FCQA), Caffeoykfuloylquinic acids (CFQA) or

p-Coumaric acid (p-CoQA).
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Chlorogenic acids (CGA) are an important group oh-wolatile compounds in
green coffee. They play an important role in thenfation of roasted coffee flavour
and have a marked influence in determining cofige quality (Faraltet al, 2006).
They are known to be responsible for coffee pigmigom, aroma formation,
bitterness and astringency (De Magiaal, 1995). During coffee roasting, CGA are
partially degraded as a result of pyrolysis, getiegaphenolic lactones and other
derivatives. Cinnamoyl-1, 5-quinolactones (CGL) #ne main CGA lactones in
roasted coffee, being produced through the loss whter molecule and formation
of an intramolecular ester bond between positiorand 5 of QA (Farahet al,
2005). Along with CGA, CGL also contribute to caféavour despite their low
concentrations, (Ginz and Engelhardt, 2000). Clglenic acid is fairly unstable and
decomposes into caffeic and quinic acid. This kdeak increases the total acid
content of the beverage which creates an acerbiter(land sour) taste in the
beverage (Lingle, 1996C. canephoraspecies have low quality beverage and are
known to produce more chlorogenic acids (8-13%)ntita arabica (7-8%),
(Clifford, 1985; Ky et al, 1999; Guerrereet al, 2001). Using chlorogenic acid
composition, Moreirat al (2001) were able to discriminate Brazilian Arabgreen

coffee samples.

Antioxidants are organic molecules which can préwerdelay the progress of lipid
oxidation. Their ability to do this is based maily their phenol-derived structure.
Recently, the interest in using antioxidants ofurat origin in food has increased,
because they also appear to be suitable antiosdanthe prevention of diseases
associated with the process of lipid peroxidati@ordon, 1996; Stahl, 2000;
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Valenzuelaget al, 2003). Hydroxycinnamic acid compounds have baescribed
as chain-breaking antioxidants, probably actingugh radical-scavenging, which is
related to their hydrogen-donating capacity, amir thbility to stabilise the resulting
phenoxyl radical (Siquetet al, 2006). The major chlorogenic acid compounds
present in coffee are differentially absorbed andietabolized in humans, with a
large inter-individual variation. According to (Mtamo et al.,2007), urine does not
appear to be a major excretion pathway of intacA@@mpounds in humans. Farah
et al (2008) has demonstrated that chlorogenic ataia green coffee extract are
highly bio-available in humans. Several benefictealth effects have been
attributed to CGA and may be largely explainedhmsirt potent antioxidant activities
(Pereiraet al.,2003). Somén vitro andin vivo pharmacological properties of CGA
are hypoglycemic, antiviral, hepatoprotective amdmunoprotective activities
(Basnet, 1996; Tatefujet al, 1996; Hemmerleet al, 1997). Cinnamoyl-1, 5-
qguinolactones (CGL) the main chlorogenic acid lae®have also been studied for
their potential hypoglycemic effects (Sheaetral, 2003) and for their actions at
opioid and adenosine brain receptors (De Patled., 2002, De Paulist al, 2004).
However, the study of polyphenols is quite comgdegause of heterogeneity of the
different molecular structures and scarcity of databioavailability as well as on

biotransformation.

2.2.3.4 Lipids in coffee

Coffee lipids are located in the endosperm of gdfee beans (Wilsoat al, 1997)
and only a small amount of the coffee wax is latate the outer layer of the bean.The

lipid content of Arabica coffee beans averages 1#itst Robusta coffee contains

40



around 10% (Speest al., 1993). Coffee oil is composed mainly of triacytgdrols
with fatty acids in proportions similar to thoseifa in common edible vegetable oils.
The main fatty acids present in the coffee oilmasgistic (C14:0), palmitic (C16:0),
palmitoleic (C16:1), stearic (C18:0), oleic (C18:1noleic (C18:2), linolenic
(C18:3), arachidic (C20:0), eicosenoic (C20:1) &edhenic acid (C22:0) (Folstar,

1985).

Coffee oil contains a high percentage of unsapalldis, including about 19% total
free and esterified diterpene alcohols, about 5t foee and esterified sterols, and
the remainder very small quantities of other sulxsta, such as tocopherols (Speer
and Koalling- Speer 2001). The main diterpenes ifieeoare pentacyclic diterpene
alcohols mainly cafestol, kahweol and 16-O-methHglsiml. Cafestol is present in both
Arabica and Robusta while kahweol is absent in RzbwDuring the roasting process
dehydrocafestol and dehydrokahweol are formed asmdposition products from
cafestol and kahweol (Kdlling- Speetral, 1997). The amounts of both compounds
increase with raising roasting temperatures bubd alepend on the contents of
cafestol and kahweol in the green coffee (Smtal, 1991; Kolling- Speeet al,
1997). Nevertheless, using the ratio of cafestdl@hydrocafestol, the formation of
this decomposition product is suitable as an olweatharacteristic for the roasting
degree of coffees (Kolling-Speet al, 1997). The structural formulae of diterpenes

are shown in Figure 4.
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Figure 4: Structural formulae of diterpenes

(Source: Speer, and Ko'lling-Speer, 2006).

Coffees with higher oil contents have give bettasts (Northmore, 1968). During

roasting the oil is expelled to the bean surfaceming a layer which may trap

volatile aromas, preventing the immediate losshesé compounds (Clifford, 1985;

Arnaud, 1988).

The oil therefore, plays an imgairtrole in the overall presentation

of coffee flavour although the oil is poorly extted into the coffee brew.

Nevertheless, considerable amount of oil may bedadn coffee brew depending on

the brewing method. Boiled coffee (decanted witHotaring) lead in the amount of

oil that can be extracted while paper filters aresmeffective at retaining oll

droplets, allowing only about 10 mg/l in the breé®e{racco, 2001).

2.2.3.5 Biochemical components analysis by near rafed spectroscopy

The standard analytical techniques usually offehigh level of accuracy and

precision, they also show some handicaps, suchgascbsts, high labor input and

delay in reportingAs demand for rapid and cheaper controls is growingt

chemistry methodologies are being replaced by dmsthods (Rubayiza and
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Meurens, 2005). Molecular absorption spectrosc@set on ultraviolet, visible and
infrared radiations is widely used for the idewctiion and quantitative analysis of
inorganic, organic and biological molecules. IndGabsorption spectroscopy is one
of the powerful tools for structural identificatioof molecules by measuring the
absorption of different frequencies of infrarediaidn by the matrix being measured.
The most important use of infrared has been thentiitsation of organic
compounds, because the infrared spectra can prawidee fingerprints for organic
molecules. The use of near infrared (NIR) has becweery useful in the analysis of
agricultural products. Near infrared spectroscopybased on the absorption of
electromagnetic radiation by matter (Osboateal, 1993). When applied to food
products, this technique is of analytical use asaih extract a large amount of
information concerning biochemical compositiodIR has been applied as an
analytical tool in discriminating between different tea varieties (Budinova et al,
1998), to study the composition and adulterationvwgin olive (Baeten and
Aparicio, 2000; Vlachoset al, 2006), and to identify Thai aromatic rice
(Theanjumpoket al., 2005). Previous study on coffee has shown thaR Spectral
methods seem effective for authenticating coffedetias (Esteban-Dieet al.,
2007), to discriminate Robusta and Arabica (Dawietial, 2001) to quantify the
Robusta variety content of roasted coffee samtemfroet al, 2007), as a means
for controlling coffee adulteration (Posaéd al, 2009). NIR spectroscopy has
already been used to predict the contents of taljoe and sucrose (which are
aroma precursors of appreciated flavours), chlarmgacids, caffeine and oil in
green coffee (Bertrandt al, 2003). Near infrared spectroscopy (NIRS hasbee
proved efficient to discriminate Robusta and Araliizarroet al, 2007, Davrieux
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et al, 2001), to determine the origin of green coffaed the ratio Robusta/Arabica
in coffee blends. Calibration equations are esthbt by regression techniques
taking into account a limited number of predictavhjch are absorbencies at certain

wavelengths.

The standard analytical techniques usually offehigh level of accuracy and
precision, they also show some handicaps, suchgascbsts, high labor input and
delay in reportingln addition, many standard techniques involve testriction of
the test sample, which could be a handicap in #me of valuable and scarce
materials. As demand for rapid and cheaper conislgrowing, wet chemistry
methodologies are being replaced by dry methodbdiima and Meurens, 2005).
Since 1991 the Centre de coopération InternatienaRecherche en Agronomique
pour le Développement (CIRAD) France has been deusyj near infrared
spectroscopy (NIRS) databases for green coffeegttan 5000 references) and
roasted coffee (more than 4000 references) (Daviewal, 2001). NIRS has been
proved efficient to discriminate Robusta and Aral(ibavrieuxet al, 2001; Pizarro
et al, 2007), to determine the origin of green coffard the ratio Robusta/Arabica
in coffee blends. NIRS has already been usedddigirthe contents of trigonelline
and sucrose (which are aroma precursors of appeddiavours), chlorogenic acids,

caffeine and oil in green coffee (Bertragidal, 2003).
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CHAPTER THREE

3.0 ASSESSMENT OF GENETIC DIVERSITY AMONG COFFEE
GENOTYPES IN KENYA USING MOLECULAR MARKERS.

3.1 INTRODUCTION

The coffee conserveek-situat Coffee Research Station (CRS) Ruiru in gernmplas
field plots has mang. arabicaaccessions from Ethiopia, Sudan, Kenya, Tanzania,
Angola, India, Reunion, Portugal, South and Cerfrakrica (Millot, 1969). Some
of these conserved genotypes have been used asnjiorg in a main breeding
programme at CRS (Walyaro, 1983). The coffee brepgrogramme successfully
transferred resistance to CLR and Coffee Berry &iegCBD) fronC. canephora
via the interspecific hybrid referred to as Hibride Timor (HDT, Timor Hybrid)
(C. arabicax C. canephora (Nyoro and Sprey, 1986). The cultivar developed
from this breeding regime (Ruirull) is suitabledfircoffee growing areas because it
is resistant to CBD and CLR (Opile and Agwanda, 399n spite of it is
significance, thisCoffea collection has not been evaluated for genetic bdita
mainly at DNA level. According to Jumet al. (2008) there is heavy reliance on
plant genetic diversity for future crop securityagriculture and industry. However
they observed that genetic diversity for naturgbylations receives less attention.
Like it is for many crops, evaluation of the geoetiversity and available resources
within the genuLoffeais an important step in coffee breeding (Cubiral, 2008).
As new coffee varieties are continuously being tmed through hybridization,
there is a need to determine the level and sowtegnetic variation within and

between new and existing coffee varieties (Gichamd Omondi, 2010a). Genetic
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consistency within varieties is also essentialualidy assurance for any agricultural
product. Hue (2005) reported that morphologicalaklity in coffee plantations is
adverse to the product quality. Reduced genetierdity is also reported to
compromise the ability of populations to evolvectpe with environmental changes
and thus reducing their chances of long-term perste (Frankhamet al, 2002).
Determination of genetic diversity/consistency herefore important not only in
coffee but also to other crops. Walyaro (1983edeined the diversity of eleven
coffee genotypes using morphological charactesas®ichimu and Omondi (2010b)
also determined the morphological diversity amodgaaced breeders lines and
existing commercial coffee cultivars in Kenya. Hoee morphological markers are
reportedly inefficient because they are generatlgnohant traits, they often exhibit
epistatic interactions with other genetic traitd azan also be influenced by the
environment (Weisingt al., 2005). Lashermest al. (1996a) reported that genetic
factors are more accurately tested by moleculakenar This study utilized RAPD
and microsatellites (SSRs) to assess the genetiersity of ex-situ conserved

genotypes, commercial varieties and upcoming cofégreties in Kenya.

3.2 MATERIALS AND METHODS

3.2.1 Plant materials

Twenty four (24) coffee genotypes comprising of dbatimor (Line 90), four

commercial varieties, five advanced coffee selestiand fourteen non-commercial
accessions, were used in this study (Table 4).sToée¢hese coffee genotypes are
available in the commercial fields, experimentaésiand germplasm conservation

plots at Coffee Research Station (CRS), Kenya. Yotully expnaded and disease-
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free leaves were picked from second and third nfrdes the growing tips (Plate 7)

of the coffee branches for DNA extraction.

Table 4: Status and sources of the coffee genotypeshis study

Genotypes

Status

Introduced from

Marsabit
Geisha 11
Columnaris
Gratfts

Moca

N39

C. eugenioides
Harar

Ennareta
Laurina

Hibrido De Timor
Pretoria

K7

SL34

SL28

Blue Mountain
Robusta

Cross 8 (Cr8)
Cross22 (Cr22)
Cross 23 (Cr23)
Cross30 Cr30)
Cross 27 (Cr27)
Catimor - Line 90
Ruirull-Line 5

Museum accession
Museum accession
Museum accession
Museum accession
Museum accession
Museum accession
Museum accession
Museum accession
Museum accession
Museum accession
Museum accession
Museum accession
Commercial variety
Commercial variety
Commercial variety
Museum accession
Museum accession
Advanced Selection
Advanced Selection
Advanced Selection
Advanced Selection
Advanced Selection
Breeding material

Commercial variety

Wild from Northern Kenya

Kitale, Kenya
Puerto Rico

Not known

Yemen

Lyamungu Tanzania
Nandi Forest, Kenya
Ethiopia

Ethiopia

LA Reunion

Portugal

Guatemala

Kenya
Kenya

Kenya

Guatemala
Uganda
Kenya
Kenya
Kenya
Kenya
Kenya
Colombia

Kenya

a7



Plate 7: Sampling coffee leaves

3.2.2 Extraction of genomic DNA

Genomic DNA was extracted from the fresh young ésadvy the method of Diniet
al. (2005) with minor modifications using Mixed AlkyiMethylammonium
bromide (MATAB). The harvested leaves were wipethwi0% ethanol and 0.5g
weighed and placed in a motar. Liquid nitrogen added and the leaves crushed to
fine powder by use of a pestle. Lysis and extractoffers (Appendix 1) were
added to the powder (1ml each) and crushing coetinuThe mixture was
transferred to a 2ml plastic bottle and incubated2iC in a water bath for 20-30
minutes with regular shaking. After incubation, Lohchloroform/isoamyl-alcohol
mixture, (24:1) was added to each bottle and vigsisoshaken and then centrifuged
at 13000 rpm for 5 minutes in a desktop micro-¢rge. The supernatants were
carefully pipetted out into new 2 ml plastic baitl& wenty to thirty micro litres of
RNase (10 mg/ml) was added to the supernatantsnaotated at 37°C in a water-

bath for 30 minutes. A volume of isopropyl alcolmual to the volume of each
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supernatant was added into each bottle, and mieatlygby inverting the tubes
several times to precipitate DNA. The suspended DS centrifuged at 13000
rom for 5 min and a DNA pellet was obtained and shpernatant was carefully
removed. The DNA pellets were then washed with 206u70% ethanol and
centrifuged at 13000 rpm for 3 minutes. The ethama$ drained by decanting or
micro-pipetting, and the pellets dried in a vacucemtrifuge for 20 minutes. The
pellets were dissolved overnight in 20-40 ul of THis-EDTA) (depending on
pellet size) at 4°C. Estimation of DNA quantity wa®ne by agarose gel
electrophoresis. The stock solution and or thei* #ilution in 1% agarose gel
(QBiogene, France) were used and were visually enetpto standardized Lambda
DNA ladders (Promega, Madison, WI, USA). This pechoe also allowed
assessment of the DNA quality attributes such gsadiation and contamination that
distort the migration of DNA. Genomic DNA was diwk to 1ng/ul and stored at -

20°C ready for use.

3.2.3 Amplification of coffee genomic DNA

RAPDs were the main primers used due to their efsgse and availability of
primers at CRF. The method of Lashermaeal (1996b) and modified by Agwanda
et al (1997) was used for RAPD analysis. Twenty one) @bitrary decamer
oligonucleotides (Operon) were preselected andbsetu(Table 5) showing clear
amplifications were selected for analysis of tharerpanel of study genotypes. The
PCR reaction mix was in 25 pl containing, consgstof 5 pl of genomic DNA
(Ang/ul), 7.5 ul of dNTPs (500 uM; 1/10 dilution thie 5 mM dNTPs in Appendix
2), 2.5 pl of buffer (10X, Promega), 2.0 pl of Mg@25 mM, Promega), 0.1ul of
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Taq DNA polymerase (Promega), 1 pl of primers (10 |Adpligene) and 7.0 pl of
PCR water. Amplification was carried out in a Figae thermocycler (TECHNE,
USA). The amplification program started with oneleyof initial denaturation at
94°C for 5minutes followed by 45 cycles of 1 min%dtC (denaturation), 1 min at
35°C (annealing), and 2 min at 72°C (elongatiorije Tinal extension was done at
72°C for 7 min to ensure that the primer extengeaction was completed. The
RAPD products were electrophoresed in 1.8% (w/vay@se gel and then visualised

in a UV trans-illuminator after staining in ethidibromide solution.

Table 5: List of RAPD primers used for PCR analysis of 24 coffee getypes

Primer Sequence Primer Sequence

1. OPI-07 CAGCGACAAG 12. OPM-04 GGCGGTTGTC
2. OPJ-19 TGAGCCTCAC 13. OPX-20 CCCAGCTAGA
3. OPK-03 CCAGCTTAGG 14. OPY-10 CAAACGTGGG
4. OPE-05 TCAGGGAGGT 15. OPE-04 GTGACATGCC
5. OPE-08 TCACCACGGT 16. OPF-12 ACGGTACCAG
6. OPE-18 GGACTGCAGA 17. OPF-13 GGCTGCAGAA
7. OPF-15 CCAGTACTCC 18. OPF-16 GGAGTACTGG
8. OPF-17 AACCCGGGAA 19. OPI-20 AAAGTGCGGG
9. OPG-03 GAGCCCTCCA 20. OPL-18 ACCACCCACC

10. OPG-05 CTGAGACGGA 21. OPY-15 AGTCGCCCTT
11. OPN-18 GGTGAGGTCA

For microsatellites analysis, two primers, Sat A8bth forward sequence of
TCGTTCTGTCATTAAATCGTCAA and reverse sequence of
GCAAATCATGAAAATAGTTGGTG) and M24 (with forward sednce of
GGCTCGAGATATCTGTTTAG and reverse sequence of

TTAATGGGCATAGGGTCC) were used. The two microsateBi were selected
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based on results by Gichuru (2007) and Omatdal. (2009). The DNA was
amplified by the methodology described by Combesl (2000). Amplification
was in 25 pl PCR reaction mix containing 5 pl aid@ul genomic DNA, 2.5 ul of
buffer (10X, Promega), 2.5 ul of MgCI25 mM, Promega), 7.5ul of dNTPs
(250uM), 1 pl each of right and left primers (2 pyrogentec), 0.2ul ofag DNA
polymerase (5U/ul, Promega), 5.5 ul of double kkstiwater. The PCR programme
consisted of an initial denaturation of 5 min at°@followed by 5 cycles of 45 sec
of denaturation at 94 °C, 1min primer annealin@@t°’C reducing by 1 °C every
cycle, elongation for 1 min at 72 °C and 30 cyaégl5 sec of denaturation at 90
°C, primer annealing at 55 °C for 1 min and elommgaat 72 °C for 1 min 30s and
final extension of 8 min at 72 °C. The PCR produstye visualized in 2.3 %

agarose gel with Ethidium bromide staining.

3.2.4 Scoring and analysis of bands

The bands were scored for presence (1) and abgenoethe various genotypes. The
data was organized into a matrix and subjecteduster analysis using R statistical
software. A dendrogram was constructed using dikmity matrix calculation

function and unweighted pair-group method usingharetic averages (UPGMA)
(Venableset al, 2006). The R command ‘g clus’ was used to reotide genotypes
within a cluster keeping them contiguous to eadhewot The cluster dendrogram
constructed was used to estimate the genetic diveasnong the 24 genotypes

indicating how closely related or different theyreie
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3.3 RESULTS

Among the twenty one (21) RAPD primers tested, i@ @s showed amplificatio
out of which 14 produced clear bands that couldlbarly score( (example shown
in Plate 8 ) The total number of fragments observed amongcttifee genotype
based on the 14 RAPD primers wa: (Table 6) The number of bands produced
primer ranged from 2 to 12. Ten out of the 14 prengenerated 35 polymorpt
fragments. The other four primers did not show poalymorphisn (Example given
in Plate 9).Robusta and C. eugenioides gave rise to most aoditfesity observe:
while the Arabica accessions variously shared bamitls these two species. T
two microsatellitestested also showed varying polymorphism amongst

genotypes (Plate 10)

Marsabit

Geisha 11
Columnaris
Hibrido De Timor
Blue Mountain

B
E
>

Plate 8 A panel of RAPD profiles generated by primeiOPK-03in the coffee
genotypes
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Columnaris
Grafts
Eugeniodes
Ennerata

arar
Rume Sudan
Launna
Hibndo De Timor
Pretorta
Robusta
Blue Mountain

Gersha 11

MMarsabit

g
5
=

IMoca

Plate 9: A panel of RAPD profiles generated by primetOPE-08in coffee
genotypes

Plate 10: Apolymorphic band pattern generated by Sat 235 othe coffee
genotypes.

The lower band (arrowed) is a marker for a Robgsteome fragment also pres:
in HDT and its derivative.
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Table 6: Results of analysis of 24 coffee accessamsing RAPD primers

Total Polymorphic %
Primer bands bands polymorphic
OPI-07 - CAGCGACAAG 12 10 83
OPJ-19 - TGAGCCTCAC 9 4 44
OPK-03 - CCAGCTTAGG 5 2 40
OPE-05 - TCAGGGAGGT 4 1 25
OPE-08 - TCACCACGGT 2 0 0
OPE-18 - GGACTGCAGA 8 1 13
OPF-15 - CCAGTACTCC 4 0 0
OPF-17 - AACCCGGGAA 5 0 0
OPG-03 - GAGCCCTCCA 4 4 100
OPG-05 - CTGAGACGGA 4 1 25
OPN-18 - GGTGAGGTCA 7 2 29
OPM-04 - GGCGGTTGTC 4 0 0
OPX-20 - CCCAGCTAGA 7 6 86
OPY-10 - CAAACGTGGG 8 4 50

83 35 42

Cluster dendrogram constructed using polymorphitdbavas used to estimate the
genetic diversity of the twenty four coffee accessi (Figure 5). The genotypes
separated into three main clusteZs.eugenioideslustered alone in the first cluster,
Arabica accessions dominated the second clustde e third cluster contained
Robusta, Ruiru 11, Hibrido de Timor and CatimoheTR command ‘g clus’ which
was used to reorder the genotypes within and anolungiers and keeping them
contiguous to each other depicted Robusta@nédugenioidess the most distantly
related. Except foC. eugenioidesthe maximum dissimilarity index observed was

0.10.
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3.4 DISCUSSION

Molecular markers have been widely applied in singlyhe diversity of coffee. The
results demonstrate that RAPD markers were ablgetermine variability among
the coffee accessions tested. Lashereiesl., 1993; Agwandaet al., 1997;
Anthonyet al, 2001; Ageet al.,2003 and Masumbuket al, 2003, among others
also reported success in use of RAPDs in geneticackerization oCoffeaspecies.
Although HDT, Ruiru 11 and Catimor 90 clusteredeibgr with Robusta, it was
apparent from the general analysis that the calt®messions clustered according to
the three different species nam@éy eugenioidesC. canephoraRobusta) and.
arabica (Arabica). Thus, for rapid improvement in breedimgrk, widening of the
existing genetic diversity through interspecificbhgisation is desirable. Similar
observation was made by Lashermeésal (1993) and Agwandat al. (1997). Close
genetic proximity was observed among the existimgmercial varieties in Kenya,
namely SL28, SL34, K7 and Blue Mountain. This agre&h the work of Agwanda
et al. (1997) and Hue (2005) which revealed high gersiitlarity between Kenyan
commercial varieties. In this study, the accesMansabit which is a wild accession
from Northern Kenya clustered with K7 which confedhthe findings of Lashermes
et al (1996b) that cultivar K7 was closely related 1t accession collected in
Marsabit Mountain. Considering that the coffee dgpes evaluated in this study
originated from diferent countries (Kenya, PuertacoR Tanzania, Ethiopia,
Reunion, Portugal, Yemen, Guatemala and Colomlied, similarities observed
among Arabica genotypes, attests to the narrowtigedeersity among Arabica
coffee as reported in other studies (Lasheretesl., 1993). Comparatively, higher

genetic diversity has been reported among wild esofpopulations than within
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cultivated genotypes (Anthongt al., 2000; Agaet al, 2003; Masumbuket al.,

2003, Malufet al, 2005; Masumbuko and Bryngelsson, 2006).

HDT, Catimor Line 90 and Ruiru 11, were found todmnetically divergent from
the rest of the varieties and bearing close reiatipp to Robusta coffee. Similar
observations were made by Lashermesl. (1996b) and Agwandat al. (1997).
Different lines of HDT have been used worldwidebteed coffee varieties that are
resistant to different pathogens. As would be etquedifferent accessions of HDT
derivatives have different levels of introgres§eccanephoragenome (Lashermex
al., 2000; Silveiraet al., 2003). This could explain the close relationshifseryved
between HDT, Ruiru 11 and Catimor Line 90 to RoausOn the other hand, the
cultivar Ruiru 11 is a composite F1 hybrid betwéaas of the variety Catimor, (as
the female parent), and male selections most otlwhave HDT in their pedigree.
The breeding programmes to develop the male pamwiéved backcrossing and
selfing at various selection stages which affedtezl amount of Robusta genome
passed on to the next generation. This explainsvitie range of diversity observed
between HDT and its derivatives (Catimor Line 9@irR 11 line 5, Cr8, Cr22,

Cr23, Cr27 and Cr30) analysed in this study.
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CHAPTER FOUR

4.0 EVALUATION OF THE SENSORY CHARACTERISTICS OF
DIFFERENT COFFEA ARABICA GENOTYPES GROWN IN KENYA.

4.1 INTRODUCTION

The value of coffee lies within the pleasure antis&ection it gives to the consumer
through its flavour and desirable physiological grsychological effects. Coffee
quality, especially liquor or cup quality, determsnboth the relative price and
usefulness of a given consignment of coffee (Walyat983; Roche, 1995;
Agwandaet al, 2003). Therefore production and supply of coffaégh excellent
quality is crucial in the producing countries. &afquality assessment is done
organoleptically by trained coffee tasters (Van ®essen, 1985; Owuor, 1988;
Agwanda, 1999). In Kenya, sensory evaluation has epplied to determine the
influence of various processing activities on ceftpiality. Most of the earlier work
was oriented towards improving the processing domrm and led to the
recommendation of a two stage fermentation pro@dMvootton, 1960, 1963,
1965). Sensory evaluation was also applied inystgdhe genesis of various coffee
defects and methods for their elimination were ldstaed (Wootton, 1963
Northmore 1964). Walyaro, (1983) studied the ord¢giec quality of eleven coffee
genotypes and recommended organoleptic assessmentsafficient and reliable
method for use as a basis of selection in coffeglityjuimprovement programs.
Since the release of Ruiru 11 in 1985, most ofwthek done in the area of quality
assessment in Kenya has concentrated in compduisgultivar with the traditional
coffee varieties (Owuor, 1988; Njoroge al, 1990; Ojijo, 1993; Agwanda, 2003;
Omondi, 2008). That continuous assessment accuedut@tidence over the years,
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showing that the beverage quality of Ruiru 11 doesdeviate significantly from
that of the traditional cultivars like SL28. Nevetess, Van der Vosse(R005)
recommended exhaustive testing of the cup qualityew cultivars before releasing
them. Knowing the sensory characteristics of the mg@coming coffee varieties
alongside the existing ones is important for rgllout the genotypes to the coffee
industry. Similarly, sensory evaluation of coffeeengtypes underex-situ
conservation may demonstrate their diversity aneém@l for eventual exploitation.
The diversity of ex-situ conserved coffee genotypes, commercial varietied a

upcoming coffee varieties in Kenya were assessgahoteptically.

4.2 Characterization of 40ex-situ conserved coffee germplasm and two

cultivars by beverage sensory characterissc
4.2.1 Materials and methods
4.2.1.1 Study site and plant materials
The ex-situ conserved genotypes were maintaineg anCoffee Research Station
(CRS) Ruiru, the headquarter of Coffee Researam@ation (CRF). The area lies
within the upper Midland two agro-ecological zohn#M 2) at latitude 1 06’S and
longitude 36 45’E. The altitude is about 1620 meters above lseal (MASL),
(Jaetzold and Schimidt, 1983). The area receivasiadal mean annual rainfall of
1063mm and the mean annual temperature 9€.19The soils are classified as a
complex of humic nitisols and plinthic ferrasol$i€ly are well drained, deep reddish
brown, slightly friable clays with murram sectiomscasionally interrupting. A total
of forty (40) C. arabicagenotypes obtained from CRS germplasm conservatien
(Millot, 1969) were used in this study and werelgsed together with SL28 and K7
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which are commercial varieties grown in the sano¢ (fable 7). Many of them are
elite genotypes that have been used in breedingrgms. Theex situconserved
accessions were selected based existing informatidnpossibility of future utility
of the coffee. These trees were maintained underralaconditions with minimum

inputs.
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Table 7: List of ex-situ conserved and commercial coffee genotypes for seng
analysis

No. Genotypes Introduced from Site
1 M63 Kitale, Kenya CRS
2 Dalle Ethiopia CRS
3 Dilla Alghe Ethiopia CRS
4 1225VI Ethiopia CRS
5 Angustifola NARL, Kenya CRS
6 Arousi Ethiopia CRS
7 Barbuk Sudan National Agricultural Labs, Ke CRS
8 Blue Mountain Guatemala CRS
9 Dilla Ethiopia CRS

10 Drought Resistant | (DRI) French Mission Selection CRS
11 Drought Resistant Il (DRII) French Mission Selenti CRS
12 Ennareta Ethiopia CRS
13 Erecta NARL, Kenya CRS
14 Eritrean Moca Ethiopia CRS
15 F53 Kitale, Kenya CRS
16 G53 Kitale, Kenya CRS
17 G5B Kitale, Kenya CRS
18 Geisha 11 Kitale, Kenya CRS
19 Geisha 12 Kitale, Kenya CRS
20 Gimma Galla Ethiopia CRS
21 Gimma Galla Sidamo Ethiopia CRS
22 Gimma Mbuni Ethiopia CRS
23 H1 Lyamungu, Tanzania CRS
24 Hibrido De Timor Portugal CRS
25 Moca Aden CRS
26 Mocha (Series D) NARL, Kenya CRS
27 Mokka Cramers NARL, Kenya CRS
28 Murta Guatemala CRS
29 Padang Puerto Rico CRS
30 Plateau Bronze NARL, Kenya CRS
31 Polysperma Lyamungu, Tanzania CRS
32 Pretoria Guatemala CRS
33 Purpurascens NARL, Kenya CRS
34 SeriesC NARL, Kenya CRS
35 SeriesL NARL, Kenya CRS
36 SL4 NARL, Kenya CRS
37 Tanganyika Draught Resistant (TDR)  Tanzania CRS
38 Wollamo Ethiopia CRS
39 Yelow Amarello Brazil CRS
40 Zeghie Ltana Ethiopia CRS
41 SL28 Commercial variety Kenya CRS
42 SL34 Commercial variety Kenya CRS
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4.2.1.2 Processingf the sample

Ripe berries (Platél) were harvested from a sample size of five treeshie e-situ
conserved genotypes and bulked to give sample per genotype during the m
crop of 2008 (October, November, December). Thergheamples were pulpe
fermented, washed and the wet parchment driech&d foisture content of 10.5
11% (Mburu, 2004) The parchment was then hulled and graco seven grades
based on size, shape and density as follow— Elephant beans which are t
largest coffee beans and are retained on screeR1- Flat bean that asses
through screen No. 21, and are retained on 18,nfm), AB passes through scre
No. 18 and is retained on screen No. 16, (size ;8. C grade describes f
beans that passes through screen No. 16, ande@tamscreen No. 10, size (¢
mm). TT are light beans extracted from AA and AB by o$@neumatic separatc
Pea Beans (PB) are retained by a piano wire screen on 12, sizé mih (4.4
mm); T —Very small beans and broken bits; Grade AB was ased representati\

grade for the assessment of beverage Q.

Under ripe berries

Plate 11 Coffee berries atdifferent stages of maturity
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4.2.1.3 Roasting green coffee and sensory evaluatio

Roasting of the green coffee was done to attaimedium roast level using a Probat
laboratory roaster within 24 hour of evaluation afidwed to rest for at least eight
hours. Samples were weighed out to the predetedwate of 8.25g per 150 ml of
water. Each coffee genotype’s batch was groundridigally using a Probat grinder
for roasted coffee into the cup (five cups per dam®ensory evaluation procedure
described by Lingle (2001) was followed. The raagtivas completed in no less
than 8 minutes and no more than 12 minutes. Samnn@es immediately air-cooled
and packaged in non-permeable bags on reaching teroperature until analysis to
minimize exposure to air and prevent contaminatibhe roasted coffee bean
samples were weighed out as whole beans (five otipach sample) and ground
immediately prior to cupping, (no more than 15 ntésubefore infusion with water).
Clean and odor free water was used for coffee lagespreparation and was brought
to approximately 200° F (93°C) at the time it wasined onto the ground coffee.
The hot water was poured directly onto the measgrednds in the cup to the rim
of the cup, making sure to wet all of the grountlse grinds were allow to steep
undisturbed for 3-4 minutes before evaluation. Thast was broken by stirring
gently while sniffing. A cupping form (Appendix )3. provided a means of
recording 10 sensory attributes for each coffee @anten point scale:
Fragrance/Aroma, Flavour, Aftertaste, Acidity, Bodalance, Uniformity, Clean
Cup, Sweetness and Overall. A panel seven judges insthis study was selected
from a pool trained and certified by Coffee Boafdkenya and Coffe Quality

Institute of America who were actively practicing their respective companies.
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Since the trees were not replicated genotypesubpers were considered as the

reps. The set up of a cupping laboratory is showplate 12.

Plate 12: The set up of the cupping laboratory aCRF

Fragrance (defined as the smell of the ground eoffeen still dry) and aroma (the
smell of the coffee when infused with hot watefeTragrance/aroma was scored
on the basis of dry and wet evaluation. Three rmliststeps were followed: (1)

sniffing the grounds placed into the cup beforerpmuwater onto the coffee; (2)

sniffing the aromas released while breaking thestcrand (3) sniffing the aromas
released as the coffee steeped.When the liquocdaleéd to 160° F (about 70° C),
tasting began. The liquor was aspirated into thetmé&o cover as much area of the

tongue and upper palate. At that point flavour aftertaste were rated.
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As the coffee continued to cool (160° F - 140° @ € - 60° C), the acidity, body
and balance were rated next. Balance is the assasf how well the flavour,
aftertaste, acidity, and body fit together in aesgistic combination. As the brew
approached room temperature (below 100° F; 37 %W@etness, uniformity, and
clean cup were evaluated. For these attributesa#isessors made judgments on
each individual cup, awarding 2 points per cup gignibute (10 points maximum
score). The attribute overall, reflected the patelpersonal appraisal based on the
holistically integrated rating of the sample ascpered by the individual panelist.
All the sensory scores for each coffee sample \added together to constitute the
total score which was a reflection of the broademfquality performance. During
the analysis, reference was made to ISO 13300 §2806 1SO 6668 (2008) on
general guidelines for the staff of a sensory eatédn laboratory and preparation of

samples for use in sensory analysis respectively.

4.2.1.4 Data analysis

Since the trees were not replicated, the sevespsgassessors were considered as
the reps. Data was subjected to analysis of vagiand multivariate analysis. Mean
seperation was done using Student-Newman-Keuls §(@NKest by Costat.
Principal component analysis, dendrograms andidigtant function analysis were
done using R-statistics and XLSTAT. Where R-stagstvas applied all variables
were entered as numerical factors and clustere®yU3AISY (dissimilarity matrix
calculation) function and unweighted pair-group moet with arithmetic average
[UPGMA] (Venables et al, 2006). The statistical uncertainty of resulting

hierarchical cluster groups was determined by ¢afitiy approximately unbiased p-
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values through multi-scale bootstrap re-samplingqigugshe R package pvclust

(Venablest al, 2006).

4.2.2 Results

Analysis of variance revealed the genotypes vasigdificantly (P<0.05) in all
sensory characteristics (flavour, acidity, aftetea body, balance) except in
fragrance/aroma (Appendix 4). The mean sensorgblas of the forty (40) coffee
genotypes undexx-situconservation together with two (2) commercial videre (K7
and SL34) are shown in ( Table 8). The genotypesg#i, SL34, G5B , G53, F53,
Mokka Cramers, Ennareta and Murta differed sigaifity with Dalle, Polysperma
and DRIl in flavour. SL34 which is a commercial toedr, G5B, G53, F53 and
Arousi scored the highest in flavour (7.86), wilelysperma, Dalle and DRI scored
below 7.0. SL34 was significantly different in @ity from DRII, Dalle,
Polysperma, SL4 and Dilla Alghe. G53 which scoteel highest in aftertaste (7.86)
was significantly different from SL4, Angustifol®illa, Dalle, polysperma and
DRII. SL34 had the the best balance (7.93) whiledata had the highest score in
overall (8.07). The flavour of the genotype Erestes decribed as lemonish that of
Geisha 11 as citrus, fruity and floral while th&tMokka Cramer was described as
citric. G58 and G53 were described as fruity, leraad floral. SL34 was described

citrus, floral and spicy while F53 was describedragy, lemon, floral and spicy.
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Table 8: Mean sensory attributes of 40 ex-situ corsved coffee germplam
together with 2 commercial varieties

sensory variables Flavour descriptors
Genotypes F/Aroma Flavour  Aftertaste Acidity Body Balance  Overall
DRII 7.29 6.86¢ 6.86e 7.07cd 7.21ab 7.07ef 6.93f none
Dalle 7.36 6.93bc 7.00cde 7.07cd 7.00b 7.00f 7.07def none
Polysperma 721 6.93bc 6.93cd 7.00d 7.14ab 7.50a-f 7.00ef none
SL4 75 7.21abc 7.07b-d 7.07cd 7.21ab 7.00f 7.14c-f none
Padang 729 7.14abc 7.21a-e 7.21bcd 7.21ab 7.21cf 7.29%-f none
Dilla 743 7.21abc 7.07b-d 7.29bcd 7.21ab 7.21cf 7.29%-f none
Dilla Alghe 743 7.21abc 7.14a-e 7.07cd 7.43ab 7.29b-f 7.36a-f none
Angustifola 729 7.29abc 7.07b-d 7.43ad 7.43ab 7.21cf 7.21af none
Eritrean Moca 743 7.21abc 7.21a-e 7.36a-d 7.36ab 7.21cf 7.29a-f none
Series C 7.29 7.36abc 7.29a-e 7.36a-d 7.36ab 7.14def 7.36a-f none
Plateau Bronze 1.57 7.21abc 7.14a-e 7.36a-d 7.36ab 7.57a-f 7.29a-f none
Gimma Galla 7.29 7.36abc 7.29a-e 7.43a-d 7.43ab 7.36a-f 7.43a-f none
SeriesL 7.5 7.36abc 7.143-e 7.50a-d 7.43ab 7.36a-f 7.29a-f none
Gimma Mbuni 7.36 7.43abc 7.29a-e 7.43a-d 7.36ab 7.36a-f 7.43a-f none
Zeghieltana 729 7.29abc 7.43a-e 7.36a-d 7.43ab 7.50a-f 7.36a-f none
DR1 7.36 7.29abc 7.36a-e 7.36a-d 7.57ab 7.36a-f 7.43a-f none
TDR 721 7.36abc 7.29a-e 7.50a-d 7.43ab 7.50a-f 7.43a-f none
BarbokSudan 7.36 7.57abc 743a-e 7.50a-d 7.43ab 7.29b-f 7.43a-f none
M63 7.36 7.43abc 7.43a-e 7.57a-d 7.50ab 7.29b-f 7.50a-f none
HDT 7.5 7.29abc 7.29-e 7.50a-d 7.64ab 7.57a-f 7.43a-f none
Yellow. Amarello 7.07 7.43abc 7.29a-e 7.71abc 7.50ab 7.57 af 7.64a-f none
Geishal2 721 7.36abc 7.50a-e 7.57a-d 7.50ab 7.57 af 7.57a-f none
GimmaG.Sidamo 7.36 7.50abc 7.43a-e 7.57a-d 7.50ab 7.57 af 7.36a-f none
K7(cv) 75 7.50abc 7.43a-e 7.57ad 7.36ab 7.36 a-f 7.57a-f none
Purpurascens 743 7.50abc 7.43a-e 7.57ad 7.57ab 7.43 af 7.50a-f none
1225V 7.5 7.50abc 7.43a-e 7.50a-d 7.50ab 7.57 af 7.64a-f none
Pretoria 7.57 7.50abc 7.433-e 7.71abc 7.57ab 7.43 a-f 7.50a-f none
Wollamo 7.86 7.57abc 7.64a-d 7.71abc 7.36ab 7.36 a-f 7.57a-f none
Mocha Series 7.29 7.50abc 7.433-e 7.79abc 7.71ab 7.64a-e 7.79a-e none
Murta 7.29 7.71a 7.57a-d 7.71abc 7.43 ab 7.64a-e 7.7%-e none
Erecta 75 757abc  757ad  7.7labc  7.57ab 7.6ba-e  7.64af lemonish
Geisha 11 75 757abc  7.50a-e  764ad  750ab  7.57af  800ab Citrus, fruity, floral
H1 7.36 7.64ab 764a-d  7.86ab 764ab  76dae  7.71af none
Blue Mountain 7.64 7.64ab 7.57a-d 7.71abc 7.64ab 7.86ab 7.7%-e Fruity, citrus
Mocha 743 7.64ab 7.433-e 7.86ab 7.79ab 7.86ab 7.86a-d none
Arousi 7.36 7.86a 7.64a-d 7.86ab 7.71ab 7.64a-e 7.86a-d none
Mokka Cramers 7.57 7.79a 764a-d  764ad  7.71ab 7.71ad  7.93abc Lemon, citric
658 7.86 7.86a 771abc  77%bc  7.71ab  76dae  7.7%-e Fruy, lemonflora
Fruity, lemon, floral, spicy
G53 7.5 7.86a 7.86b 7.93ab 7.64ab 7.86ab 7.86a-d
Ennareta 7.86 7.79 7.71abc 7.79ab 7.64ab 7.79abc 8.07a none
SL34 (cv) 75 7.86a 7.79ab 8.07a 7.79ab 7.93a 7.93abc Citrus, floral, spicy
F53 779 7.86a 77%b  79%b  7.9% 779%bc  7.93abc Fruity, lemon, floral, spicy

Means within a column not sharing a letter are ifigantly different at P<0.05. cv-cultivar. Studedewman-
Keuls (SNK5%) test.
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Cluster dendrogram constructed using sensory data the forty (40)ex-situ
conserved genotypes and the two commercial vasietvas used to estimate
beverage quality diversity amongst them thus irtdigahow closely related or
diverse they were. Results of the cluster analgsesillustrated in . The genotypes
first separated into two broad clusters which rdedrbeverage quality diversity of
47%. The first cluster contained 27 genotypes while second cluster had 15
genotypes as determined by the degree of divessrijarity in beverage quality.
The faint line in Figure 6 shows the point at whible dendrogram was truncated by
Kelley-Gardener-Sutcliff (KGS) penalty function tiefine supported sub-clusters.
Both clusters were further subdivided into two stibsters each giving four
supported sub-clusters which separated at 22-24%el leof dissimilarity.
Interpretation of the cluster dendrogram was basedexecution of the Kelley-
Gardener-Sutcliffe penalty function which reduckd tlendrograms to 4 clusters at
dissimilarity level of about 18%. Sub-clusterifgpwever continued with closely
related genotypes grouping together down the degmdno to eight sub-clusters
separating at 12-15% dissimilarity which furthebsiustered to smaller groups of
closer similarity (Figure 7). The most similar ggmpes which recorded 0%
dissimilarity were Yellow Amarello and HDT in onduster, Geisha 11, Gimma
Galla Sindamo and K7 in a separate cluster, Bluei¥ion and Moca in another

cluster, and Mocha Series D and Murta in their aluster.
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Dissimilarity

Dissirilarity

Figure 6: Dendrogram of 42 ex-situ conserve@. arabica genotypes constructed
by cluster analysis of 7 sensory variables
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Figure 7: Pruned cluster dendrogram illustrating four supported sub-clusters
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The variables clean cup, sweetness and uniformityctw are process control
characteristics scored maximum (10 points eachglirthe genotypes. However, the
scores are not shown in the table but their scawm® added to the other seven
sensory scores to get the total score. Accordinigrigle, (2001) the total scorie
used to classify the coffee as specialty or comiaevehereby a coffee which scores
80 to 100 points is specialty gradénile 79 points and below is commercial grade
coffee. Figure 8 shows the diversity of the gepesyas determined by the total
scores. Ninety two percent (92%) of the fourtyséx conserved genotypes scored
80 points and above in mean total score qualifghem asspecialty coffee. The
genotype F53 had the highest total score (85.0pvied by SL34 which is a
commercial variety with a score of 84.86. The ggpes DRII, Dalle and

Polysperma scored the lowest (79.29, 79.34 andL#@spectively).
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Figure 8: Diversity of 40ex-situ conserved and 2 commercial coffee varieties by
mean total scores.
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4.2.3 Discussion

The ex-situ conserved coffee germplasm collections showedrsliyein terms of
their sensory quality. Previous studies showeddScB8mmercial cultivar) as one of
the best in terms of sensory characteristics (WalyB983). Alongside SL34, G53,
F53, G5B and Ennareta showed the best performanaensory characteristics
although cluster analysis gouped SL34, F53 and GB&wing they were quite
similar. One common characteristic of G53, F53 @&d is that they were selected
from the same area (Millot, 1969). For a coffegualify as specialty, it must score
80 points and above (total score) on beverage cteaistics (sensory variables and
process control characteristics) (Lingle, 2001)ndtly two present (92%) of the
genotypes excluding the two commercial varietiesrest 80 points and above.

DR11, Dalle and Polysperma scored below 80 points.

Yield has been stressed as one important paranmetaeeding (Walyaro, 1983).
However specialty buyers are looking for unique difterentiated coffees (Hide,
2009). The flavour descriptors used to describeesofrthe genotypes showed that
they were unique.The flavour descriptors such as, seiney, sweet, mellow, salt,
astringent, bitter and harsh are categorized umalstes (Lingle 2001). Loss of
organic matter in the coffee results in flavoursatibed as woody, aged and grassy
among others. Enzymatic activities as the coffeanbedevelop result in the
formation of aroma compounds such as flowery, flocaffee blossom, tea rose,
fruity, citrus, lemon, berry like, herby and legumus. Astrigency is defined as
complex sensation accompanied by shrinking drawingluckering of the skin or
mucosal surface in the mouth produced by substaswds as kaki tannins or soloe
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tannins International Standard, 1ISO 5492 (2008véiir descriptors encountered in
this study are given in Appendix 17. Within the tédi States, the specialty coffee
segment is the major growth area with a 20% angu@kth rate and total sales in
2006 of $12.27 billion (International Trade Cent28,11). In 2007 some specialty
coffee from Kenya (5 bags) was sold at $954 peg3tdg and this was part of some

Ethiopian collection genotypes grown by an estatéanya.

Therefore the diversity observed in the conservedotypes can be exploited for
improvement of beverage quality in arabica coffEeese genetic resources should
therefore be properly conserved in order to utittzem for genetic improvement of

sensory coffee quality for the emmerging marketthan future. However there are
certain drawbacks that limit efficiency and threatecurity of plants in the gene
bank. The plants are exposed to pests, diseasesthadnatural hazards such as
drought, weather damage, human error and vandakgstd gene banks are costly
to maintain and, as a consequence, are prone twewo decisions that may limit

the level of replication of accessions, the quaditynaintenance and even their very
survival in times of economic stringency. Howeveanedto their importance,

considerable inputs should be applied to ensur@entereance and existence of these

materials.
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4.3 Diversity of Ruiru 11 progenies evaluated at Kale, Koru and Ruiru-CRS

by sensory characteristics.

4.3.1 Materials and methods

4.3.1.1 Description of study sites

The study was conducted in three different coffeeving regions in Kenya namely
Ruiru, Koru and Kitale. Descriptions of Ruiru are ae given in section 4.2.1.1.
Koru, CRF substation is located at geographicatdioates 00 07’S, 3516’'E and
has an elevation of 17700MASL. The mean annual adlird 1720mm which is well
distributed. The area receives a unimodal rainfalttern.The soils are eutric
nitosols, friable clays, and weakly acidic to naltrrich in bases, available
phosphorous and moderate inorganic matter (Jaeetold 2006a). Kitale CRF-
substation in Trans Nzoia found at 8 59'S and 3% 01'E at an altitude of 1982
MASL. The annual average rainfall is 1100 mm ( umdial rainfall pattern), most of
which falling between April and September (Jaetzetl al, 2006a).The soils are
fairly deep sandy clays/loamy clays and full of Wiresable minerals. The soils are
eutric nitosols, friable clays, and weakly acidicrteutral, rich in bases, available

phosphorous and moderate inorganic matter.

4.3.1.2 Test materials and field layout

In selecting Ruiru 11 siblingavailability of common sibings in the three seldcte
sites, Kitale, Ruiru and Koru was considered. TemriR11 siblings (Table 9) were

found to be common in the three sites. All thessivere laid out in a Randomized
Complete Block Design (RCBD) with three replicagoifhe trees were planted at a

spacing of 2 m by 2 m, with each rep having 12strdéne coffee genotypes were
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mature bearing coffee trees having been planteaidaptation trials at Ruiru and
Koru in 1994 and Kitale in 1990. All agronomic ptiges including, change of cycle
weeding, pest and disease control, fertilizer aagilbn and pruning were carried out
as recommended.

Table 9: List of Ruiru 11 siblings evaluated by sesory variables

Accession code Parentage Reps
CRF- 03 SL28 x (RS x SL28) (B X HT) X CAT.90 3
CRF- 05 SL28 x (RS x SL28) (B X HT) X CAT.124 3
CRF-11 SL28 X (RS x SL28) (B X HT) X CAT.86 3
CRF- 23 SL28 X (RS x SL28) (B X HT) X CAT.90 3
CRF- 41 SL28 X (RS x SL28) (B X HT) X CAT.86 3
CRF-50 SL28 X (RS x SL28) (B X HT) X CAT.134 3
CRF-91 SL28 X (SL34 x RS ) HT X CAT.86 3
CRF- 111 SL28 X (SL34 x RS ) HT X CAT.86 3
CRF- 123 SL28 X (SL34 x RS) HT X CAT.86 3
CRF-131 SL28 X (SL34 x RS) HT X CAT.86 3

HT = Hibrido de Timor, RS = Rume Sudan, B=Bourbon

4.3.1.3 Wet processing of ripe cherries, roastingeen coffee and sensory
evaluation

Ripe berries were harvested from a sample sizevelive trees for each genotype
and bulked to give one rep per sample during ek harvesting period athe
main crop of 2008 (October, November, December)e Therries were wet

processed using standard recommended proceduelasned in section 4.2.1.2.
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Roasting green coffee and sensory evaluation wa® ds described in section

4.2.1.3.

4.3.1.4 Data analysis

Data was subjected to analysis of variance and ivaukte analysis. Mean
seperation was done using Student-Newman-Keuls §(@NKest by Costat.

Discriminant Function analysis was done using XLAST

4.3.2 Results

Analysis of variance did not reveal significantferences (P<0.05) among the
genotypes except in the variable overall (ApperslixHowever variations due to
site were significant for all the sensory variabdesept for fragrance and acidity.
Similarly, site by sibling (G x E) interactions wealso significant (P< 0.05) for

fragrance, aftertaste, balance and overall.

Means of the sensory characteristics of of Ruirpidgenies evaluated at Kitale,
Koru and Ruiru are shown in Table 10. The fragranteCRF-03 was not
significantly (P>0.05) different in the three sitesit at Koru the sibling gave
significantly (P< 0.05) lower scores in all the etlsensory variables than at Ruiru
and Kitale. At Ruiru CRF-05 had significantly bettealance and overall than at
Koru and Kitale. Except for balance the sibling CGBFhad significantly (P< 0.05)
higher scores in all the other sensory characiesist Ruiru than at Koru and Kitale.
The other siblings differed in one variable or titeer among the sites. However,
the siblings CRF-11 and CRF-23 were the most stabllee three sites showing no

significant differences in all the sensory varigb&yaluated in the three sites. The
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different terms used by the sensory panel to daesdhe flavour of the siblings in

the three sites are shown in Table 10. At Korulaedur descriptors were given for

CRF-03, CRF-23, CRF-91, CRF-111 and CRF-123. &ihil no flavour

descriptors were given for CRF-23 and CRF-41 aalKitThe descriptors used for

the siblings at Ruiru were more diverse than thassl to describe coffee from the

other two sites.

Table 10: Comparison of sensory performance of Ruirll progenies

Sensory variables

Progeny  Site Fragrance Flavour  Aftertaste Acidity Body Balance  Overall Flavour descriptors
CRF-03 Kitale 7.45a 7.48a 7.50a 7.52a 7.43a 7.48a 7.50a Floral

Koru 7.10a 6.81b 6.76b 6.81b 7.05b 6.90b 6.81b none

Ruiru 7.38a 7.36a 7.36a 7.48a 7.40a 7.43a 7.48a Floral fruity,lemon, tea rose
CRF-05 Kitale 7.43a 7.24ab 7.38a 7.40ab 7.40a 7.33b 7.33b Harsh, grassy, rubbery

Koru 7.10a 6.88b 7.00a 7.02b 7.14a 7.10b 6.98b Grassy

Ruiru 7.60a 7.52a 7.55a 7.74a 7.55a 7.69a 7.67a Tearose, honey, floral
CRF-11 Kitale 7.48a 7.33a 7.38a 7.48a 7.52a 7.52a 7.48a Foral

Koru 7.43a 7.33a 7.38a 7.40a 7.45a 7.36a 7.38a Fruity

Ruiru 7.76a 7.57a 7.57a 7.74a 7.57a 7.62a 7.69a Lemon, floral
CRF-23 Kitale 7.50a 7.31a 7.31a 7.45a 7.43a 7.40a 7.40a none

Koru 7.29a 7.19 7.17a 7.31a 7.29 7.2% 7.26a none

Ruiru 7.33a 7.40a 7.48a 7.64a 7.50a 7.50a 7.50a Fruity floral, lemon
CRF-41 Kitale 7.55a 7.52ab 7.48a 7.62a 7.57a 7.57a 7.60a none

Koru 7.36a 7.21b 7.31a 7.45a 7.48a 7.43a 7.43a Grassy

Ruiru 7.71a 7.67a 7.64a 7.90a 7.6% 7.81a 7.79a Floral,
CRF-50  Kitale 7.29b 7.12b 7.12b 7.31b 7.43b 7.31a 7.29b  Floral

Koru 7.21b 7.00b 7.11b 7.11b 7.18b 7.14a 7.04b  Lemon

Ruiru 7.55a 7.69a 7.62a 7.90a 7.76a 7.64a 7.71a Floral, fruity
CRF-91  Kitale 7.48a 7.45ab 7.48a 7.55a 7.43a 7.50ab 7.48b Floral

Koru 7.40a 7.24b 7.36a 7.38a 7.45a 7.33b 7.38ab none

Ruiru 7.57a 7.76a 7.6% 7.88a 7.76a 7.79a 7.81a Lemon, floral, fruity
CRF-111  Kitale 7.43a 7.31a 7.33a 7.38ab 7.36a 7.29a 7.33a Lemon, floral

Koru 7.29a 7.12a 7.05a 7.12b 7.24a 7.17a 7.17a none

Ruiru 7.36a 7.38a 7.33a 7.62a 7.48a 7.48a 7.43a Lemon,tea rose, floral.fruity
CRF-123  Kitale 7.29a 7.21a 7.31ab 7.33ab 7.38ab 7.26b 7.26b Flat

Koru 7.31a 7.14a 7.17b 7.17b 7.19b 7.24b  7.21b none

Ruiru 7.50a 7.64b 7.57a 7.79a 7.64a 7.64a 7.71a Fuuity, floral, lemon
CRF-131  Kitale 7.36a 7.24a 7.38a 7.38b 7.29b 7.26a 7.33b Floral

Koru 7.29a 7.24a 7.24a 7.45b 7.36b 7.40a 7.31b Harsh

Ruiru 7.57a 7.68b 7.61a 7.82a 7.64a 7.7%9 7.86a Lemon, floral, fruity

Means within a genotype for specific sensory atteb not sharing a letter are significantly
different at P<0.05Mean seperation done using Student-Newman-Keul&{gNest
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The sensory data generated from the ten Ruiru hibtgees evaluated in the three

different geographical sites was subjected to orgoant function analysis (DFA).

Results of the discriminant function analysis showhbkat the first discriminant

factors explained 82.93% total variation (Figure Be factors which contributed

significantly to the discrimination were flavougdy, balance and overall score (

Table 11). Acidity, fragrance and aftertaste showmel least contribution to the

discrimination. Using sensory variables the progerirom the three sites were not

distinctly separated since overlaping of points wastly observed.

Observations (axes F1 and F2: 100.00 %)

| o KITALE * KORU
/

e Ruiru |

F2 (17.07 %)

2
F11(82.93 %)

Figure 9: Discriminant factor analysis (DFA) basedon combined sensory data

of Ruiru 11 progenies evaluated at Koru, Kitale andRuiru

Table 11:Contribution of the specific sensory variales to the discrimination

Variable Lambda F DF1 DF2 p-value

Fragance 0.956 1.942 2 85 0.150
Flavour 0.898 4.802 2 85 0.011
Aftertaste  0.934  3.019 2 85 0.054
Acidity 0.986 0.617 2 85 0.542
Body 0.790 11.325 2 85 < 0.0001
Balance 0.895 4.982 2 85 0.009
Overall 0.763 13.226 2 85 < 0.0001
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For all the siblings, the variables clean cup, d¢ness and uniformity scored
maximum (10 points each). These scores were adudtet scores of the other
sensory variables to classify the coffee as spgclade (80 to 100 points) or
commercial grade (79 and below). The diversityhef Ruiru 11 siblings evaluated
at Kitale, Koru and Ruiru (CRS) by total score wn in Figure 10. Except for
CRF-03 and CRF-05 at Koru, all the other siblingaiaed specialty grade in the

three sites. CRF-41 scored the highest in totakscoeach of the three sites.
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Figure 10: Mean total score of Ruiru 11 progeniesvaluated at Kitale, Koru
and Ruiru-CRS
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4.3.3 Discussion

Most of the work done in sensory characterizatiboaffee varieties in Kenya has
compared Ruirull cultivar with the traditional \eies. (Owuor, 1988; Njoroge,
1990; Ojijo, 1993 and Omondi, 2008). The main cosidn from these studies was
that the quality of Ruiru 11 was comparable to thfathe traditional variety SL28
with Ojijo (1993) reporting Ruiru 11 progenies d®wing great beverage quality.
Similarly, the ten Ruiru 11 progenies evaluate&itdle, Koru and Ruiru indicated
significant variations among them in beverage attarsstics. The sensory
performance of the Ruiru 11 progenies evaluatedewrio differ with the regions
where they were grown. Agwaneéa al (2003) observed that discrimination on the
basis of liquor traits were best observed in thessivhere moderate moisture stress
occurred during bean filling stage. Areas with esscprecipitation, especially during
crop maturation, have a tendency to produce lowadity coffee due to irregular
cherry ripening and poor conditions for drying #trep after harvesting (Van der
Vossen, 2009). This could probably explain why #zene genotypes performed
differently in the three regions. All the siblingsaluated in the three sites scored
over 80 points in total score except CRF-03 and -ORFevaluated at Koru. At
Koru, the progenies total score ranged from 78062193, at Kitale 81.17 to 82.88
and at Ruiru 81.64 to 84.05. The progeny coded @RFshowed the best
performance in the three sites by scoring the tugire total score in each of the
three sites. This is a clear indication that Rdifuprogenies have the potential to
reach the specialty quality as defined by the ntatkangle, 2001). The flavour
descriptors associated with good flavour that wesed to describe some of the
genotypes in this study suchasus, fruity, floral and lemon are highly apprated
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by specialty buyers. Most of those flavour desorptwere used to describe mainly
the Ruiru 11 progenies evaluated at Ruiru and &ithhat observation stresses the

importance of the environment when it comes toemffroduction.

4.4 Sensory profiling of beverage quality of fiveadvanced breeding lines of
Arabica coffee compared to two commercial coffee ttivars

4.4.1 Materials and methods

4.4.1.1 Description of the study sites

Tatu Estate in Ruiru lies at latitude® D5'S and longitude 3654'E and is
approximately 1623MASL. The area receives a bimaodahn annual rainfall of
1063mm with the first rainy season falling betweédarch and July; and second
season falling between September and DecembermBa@ annual temperature is
19°C with the hottest season occurring between JanamadyApril. The soils are
classified as a complex of humic nitisols and pilinferrasols with the former being
dominant in the older coffee divisions. They ardladvained, deep reddish brown,
slightly friable clays with murram sections occassilly interrupting (Jaetzold and

Schimidt, 1983).

Mariene CRF substation in Meru, lies at latitudNQ 37’ and longitude 36E. The
altitude is 1524 MASL. The area receives a bimadaifall pattern with the main
rains in October- November and short rains AprilayMThe mean annual rainfall
1063mm.The minimum temperature is PC7and maximum 22°%€ although the
pattern keep flactuating. The soils are ando-husweitsols, friable clays, strongly
acid, moderate in organic matter, very low in bases
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Machakos Agricultural Training Centre is a governménstitution mainly for
training farmers. This site lies at latitude 1'S&nd longitude 37°16 and has an
altitude of 1600 MASL. The area is semi-arid witkean annual rainfall of 750 mm
and mean annual temperature of 20.9The soils are luvisols, well drained,
moderately deep to deep, dark red to yellowish irgahle to firm, sandy clay often

with a topsoil of loamy sand are (strongly leackeils. (Jaetzol@t al, 2006b).

4.4.1.2 Test Materials and field layout

Five advanced coffee breeding lines coded Cr8, Og223, Cr27 and Cr30 were
evaluated alongside two commercial Arabica culsy&128 and Ruiru 11 as check
cultivars. Details of the materials are shown irbl[€al2: List of advanced coffee
breeding lines evaluated alongside two commerciabia cultivars, SL28 and
Ruiru 11 as check cultivars.

Table 12: List of advanced coffee breeding lines eluated alongside two
commercial Arabica cultivars, SL28 and Ruiru 11 asheck cultivars

Code Parentage

Clone B 15.1525 with SL28 as recurrent parent; HDd Rume
Sudan as donor parents. Also contains N39 and SL4

Cr.2322

Clone B 15.1559 with SL28 as the recurrent patdbfl and Rume

Cr.2222 Sudan as donor parents. Also contains N39 and SL4

Clone B 15.1534 with SL28 as recurrent parent; HDd Rume

Cr.2722 Sudan as donor parents. Also contains N39 and SL4

Clone B15.96 with SL28 as the recurrent parent; HRRime Sudan
and K7 as donor parents. Also contains SL34

Clone B15.239 with SL28 as the recurrent parentTridd Rume
Sudan as donor parents. Also contains SL34
SL28 Commercial Check cultivar

Cr.3022

Cr.0822

Ruiru 11 Commercial Check cultivar
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At Tatu Estate in Ruiru, the five advanced breedings were established together
with the check cultivars between 618 March, 2006. Twenty trees of each
genotype were planted at a spacing of 1.5m x2.(uiiceged three times. SL28 was
established at two levels namely prayed with artdspmayed not sprayed. SL28 was
sprayed with copper fungicides to control CoffeerBdisease (CBD) and Coffee
leaf rust (CLR) while the other SL28 entry was sptayed with any fungicides. At
Mariene Meru, establishment was done or" 28ay 2007 under two spacing
regimes (2m x 1.5m and 2.75m x 2.75m) replicateckethtimes. SL28 was
established only as not sprayed. Establishment athikos and Koru and were
done on 25-26 May 2008 and 18-20 December 200%ctsply. The genotypes
were established like at Meru except that SL28ygmt with fungicides was

included in the layout.

4.4.1.3 Wet processing of ripe cherries, roastingrgen coffee and sensory

evaluation

At Tatu Estate, ripe berries were harvested frosaraple size of twenty trees and
bulked to give one sample per genotype per re@082and 2009 during the early
crop (April May June) and main crops (October, diober December.) At Meru,
Koru and Machakos samples were harvested from @leasize of 10 trees to give
one sample per rep during the main main crops (Aptay, June at Meru and
October, November, December at Koru and Machakés)Meru sampling was
done for three years (2009 to 2011) while at Kond dMachakos samples were

taken in 2010 and 2011. All the samples were wetgssed as explained in section
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4.2.1.2. while roasting of green coffee and sensewgluation were done as

described in section 4.2.1.3.

4.4.2 Sensory profiling of beverage quality of fiveadvanced breeding lines of

Arabica coffee compared to two commercial coffee ttivars

4.4.2.1 Diversity of the coffee genotypes evaludtat Tatu- Ruiru

Analysis of variance performed on the sensory dataaled significant differences
among the genotypes with seasons showing signifioamtribution. (Appendix 6).

The genotypes Cr22, Cr8, Cr27 and Cr23 did not slioyvsignificant differences in
the sensory characteristics in the different seagor2008 while in 2009 only Cr27
and SL28S were stable ( Table 13p06A8, Cr30 had significantly higher
(P<0.05) acidity, body and balance during the earlyp while in 2009 all the

senosry variables were significantly higher (P<P.86ring the main crop except
fragrance. Contrary, Ruiru 11 scored significambhyer (P<0.05) in body, balance
and overall in 2008 and acidity in 2009 during #ely crop. SL28NS had a
significantly better (P<0.05) aftertaste and higbedy during the early crop than in
the main crop in 2008 while acidity was signifidgrhigher in the main crop in

20009.
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Table 13: Comparison of the sensory performance of the genotypes in differsaésons for two years at Tatu, Ruiru

Sensory variables

Year  Genotype Fragrance Flavour Aftertaste Acidity Body balance Overall

Ealy Crop Main Crop Ealy Crop Main Crop Ealy Crop Main C rop Ealy Crop Main Crop Ealy Crop Main Crop [=aly Crop Mai n Crop Ealy Crop Main Crop

Cr22 7.67a 7.43a 7.50a 7.50a 7.62a 7.45a 7.69% 7.62a 7.69a 43a 7. 752a 7.57a 7.64a 7.67a
Cr23 7.64a 7.40a 7.60a 7.48a 7.52a 7.43a 7.74a 7.71a 7.76a 55a 7. | 7.69a 7.67a 7.62a 7.64a
Cr27 7.67a 7.48a 7.64a 7.47a 7.60a 7.48a 7.91a 7.64a 7.83a 64a 7. 7.83a 7.69a 7.83a 7.64a
2008 cr3o 7.69a 7.24a 7.81a 7.50b 7.88a 7.43a 8.05a 7.57b 7.86a 55b 7. 8.00a 7.62b 7.95a 7.69a
cr8 7.71a 7.50a 7.67a 7.50a 7.57a 7.38a 7.71a 7.62a 771a 9a74 767a 7.52a 7.64a 7.52a
R11 7.21a 7.21a 6.86a 7.17a 7.00a 7.14a 7.00a 7.26a 6.93b 6a 7.2 6.86b 7.31a 6.86b 7.24b
SL28NS  7.57a 7.38a 7.57a 7.48a 7.71a 7.40b 8.14a 7.69b 7.71a7.56a 7.86a 7.54a 8.00a 7.64a
SL28S 7.62a 7.48a 7.62a 7.52a 7.69a 7.50a 7.74a 7.69 7.81la 45b 7 7.67a 7.62a 7.79 7.62a

Cr22 7.39a 7.43a 7.25b 7.61a 7.30b 7.57a 7.54b 7.75a 7.55a 66a7. 7.48a 7.58a 7.52a 7.59a
Cr23 6.89a 7.21a 6.79a 7.29a 6.82a 7.25a 6.75a 7.33a 6.86b 39a 7. 7.00a 7.29a 6.96a 7.67a

Cr27 7.39a 7.36a 7.46a 7.48a 7.50a 7.44a 7.54a 7.54a 7.68a 48a 7. 754 7.40a 7.6la 7.35a
2000 Cr30 7.23a 7.39 7.27b 7.66a 7.16b 7.61a 7.34b 7.62a 7.30b 52a7. 7.29b 7.50a 7.29b 7.50a
Cr8 7.21a 7.21a 7.05a 7.14a 7.05a 7.11a 7.19a 7.18a 7252 9a 7.2 7.16a 7.18a 7.16a 7.62a

Ruirull  7.21a 7.30a 7.00a 7.19a 6.98b 7.20a 7.14a 73la 3a7.2 7.35a 7.12a 7.26a 7.11a 7.21a
SL28NS 7.29a 7.39a 7.36b 7.58a 7.37a 7.49a 7.45a 7.64a 7.4987.58a 7.46a 7.52a 7.42a 7.25a
SL28S 7.36a 7.44a 7.48a 7.58a 7.50a 7.55a 7.6la 7.64a 7.68a .52a 7 7.6la 7.54a 7.59a 7.58a

Means along a column not sharing a letter are significantly differ@fisjP#eans separated by Student-Newman-
Keuls (SNK5%) tedfey: SL28S- SL28 Sprayed SL28, SL28NS Not Sprayed,
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The flavour of Cr22 was described as floral, dtand fruity in 2008 and flowery,
caramel and citrus in 2009. Cr23 was describededsah lemon and fruity in 2008
while in 2009 there were no flavour descriptors avgiven. Cr27 was citrus and
fruity in 2008 while citrus, chocolate, and floial 2009. Cr30 was citrus, lemon,
spicy, floral and fruity in 2008 and fruity in 2800Cr8 was grassy in both years
while Ruiru 11 was grassy, astringent and gras3009. SL28NS was harsh in
2008 and grassy in 2009. The flavour of SL28S described as fruity and floral

in 2008 while in 2009 it was described as tea rlesaon and juicy in 2009.

Combined sensory data was subjected to principaipoment analysis (PCA).
Results of the principal component analysis showed the first two principal
components explained 98.91% (PC1 94.93% and PCG®@.8f the total variation
(Figure 11). The genotypes Cr22, Cr27, Cr30 and88land SL28S were placed
in the positive side of PC1 while Ruiru 11, Cr231&r8 were placed in the negative
side of PC1. All the sensory attributes contribugdchost equally to PC1 while

balance contributed the most to variations in PE€&hmwn in Table 14.
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Observations (axes F1 and F2: 98.91 %)
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Figure 11: Principle component (PC) analysis plot of first two principle
components, illustrating relationship among the cdée genotypes evaluated for
two years at Tatu -Ruiru.

Key: SL28S, SL28 Sprayed; SL28NS, Not Sprayed; R1iruRui

Table 14: The first two principle components (PC) bthe seven sensory
variables.

Variables PC1 PC2
Fragrance/aroma 0.384 -0.129
Flavour 0.383 -0.117
Aftertaste 0.384 -0.235
Acidity 0.385 0.071
Body 0.383 -0.217
Balance 0.340 0.911
Overall 0.385 -0.181
Eigen value 6.645 0.279
Variability (%) 94.928 3.984
Cumulative (%) 94.928 98.912
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All the genotypes scored a maximum of 10 pointsefach of the variables clean
cup, sweetness and uniformity, which were addetiécscores of the other sensory
variables to classify the coffee as specialty gr@feto 100 points) or commercial
grade (79 and below). The mean total scores otdffee genotypes evaluated for
two years presented in seasons is shown in FitR2iréAll the genotypes attained
specialty grade during the main crop for the twarge However, Ruiru 11 did not
achieve specialty grade during the early crop fer tivo years and Cr23 in 2009.
The performance of individual genotypes showed atimms. For instance Cr23
which scored 83.57 during the early crop of 2008egine lowest score (78.07) in
the same season in 2009. Cr30 scored 85.24 paunitsgd the early crop of 2008

and 80.88 points during the same season in 2009.

W Earlycrop W Maincrop

85.24

84.57

855 1

83.33
.57
83.93

“
v
[

83.26

83.5

82.04

8L.5

Total score

2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008‘2009 2008 | 2009

Cr22 Cr23 Cr27 Cr30 Cr8 R1l SL28NS 5285

Coffee genotypes and year evaluated

Figure 12: Mean of sensory attributes of seven caé genotypes evaluated for
two seasons at Tatu Ruiru
Key: R11- Ruiru 11, SL28S-SL28 Sprayed; SL28NS-SL28 Sjmrayed
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4.4.2.2 Diversity of coffee genotypes evaluated Mariene-Meru by sensory
characteristics

Analysis of variance showed that the advanced lmgdthes evaluated alongside
check cultivars were variable in all the cup qual@haracteristics evaluated
(Appendix 8, Appendix 9 and Appendix 10). Sigrafi¢ variations were observed
in various sensory characteristics in 2009 and 2@h@reas all the genotypes
showed no significant variations were observeddh12 Variations due to spacing

were also highly significant.

Results of the mean sensory characteristics ofctifee genotypes evaluated at
Meru for three years are shown in (Table 16). I@2(r22, Cr8 and Ruiru 11 were
significantly different in flavour from SL28NS ar@€y27. During the same year, the
genotype SL28NS, had significantly higher aftédasnd acidity than Cr8, Cr22,
Ruiru 11 and Cr23. In overall score, Cr22, Cr8 aRairu 11 had significantly

lower scores than SL28NS, Cr30 and Cr27.

In 2010, the fragrance of Ruiru 11 was significambwer than that of Cr23, Cr27
and Cr30. The genotypes SL28NS, Cr8 and Ruiru Ierdd significantly in
flavour from Cr27. The aftertaste of Ruiru 11 waggicantly lower than that of all
the other genotypes except Cr22. Cr27 was signifigdnigher in acidity than that
of Ruiru 11 while the body of Ruiru 11 was sigrantly different from that of all
the other genotypes except Cr8 and Cr22. In tedmbalance, Ruiru 11 scored
significantly lower than all the other genotypebeToverall of Cr23 and Cr 27 was
significantly higher than that of Ruiru 11.
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Table 15:Mean sensory variables of 5 advanced breeding linesd 2
commercial cultivars evaluated at Meru for three yars

Genotypes
Genotypes Year Cr22 Cr23 Cr27 Cr30 Cr8 Ruiru 11  SL28NS
Fragrance 2009 7.38a 7.44a 7.46a 7.41a 7.35a 7.34a7.45a
2010 7.53ab 7.60a 7.62a 7.62a 7.51ab 7.40b 7.51ab
2011 7.60a 7.67a 7.63a 7.59a 7.57a 7.6la 7.54a
Flavour 2009 7.40b 7.47ab 7.55a 7.50ab 7.40b  7.40b7.55a
2010 7.66ab 7.69ab 7.75a 7.72ab  7.64b 7.52c¢ 7.63b
2011 7.61a 7.80a 7.74a 7.62a 7.61la 7.64a 7.49a
Aftertaste 2009 7.34b  7.44ab 7.50a 7.45ab 7.34b 2aB.4 7.5la
2010 7.66ab 7.63a 7.68a 7.68a 7.6la  7.50b 7.61a
2011 7.61a 7.69a 7.67a 7.61la 7.54a 7.59a 7.51a
Acidity 2009 7.45c 7.57b 7.66ab 7.63ab 7.45c 7.54bc7.71a
2010 7.58bc 7.76ab 7.78a  7.75aht73abc 7.64c 7.69abc
2011 7.64a 7.79a 7.76a 7.66a 7.60a 7.67a 7.54a
Body 2009 7.47b 7.55b 7.58ab  7.53b 7.49b 7.49b ar.66
2010 7.58ab 7.67a 7.66a  7.65a 7.62ab  7.55b 7.64a
2011 7.66a 7.66a 7.67a 7.67a 7.64a 7.6la 7.59a
Balance 2009 7.40c 7.51ab 7.58a 7.52ab 7.39c 7.46b¢.58a
2010 7.55a 7.61a 7.59a 7.61a 7.57a 7.45b 7.59a
2011 7.67a 7.77a 7.70a 7.65a 7.61a 7.64a 7.55a
Overall 2009 7.43b 7.54ab 7.64a 7.58a 7.43b  7.45b .65a7
2010 7.6l1ab 7.71a 7.73a  7.69ab 7.65ab 7.55b 7.66ab
2011 7.62a 7.76a 7.7la 7.65a 7.57a 7.62a 7.55a

Means along a row not sharing a letter are sigmitiy different (P<0.05). Means
separated by Student-Newman-Keuls (SNK5%) test; 28NS, Not Sprayed,;
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In 2009, no significant differences were observedtlte sensory performance of
Cr22, Cr23, Cr27 and Cr30 under the two spacingnreg Ruiru 11 recorded

significantly higher scores in all sensory varigblender the spacing of 2.75m x
2.75m (space 2) in 2009 than under the spaciriggmh x2.0m (space 1) except in
fragrance and aftertaste whereas in 2010 all theosg scores were higher under
space 2. Cr8 had significantly higher scores irsatisory attributes under space 2 in
2009 and higher aftertaste and acidity in 2010 eurgppace 2. SL28NS recorded
significantly higher scores in flavour and acidity 2009 under space 2 while in

2010 no significant variations were observed uit¢h spacings.

The mean sensory variables for each of the coffgerotypes compared for three
years is presented in Table 16. All the advanceedsrs lines (Cr22, Cr23, Cr27,
Cr30 and Cr8) scored significantly higher in alhsery atributes in 2011 than in
2009. Ruiru 11 had significantly higher scores iagfance, flavour, aftertaste,
acidity and overall in 2011 than in 2010. Howevbndy and balance were
significantly higher in 2009 than in 2011. SL28NiE dot show any differences in
the scores for the various attributes in the tlyemrs except in acidity whereby in

2009, it was significantly higher than in 2010 &@41.
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Table 16:Comparison of sensory performance of each genotyper specific

sensory attributes for the three years

Genotypes
Genotypes Year Cr22 Cr23 Cr27 Cr30 Cr8 Ruirull SL28NS
Fragrance 20097.38b  7.44b 7.46b 7.41b  7.35b 7.34b 7.45a
2010 7.53a 7.60a 7.62a 7.62a 7.51a 7.40b 7.51a
2011 7.60a 7.67a 7.63a 7.59a 7.57a 7.6la 7.54a
Flavour 2009 7.40b  7.47c¢ 7.55b 7.50b  7.40b 7.40b 7.55a
2010 7.66a 7.69b 7.75a 7.72a 7.64a 7.52ab 7.63a
2011 7.6l1a 7.80a 7.74a 7.62a 7.6la 7.64a 7.49a
Aftertaste 2009 7.34b  7.44b 7.50b 7.45b 7.34b 7.42b 7.51a
2010 7.66a 7.63a 7.68a 7.68a 7.6la 7.50ab 7.6la
2011 7.6la 7.69a 7.67a 7.6la 7.54a 7.59a 7.51a
Acidity 2009 7.45c 7.57b 7.66b  7.63b 7.45¢c 7.54b 7.71a
2010 7.58b 7.76a 7.78a 7.75a 7.73a 7.64a 7.69a
2011 7.64a 7.79a 7.76a 7.66ab 7.60b 7.67a 7.54b
Body 2009 7.47b  7.55b 7.58b 7.53b 7.49b 7.49b 7.66a
2010 7.58ab 7.67a 7.66a 7.65a 7.62a 7.55ab  7.64a
2011 7.66a 7.66a 7.67a 7.67a 7.64a 7.6la 7.59a
Balance 2009 7.40c 7.51c 7.58b 7.52ab 7.39b 7.46b 7.58a
2010 7.55b 7.61b 7.59b 7.6la 7.57a 7.45b 7.59a
2011 7.67a 7.77a 7.70a  7.65a 7.6la 7.64a 7.55a
Overall 2009 7.43b 754b 7.64a 7.58a 7.43b 7.45b 7.65a
2010 7.6la 7.7la 7.73a 7.69a 7.65a 7.55ab 7.66a
2011 7.62a 7.76a 7.71la 7.65a 7.57a 7.62a 7.55a

Means within a genotype for specific sensory aftes not sharing a letter among
the three years are significantly different at B80(Means separated by Student-

Newman-Keuls (SNK5%) test). Key:SL28NS, Not Sprayed
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Various terms were used to describe the coffeemgldine three years of analysis.
Cr22 was described as harsh in 2009, floral, hedyadcolate in 2010, fruity and
grassy in 2011. Cr23 was fruity, lemon, citrus aycupy in 2009 while in 2010 it
was floral, winey, fruity citrus, lemon and syruggd mild lemony, floral and fruity
in 2011. The terms citrus, lemon, fruity, juicy waunsed to describe Cr27 in 2009
and fruity, floral, lemon, juicy, honey, tea rosedacitric in 2010. In 2011 it was
dscribed as floral, lemon, fruity and citrus. Cr3®as described as
fruity,chocolate,caramel and herbal in 2009, florainey, caramelly, tea rose, citrus
and lemon in 2010, fruity, grassy and lemon in22@2r8 was harsh in 2008, fruity,
juicy, floral and lemon in 2010 and harsh, bittadarassy in 2011. Ruiru 11 was
astringent and grassy in 2009, fruity, grape frodrbal, harsh and grassy in 2010
and citrus like, fruity, grassy, harsh and aseimngin 2011. SL28NS was Juicy,
lemon, winey, floral in 2009, floral, fruity, lemorchocolate, caramel, tea rose,

honey and syrupy in 2010, floral, fruity, sweetrdmmand grassy in 2011.

For the three years of evaluation, all the genatyptained specialty grade by
scoring a total score of more than 80 points TaBleSL28NS was ranked the first
in 2009 while Cr27 was ranked the first in 2010 &éd3 in 2011. SL28NS showed
a downward trend in its performance while Cr23,Taad Cr30 were ranked higly

in the three years of analysis.
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Table 17: Average performance of each genotype ftinree years.

2009 2010 2011
Rank Total Rank Total Rank Total
Genotype Genotype Genotype

score score Score
1 SL28NS 83.77a 1 Cr27 83.81a 1 Cr23 84.16a
2 Cr23 83.32a 2 Cr30 83.71ab 2 Cr27 83.90a
3 Cr30 82.57b 3 Cr23 83.65ab 3 Cr30 83.45a
4 Cr27 82.41b 4 SL28NS 83.34ab4 Cr22 83.43a
5 Ruirull 81.72c 5 Cr8 83.35ab 5 Ruiru 11  83.39a
6 Cr8 81.09cd 6 Cr22 83.15b 6 Cr8 83.14a
7 Cr22 80.93d 7 Ruiru11 82.61c 7 SL28NS 82.76a

Total score means along a column not sharing erlate significantly different (P<0.05).
Student-Newman-Keuls (SNK5%) test Key: SL28NS, SIN& Sprayed SL28S, SL28
Sprayed
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4.4.2.3 Diversity of coffee genotypes evaluated #toru and Machakos by
sensory characteristics

Analysis of variance of the sensory data of theofgres evaluated at Koru and
Machakos is presented in

Appendix 11. The genotypes were significantly déf@ in all the sensory
characteristics with the site and spacing havingigaificant contribution to the
variations observed. The mean sensory charactsristicoffee genotypes evaluated

at Koru CRF substation for two years are showTab(e 18).

In 2010, Cr27 scored significantly higher in fragra than SL28NS, SL28S and
Ruiru 11 and had significantly better flavour anfiedaste than all the other
genotypes. Similarly, acidity of Cr27 was sigraintly higher than that of Cr22,
Cr30, Cr8, SL28NS, SL28S and Ruiru 11 while balamees significantly higher
than in Cr22, Cr8, SL28NS, SL28S and Ruiru 11. byithat year, Ruiru 11, Cr22
and SL28NS did not show any significant sensorgtélations due to spacing at
Koru. However, Cr23 and Cr8 had significantly higlie<0.05) flavour, aftertaste
and overal under space 2 than under space 1. @@@dssignificantly higher in
flavour, aftertaste, acidity and body under sp2adéan under space 1. Cr27 had

higher balance under space 2 than under space 1.

In 2011 all the genotypes did not show any sigaificdifferences in body and
fragrance. Cr30 and SL28S showed significant déffees in flavour from Ruiru 11
and Cr23. The aftertaste and balance of SL28S iga#isantly higher than that of
Ruiru 11. The acidity of Cr23 and Ruiru 11 was gigantly lower than in the rest
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of the genotypes. The overall score of SL28S wgsifszantly higher than that of
Cr23 and Ruiru 11. In 2011, Cr8, Cr22, Cr27, CrB@jru 11 did not how any
significant (P<0.05) differences in all the senseayiables under the two spacings.
Nevertheless all sensory variables were signiflgaift<0.05) higher under space 2
than under space 1 for Cr23 while for SL28NS, flayaaftertaste, balance and

overall were significantly higher under space 2.

The flavour of Cr22 was described as fruity, citreisocolate, course astringent and
rich floral in 2010, while in 2011 as floral. Cr2@as described as fruity, lemon,
grassy and juicy in 2010 and as nutty in 2011. fldneur of Cr27 was described as
lemon winey, tea rose, floral, citrus, and carameél010 while in 2011 it was fruity

and caramel. Cr30 was fruity, juicy, tea rose, laraod grassy in 2010 and fruity,
honey and floral in 2011. Cr8, was herbal, nutsamel, grassy, course and

astringent in 2010 while in 2011 it was describedharsh, spicy and fruity.
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Table 18: Mean sensory characteristics of coffee genotypes evaluated at Koru.

Sensory variables

(7]

L Fragrance Flavour Aftertaste Acidity Body Balance Overall

>

°

[

q_) o A | O Aum | O A | (-4 A | U 1 U 1 (- A |

O =) =) =) S S =) =) =) =) =) =) =) S S
AN AN AN AN AN AN AN AN AN AN AN AN AN AN

Cr22 7.45ab 7.63a 7.60bc 7.62a 7.54ecd 7.62abr.62c 7.65a 7.55c 7.64a 7.53bcd57ab 7.56cd 7.62a

Cr23 7.49ab 7.54a 7.63b 7.49bc7.59bc 7.50ab 7.70ab 7.50b 7.62ab 7.62a 7.57ab 7.49b 7.65&k9bc

Cr27 7.53a 7.64a 7.70a 7.6lab.66a 7.62ab7.75a 7.60ab 7.63a 7.66a 7.58a 7.57aF.67a 7.64a

Cr30 7.50ab 7.61a 7.64b 7.64a 7.62ab 7.61ah68b 7.67a 7.6lab 7.61la 7.55abc 7.60a63ab 7.65a

Cr8 7.45ab 7.61a 7.59bc 7.55ab 7.58bcd 7.62ab 7.68b 7.6l1lab 7.58bc 7.58a 7.53bcd7.55ab 7.62bc 7.60ab

Ruirull 7.40b  7.55a 7.52d 7.40c 7.53de 7.51b 7.61c 7.49b 7.55c 7.58a 7.48e 7.49b 7r4&mcd
SL28NS 7.38b 7.60a 7.55cd’.57ab 7.49e 7.55ab 7.59c  7.61ab 7.55c 7.59a 7.49cde 7.55al6.54cd 7.57abc

SL28S 7.39b 7.62a 7.53cd.62a 7.54cde 7.64a 7.61c 7.65a 7.59ah68a 7.50de 7.6la 7.54cd.67a

Means along a column not sharing a letter are significantlgréift (P<0.05). Means separated by Student-Newman-Keuls (SNK5%)
test
Key: SL28NS, SL28Not Sprayed; SL28S, SL28 Sprayed
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The mean sensory characteristics of the coffeetgpas evaluated at Machakos for
two consecutive years is shown in ( Table 19).0a@the genotypes did not show
significant variations in the sensory attributexcept in fragrance, acidity and
overall. SL28S and Cr30 scored significantly higinefragrance than Ruiru 11. The
acidity of 30 was significantly higher than thatRidiru 11 while the overall score of
Cr27, Cr30 and SL28S were significantly higher thiaat of Ruiru 11. In 2010 no

significant differences were observed in the senvanabled due to spacing.

In 2011 all the sensory variables among the gemstyphowed significant
differences (at P<0.05) except body. Cr27 diffesegghificantly from Cr22, Cr8,
SL28S and SL28NS in fragrance and aftertaste.slb &lad significantly higher
flavour and acidity than Cr22, Cr8, SL28S, SL28N&l &Ruiru 11. Cr27 also
showed significant differences in balance with Cr228, SL28S, SL28NS, and
Cr23. Ruiru 11 had significantly higher flavouglénce and overall under space 2
than under space 1.Cr8 showed significantly hidgleour, aftertaste and acidity
under space 2. Except in body, Cr22 under spawdzignificantly higher scores
in all other sensory attributes. Both SL28S and 8N had significantly higher
scores in overall under space 2 than under spaC¥30 had significantly higher

flavour under space 2 than under space 1.

The flavour of Cr22 was described as grassy, fldraity and winey in 2010 and in
2011 grassy and woody. Cr23 was describes as togitgsy, floral, fruity and
citrus in 2010 and slightly floral, burnt and smoky 2011. In 2010, Cr27 was
described as citric, winey, fruity, floral and hgnand in 2011 fruity, juicy, floral,
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citrus and complex. Cr30 was described as fruitggssy, floral and lemon in 2010
and fruity, floral, grassy in 2011. Cr8 was desedilas citric, floral, and fruity and
lemon in 2010 while in 2011, it was described astyr herbal, floral and citrus.
Ruiru 11 was described as grassy, citric and finit2010 and grassy, burnt, floral,
and harsh in 2011. SL28NS was described as graskfiaal in 2010 and smoky,
burnt, grassy and floral in 2011. SL28S was flocétus, lemon, fruity in 2010 and

floral, slightly grassy and fruity in 2011.

Comparison of the performance of the advanced brgdthes together with the
check cultivars Ruiru 11 and SL28, at Machakos ko for two years are shown
in Table 20. In 2010, Cr22 scored significantly Heg in all sensory variables at
Machakos than at Koru while in 2011 balance wakdmngit Machakos than at Koru
while all the other variables were not significgnttlifferent. Cr23 scored
significantly higher in aftertaste, acidity and pat Machakos in than at Koru while
in 2011 all the variables were significantly higlarMachakos than at Koru except
in aftertaste. Fragrance, acidity and body of Cwviégdtre significantly higher at
Machakos than at Koru in 2010 whereas in 2011 kel densory variables were
higher at Machakos than at Koru except overall.0GsBowed higher scores in all
sensory variables at Machakos than at Koru in 204i0e no significant variations
were observed in 2011. In 2010, Cr8 scored sigmtfly higher in all sensory
variables at Machakos than at Koru except overafir@as in 2011 only the variable
balance was significantly different. For Ruiru Irilyofragrance in 2010 and flavour
in 2011 showed significant differences between #ies with both being
significantly higher at Machakos than at Koru. SN&3scored significantly higher
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in fragrance, aftertaste, acidity and balance aachdkos than at Koru in 2010
whereas no variations were observed in 2011. SM2&Ssignificantly higher in all
variables at Machakos in 2010 while in 2011 theyba@s significantly higher at

Koru than at Machakos.
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Table 19:Mean sensory characteristics of coffee genotypes evaluated aadhakos

Sensory variables

o Fragrance Flavour Aftertaste Acidity Body Balance Overall
3 S 2 2 2 8§ g g8 2 8 3 8 g g ¢
g S IR X IR S < K & & K < < <
Cr22 7.63ab 7.56b 7.63a 7.51b 7.66a 7.50b 7.72ab 7.53b 7.69a 7.58a 7.55a 7.57b 7.66ab 7.50c
Cr23 7.60ab 7.64ab 7.61la 7.63ab 7.65a 7.6lab 7.76ab 7.64ab 7.67a 7.63a 7.57a 7.58b 7.6lab 7.58abc
Cr27 7.62ab 7.71a 7.65a 7.70a 7.66a 7.74a 7.84a 7.74a 7.70a 7.63a 7.6la 7.70a 7.69a 7.65ab
Cr30 7.67a 7.6lat 7.69a 7.62ab 7.64a 7.63ab 7.8lab 7.64ab 7.67a 7.60a 7.58a 7.6lab 7.69a 7.67a
Cr8 7.61lab 7.57b 7.62a 7.63ab 7.69a 7.60ab 7.76ab 7.66ab 7.71a 7.63a 7.58a 7.63ab 7.60ab 7.64ab
Ruirull 7.55b 7.6lat 7.56a 7.55b 7.57a 7.60ab 7.67b 7.52b 7.65a 7.58a 7.54a 7.53b 7.57b 7.50c
SL28NS 7.58ab 7.54b 7.60a 7.56b 7.62a 7.55b 7.70ab 7.54b 7.62a 7.63a 7.56a 7.54b 7.60ab 7.55abc
SL28S 7.65a 7.56b 7.65a 7.54b 7.67a 7.52b 7.80ab 7.57b 7.73a 7.59a 7.57a 7.54b 7.69a 7.55bc

Means along a column not sharing a letter are significantlgrdift (P<0.05). Student-Newman-Keuls (SNK5%) tKsty: SL28NS SL28Not
Sprayed SL28S:SL28 Sprayed

100



Table 20: Comparison of sensory performance of adveed breeding lines
together with check cultivars Ruiru 11 and SL28, atMachakos and Koru

Sensory variables
Genotypes Year Sites .

Fragrance Flavour Aftertaste Acidity Body Balance Overall

2010 Koru 7.38b 7.55b 7.51b 7.58b 7.52b 7.55a 7.51b

o Machakos 7.63a 7.63a 7.65a 7.724.69a 7.50b 7.65a
Cr2z Koru 7.61a 7.55a 7.62a 7.66a 7.58a 7.55b 7.60a
2011 Machakos 7.57a 7.63a 7.60a 76la 7.63a 7.63a 7.64a
Koru 7.38a 7.57a 7.56b 7.64b 757b 7.52a 7.6la
Cr23 2010 Machakos 7.60a 7.6la 7.65a 7.76a 7.67a 7.57a 7.58a

2011 Koru 7.54h 7.49h 7.50a 750b 7.62a 7.49b  7.49b
Machakos 7.64a 7.63a 7.6la 7.64a 7.63a 7.58a 7.58a

2010 Koru 7.46b 7.67a 7.64a 7.72b 7.61b 7.57a 7.63a

Cro7 Machakos 7.62a 7.65a 7.66a 7.84a 7.70a 7.61a7.68a

2011 Koru 7.64b 7.61b  7.62b 7.60b 7.63b 7.57b 7.65a
Machakos 7.71a 7.70a 7.74a 7.74a 7.66a 7.70a 7.64a

2010 Koru 7.40b 757b 7.57a 7.63b 7.58B.50b 7.57b

Cr30 Machakos 7.67a 7.68a 7.64a 7.8la 7.67a 7.58d.68a
2011 Koru 7.61a 7.64a 7.6la 7.67a 7.6la 7.66a 7.65a
Machakos 7.61a 7.62a 7.63a 764a 7.60a 7.6la 7.67a

2010 Koru 7.39b 7.53b 7.55b 7.63b 7.54b 7.49b7.57a

Crs Machakos 7.61a 7.63a 7.70a 7.77a 7.73b 7.60a.60a
2011 Koru 7.55a 7.6la 7.62a 7.6la 7.58a 7.55b 7.60a
Machakos 7.57a 7.63a 7.60a 7.66a 7.63a 7.63a 7.64a

2010 Koru 7.40b 7.52a 7.55a 7.58a 7.55a 7.52a7.54a

Ruiru 11 Machakos 7.55a 7.56a 7.56a 7.66a 7.56a 7.54d.57a
2011 Koru 7.55a 7.40b 7.51a 7.49a 758a 7.49a 7.45a
Machakos 7.61a 7.55a 7.60a 7.52a 7.58a 7.53a 7.50a

2010 Koru 7.38b 7.55a 7.49% 7.59b 7.55a 7.50b7.55a

SL28NS Machakos 7.58a 7.60a 7.62a 7.70a 7.62a 7.56d.60a

2011 Koru 7.60a 7.57a 7.55a 7.6la 7.60a 7.55a7.57a
Machakos 7.54a 7.56a 7.55a 754a 7.63a 7.54a 7.55a

2010 Koru 7.39b 753b 7.54b 7.61b 7.59b 7.49b7.54b

SL28S Machakos 7.65a 7.65a 7.67a 7.80a 7.73a 7.57d.69a
2011 Koru 7.62a 7.63a 7.64a 7.65a 7.68a 7.6la 7.67a
Machakos 7.56a 7.54a 7.52a 757a 759 754a 7.55a

Means across a genotype for a specific year noingha letter between the sites for
a specific variable are significantly different (P85). (Student-Newman-Keuls
(SNK5%) test) .Key: SL28NS, SL28Not Sprayed; SL2BE28 Sprayed
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All the genotypes evaluated had a total score afentisan 80 points which means
they all attained specialty grade. At Koru, Cr2@kahe first position in 2010 while
in 2011 SL28S was the highest. At Machakos SL28R the first position in 2010
while Cr27 was the best in 2011. Cr30 was the naakstpted by consistently
recording high total scores at Koru and Machakas raaintaining position two for
the two years at both sites. SL28 sprayed with iftidgs recorded better quality

than the unsprayed SL28 in absolute terms at bia. s

Table 21: Average performance of each genotype p&cation.

SL 28NS 82.62b Cr23 82.58b SL28NS 83.27ab SL28NS 82.86bc
Cr2:z 82.55t Ruiru 11 82.46t Ruiru 11  83.010¢t Cr2:z 82.71«

Koru Machako

2010 2011 2010 2011

o 2 Q @ H = H =

s 8 5 3 S 3 > 3
o 0 0 £ © = © 2
1 Cr27 83.30a SL28S 83.50a SL28S 83.75a Cr27 83.89a
2 Cr30 82.82b Cr30 83.39a Cr30 83.74a Cr30 83.36b
3 Cr23 82.81b Cr27 83.34a Cr27 83.69a Cr8 83.36b
4 Ruirull 82.70b Cr22 83.35a Cr8 83.64a Cr23 83.29b
5 Cr8 82.69b Cr8 83.12a Cr22 83.53a Ruiru11 82.911bc
6 SL28S 82.68b SL28NS 83.04a Cr23 83.46a SL28S  82.88bc
7
8

Means along a column for the total scores not shaai letter are significantly different

(P<0.05). Student-Newman-Keuls (SNK5%) té&sty: SL28NS, SL28 Not Sprayed SL28S,

SL28 Sprayed
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4.4 Discussion

Tatu- Ruiru area receives a bimodal type of rdlinfath the first rainy season
falling between March and July and second seadbngidetween September and
December. Under this kind of rainfall pattern thare two distinct coffee seasons in
a year (April to July early crop and October to Brber, main crop or late crop).
Some of the genotypes evaluated at Tatu, Ruiru voened to exhibit variations in
the sensory variables in different seasons. Therastl sensory performance could
also swop. For instance the flavour of Cr30 auT&uiru was significantly higher
during the early crop than in the main crop in 2@88 vice versa in 2009. Ruiru 11
did not achieve specialty grade during the earlgpcfor the two of analysis.
Gichimu and Omondi (2010a) reported that Ruiru ¥1bbing a compact variety
may have a relatively shallow the root system caegbao the tall traditional
varieties and therefore not suitable for marginabha with inadequate rainfall. The
problem of shallow rooting system have been sohsedrafting Ruiru 11 scions on
the root stocks of the traditional varieties. Hoet the Ruiru 11 planted at Tatu
Ruiru was not grafted. During the two years of aaibn, Tatu area received annual
total rainfall of 902mm and 766mm in 2008 and 2@8spectively. This shows that
if the rainfall is less than 1000 mm it would beessary to support the bearing trees
by irrigation. SL28Sprayed evaluated at Tatu, Ruird not show any significant
differences in the sensory variables due to seaddns is an indication that it is
also possible for the market to repeatedly recaigffee of consistent quality

irrespective of the season.
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In addition to the genetic background of a cultilaere are many other factors
influencing cup quality characteristics. The eamment also has a strong influence
on coffee quality. The genotypes were found to quenf differently in different
geographical location. However, the performanceaajenotype in the different
locations at times reversed in different years. &ample in the year 2010, Cr22
performed better at Machakos than at Koru but ih12@was the opposite. Altitude,
daily temperature fluctuations, amount and distiduof rainfall and the physical
and chemical characteristics of the soil are venpartant factors (Decasst al,
2003). The role of soil types has been well studied it is generally agreed that the
most acidic coffee quality is grown on rich volaarsioils (Hardinget al, 1987).

Soil nutrients may be inherited from the parenkrocinputs applied externally.

Some studies conducted on coffee trees densitgtetmdcome up with findings that
higher yields could be obtained from closely pldnteees as compared to widely
planted trees (Njoroge and Mwakha, 1993; Chanika Miokono, 2008 Gichimu
and Omondi (2010a). Other findings on the samergbdethat average yields per
plant decreased with the increasing plant densiied attributed this to a
consequence of coffee plant competition for watertrients and mainly for the
active photosynthesis radiation from the canopyxagethe base (Gathaara and
Kiara 1984, Paulo and Furlani, 2010). Vagisal. (2006) reported that fruit load had
a significant effect on beverage quality, with entt indicating higher preference
with decreasing fruit load. May could partially éxip the differences in quality
observed between the coffees under the two spaegigmes. Agricultural practices
such as limiting fruit load, lowering tree strebgtter balancing leaf-to-fruit ratios
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and favoring slow ripening of coffee berry pulp aadequate bean filling should

help produce coffee of higher quality.

The major coffee diseases in Kenya are Coffee BBisgase (CBD) caused by
Colletotrichum kahawaeCoffee Leaf Rust (CLR) caused Ibemileia vastatrix.
SL28 is sucseptible to both CBD and CLR. The CBIEhpgen is able to infect
flowers and green expanding berries. CLR fungus kile section of the leaves on
which it grows. If the infection is severe thisusas premature leaf fall. The trees
ability to produce carbohydrates is then reducedgetative growth and berry
growth and size are then significantly reduced.d@ah infection by the diseases
may explain the reason why the quality of SL28 Bjmtayed deteriorated with time
at Meru as demonstrated by the total scores. Thee s@as observed at Koru and
Machakos whereby SL28 sprayed with fungicides medrbetter quality than the

unsprayed SL28.

Coffee quality evaluators often associate coffedh specific flavour descriptors.
For instance, Ruiru 11 has been described as bhagshstringent just like SL28 has
been described as fruity. The flavour descriptachsas sour, winey, sweet, mellow,
salt, astringent, bitter and harsh are categonmebkr tastes. Loss of organic matter
in the coffee results in flavours described as woaged and grassy among others.
Enzymatic activities as the coffee beans develsplten the formation of aroma
compounds such as flowery, floral, coffee blosstem, rose, fruity, citrus, lemon,
berry like, herby and leguminous (Lingle 2001). rigggncy is defined as complex
sensation accompanied by shrinking drawing or muaok of the skin or mucosal
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surface in the mouth produced by substances sukhkagannins or soloe tannins
International Standard, 1ISO 5492 (2008). Flavouscdptors encountered in this
study are given in Appendix 17. Njoroge al (1990) conducted a study whose
results indicated that Ruiru 11 and SL28 had highiensities of acidity, fruity and
winer, citrus, flavours than Robusta. They alsoortgal that astringency was about
the same in Ruiru 11 and SL28 and had more ordgssal intensities in most of
attributes except winey, fruity, floral, malty, ¥iaurs which were very slightly lower
in Ruiru 11. Occurrence of astrigency taste andsyraroma has been associated to
processing of immature coffee beans. It is crucialote that the degree of ripeness
of the cherry is judged by the eye and could diffem person to person. This
judgment is subjective at time could lead to inidosof some immature cherries
hence the encounter of such flavour descriptore fldwvour descriptors were not
localized any particular coffee genotype and flattd from time to time. For
instant in 2008, Cr23 evaluated at Tatu-Ruiru wascdbed as herbal, lemon and
fruity, all characteristic emanating from enzymadictivities as the coffee beans
developed. However in 2009, there were no flavoescdptors given for this
genotype. Premature ripening of the berries assaltr@f excessively long dry
seasons has been reported to produce immature Wwehrastringent notes (Van der
Vossen, 2009). Variations in the sensory charasttesi like were observed at Tatu-
Ruiru were also observed across the sites wheregénetypes were evaluated.
Generally the new advanced breeders’ lines werepaoable to the commercial
varieties used as check cultivars in terms of sgnsbaracteristics and have got

specialty potential.
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CHAPTER FIVE
5.0 CHARACTERIZATION OF COFFEA ARABICA GENOTYPES
GROWN IN KENYA BY DETERMINATION OF THEIR BIOCHEMI CAL

COMPONENTS.

5.1 Introduction

The green bean has only a faint odor that is hatlaeminiscent of coffee aroma.
The characteristic flavour of coffee results fromcambination of chemical
compounds produced by the reactions that occunguwoeasting of green coffee.
However, it contains all of the necessary precursorgenerate the coffee flavour.
Some of the traits that can be quantified are sugfeine, chlorogenic acids, oil,
and trigonelline (Bertrandet al, 2003). Sucrose and trigonelline give rise to
appreciated flavour products, including furans,agyme, alkyl-pyridines and pyrroles
(Ky et al, 200)) and on the other hand, chlorogenic acids anceiceffcontribute to
bitternessThe levels and biochemical status of these precairsay vary in relation
to factors such as species and variety of beamgrgpbic origin, soil conditions,
storage of the beans, duration and temperaturdeofrdasting procedurgenetic
traits, environmental factors, maturation levelstharvest treatment, and storage
(Clifford, 1985). Biochemical analysis of green feef is preferred to analysis of
roasted cofeee beans since compositional changes daring roastingHowever,
analysis of the freshly brewed coffee volatilest tiager in the air and reach the
human nose could be a direct way to understanthttters that attract people to the
pleasant coffee aroma. QOjijo (1993) made a rewiEBsome common aroma notes in

coffee and their chemical origins. Gas chromatdgnayass spectroscopy (GC-MS)
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is commonly employed for the analysis of volatilgganic compounds in green,
roasted beans and the final brewed coffee. The ahthe brew is different from
that of ground coffee although the change in tloenar profile is not caused by the
formation of new odorants but by a shift in the @amrations (Grosch, 20Q1)
However no report on the analysis of volatiles eni{an coffee varieties is reported.
In this part of f the study caffeine, trigonellin@), sucrose and total chlorogenic
acids were analysed in green coffee samples. liiaddanalysis of volatile organic

compounds of brewed coffee was explored.

5.2 Materials and methods

The coffee samples generated under subsectiongt8.3nd 4.4 and analysed by
sensory method were also subjected to analysis riegngcoffee biochemical
components. Portions of the green coffee sample® wkced in small plastic
bottles and stored under -80°C. After 24 hourgeéZing, the samples were ground

in liquid nitrogen using an analytical mill modelQ

5.2.1 Analysis of moisture content

About 5g of the green coffee powder were weighed itarred aluminium dish

(about 7.5 cm in diameter and 2.5 cm deep). Thepknwere dried in an air oven
at 103 °C for 16 hours, cooled and reweighed. Bise In weight was calculated as
the moisture loss and converted to percent moistaneéent. The moisture content

levels were used to obtain the dry matter of tleegrcoffee samples.

108



5.2.2 Extraction and quantification of crude oil

Five (5) grams of the dried green coffee powder weasghed accurately in a
thimble and dried for 2 h at 100 °C £ 2 °C. An gmpiund bottomed flask was
weighed after being dried at 105 °C for an hour aadled in a dessicator and
recorded. The thimble was placed in the soxhletaekbn apparatus and extraction
with hexane done for 8 hours (AOAC, 1995). Theapttwas evaporated to near
dryness using rotavapor and dried for one houniovaen at 105+ 2 °C. cooled in a
desiccator and weighed. Drying and weighing am®@utes intervals was continued
until the loss in weight between two successiveghieig was not more than one
milligram. The increase in weight of the extrantiftasks was calculated as the

crude oil content hereafter refered to as oil.

5.2.3 Extraction of caffeine, trigonelline and tothchlorogenic acids (CGA)

Determination of caffeine and trigonelline was ddmyefollowing the protocols of

CIRAD, (2003a) for caffeine and CIRAR003b) for trigonelline. For extraction of
caffeine, 0.5g of green coffee powder was accuyratedighed into a 250 ml flat
bottomed flask with a ground neck. Magnesium oxiderck) 0.5g and 200ml of
distilled water were added. Two pumice stones vpertein each flask. Refluxing
was done for 25 minutes and the contents left tw. d&fter cooling filtration was

done under vacuum on celite and the filtrate recmén a 250ml volumetric flask.
The volume was topped up to the mark with distileater. Twenty (20) millilitres

of the filtrate was drawn and put into a 100 mluwnoétric flask and the volume
adjusted to the mark with the mobile phase (detiilen below). The eluate was

filtered through a 0.45um micro-filter (Chromafdhd analyzed by HPLC. For the
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extraction of trigonelline, 0.6 g of the green eeaffpowder was accurately weighed
and put into a 250 ml flat bottomed flask with awrd neck. Magnesium oxide
(Merck) 0.2g and 40ml of distilled water were add&d/o pumice stones were put
in each flask. Refluxing was done for 10 minutes #ghe contents left to cool.
Filtration was done under vacuum through celite thedfiltrate recovered in a 50ml
volumetric flask. Twenty millilitres (20ml) of thiltrate was drawn and put into a
100 ml volumetric flask and the volume adjustedht® mark with the mobile phase
(details given below). The eluate was filteredotlgh a 0.45um micro-filter

(Chromafil) and analyzed by HPLC.

For the extraction of CGA, 0.7g of green coffee gewwas weighed into 250 ml
conical flask and 40ml of distilled water (Tse, 8DORefluxing was done for 15
minutes and the contents left to cool. Filtratioaswdone under vacuum through
celite and the filtrate recovered in a 50ml voluneglask. Twenty millilitres (20ml)
of the filtrate was drawn and put into a 100 mluwnoétric flask and the volume
adjusted to the mark with the mobile phase (samerasaffeine and trigonelline).
The eluate was filtered through a 0.45um micr@fifChromafil) and analyzed by

HPLC.

5.2.4 Analysis of caffeine, trigonelline and totathlorogenic acids

Caffeine, trigonelline and CGA were analysed ushBLC system (KNEUR)
equipped with a Supel Co Discovery C-18 columndaiffeine and trigonelline and
BDS HYPERSIL C-18 column for chlorogenic acids. Tetector was Diode Array
Detector at three wavelengths, 278nm for caffe@@nm for trigonelline and

324nm for CGA. The mobile phase was HPLC grade ameth(PANREAC) 35%,

110



distilled water 65%, acetic acid (PROLABO) 0.1%adtow rate of 1 ml/min under
ambient temperature. Caffeine, trigonelline and C&e identified by comparing
the retention times of caffeine standard (99%) dlrés Scientific), trigonelline
standard (Sigma Aldrich) and CGA standard (Acroggaaics) and their

concentrations- calculated from peak areas usiligraaon equations.

5.2.5Extraction and analysis of sucrose

Sucrose was extracted from green coffee powdegubie method of Osborne and
Voogt (1978) with modifications. About 2.5g of tlgreen coffee powder was
weighed and put into a round bottomed flask. Exiba was done for one hour in
100mis of 96% ethanol (AR) under reflux. The extra@as cooled and filtered

through Whatman filter paper number 42 and evapdr&d dryness. Sucrose was
recovered with 10mls deionised water and 2mls ef éRtract mixed thoroughly

with 2mls Diethyl ether (AR) left to settle and ttep layer discarded. This was
repeated three times. One milliliter of the cladfiextract was mixed with 1ml of
acetonitrile and filtered through a 0.45um micribefi (Chromafil). Sucrose was
analysed using a HPLC system (KNEUR) equipped witBurospher 100-5 NH

column and a refractive index detector. The mophase was acetonitrile HPLC
grade (SCHARLAU) 75%, and distilled water 25% dllcav rate 1 ml/min under

ambient temperature. Identification was done bygaring the retention times of
sucrose standard (Fischer Scientific) and sampkk.p@he concentration was

calculated using a calibration equation.
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5.2.7 Data analysis

The statistical packages used to analyse the agcdata were Costat, R-statistics,
SPSS and XL-STAT 2011. The data was subjected &bysis of variance and
multivariate analysis. Principal component analydendrograms and discriminant

function analysis were done using XLSTAT 2011.

5.3 Results

5.3.1 Biochemical components of 4@x-situ conserved coffee germplasm
alongside two commercial varieties

Analysis of variance showed that the genotypesrggetl significant differences
(P<0.05) in all the biochemical components sucr@§ependix 12). The mean
biochemical components in forty (40) coffee genes/pinderex-situconservation

together with two commercial varieties (K7 and SL.24e shown in Table 22.
Hibrido de Timor (HDT) had significantly higher aondt of caffeine than all the
other genotypes except Angustifola. Dilla Alghe e lowest amount of caffeine
at 0.77% . The levels of trigonelline ranged frod036 in DRIl to 1.10 % in

Ennareta. HDT recorded the lowest level of oil 8t80% while Gimma Galla
Sidamo had the highest at 18.15%. Sucrose con@ntowest in Wollamo at 5.10%
while HDT had the highest amount at 8.12%. Mokkanters had the lowest

amount of CGA (6.13%) while Angustifola had thelegt (10.97%).
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Table 22: Mean biochemical variables (%DWB) in 40-situ conserved
genotypes alongside 2 commercial cultivars

Genotypes Caffeine Trigonelline Oil Sucrose CGA
Hibrido de Timor 1.68+0.12a 0.68+0.05e-h 10.80+0.28d  1281.01  7.99+0.12d-i
Angustifola 1.590.01ab 0.81+0.01b-g 15.40+0.57 abc 450466 10.97+0.27a
M63 1.56+0.02bc 0.71+0.01d-h 14.20+1.13bc 5.29+0.13 80%\6ghi
Ennareta 1.56+0.01bc 1.10+0.01a 16.5610.26abc 7.91+0.8534+0.05c-i
SL4 1.51+0.01bcd 0.70+0.01d-h 15.80+0.28abc 5.97+1.73334.37¢C-i
Plateau Bronze 1.46%0.01cde 0.660.04e-h 15.00£0.01bc .22+6.72  7.27%0.06e-i
Dilla 1.44+0.01def 0.75+0.09c-h 15.60+0.57abc 6.37+0.38.49+0.24d-i
Gimma Galla 1.42+0.05d-g 0.69+0.01d-h 15.85+0.91abc 3844 6.37+0.31i
Barbuk Sudan 1.42+0.05d-g 0.95+0.06a-f 16.50+2.12 abc.1149.98  7.54+0.31 d-i
Purpurascens 1.42+0.01d-g 0.75+0.08c-h 15.60+0.57abc.81+6.67  7.12+0.22f-i
Gimma Galla Sidamo 1.41+0.01d-g 0.88+0.01a-g 18.1%9.4  5.82+0.05 10.21+0.21abc
Mokka Cramers 1.40+0.02d-h 0.78+0.04c-h 14.45+0.07bc  328.17 6.13+0.11i
Zeghieltana 1.38x0.01e-i 1.00+0.04abc 13.45+1.48bc B3 10.54+0.40ab
Pretoria 1.38+0.01e-i 0.52+0.01h 14.45+0.07bc 6.70+1.06.65+0.06hi
G5B 1.35+0.04 e-j 0.74+0.03c-h 15.05+0.64bc 7.34£1.09 6261.77hi
Polysperma 1.34+0.01e-k 0.95+0.12a-f 14.10+0.14bc @B  8.84+0.05b-h
Murta 1.340.01 e-k 0.98+0.10a-d 15.00+0.01bc 6.10+0.49.1410.67a-9
Erecta 1.34+0.01e-k 0.90+0.04a-g 15.00+0.01bc 6.20+2.18361+0.06d-i
Mocha 1.33+0.02 e-k 0.97+0.01a-f 15.60+0.57abc 5.8780.19.28+0.16a-f
K7 1.32+0.01 f-k 0.76+0.01c-h 14.25+0.35bc 5.90+0.02 38@112 d-i
Series C 1.31+0.10 g-I 0.95+0.06a-f 15.45+1.48abc #IB>  6.56:0.49i
Wollamo 1.29+0.03 h-l 0.68+0.01e-h 13.65+0.21bc 5.1090. 6.76+0.06hi
Series L 1.28+0.15i-m 0.74+0.03c-h 15.30+0.42bc 7.6781. 10.80+0.83ab
Blue Mountain 1.28+0.01 i-m 0.91+0.04a-g 16.65+1.20 ab 5.78+1.10  6.47+0.01i
Mocha (Series D) 1.27+0.03 i-n 0.75+0.02c-h 15.65+@¢B¢  6.72+1.69 7.81+0.07d-i
Geishal2 1.26+0.01 i-n 0.75+0.15c-h 13.10+0.14c 7.0830. 8.37+0.78 d-i
Geisha 11 1.26+0.01 i-n 0.72+0.01c-h 14.45+0.07bc O3 7.26+0.21e-i
Drought Resistant Il 1.24+0.02j-0 0.50+0.01h 16.458akc 5.7740.01 9.570.17a-d
Dalle 1.24+0.02j-0 0.69+0.01e-h 16.10+1.27abc 5.61+0.57.95+0.04 d-i
Drought Resistant 1 1.22+0.01k-0 0.94+0.30a-f 14.9046c 6.79+0.02  9.45x0.15a-e
G53 1.200.01 I-0 0.67+0.01e-h 15.40+0.85abc 5.29+0.10.2440.36e-i
Padang 1.19+0.03 I-0 0.64+0.01h-g 14.95+0.78bc 6.10%1.06.89+1.09ghi
Gimma Mbuni 1.17+0.02m-p 0.76+0.06¢-h 15.55+1.34abc 260607  7.12+0.02f-i
1225VI 1.15+0.17 n-q 0.87+0.02a-g 16.10+0.14abc 6.9841. 6.57+0.81hi
F53 1.15+0.03n-q 0.75+0.10c-h 15.10+0.14bc 7.55+1.01 7H0860-i
Arousi 1.14+0.01 opq 0.88+0.01a-g 14.350.21bc 6.3330. 6.57+0.01hi
Eritrean Moca 1.13+0.050pq 0.93+0.04a-f 15.3540.21 ab@.29+0.25  6.84+0.14hi
H1 1.07+0.04pq 1.060.06ab 15.80+1.70 abc  7.89+0.08 ®2Fc-i
Tanganyika Drought Resistant 1.07+0.05pq 0.9440.06a-f15.65+0.21abc 5.78+1.43  7.16%2.20f-i
Yellow Amarello 1.060.05q 0.71+0.09c-h 15.70+0.42 abc6.03+0.73  7.23+0.16e-i
SL34 0.89+0.05r 0.75+0.10c-h 15.90+0.14abc 6.02+0.42 5#05160-i
Dilla Alghe 0.77+0.01s 0.73+0.01c-h 15.70+0.42 abc  FUB2 7.58+0.620-i

Means within a column not sharing a letter areifigantly different at P<0.05 Key: DWB-: Dry

weight basis; CGA: Total chlorogenic acidléeans separated by Student-Newman-Keuls (SNK5%)

test.
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Cluster dendrogram constructed using biochemicaa dd the forty two (42)

genotypes was used to estimate diversity amongsh.tiResults of the cluster
analysis are illustrated in Figure 13. The genddyfiest separated into two broad
clusters which recorded a diversity of about 46%e Tirst cluster contained 28
genotypes while the second cluster had 14 genogpeéetermined by the degree of
diversity based on biochemical characteristicsthien second sub-cluster HDT was

grouped on its own.
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Figure 13:Dendrogram of the 42 coffee genotypes csinucted by cluster
analysis of of five biochemical variables

5.3.2 Characterization of five advanced breeding ies of Arabica coffee and

two commercial coffee cultivars by biochemical coponents

114



5.3.2.1 Biochemical components of coffee genotypmaluated at Tatu-Ruiru
Analysis of variance revealed that the genotypesedain the biochemical
components as show in Appendix 13. The mean lefataffeine, trigonelline, oll,
sucrose and CGA determined in the coffee genotgveduated at Tatu-Ruiru in
2008 are shown in Table 23. Significant differen{fes0.05) were observed in the
levels of caffeine, oil, and sucrose among the ggmes evaluated. The level of
caffeine was significantly (P<0.05) higher in Ruitl (1.45%) than in SL28S
(1.08%). Ruiru 11 had the lowest amount of oilldi€14.55%) which was
significantly lower than in Cr23 which had highastount of oil (16.87%). In terms
of sucrose, Cr22 and Cr8 recorded significantlyhbiglevels than all the other

genotypes evaluated.

Principal component analysis of five biochemicaimponents anaysed in the
genotypes showed that the first two PCs explairte@986 of the variation observed
(Figure 14). Cr23, Cr27, Cr30 and SL28S were planeithe positive side of PC1
while SL28NS; Cr22, Cr8 and Ruiru 11 were placedhi& negative side of PC1.
Trigonelline, caffeine, oil and CGA contributed mas the variation observed in

PC1 while sucrose contributed most to PC2 as shiowable 24.
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Table 23: Mean biochemical components (caffeine,igonelline, oil, sucrose and
CGA % DWB) of coffee genotypes ewalted at Tatu-Ruiru in 2008

Biochemical components

Genotypes Caffeine Trigonelline Qil Sucrose CGA

Cr22 1.36£0.08ab  1.05+0.04a 16.43£0.25ab  11.04+0.26a 7+8.65a
Cr23 1.20+£0.03ab  1.24+0.03a 16.87+0.23a 10.01+0.03b +0.B8a
Cr27 1.31+0.01ab  1.30+0.01a  15.94+0.020ab 9.65+0.01b®0+0.03a
Cr30 1.2240.04ab  1.30+0.04a  16.69+0.30ab  9.16+0.18bc 9+8.23a
Cr8 1.31+0.01ab  0.93+a0.0l1a 15.30+0.64ab  11.50+0.38a5+0@.B7a

Ruiru 11  1.45+0.02a 1.00+0.06a  14.55+0.33b 8.95+0.25c 864.18a

SL28NS 1.34+0.04ab  1.25+0.04a  16.41+0.51ab  10.060.45b91+8.12a

SL28S 1.08+0.08b 1.07+0.0la  16.38+0.67ab  9.64+0.61bc 3+8.10a

Means within a column not sharing a letter are iigantly different at P<0.05.
Means separated by Student-Newman-Keuls (SNK5%) tes

Key: SL28S-SL28 Sprayed; SL28NS-SL28 Not Sprayed
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Biplot (axes F1 and F2: 75.09 %)
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Figure 14: Principle component (PC) analysis plot fofirst two principle
components, illustrating relationship among the eilgt coffee genotypes
evaluated in Tatu- Ruiru in 2008

Key: R11- Ruiru 11, SL28S-SL28 Sprayed; SL28NS-SL28 Slwrayed

Table 24: The first two principle components (PC) bthe five biochemical
variables

Variables PC1 PC2
Caffeine -0.55 -0.21
Sucrose -0.12 0.67
CGA -0.33 -0.55
oil 0.59 -0.01
Trigonelline 0.48 -0.45
Eigen value 2.24 1.52
Variability (%) 44.74 30.35
Cumulative % 44.74 75.09
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5.3.2.2 Biochemical components of coffee genotypmaluated at Meru

Analysis of variance on the biochemical data of ¢b&éfee genotypes evaluated at
Meru for three years showed significant variatiansong the genotypes in caffeine,
trigonelline and oil contents (Appendix 14). Somé the the biochemical

components fluctuated from year to year.

The mean biochemical components analysed in thetgees at Meru for three
years (2009 to 2011) are shown in Table 25. In 2€&f¢eine levels in Cr8 were
significantly (P<0.05) lower in all the other géyyoes except in SL28NS. Cr22 had
significantly lower levels (0.67%) of trigonellindhan Cr27 (1.22%). Cr30 had
significantly higher levels of oil (17.66%) than ZNS (10.12%). In 2010, Cr23
had significantly higher caffeine level (1.23%) nhaCr27 (0.94%). The genotypes
Cr22, Cr23, Cr8 and SL28NS had significantly loW&A than the other genotypes
(levels ranged from 10.68% (Cr30) to 9.36% in (Gr2B significant differences (P
>0.05) were found in the levels of trigonellinel, and sucrose in 2010. The results
of mean biochemical components analysed in 201Waticsignificant differences
(P<0.05) in the levels of caffeine, trigonellingl, and CGA. SL28NS, Cr8 and
Cr23 had caffeine and trigonelline levels that wsignificantly higher (P<0.05)
than Cr22. Ruiru 11 had the lowest amount of 08.74%) while Cr30 had the
highest amount (18.76%). Cr8 had the significarftigher amount of CGA

(10.52%) than the other genotypes.
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Table 25:Mean biochemical components of the genotypes evatad at Meru

for 3 years
Biochemical
variables Genotypes
(%DWB) Years  Cr22 Cr23 Cr27 Cr30 Cr8 Ruiru 11 SL28NS
Caffeine
2009 1.10£0.11a 1.04+0.02a 1.06+0.01a  1.104#0.04a  0.8880. 1.17+0.08a  0.95:0.02ab
2010 1.0140.16ab 1.2310.20a 0.9410.13b  1.0740.15ab  0.06ab  1.1440.13ab  1.09+0.07ab
2011 1.1040.15bc 1.22+0.22a 1.20+0.05ab  1.15+0.12abc 3+0.26a  1.07#0.05c  1.23t10a
Trigonelline
2009 0.67+0.10c 1.14+0.09ab  1.22+0.18a  0.82+0.07bc ~ D03ab  0.92+0.02abc 0.97+0.0labc
2010 1.0310.13a 1.15+0.06a 0.9910.11a  1.01+0.20a  1.0440. 1.1240.08a  1.08+0.19a
2011 1.05£0.11b 1.23:0.19a 1.20:0.06a  1.12+0.10ab  1.18a0  1.05+0.06b  1.19+0.08a
Oil
2009 13.6620.77ab  16.74+1.01ab 16.82+1.38ab 17.66+2.5584.81+4.77ab 14.57+0.15ab 10.12+0.08b
2010 13.55+1.76a 13.99+2.35a  14.42+1.87a 12.93t1.18a 1012.26a 13.42+2.07a 13.43+2.32a
2011 18.460.57a 18.54+0.32a  18.17+0.50a  18.76+0.58a 5318.76a  16.74+0.46h  18.3410.38a
Sucrose
2009 10.39+2.04a 10.18+0.21a  9.53+2.62a  8.78t1.14a  12.86a 10.18+1.07a 8.68+0.38a
2010 8.49+0.31a 7.30£1.31a 9.00£1.38a  7.89+1.42a  8.28al. 8.40#0.54a  9.07+0.34a
2011 7.36+0.85a 7.2840.23a 7.71#0.26a  7.85+0.42a  7.8940. 7.94+0.33a  7.50+0.97a
CGA
2009 11.46+1.43a 11.03t157a  9.14+0.75a  10.81+0.37a 110.23a  10.40+0.84  10.63+0.94a
2010 9.73+1.42a 9.3610.16a 10.50£0.90a  10.68+0.71a  0.83a  10.41#0.71a  9.38+0.46a
2011 8.99+0.94a 9.10+1.44a 8.8810.50a  851+0.48a  10.82a0 8.77+0.3la  857:0.24a

Means within across a row for a specific chemi@alable not sharing a letter are

significantly different at P<0.0&ey: SL28NS-SL28 Not Sprayed CGA:

Chlorogenic acids. Means separated by Student-NewKeals (SNK5%) test.
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The combined data of the five biochemical companertaysed in seven coffee
genotypes evaluated at Meru for three years wagaed to principal component
analysis. The first two PCs explained 66.86% (PQ.23% and PC2 26.63%) of the
variation observed (). Cr30, Cr23, Cr27 and, SL28M3e placed in the positive
side of PC1 while Ruiru 11, Cr8 and Cr22 were pdaicethe negative side of PCL1.
Trigoneline and caffeine, contributed most to tlaeiation observed in PC1 while

chlorogenic acid contributed most to variationsestsed in PC2 (Table 26) .
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Figure 15: Principle component (PC) analysis plot fofirst two principle
components, illustrating relationship among coffeegenotypes evaluated at
Meru for 3 years

Table 26: The first two principle components (PC) bthe five biochemical
variables

Variables PC1 PC2
Caffeine 0.53 0.31
Trigonelline 0.50 -0.36
Oil 0.20 0.45
Sucrose -0.51 -0.35
CGA -0.39 0.66
Eigen value 2.01 1.33
Variability (%) 40.23 26.62
Cumulative % 40.23 66.85
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5.3.2.3 Biochemical components of coffee genotypmaaluated at Koru and

Machakos for two years

Analysis of variance showed significant differenck®chemical components
(Appendix 15 ) among the genotypes. Site was sagmf for the levels of
trigonelline, caffeine and sucrose. Fluctuatiomghe level of chlorogenic acids,
sucrose and oil were observed in the different sredihe mean biochemical
components determined in coffee genotypes evaluatd¢bru and Machakos for

two consecutive years are shown in Table 27 .

The genotypes did not show any significant diffeesn in oil and total chlorogenic
acids due to site. All the genotypes did not show significant differences in the
caffeine levels in the two years except Cr22 analR1L. In 2011, Cr22 and Ruiru
11 at Machakos had significantly more caffeine tharKoru. Cr22 at Koru had
significantly higher amounts of trigonelline in XD than at Machakos while in
2011, Cr23 at Machakos had s significantly higgm@ounts of trigonelline than at
Koru. Sucrose was found to be quite variable in rgnthe genotypes in the two
sites. Cr27 at Machakos significantly more suctbs@ at Koru in 2010 and 2011.
In 2010 Cr30 had significantly more sucrose at M#ds than at Koru. Cr8 had
more sucrose at Machakos in 2010 than at Koru.uRuirhad more sucrose in 2010
at Koru and significantly more at Machakos in 2081.28NS had significantly
higher sucrose at Machakos than at Koru while S8 B&d significantly higher

amount of sucrose at Machakos than at Koru.
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Table 27 Mean biochemical components (caffeine, trigonellineil, sucrose and
CGA % DWB) of coffee genotypes analysed in two regns

Genotypes

Year

Sites

Biochemical component

Caffeine

Trigonelline

Sucrose

CGA Qil

Cr22

Cr23

Cr27

Cr30

Cr8

Ruiru 11

SL28NS

SL28S

2010

2011

2010

2011

2010

2011

2010

2011

2010

2011

2010

2011

2010

2011

2010

2011

Koru
Machakos
Koru
Machakos
Koru
Machakos
Koru
Machakos
Koru
Machakos
Koru
Machakos
Koru
Machakos
Koru
Machakos
Koru
Machakos
Koru
Machakos
Koru
Machakos
Koru
Machakos
Koru
Machakos
Koru
Machakos
Koru
Machakos
Koru
Machakos

1.11+0.06a
1.01+0.22a
0.98+0.21b
1.08+0.13a
1.12+0.22a
1.10+0.03a
1.03+0.17a
1.13+0.22a
0.96+0.15a
1.16+0.12a
1.08+0.24a
0.96+0.14a
1.00+0.14a
1.22+0.04a
0.90+0.07a
1.03+0.13a
0.94+0.29a
0.99+0.07a
0.80+0.12a
1.04+0.06a
1.05£0.30a
1.08+0.17a
0.86+0.06b
1.18+0.12a
0.97+0.14a
1.15+0.12a
0.93+0.10a
1.09+0.14a
0.93+0.10a
1.11+0.10a
1.07+0.09a
0.99+0.07a

1.08+0.06a
0.97x0.07b
1.060.18a
1.04+0.13a
1.05£0.01b
1.27+0.12a
1.10+0.08a
1.08+0.12a
1.12+0.16a
1.00+0.19a
0.92+0.20a
1.18+0.24a
0.91+0.28a
1.13+0.06a
0.97+0.02a
0.99+0.17a
0.82+0.07a
1.32+0.10a
1.14+0.01a
1.01+0.13a
0.94+0.20a
1.16+0.06a
1.00+0.27a
1.18+0.11a
0.830.14a
1.04+0.05a
0.83+0.24a
1.22+0.19a
0.830.24a
1.00+0.30a
1.060.18a
1.08+0.05a

9.88+1.94a
8.52+0.82a
7.29+1.54a
8.20+0.69a
10.10+0.48a
10.09+0.34a
7.25%+1.43a
8.42+1.37a
9.35+2.04a
10.24+1.30a
7.77£1.22b
8.72+1.41a
7.58£1.12b
9.69+2.04a
8.99+0.09a
8.66+1.87a
7.72+0.83b
9.87+0.02a
9.63+0.18a
8.29+0.88a
7.62+0.87b
10.48+0.70a
11.69+1.78a
8.62+0.74b
6.77+0.42b
9.79+0.48a
10.00+0.04a
9.53+1.17a
10.00+0.04a
9.68+1.73a
6.94£0.58b
8.82+1.19a

11.18+0.91 17.38:0
11.13+0.24 2718.01
10.18+0.51 14.1431
10.08+1.248013.48
9.44+0.02  17.8%1
11.15+1.37.4318.77
10.41+0.71 13.3p#1
10.08+0.706713.77
11.25+0.96  16.98#0
10.91+0.524116.15
10.12+0.87 13.481
10.28+0.7038%4.67
11.03+1.91 14.3Bk1
10.86+0.96 3918.52
9.75+1.08  16.8&1.
10.90+0.792413.23
10.93+0.93 13.5&1
10.17+0.827318.63
9.91+1.91 14.880.
9.26+0.86 313.33
10.74£0.18 13.3%1
10.99+0.264318.10
10.12+2.11 18)58*
10.71+0.851533.12
10.64£0.09 12.9%x1
10.17+0.808514.46
10.63+0.00 13188
9.49+0.42 412.63
8.03+0.00 18188
10.03+1.770418.66
9.84+1.01 12.8A1.
10.17+1.014212.35

Means across a genotype for a specific year noingha letter between the sites for

a specific biochemical component are significardliferent (P<0.05). (Student-
Newman-Keuls (SNK5%) test). Key: SL28NS, SL28Not&ypd; SL28S, SL28

Sprayed
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5.3.2.4 Determination of coffee biochemical componts by NIR.

5.3.2.4.1 Materials and methods

Thirty four (34) Kenyan Arabica samples were anadly$or caffeine, trigonelline,
oil, sucrose and CGA using the conventional methaescribed under sub-section
5.2.2 and 5.2.3. The same samples were also adalipse near infrared
spectrophotometer and NIR spectra aquired. AnalygiBlIR was done in order to
confirm if it was possible to use a calibration atpn to predict the level of
biochemical component of Arabica coffee from Keny#RS 6500 monochromator
(Foss NIRS ystems, Silver Spring, MD) was usedcanseflectance from 400 to
2500 nm at 2 nm intervals, using ring cups (50 mndiameter) with about 3 g of
fine green coffee powder. Data were saved as thege of 32 scans and stored as
log (1/R), where R was the reflectance at each igagéh and 1 the reflectance of a
standard ceramic reference. Spectra were acquaedomly, each sample was
measured twice, and the average spectrum was stStatistical analyses were
performed using Win-ISI 1l software (Infrasoft Imbational, Port Matilda, USA).
Caffeine, trigonelline, oil and sucrose contentseagetermined using specific green

Arabica coffee calibrations (Davriewt al., 2004).

5.3.2.4.2 Results

The NIR fingerprints of the 34 samples were pr@ddbgether with the global NIR
fingerprints of Arabica coffee maintained at CIRABrance into a principal
component analysis matrix. A two dimension promctishowed that Kenyan
Arabica coffees fitted well (Figure 16) within tliatabase. The distances of each

new spectra when measured from the centre of th&ADI database
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[Mahalanobisfl) distance] showed that the Arabica samples fronthéo CIRAD
Kenya could belong databade<{ 3 with an average of 2.0427). Figure 17 shows a

typical spectrum of green Arabica coffee drawn gdine average spectra of the

thirty four smples.

PC1

PC2

bt

Figure 16 : PCA showing the global Arabica samples in the CIRD, France
database in blue and a projection the green Arabicaoffee from Kenya in red

*NIR: Near infrared; ** Conv.: Conventional
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Figure 17: Average NIRS spectrum for 34 Arabica samles
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A comparison of the levels of caffeine and oil gsatl by conventional methods
and NIR is shown in Table 28. A t- test failed twow a significant difference
between the means of caffeine and oil levels amhsethe wet method and that

predicted using NIR calibration equation.

Table 28: Comparison of the levels caffeine and adinalysed by conventional
method and NIR in eight coffee genotypes

Genotypes Caffeine- NIR* Caffeine-Conv.** Oil-NIR iigConv.
Cr22 1.34+0.08 1.37+£0.13 16.75£0.26  16.43+0.13
Cr23 1.21+0.03 1.13+0.16 16.24+0.24 16.87+0.26
Cr27 1.26+0.01 1.27+0.07 15.58+0.20 15.94+0.58
Cr30 1.23+£0.04 1.23+0.03 16.38+0.30 16.69+0.25
Cr8 1.22+0.02 1.28+0.05 15.06£0.64 15.30+0.49
Ruiru 11 1.42+0.01 1.43+0.10 14.59+0.33 14.55+0.40
SL28NS 1.26+0.04 1.30+0.08 16.23+0.51 16.41+1.03
SL28S 1.22+0.09 1.11+0.04 16.62+0.82 16.44+1.00
Sig. (2-tailed) 0.96 0.07

Correlation 0.78 0.90

*NIRNear infrared** Conv: Conventional
The fact that samples from Kenya could belong ® @RAD, France database

proved that the calibration equation at CIRAD, Eecould be utilized to predict
the biochemical components in Kenyan Arabica sasapléR absorbance spectra of
green coffee powder of ninety (90) Kenyan Arabiacdfee samples (Ruiru 11
siblings from Ruiru, Koru and Kitale as listed iallle 9 and processed as explained
in subsection 4.2.1.2.) was acquired. The NIR fipgets were projected into a

Principal Component analysis matrix together witbbgl Arabica coffee spectra
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maintained by CIRAD, France in their database. A thmension projection of the

NIR fingerprints is shown in Figure 18.

The global fingerprints from CIRAD Arabica coffeatdbase are shown in blue
while the fingerprints from Ruiru 11 progenies atown in red. One Robusta
sample projected into the same database is markethk. Discriminant function

analysis performed on the near infrared spectraaled that the NIR fingerprints
could be used to discriminate different sibling®ithree groups according to the
region where they were grown (Figure) ¥$hich further expounded the significant
of site effect in biochemical components of the agpes. The genotypes from
Kitale and Ruiru were placed in the poitive side€1 while Koru was placed on

its own in the negative side of PC1.
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Global Arabica NIR

RobustaNIR™

-

PC2 Ruiru 11 progenies
NIR fingerprints in red

Figure 18: Principal component analysis projectiorshowing the global Arabica
NIR finger prints maintained at the CIRAD database, Ruiru 11 progenies and

one Robusta sample

F2 (14.45 %)
[}

F1 (85.55 %)

| o Ruiru sKitale * Koru

Figure 19: Discriminant factor analysis projectionof NIR spectra of the Ruiru
11 progenies showing the coffee grouped according site.
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Analysis of variance on the biochemical data showles Ruiru 11 progenies
evaluated at Kitale, Koru and Ruiru varied sigrafdy in the levels of in the
caffeine, trigonelline, oil, CGA and sucrose wititeshaving a significant
contribution (Appendix 16). The mean biochemicahponents are shown in Table
29. The results revealed that the progenies atieKhad caffeine levels ranging
between 1.51-1.61%, those from Ruiru ranged fro84-1.59% and in Koru they
ranged from 1.22-1.36%. Caffeine levels obtainedhi progenies at Koru were
significantly lower than in the progenies at Kitaled Ruiru except for CRF-50 and
CRF-91. The progenies CRF-03 and CRF-1l evaluatedCBRS-Ruiru had

significantly (P<0.05) higher amount of trigonedlithan at Koru and Kitale.

The levels of sucrose in the progenies at Koru edrgetween 8.99-10.40%, while
at Kitale the levels ranged from 10.12-11.15% an@RS, Ruiru the levels ranged
from 9.91-10.91%. The siblings CRF-03, CRF-GRF-23,CRF-41, CRF-50, CRF-
123 andCRF-131had significantly higher (P<0.05) levels of sucrosé&dtle than at
Koru. CRF-03 had the highest amount of sucrb@d0% while CRF-50 had the
lowest amoun®.07%. At Koru oil levels in the progenies ranged from 38 to
15.54%, at CRS, Ruiru they ranged from 12.25%-1%.2hd at Kitale from 11.88%
to 12.97%. The amount of oil in the siblings groanKoru were significantly
higher than at CRS-Ruiru ecxept foRF-11, CRF-41 and CRF-9A! Kitale CRF-03,
CRF-50 and, CRF-111, had significantly lower tatialorogenic acids than at Koru

and CRS, Ruiru
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Table 29: Mean biochemical components (caffeine,igonelline, oil, sucrose and
CGA % DWB) of the Ruiru 11 progenies in three regios

Genotype Site

Biochemical components

Caffeine Trigonelline  Qil Sucrose CGA
CRF-03 Koru 1.35+0.03b 1.22+0.03b 15.08+0.65a 901¥8b 8.99+0.16a
Kitale 1.53+0.03a 1.18+0.02b  11.88+0.42b 11.1538.18.26+0.13b
Ruiru 1.51+0.05a 1.27+0.04a 13.17+0.93b  9.91+0.938.90+0.26a
CRF-05 Koru 1.26+0.05b 1.23+0.05a 15.34+0.74a 0238c 8.41+0.06a
Kitale 1.55+0.04a 1.18+0.03a 12.70+0.59c  10.8580.28.41+0.27a
Ruiru 1.45+0.09a 1.254#0.03a 13.46+0.26b  10.0740.2252+0.20a
CRF-11  Koru 1.22+0.02c 1.22+0.02b 13.38#0.39a 1H0D4Pa 8.48+0.22a
Kitale 1.58+0.03a 1.19+0.03b 12.17+0.67a 10.9338.48.35+0.13a
Ruiru 1.39+0.06b  1.30+0.03a 12.94+1.11a 10.8744.48.71+0.12a
CRF-23  Koru 1.36+0.05b 1.13+0.05a 14.47+0.28a 0278b 8.61+0.09a
Kitale 1.52+0.03a 1.16+0.0l1a 12.33+0.81b  10.4488.47.97+0.38a
Ruiru  1.59+0.06a 1.22+0.03a 13.19+0.67&h96+0.49ab 8.49+0.25a
CRF-41 Koru 1.27+0.05c 1.18+0.05a 13.51+0.38a 908B3b 8.48+0.25a
Kitale 1.61+0.03a 1.17+0.03a 12.01+1.30a 10.6168#.18.07+0.07a
Ruiru 1.37£0.03b  1.26+0.06a 12.70+0.92a 10.831®.28.54+0.23a
CRF-50 Koru 1.27+0.10b 1.13+0.06a 14.53+0.16a 00t 8.93+0.0l1a
Kitale 1.59+0.05a 1.17+0.04a 12.97+0.81b  10.4194.48.35+0.09b
Ruiru  1.44+0.02ab 1.26+0.00a  13.31+0.32b  10.28+0.23a 8.86+0.18a
CRF-91 Koru 1.25+0.05b 1.22+0.09a 14.22+0.86a 07@3a 8.60+0.23a
Kitale 1.59+0.05a 1.15+0.04a 12.94+0.71a 10.1P98. 8.29+0.04a
Ruiru 1.34+0.05b 1.19+0.15a 12.25+0.58a 10.911®.78.40+0.13a
CRF-111 Koru 1.32+0.05b 1.19+0.03a 14.25+0.22a #&4Ma 8.91+0.23a
Kitale 1.51+0.07a 1.20+0.02a 11.91+0.68b  10.8194.08.03+0.27b
Ruiru 1.56+0.16a 1.25+0.04a 13.09+1.07#h84+1.04a  8.84+0.24a
CRF-123 Koru 1.28+0.01b 1.23+0.03a 14.50+0.35a D5Mb 8.87+0.12a
Kitale 1.59+0.04a 1.18+0.02a 12.70+0.72c  10.28%#8.18.28+0.02a
Ruiru 1.44+0.07a 1.29+0.0la 14.21+1.14b 9.96+(h988.55+0.16a
CRF-131 Koru 1.26+0.06b 1.21+0.03a 14.73+0.69a MZ®c 8.52+0.16a
Kitale 1.51+0.0la 1.19+0.03a 12.55+0.53b  10.366€.58.16+0.09a
Ruiru 1.31+0.03a 1.284+0.04a 12.72+0.11b 10.844#.08.57+0.09a

Means of a genotype in the three sites for a pdatidoiochemical component not sharing a
letter are significantly different at P<0.05 StutdBiewman-Keuls (SNK5%) test
Key: CGA-Total chlorogenic acids
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5.3.3 Discussion

Caffeine is probably the most frequently ingesteldarmacologically active
substance in the world. The stimulating effect offee has been accredited to the
caffeine content hence making it an important darest of coffee. It has also been
implicated in the defense mechanism of the coffeatpagainst pathogens (Franca
et al., 2005). The positive information about coffee dra@lth does not gain wide
publicity and does not yet appear to counteracteffects of the adverse publicity
which has seen the demand for decaffeinated cafi@ease. In the EU countries
decaffeinated coffee’ means a maximum caffeine exunation of 0.1% related to
the dry mass while in the US, it means less titano8the amount initially present
in the beans (Heilmann, 2001). Decaffeinated coéfiee constitutes about 10% of
the world coffee consumption (Silvarokd al., 2004). However, there is no data to
support any relationship between caffeine andeeoffuality but coffee hybrids with
low caffeine content (0.2%) have had little impawstthe commercial markets due to
poor quality (Clifford, 1985). Assessment of caffe content variability is vital to
identify genotypes with low or high caffeine cortteas may be demanded by
different market niches. The caffeine content offem beans is genotypically
defined in a quantitative, polygenic manner, anélg influenced by exogenous

factors (Pearét al.,2004).

Genotypes in this study were diverse for green lezdfeine. Among thex-situ
conserved genotypes, Dilla Alghe had the lowesterdrnof caffeine (0.77%) while
the highest value was observed in HDT (1.68%). eBdvstudies have reported

coffees with low caffeine content Carvalkb al, 1965; Mazzafera and Calvalho,
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1992; Anthonyet al, 1993; Campat al, 2005; Nagaket al., 2008). Most of the
materials evaluated were not suitable for commex@loitation because of the
poor quality and bitter taste of the resulting bbage and the low productivity of the
trees. In this astudy, Dilla Alghe was among th@aoggpes which attained the
specialty score by getting 80.71 points. Thougk #mount is higher and does not
meet the decaffeinated coffee definition (Heilmar2Q01l) coffee cultivars
combining high cup quality with low caffeine contemay provide a better and
presumably also a less expensive alternative ta theedemand for coffees with

low caffeine levels.

Caffeine content variability was also observed agnthe advanced breeding lines
and the check cultivars SL28 and Ruiru 11. Apamnfthe effect of genotype, levels
were found to fluctuate in the years of evaluatiGn30 had the lowest amount of
caffeine (0.84%) among the genotypes evaluated eatiNvh 2009 while Ruiru 11
had the highest amount (1.17%). In 2010, Cr27thadowest amount of caffeine
(0.94%) the while Cr23 had the highest amount GRRuiru 11 had the lowest
amount of caffeine in 2011 (1.07%) while SL28NS Ha&l highest amount (1.23%).
Similar fluctuations were observed in the advanbegkeding lines and the check
cultivars SL28 and Ruiru 11 at Koru and Machakoemshthey were evaluated for
two years (2010 and 2011). Commercially cultivatmifee plants have been
reported to contain substantial quantities of ¢affe Even with the fluctuations
observed among the advanced breeding lines andhiek cultivars, the levels of
caffeine agreed with most of the documented valneArabica coffee : Clifford
(1985) 0.80-1.70% dwb;Wintgen004) 0.70-2.20 % dwb; Bertrand (2003) 1.26
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to 1.37% dwb. However, the caffeine levels repmbtdy Silvarollaet al (2000)
were lower than the lowest obtained in this studylZ%) and higher than was

obtained in any genotype in this study (2.90%)

Trigonelline which is a pyridine alkaloid is an ionpant component of the coffee
bean which acts as a reservoir of nicotinic acidlants. InC. arabicg the levels of
trigonelline have been reported by several authbnese include : 1.52% to 2.9%
Mazzafera, (1991), 1% - 1.94% Marehal. (1998) and 0.88% - 1.77% by Ky
al. (2001) all in DWB. Green bean trigonelline corttelmowed variations among the
coffee genotypes evaluated. Among #resitu conserved genotypes, trigonelline
levels ranged from 0.50% in DRIl to 1.10% in EnnareTrigonelline content
variability was also observed among the advancegding lines and the check
cultivars SL28 and Ruiru 11. The levels varied agtre genotypes evaluated and
year of evaluation. At Mariene- Meru in 2009, CrB2d the lowest trigonelline
content 0.67% while Cr27. Cr27 had the lowest trgtine amount (0.99%) while
Cr23 had the highest amount. In 2011, Ruiru 11@rgP had the lowest amount of
trigonelline (1.05%) while Cr23 had the highest amio(1.23%). The genotypes
evaluated at Machakos (in 2010 and 2011) portragetations in the trigonelline
levels. In 2010, Cr8 had 1.32% which was the higdsle Cr22 had the lowest
amount at 0.97%. Cr30 had the lowest amount obre/ine (0.99%) in 2011 while
SL28NS had the highest amount (1.22%). Apart frawirig the lowest content of
trigonelline, DRIl also had the lowest score invlar (6.86) while Ennareta scored
7.79 points. Similarly, Cr22 evaluated at Meru 002 had the lowest score in
flavour 7.40 while Cr27 had the highest 7.55. Tnigitine is known to contribute to
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the formation of the appreciated coffee flavour #mel higher trigonelline contents

could patrtially explain the better flavour observed

Chlorogenic acids (CGA) are phenolic compounds comlynfound in green coffee
beans. CGA are of great interest because of tlessible positive impact on human
health (Willcoxet al, 2004; Le Correet al, 2005). They also play important role in
plants defence system (Kawarmbal, 2004) especially when bacterial and fungal
pathogens invasions (Waldrenal., 1996) were confirmedsenotypes in this study
were significantly different in green bean chlomigeacids contents study, the
lowest level of CGA in the genotypes undet-situ conservation was in Mokka
Cramers at 6.13% while Angustifola had the high&st10.97%. CGA content
variability was also observed among the advancesding lines and the check
cultivars SL28 and Ruiru 11. In 2009, the genosypgaluated at Mariene-Meru
showed Cr27 having the lowest amount of CGA (9.144tiJe Cr22 had the highest
amount (11.46%). In 2010 the levels ranged fron@®&3Cr23) to 10.81% (Cr30)
while in 2011, Cr8 had lowest amount of CGA (8.5MWtjle Cr30 had the highest
amount (10.53%). Similar behaviour was observethen genotypes at Machakos
and Koru where evaluations were done for two y€2040 and 2011). The values
reported in this study agree with those reportedother researchers on Arabica
coffee except those reported by Dessalegn (2008ngnforty two (42) Ethiopian

accessions (2.34 to 4.67 %( DWB), which were ondier side.

Mokka Cramers which had the lowest amount of CGAs veenong the best
genotypes in the sensory characteristics while Anfpla which had the highest
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amount was among the genotypes that were rated lom&ensory characteristics.
Cr22 which had the highest CGA content in 2009 I(estad at Mariene-Meru) had
its flavour described as harsh while Cr27 which tbd lowest amount was
described as floral, lemon, fruity and citrus. Toaald partially be explained by the
fact that CGA, contributes to coffee drink bittesae However in some instances
high CGA levels did not translate to any negatimpact. For example though Cr30
evaluated at Mariene-Meru had the highest amounC@GA the flavour was

described floral, honey, caramelly, tea rose, siteumon.

Coffee oil a component of the coffee lipids is amportant component of coffee
although most of the olil is lost with the groundsidg the preparation of the coffee
brew (Folstar, 1985). Some components of the cdipégs have been implicated in
raising the serum total cholesterol (Petracco, ROBlbwever; consumption of
moderate quantities of either espresso or filtelbeelws has no effect on total
cholesteral The genotypes conserved-situwere found to be diverse in the levels
of oil. HDT had lowest amount of oil at 10.12% veh(bimma Galla Sidamo had the
highest 18.15%.amount of oil. The oil content Maility was also observed among
the advanced breeding lines and the check cultsh28 and Ruiru 11. At Meru, oil
yield was lowest in SL28NS (10.12%) in 2009; whilee highest levels were
observed in Cr30 (17.66%). In 2010, oil levels eohgrom 14.42% (Cr27) to
12.93% (Cr30) and in 2011, Ruiru 11 had the lovaabunt oil (16.74%) while
Cr30 had the highest amount (18.76%). At Koru, 82 had the highest amount
of oil in 2010 18.12% while Ruiru 11 had the lowastount in that year 14.44%. In
2011, SL28S had the lowest amount of oil (12.81%)levCr30 had the highest

134



amount (14.36%). At Machakos, Cr30 had the lowaktcontent in 2010, at
14.39%while Cr8 had 19.91% oil content. Ruiru 14 bze lowest amount of oil in
2011 (13.15%) and Cr27 had the highest amount §%4)3Several authors have
reported oil levels in green coffee. Speer andiKgiSpeer (2001) reported average
of green Arabica at 15% whilst in Robusta about 10&b. Bertrancet al. 006),
found levels ranging from 14.07%-15.47% in a tiad@l cultivar ‘Caturra grown
under different elevations in Central America. @il coffee can be extracted using
various solvents such as diethyl ether, petroletimren-hexane and a mixture of
diethyl ether and n-hexane. Due to this the resulity not be comparable because
variable amounts of other more polar and non-lipidbstances, such as caffeine,
may be extracted, according to the solvent usedvader in this study, n-hexane

was used throughout the analysis.

Roasting is an essential step in the formationanibus types of ‘flavour’ compounds.
The content and nature of sugars in the green edffsans is important in the
development of flavour and pigmentation during tiogs Sucrose the main
contributor of reducing sugars which are implicaitedaillard reactions occurring
during the roasting process (Grosch, 2001). Theitstadf coffee brews has always
been recognized as an important attribute of teemsory quality. Kenyan coffee
beans are well known for their well developed acidharacter which is often
described as “fine acidity. Some acids are founihéngreen bean such phosphoric
acid, citric acid, and cholrogenic acid. Aceti¢dars formed as a result due to the
breakdown of carbohydrates either during the fetaten process in wet-processed

coffee or during coffee roasting (Balzer, 2001)ct®sge is the major free sugar whose
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guantity varies according to cultivar, state of uni#g, processing and storage
conditions (Clifford, 1985). The genotypes evé&bdafor green bean sucrose
content showed variability. Among tleg-situconserved coffee genotypes the value
of sucrose was lowest in the genotype Wollamo @J)18nd highest HDT (8.12%).
Sucrose content variability was also observed antbegadvanced breeding lines
and the check cultivars SL28 and Ruiru 11. Theatimms were observed to vary
with site and year of evaluation. The same genotyped show different levels of
sucrose in different years when evaluated in alsisge. For example at Mariene-
Meru in 2009, Cr8 had 11.05% sucrose. In 2010s#me genotype had 8.22% and
7.81% sucrose in 2011. A particular genotype coay in sucrose levels when
evaluated at different sites. Ruiru 11 evaluated@u-Kericho, Machakos and
Mariene- Meru in 2010, had sucrose levels at 9.683#8% and 8.40% in the three
sites respectively. In literature values for suerase reported in the range of 2% to
5% for Robusta beans and 5% to 8.5% for Arabicadifdtel, 1985). Varnam and
Sutherland (1994) reported sucrose ranges of 8 ¥8(DMB) for Arabica and 3.3 -
4.1% (DMB) Robusta coffee. In other studies, Camh@l (2001) showed sucrose
contents varying between species from 3.8% to 10di¥6. Green bean sucrose
reported by Kyet al (2001) varied from 7.4-11.1%. Levels of greenrbsacrose in
Ethiopian coffee accessions were reported by Degsa(2005) as ranging from
5.30% to 8.98% DMB. Bertran@t al (2006) analysed ‘Caturra grown under
different elevations in Central America and reporgeicrose levels ranging from
7.03% to 8.13%. The effects of shade on sucroderedtucing sugar (glucose and
fructose) contents studied in fresh and dry coffeans showed a significant
reduction in sucrose content and to an increaseducing sugars (Geromet al.,
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2008). However the genotypes in this study weraiadler full sun. Sucrose content
may increase with degree of ripening. Mazzafet899) reported immature black
and immature-green Brazilian beans, had sucrosdsldower than normal beans.
Ky et al (2001) reported that the higher sucrose contentrabica green bean
could partially explain its better cup quality. Thalues obtained in this study
compares with those reported by other researchtrsugh no direct relationship

was found between the values in green bean argktisory characteristics.

General observations using the biochemical dataergéed on the genotypes
evaluated at Tatu —Ruiru, Cr23, Cr27 and Cr30 skosimilarities to SL28S while

Cr22 and Cr8 showed similarities to Ruiru 11. Ireri Cr30, Cr23 and Cr27
showed similarities to SL28NS while Cr8 and Cr22wéd similarity to Ruiru 11.

At Koru, Cr8, Cr27 showed similarities to, Ruiru add SL28NS while Cr22, Cr23
and Cr30 showed similarities to SL28S. At Machakbs, genotypes Cr23, Cr27
and Cr30 showed similarities to Ruiru 11 and SL28Wte Cr8, and Cr22 showed
similarities SL28S. This showed that in terms & thiochemical components, the
five advanced breeding lines showed similarityhe €heck cultivars Ruiru 11 and

SL28.

Near-infrared spectroscopy (NIRS) has been propased fast and nondestructive
method for predicting chemical and physical prapsrin complex compositions
like agricultural, horticultural and food produdtgelascoet al., 2004). In coffee,

NIRS has been used successfully to predict thehkimmacal content of green beans

(Guyot et al, 1993) and to authenticate coffee varieties (Doyvand Boussion,
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1996; Bertrandet al, 2005). A predictive model based on NIRS was used
determine the levels of caffeine, trigonelline,, @lcrose and CGA in Ruiru 11
progenies grown in three different regions. Theslewobtained were comparable to
those reported in literature. Using the spectrajdrprints it was possible to separate
the different progenies by the regions where th&ewgrown underscoring the
significance of environment when evaluating coffemotypes. Since breeders have
to do many evaluations before a new variety isasdd, investing in a technology
like NIR could be necessary. This method does eBquire a large quantity of
sample and several constituents can be analysélteatame time provided that
calibration for each of them has been previouslyedo In addition, many standard
techniques involve the destruction of the test damphich could be a handicap in
the case of valuable and scarce materials. NIPmsdestructive and after analysis

the sample is intact and can be used for otheysisabr other purpose.
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5.3.4 Evaluation of the diversity of coffee by volde organic components

5.3.4.1 Materials and methods

5.3.4.1.1 Sample choice and brew preparation

The coffee genotypes described in subsection 2.44tablished at Machakos and
processed in 2010 were selected for the volatigmmc components analysis. Wet
processing of ripe cherries, roasting of green emfivas done as described in
subsection 4.4.1.3. These genotypes were seleetzlige they were representative
of coffees which did not show much variation in Hesory characteristics. Eleven
(11) grams of roasted ground coffee was accurateiyghed into a cup; boiled
deionized water was gently added to the cup ualiltéking care not to spill over
while filling the cup (The protocol followed is silar to that of brewing coffee for
sensory analysis). The brewed coffee was allowedom to room temperature
before further analysis. The brewed coffee wasergil under a vacuum through a
whattman filter paper (No. 42) and stored &€ 4while awaiting solid phase

extraction (SPE).

5.3.4.1.2 SPE and GC-MS analysis of brewed coffee

Cartridge conditioning was done by passing throu@hml of methanol and 10 ml
distilled water at a flow rate of 1ml/min, ensuritite cartridge did not dry out.
Brewed coffee (10 ml) was passed through two prditioned 1000mg/6ml strata
C18- SPE (phenomenex) cartridges at a flow ratappiroximately 2ml/min in a
vacuum manifold. Ten (10) ml of distilled water was through to wash away
sugars and any other interfering matrices. Thaidges were dried and a stream of

nitrogen at high pressure blown through. One dg&iwas eluted with 10ml of
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dichloromethane (DCM) while the other was elutethviliOm| hexane at a flow rate
of 1ml/min followed by further pre-concentration Il under a stream of nitrogen
gas in a water bath at room temperature. Both &ugere injected into the GC-MS
to determine the solvent that eluted a higher nunobecompounds. In order to
determine the ideal volume of coffee brew to ugetlie extraction, brewed coffee
volumes 10, 20, 30, 40 and 50 ml were passed thrptgrconditioned 1000mg/éml
strata C18-E SPE (phenomenex) cartridges at artvevof approximately 2ml/min
in a manifold. Ten (10) ml of distilled water wasrthrough each cartridge, dried
and eluted with 10 ml of dichloromethane at a flate of 1ml/min followed by
further pre-concentration to 1ml under a streamitvbgen gas at room temperature.
Prior to GC-MS analysis, the eluent obtained wakesbwith 100ul of 400ppm of

benzophenone (internal standard).

5.3.4.1.3 Chromatographic conditions

GC-MS analyses were performed in a Konic HRGC 4@é#s Chromatograph
coupled to a Konic MSQ12 quadruple mass spectramé&ege (1) ul of each
extracts were injected into the split less modea ifechnoKroma TRB5 (Cross-
linked 5% phenyl-95% methyl siloxane) capillary woin (15m x 0.25mm i.d x
0.1um film thickness). Helium was used as the eagas at a flow rate of 1ml/min.
The injection temperature was maintained at’20@hile the oven temperature was
kept at 66cand programmed to rise dtcAmin to 150c¢ and finally to 248 at a rate
of 6°c/min. Mass spectra were recorded in the electooization mode at 70 eV
scanning from 35-450m/z range. The ion source eartster line temperature were

maintained at 208 and 25€c respectively.
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5.3.4.1.4 Compound identification

Identification of the compounds in this study eglirrelied on the matching of the
mass spectrometric fragmentation pattern correspgrad the various peaks in the
samples. Total ion chromatogram with those presenthe National Institute of
Science and Technology (NIST) mass spectral libriaityrary searches were done
using the Automatic Mass Spectral Deconvolution dddntification System
(AMDIS). Integration was done automatically for thedividual peaks. In
determining the best library hit the match facwese taken into consideration. The
minimum user set match factor was set at 50 ueiisAthat of the internal standard

(benzophenone).

5.3.4.1.5 Data analysis

In the GC-MS analysis, each eluent was injectec¢tdwand the peak areas for
compounds identified were compared with those efittiernal standard for semi
guantification. The formula shown below was usedc#dculate the individual
concentrations in ppm.

Concng = (Concngx PAG/PA;) x CF

Where: Concnr; = Concentration of Compound of interest

Concnis= Concentration of internal standard

PA: = Peak area of compound of interest
PAs = Peak area of compound of internal standard
CF = Concentration Factor

(Harvey, 2000).
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5.3.4.2 Results

5.3.4.2.1 Solid phase extraction optimization

Table 30 shows the compounds identified from thehldromethane and hexane
eluents and their corresponding concentrations. D@4 found to be the most
appropriate eluting solvent as it eluted the gsgat@mber of compounds from the
cartridge. Comparison of concentration of compoueldsed with dichloromethane

with varying sample volumes are shown in Figure 20.

Table 30: Identity of the compounds used in the ophization of SPE

Compounds Concentration in Concentration
Hexane eluent in DCM eluent
1 2,6-dimethyl pyrazine Nd 84.4
2 5-methyl-2- 26.8 53.3
furancarboxyaldehyde
3 2-acetoxymethylfuran 9.37 17.2
4 2-acetylpyrrole Nd 10.5
5 Maltol Nd 25.6
6 2,6-dihydroxy acetophenone 20.6 60.3
7 4-hydroxy-2- 8.8 114
methylacetophenone
8 4-ethyl catechol Nd 12.5

nd: not detected

142



250 ~

g 200
Q.
Q.
£
= 150 m10ml
o
© m20ml
¥ 100
g 30 ml
c
S 50 40 ml
m50ml
0
1 2 3 4 5 6 7 8
Compound

Figure 20: Comparison of concentration of compoundsidentified in
optimization and eluted with DCM at varying samplevolumes

5.3.4.2.2 Organic compounds in brewed coffee.

Chromatographic analysis of the eluents obtaineddiig phase extraction from the
various coffee genotypes of brewed coffee enalfieddentification of 18 different

compounds. Table 31 shows the volatile componeletstified in the SPE extract of
coffee beverages, along with their apparent comagons. Among the eighteen (18)
volatile components identified, three (3) were pymas, two (2) pyrroles, two (2)

furans, four (4) alcohols, one (1) aldehyde, falrketones, one (1) carboxylic acid
and one (1) compound not grouped. Five (5) compsuvete not found in the NIST
library. There were observable differences in theomatographic profiles obtained
in the coffee genotypes. The total number of vi@atirganic compounds in the
brews of Cr30, Cr22, Cr23, Cr8, Ruirull, Cr27, &i®8 were 13, 13, 11, 14, 13
and 14 respectively. The compounds 2,6-dimethyhzpe, 1-methyl-1H-Pyrrole-2-
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carboxaldehyde, 5-methyl-1H-pyrole-2-carboxyaldef)y@-furanmethanol acetate,
5-methyl-2-furancarboxyaldehyde, Maltol,  4-Ethykeaiol, 2-Methoxy-4-

vinylphenol, 2,6-Dihydroxyacetophenone and ionowere identified in the brews
of all the genotypes. Typical gas chromatogram$SBE eluent of Ruiru 11 and
SL28 are shown in Figure 21 and Figure 22 and camgadentities in Table 32

and Table 33 and respectively.
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Table 31: Identification and apparent concentration (ppm) of compounds
present in the various coffee genotypes.

Coffee genotypes Match factor
Chemical compound Cr30 Cr22 Cr23 Cr8 Ruiru 11 Cr27 SL28S
Pyrazines
2-Ethyl-5-methylpyrazine - - - - 3268 - - 768
2,6-dimethyl pyrazine 11755 11479 868.5 10311 9761 8504 15715 785
2-Acetyl-3-methylpyrazine - - - - 4805 443 665.9 793
Pyrroles
1-methyl-1H-Pyrrole-2-carboxaldehyde 156.2 268.3 .312 246.4 2526 2224 3306 762
5-methyl-1H-pyrole-2-carboxyaldehyde 56.9 904 86.6 014 82 1024 107 826
Furans
2-uranmethanol acetate 356.1 334.4 2123 3128 288.1 297.2 4783 803
5-methyl-2-furancarboxyaldehyde 568.7 668.8 608.7 5583 4514 4992 567.9 834
Alcohols
Maltol 4794 500.9 4326 5607 6784 4782 508.7 786
5-Isopropenyl-2-methyl-2-cyclohexen-1-ol - - - - - - 1749
4-Ethylcatechol 3725 281.2 2701 366.7 3675 645 3048 793
2-Methoxy-4-vinylphenol 5274 4095 4132 487 600.7 4253 383 932
Ketones
2,6-Dihydroxyacetophenone 3605 240.9 3145 2701 4006 330.3 367. 6 97
lonone 2003 1492 1675 13022 1546 811 182.1 769
4-(3-hydroxy-6,6-dimethyl-2-methylenecyclohexyl}B8ite 183 172.8 - - 145- 191.8 74
3,4,5-Trimethyl-1H-pyranof2,3-clpyrazol-6-one 196 171 - 1655 1576 1155 1168 785
Aldehyde
789

2-Hydroxy-4-methylbenzaldehyde 242
Carboxylic acid
Oxiniacic Acid - . - - . . 2355 79
Others
1-[[(1,1-imethylethyl)iminoJmethyl]-Piperidine 105 - - - - 115.9
*Not found in the library
1 - - - - 2191
2 : 119 715

3° - 1384 - 2843

41828 2171 1645 2146

5 146.2

Key
***Not found in the library
SL28S- SL28 sprayed

145



10 — M-R11 18T RUN 29-Jep-2011 87 - M5Q12 Detector 1
S
o
f
E &I 9 T
” 4_\ 2 “3 s ? 12
\ ’ f * 17
ﬁ\'|‘||\flﬁnj"“ni | U y. | F ‘ ” 15 | ’
ARRVY Hf\ ij W J\P ) U n hrjuw L”\'M“ VWl " \/w
L [ i TTTTTTTTTTTTTTITT T - Tttt -
o 10 15 20 ]
Tirre:

Figure 21:Typical gas chromatogram of SPE eluent dRuiru 11 brew
Key: 1-23 are peaks of volatile compounds whilésliiternal standard

Table 32: Identity of compounds extracted fromlh&w of Ruiru 11

Peak Number Identity

2,6-dimethyl pyrazine
5-methyl-2-furancarboxyaldehyde
2-furanmethanol acetate
2-ethyl-5-methylpyrazine

Maltol

2-Acetyl-3-methylpyrazine
1-methyl-1H-Pyrrole-2-carboxaldehyde
5-methyl-1H-pyrole-2-carboxyaldehyde
2,6-Dihydroxyacetophenone

O© 0o ~NO Ok WDN B

10 1-[[(1,1-imethylethyl)imino]methyl]-Piperidine
11 2-Methoxy-4-vinylphenol

12 *k%k

13 4-Ethylcatechol

14 *%k%

15 3,4,5-Trimethyl-1H-pyrano[2,3-c]pyrazol-6-one
16 *%%

17 lonone

***Not found in the library
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Figure 22: Typical gas chromatogram of SPE eluentf&GL28 brew
Key: 1-14 are peaks of volatile compounds whilésliiternal standard

Table 33: Identity of compounds extracted fromlihew of SL28

Peak Number Identity

1 2,6-dimethyl pyrazine
5-methyl-2-furancarboxyaldehyde
2-furanmethanol acetate
Maltol

2-Acetyl-3-methylpyrazine
1-methyl-1H-Pyrrole-2-carboxaldehyde
5-methyl-1H-pyrole-2-carboxyaldehyde
Oxiniacic acid
2,6-Dihydroxyacetophenone
2-Methoxy-4-vinylphenol
4-Ethylcatechol ***
3,4,5-Trimethyl-1H-pyrano[2,3-c]pyrazol-6-one
4-(3-hydroxy-6,6-dimethyl-2-methylenecyclohexyl)
3-Buten-2-one

14 ionone
***Not found in the library
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5.3.4.3 Discussion

The characterization of coffee aroma is a challeggask because many of the
important odorants are present in trace amount®raace unstable. Factors such as
the degree of roasting have been found to influethee composition of potent
odorants in Arabica coffee and the aroma is redaibechange immediately after
grinding (Mayeret al, 2000). The concentrations of some aroma congsum
coffee have been reported to be affected by cadfegn (Akiyamaet al, 2003).
During the roasting of coffee, many substanced@raed due to reactions at high
temperatures. These can contribute to the tasteasorda. One of the substances
formed is 5-methyl-2-furancarboxyaldehyde and d@saentration in commercially
available roasted coffee is in the range of 0.3-+h@g (Murkovic and Bornik
2007). This compound was found to be present ithalanalysed samples. In foods,
hydroxyl methyl furfural (HMF) can be formed by f@ifent pathways mainly via
dehydratisation of hexoses in the presence (Mdillaeaction) or absence
(caramelisation) of amines to 3-deoxy-2-hexosuldkas can further react to HMF
(Antal et al., 1990). The compound, 5-methyl-2-furancarboxyaldiehlgas a spicy,
candy and slightly caramel odor (Arctander, 196B)e results showed the presence
of 4 ethyl catechol in six coffee genotypes and besn found to be generated
exclusively upon thermal breakdown of caffeic anidieties, similar compounds
have been investigated such as catechol has beeariy formed by degradation of
caffeoylquinic acids from both parts of the moleguhe caffeic acid and the quinic
acid moiety, as well as from Maillard-type reacidrom carbohydrates and amino

acids (Muller, 2006). The alcohol 2-methoxy-4-\phenol (4-vinylGuaiacol) was
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found to be present in all the varieties but ifellént concentrations. This chemical
has been found to be formed during the coffee im@agrocess. Ralpét al. (2003)
proposed 2 mechanisms for the formation of this paund which are based on
based on two connected reaction channels. One ehaammed the “low activation
energy” channel, consists of ester hydrolysis @-5erulyquinic acid followed by
decarboxylation of the ferulic acid to form 4-vigykiacol, and finally
polymerization at the vinyl group to form partlysoluble polymers (coffee
melanoidins). The second “high activation energydrinel opens up once the beans
have reached higher temperatures. It leads to tavmaf guaiacol, via oxidation of
4-vinylguaiacol, and subsequently to phenol anderofbhenolic volatile organic
compounds. This compound (2-Methoxy-4-vinylphend) associated with a
smoky/phenolic odour and has been found to be presemedium roast Arabica
coffee blends from Colombia (Mayet al.,2000). The compound 4-Ethylguaiacol
has a smoky and burnt material flavour (Wirgeal, 1976). It has been found that
when 5-methyl-2-furancarboxaldehyde, 4-vinylgaala furfural and furfuryl
formate appear in higher amounts, the overall gualf the Arabica coffee is
increased (Ribeiret al., 2009). Three (3) different pyrazines were ideatifin the
brewed coffee extracts, with 2, 6 dimethyl pyraziieeng found in all the samples
analysed. Pyrolysis of amino acids, especiallyha presence of carbohydrates,
gives rise to pyrazines that contribute to the Sted” aromas of various food
products including coffee (Rowe, 1998) coffee isemaeption. Pyrazine derivatives
are formed by Maillard reactions, Strecker degradaénd pyrolysis of hydroxyl
amino acids and are considered as natural perfunsihgoods (Baltes and
Bochmann, 1987). The compound, 2-furanmethanobteetas found to be present
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in six of the cultivars with an exception of CrZhis compound has been found to
be presented in roasted Brazillian coffee. It has hlso been found that when
compounds such as 2-furanmethanol acetate, 3-ni@tipthen, 2-ethyl-3, 6-

dimethylpyrazine and 1-(2-furanyl)-2-butanone areren abundant, the overall
quality of the product drops (Ribeiet al., 2009). The volatile groups reported in
this study (pyrazines, Pyrrole, furans, alcoholsielayde, ketone and carboxylic
acid) were very few compared to what has been tegon the literature (Grosch,

2001).

Solid-Phase Micro-Extraction (SPME) is known to@simple rapid and sensitive
sampling method for liquid and gaseous volatile [Has (Akiyamaet al, 2003).
However, these were not available during the armalgsd hence the use of SPE.
This could maybexplain the few compounds obtained compared to Wwhatbeen

reported in the literature (Grosch, 2001).
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CHAPTER SIX
6.0 ASSESSMENT OF THE LEVEL OF ASSOCIATION AMONG CUP

QUALITY VARIABLES AND BIOCHEMICAL COMPOUNDS.

6.1 Methodology

Beverage sensory characteristics; flavour, acidifyertaste, body, balance and
overall scores reported in section 5.2.3 and gtessn biochemical components
caffeine, trigonelline, oil, sucrose and CGA repdrtin section 5.3.4 were
correlated. The computer programme IBM SPSS Statl& was used to perform

stastistical correlation analysis using Pearsonelation Coeffficients.

6.2 Results

6.2.1 Correlation coefficients between sensory armochemical variables of the
ex-situ conserved coffee germplasm.

There were positive significant correlations betwedl the sensory characteristics
(Flavour, overall and aftertaste showed signific§R&0.05) correlations with
trigonelline (Table 34). Chlorogenic acid had a ate@ correlation with all the
sensory variables although only the correlatiomnwiterall was significant. Oil had a
significant negative correlation with sucrose aaedorded negative correlations with
all the sensory variables except flavour. Caffashewed negative correlations with

all sensory variables except fragrance althouglag not significant.
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Table 34: Correlation coefficients between sensognd biochemical variables of
the ex-situ conserved accessions and two commercial cultivars

Variables | Trigonelline

Ol 0.112 Qi

CGA  |0.116 0008 | CGA

Sucrose | 0243 033 {0149 |Sucrose

Caffeine [ 0.097 0214 | 0219] 0002 | Caffeing

Overal 0344 0067 [ 0350 (0076 |0.148 | Overal

Balance | 0.234 0056 | -0.200 0089 -0.027 [og70°  |Balance

Body 0245  [0.138 | -0.168| 0244 | 0101 o81g [0.836  [Body

Acdty (0236 |0.074 |-0213| 0.002| -0.091 [0881 0848 [0.821 [Acidity

Atertaste 0359 [0.419  [-029 | 0.009 | 0112 [0913 082 |0.776 (0883 |Afertaste
Favour (0363 0014|0283 | 0.083 | 0078|0925 |osor (079 (0906 (093  |Flavour
Fragrance | 0.023 | 0045 | -0198 0151 0477 [od0d (0332 [0327 (0333 |oaed ol
Key

**Correlation significant at the 0.01 level
* Correlation significant at the 0.05 level
CGA- Chlorogenic acid

6.2.2 Correlation coefficients between sensory antdiochemical variables of

advanced breeding lines together with check cultiva evaluated at Tatu-Ruiru

The correlation coefficients between sensory amth®mical variables of coffee

evaluated at Tatu- Ruiru in the year 2008 are shawifable 35. Significant

(P<0.05) correlations were observed between allstesory variables with each

other except fragrance. Trigonelline showed sigaiit positive correlation (P<0.05)

with body. Oil showed positive significant corretats with all the sensory variables

except with body and fragrance. Though not sigaiftc chlorogenic acid was

negatively correlated with all the sensory and bemical components except
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caffeine. Caffeine was negatively correlated wilhttze sensory parameters while

sucrose showed a positive correlation althoughag not significant (P>0.05).

Table 35: Correlation coefficients between sensognd biochemical variables of
genotypes evaluated at Tatu- Ruiru

VariableqTrigonellin
Oil 0.644 Oil
CGA [-0.059 |-0.204 | CGA
Sucrose | -0.466 | 0.053| -0.292 Sucrgse

Caffeine| -0.254 | -0.641] 0534 0092] Cafigne

k]

Overall 0590  0.913 [-0.287 [0.262 | -0.567| Overall
Balance | 0.631  [0.815 [0.594[0.13 |-0.678]0.894 |[Balance
Body (0744  [0.643 |-0484] 0135 | -0.3890.797 |0.859" [Body
Acidity 0389 0795 [0471]0.441 | 0641|0876 0851 0775 [Acidity
Aftertastd 0431 [0.706 [0447|0.298 | -0.699[0.930" 0929 [0.754 [0.907 |Aftertasts
Flavour [0.311  [0.775 |0.4580.493 | -0.645]0.924 [0.837 [0.738 |0.930° [0.939" [Flavour

Fragrancp -0.155 | 0.217( -054p 0679 -0.3§2 0444 0.54p 804@.721* 0675 [0.658

key
**_Correlation significant at the 0.01 level
*, Correlation significant at the 0.05 level

6.2.3 Correlation coefficients between mean sensoand biochemical variables

of Ruiru progenies evaluated in Ruiru, Koru and Kitale.

Trigonelline showed significant positive correlaisowith all the sensory variables
and with CGA (Table 36)Green bean oil content showed negative and sigmnific
correlations(p<0.01)with all cup quality attributes and biochemicalriatites except

trigonelline.chlorogenic acid had a negative correlation withitte# sensory variables

and biochemical variables except with sucrose aaifieine showing significant
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correlation (p<0.01). There were highly signifitgp<0.01) positive correlations

between all the sensory characteristics.

Table 36: Correlation coefficients between sensond biochemical variables of
coffee Ruiru 11 progenies

Variables | Trigonelling
Qil 0.094 Qi

CGA 0382 0636 |CGA
Sucrose | 0128 [0.911 0561 [Sucrose
Caffeine |-0.165 [0.663 [0.470 [0476 |Caffeine
Overal 10450  |0579 10.195 0673 [0.201 |Overal
Balance 0423  [0.529 |0.072 ogo4 [0.078 |o.981 [Balance
Body 0392 [0567 [0.193 o660 0218 [0.950" [0.947 [Body
Acidty 0442|0548 [048 o2l (0241 0976 0974 |0.957 [Acidity
Atertaste f0.371  |0.637 [0.284 [o717 [0.255 o956 [0.928" 0909 [0.953 [Aftertaste
Flavour 0435|0570 J0.073 o655 (0207 098G J0.960° 0939 [0.973 |0.960  [Flavour

Xk kg

Fragrance [0.38. 0,60 [0.220 Jo72i 10.073 [os9r fos7 .83t [086 Jo.ss: 0.8

Key
**_Correlation significant at the 0.01 level

*, Correlation significant at the 0.05 level

6.3 Discussion

Results of this study showed some and significantetations among some of the
sensory attributes. Sucrose in some instances shpegtive correlations with all
sensory variables. Similarly, trigonelline showedngicant positive correlation
(P<0.05) with all sensory variables. The caffeirmatent of green beans showed
negative and statistically significant correlatiomgh all cup quality attributes for

ex-situ conserved germplasm, advanced breedessdinagside check cultivars and
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the Ruirull progenies. Trigonelline negatively etated with caffeine, i.e. high
caffeine values were accompanied by low trigonellvalues and vice versa,

indicating a close but competing linkage of the pabhways (Baumann, 2006).

Francaet al (2005) analysed green beans for caffeine anddfotihe highest and
lowest caffeine levels to be the highest and lovepstlity samples, respectively.
There was a negative significant correlation obséreetween chlorogenic acid in
the sensory and biochemical correlations of thesitx-conserved germplasm.
Similarly, chlorogenic acid showed significant niga correlations with sucrose
and caffeine in the correlation analysis of the Ranru 11 progenies evaluated at
Koru, Ruiru and Kitale. With these kind of corrédais, selection for high sucrose,
high trigonelline and low caffeine content and éettup quality would seem

possible in the coffee genotypes.

Van der Vossen (1985) recommended overall standarcha@sbést cup quality
selection trait due to its high heritability. Oretbther hand, based on correlation,
repeatability and sensitivity analységywanda (1999) recommended flavour rating as
the best selection criterion for genetic improvetnaéincup quality in Arabica coffee.
However this study showed that all the sensoryatdes analysed in this study using a

trained panel of tasters were important in deteimgithe overall quality of a coffee.
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CHAPTER SEVEN

7.0 GENERAL DISCUSSION, CONCLUSIONS AND
RECOMMENDATIONS

Coffee genetic resources will have little value assl efficiently conserved,
evaluated and properly utilized. Efficient utilicat as well as conservation depends
on the availability of reliable genetic diversityformation because it is the basis for
genetic improvement. The first step objective imedl molecular analysis of
selected coffee germplasm using RAPD and micrddasl Molecular analysis
separated the twenty four coffee genotypes inteetlmain clusters. The first cluster
had one genotyp&;offea eugenioidesThe second cluster was dominated by non-
introgressed Arabica genotypes while, Ruiru 11, HQ&timor and C. canephora
(Robusta) were clustered in the third cluster. AsulMt be expected, different
accessions of HDT derivatives have different lewdlsntrogressedC. canephora
genome (Lasherme= al, 2000; Silveireet al, 2003) and could perhaps explain the
close relationship observed between HDT, Ruiru b#l &€atimor Line 90 to
Robusta. Hybrid varieties have revolutionized gpopduction, including cross- and

self-pollinated species.

Walyaro (1983) stated that organoleptic evaluatbrcoffee could be considered
more akin to the consumers’ preference as it ictmsumer in the end who finally
judges beverage quality. The second objectivelwegbsensory analysis of selected
coffee germplasm. In some past studies, some ointls#u conserved genotypes
maintained at CRF have been evaluated for dise=sstance, yield, and quality
(Walyaro, 1983). However the consumer preferenaes cantinually changing.
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Specialty buyers are looking for unique and difiieged products (Hide, 2009).
These conserved genetic resources should thereéopeoperly conserved in order
to utilize them for genetic improvement of sensooffee quality in the future. It
should be noted that the ex-situ conserved genstgp€RS museum plots are more
than two hundred (200) accessions. The kind of rditye presented could be
exploited with the aim of recommending some acoessifor commercial
cultivation. For example, Ennareta, Blue Mountaimd Geisha 11 which were
clustered with non- introgressed Arabica genotyjpethe molecular studies also

revealed high beverage quality.

The cultivar Ruiru 11 is a composite F1 hybrid begw lines of the variety Catimor,
(as the female parent), and male selections moswhoth have HDT in their
pedigree. This could probably explain the wide enfdiversity observed between
HDT and its derivatives (Catimor Line 90, Ruiru lide 5) analysed in this study.
Introgression of som€. canephoragenomic fragments int€. arabica varieties
may affect their beverage quality (Bertragidal, 2003). However, introgression of
disease and pest resistances from related spsceesammon breeding practice in
many crops without necessarily resulting in permaness of quality (Van der
Vossen, 2009). High variations between Ruiru 11irgl8 in this study concurred
with the report of Ojijo (1993) who reported thaetcomposite Ruiru 11 cultivar
present significant variability in terms of bevesaguality. Considering that Ruiru
11 variety was released as a composite cultivarthéu selection within the
progenies (about 60) for beverage quality wouldlesirable considering that some

progenies could do well in some environments thi#wers. Over and again, doubts
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have been raised from the specialty cycles asetauitability of newly bred coffees
such as Ruiru 11 for the gourmet markets (Van Dessén, 2009). In Central
America, most buyers prefer traditional varietigdorbon, Caturra, Catuai,
Pacamara) over the newer varieties derived fromHD& (Bertrandet al, 2006).

The sensory method applied in this study (Lingl@)2) enabled the positioning of
the Ruiru 11 siblings in the specialty scale. Itswevident that Ruiru 11 cultivar
attained specialty grade (80 points and above) lzasl potential to compete as

specialty coffee.

In the molecular analysis, the advanced breedmesl(Cr8, Cr22, Cr23, Cr27 and
Cr30) clustered mainly with the non-introgressedlfca coffee genotypes. The
backcrossing and selfing at various selection stagelved in their development of
could have affected the amount of Robusta coffemmge passed on to the next
generation. Knowing the sensory characteristicsthef new upcoming coffee
varieties alongside the known existing varietiesrportant for rolling them the out
to the coffee industry. Comparison of the perfamogaof the advanced breeding
lines together with the check cultivars Ruiru 11daBL28, at Ruiru, Meru,
Machakos and Koru was necessitated by the facethatonment is very important
in the adaptation of the coffee. Diversity was otsd in some of the genotypes due
to season, year of evaluation and the site whexg were grown. However, their
sensory characteristics were similar to those efdmeck cultivars SL28 and Ruiru

11.
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Knowledge of correlations among different charastess is fundamental to
designing an effective breeding programme for armp.cespecially for perennial
crops like coffee. The complexity of the chemicamposition of the coffee bean
has so far defied any analytical method of prody@muantitative chemical profile
of green or roasted mild Arabica coffees, whichrelates well with the beverage
qguality as determined by cup tasting (Aveliabal, 2005; Bertrancet al,2006).
Clifford and OhioKpehai (1983) reported a correlatbetween the coffee astrigency
to chlorogenic acids. Immature beans, those thatecdrom immature fruits,
contribute to beverage astringency. Though sometgpas in this study were found
to contain high levels of total chlorogenic acids éxample Cr30 evaluated at Meru
the flavour of the coffee was reported to be gooth wescriptors such as floral
fruity honey, caramel among others being used serdee it. In this study only total
chlorogenic acids were analysed without looking itite different specific fractions
of the acid. Moreirat al. (2001) associated individual contents of chlorogecid
with bad coffee. Faraét al. (2006) found 3, 4-dicaffeoylquinic acid levelsgreen
coffee correlating strongly with high quality. Tie&ct that coffees with high total
chlorogenic acids had equally good flavour undeesthe importance of analyzing

specific chlorogenic acid fractions in coffee.

Similarly no direct link was found between the s®gyscharacteristics and oil
content. Avelinoet al. (2005) showed that altitude was positively linkied oil
content. Bertrandet al (2008) demonstrated that determining the fattyd ac
composition of the coffee bean is an effective fooldistinguishing varieties. Based
on these findings Villarreat al. (2009) conducted a study to validate the study of
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Bertrand et al (2008) and found that environmental temperatuceing the
development of coffee beans had an outstandingienfle on their fatty acid
composition more than the effect of genotype défifmes. However, the fact that
some correlations between cup quality and chenatalbutes were observed in
several instances indicates that chemical anabfsigeen beans may be used as an

additional tool for coffee quality evaluation.

RECOMMENDATIONS

. The divergence of HDT derivatives like was showhis study is of importance in
breeding programmes. Ruiru 11 (HDT derivatives)irsgs comprise of 60 lines
and more intensive molecular analysis could helpclvaracterizing them and
consequently selecting elite lines.

. The diversity observed in thex situconserved genotypes and advanced breeders
lines in terms of sensory characteristics can @o#ed and release some of them
as commercial varieties for the specialty market.

. The levels of caffeine, trigonelline, sucrose, #vtdl chlorogenic acids were similar
to those reported for other Arabica coffees. Howeglizersity of the genotypes by
specific fatty acids contents and chlorogenic dagdtions needs to be explored in
future studies.

. Organoleptic procedures will continue to be the kbaoe of coffee quality
assessment. However, it will be of immense adggntar coffee breeders to
incorporate biochemical components analysis asomptementary method of
evaluating coffee genotypes. This is because tldglitianal information on the
coffee genotypes may reveal further diversity patkntial for eventual exploitation
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APPENDICES
Appendix 1: DNA Extraction buffers
(Before use, the buffers were kept for 20-30mi62atC).

(i) Extraction buffer*

NacCl 8.779

Matab 2% (29, added just before extraction) (MiRdklltri-methylammonium
Bromide)

Sarcosil 3% (9.5ml of 5% solution) (N-Lauroyl-8asine)
Sodium bisulphite 1% (19, added just before exivag

Tris HCI 0.20M (20ml of 1 M, pH=8.0)

EDTA 40mM (1.49g)

*. The solution was viscous. It was dissolved &t@@and stored at 4°C
(i) Lysis buffer

Sorbitol 0.35M (6.380)
Tris-HCI 0.20M (20ml of 1 M, pH=8.0)
EDTA 40mM (1.499)

PVP 2% (2g) (polyvinyl pyrrolidone, added just bef@xtraction)
Volume up to 100ml with distilled water
(ii)EDTA 0.5M pH 8 at 25°C (1L)
EDTA 1869
NaOH 20g
Add distilled water, dissolve, adjust pH and adfusdl volume to 2L
(iv)Formamide Blue (for loading in denaturing acrylamide gels)

Formamide 98% 49ml
EDTA 10mM 186mg
Bromophenol Blue 125mg
Xylene cyanol a pinch
(V)TAE 50X (1L)
Tris 242¢g

Glacial acetic acid 57.1ml

EDTA 0.5M pH 8 100ml

make volumeto 1 L

TBE 10X (2L) (Tris Boric acid EDTA)

Tris 2169
Boric acid 110g
EDTA 0.5M pH 8 80ml
Distilled water top to 2L

TE (Tris —EDTA buffer)
1ml of Tris HCI 1M pH=8
200u! of EDTA 0.5 M pH=8, volume make to 100ml|

dDNPs 5mM
dATP 100mM 50ul
dGTP 100mM 50l
dTTP 100mM 50ul

dCTP 100mM 50ul
Added double distilled water to make 1000ul
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Appendix 2: Geographical regions (in red boxes) where coffeamples were collected
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Appendix 3: Sensory evaluation scoring form

Classification:
B00-Good T00-VeyBaod 900 Exceant 900- Qusianding
Name: 525 (25 b hiss
i T (F] 50
Date: Tabke: Session: Tl b s
Sample £ | ot Total | Total Total Total Total | Total | To| | Toa]
Fragance/Aroma Flavor Acidity: Body Uniformity Clean Cup: Overall Se
el
bbb T sin bbb Tl o oooo looooa lihinhinh
[l ] ] k7 B . ] T B L] 5 7 ] LR | [} 1 [ i
Dy Quaty  Crast Todal Intensty Intensty Total To!ar'|_Dedec|s [subtract)
nnl T | Afterase T e T e Balance Swestress .
+—7F il ahihilloooon [ PR
$_ B llh.[lllllhéllwi Low Low a”rl laltgl ) Fault=4 DX[I:':
Final Score

Notes:
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Appendix 4: ANOVA table for sensory data for ex-situ conserved genotypes together with

two commercial varieties

Fragrance

Source of variation df Sum of Squares Mean Square F P

Reps 6 4.2959 0.7159 4.1383 0.0006 ***
GENOTYPES 41 9.0994 0.2219 1.2827 0.1294 ns
Flavour

Source of variation df Sum of Squares Mean Square F P

Reps 6 3.0051 0.5008 3.920 0.0009 ***
GENOTYPES 41 19.106 0.4660 3.648 0.001 ***

Aftertaste

Source of variation df Sum of Squares Mean Square F P

Reps 6 5.9013 0.983 8.214 0.001 ***
GENOTYPES 41 16.8001 0.4097 3.422 0.001 ***

Acidity

Source of variation df Sum of Squares Mean Square F P

Reps 6 2.484 0.4141 3.451 0.0027 **

GENOTYPES 41 19.800 0.4829 4.0250 0.001 ***
Body

Source of variation df Sum of Squares Mean Square F P

Reps 6 1.2908 0.2151 1.4880 0.1827 ns

GENOTYPES 41 10.588 0.2582 1.7862 0.0040 **
Balance

Source of variation df Sum of Squares Mean Square F P

Reps 6 4.1836 0.6972 3.418 0.0029 **

GENOTYPES 41 16.249 0.396 9431 0.0011 **
Overall

Source of variation df Sum of Squares _Mean Square F P

Reps 6 6.0221 1.0036 6.5258 0.001 ***

GENOTYPES 41 22.6471 0.5523 3.5914 0.001 ***
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Appendix 5: ANOVA table for sensory data of Ruiru 11 siblings

Fragrance

Sonrce of variation DF 55 AIS F F
Cenotype 0 0.1705 [ 11801 03240 ns
Source 2 0. LoD 05003 ERNE 00518 ns
Genotype © Sonrce 18 1.0789 05003 37336 QO00] wee
Error =] 03311 0160

Total 27 23107

Favour

Sonrce of variation DF 55 AIS F P
Cenotype o 0.23 0 0260 0aTes 05488 s
Source 2 02947 1473 40832 Q0101 *
Genotype © Sonrce 18 08570 0476 16101 Q0877 ns
Error S8 1.7151 0205

T otal 27 3.1134

Aftertaszte

Source of variation DF S5 M5 F P
Crenotype o 0.2578 0286 1.0058 04460 ns
Source 2 0.1932 00966 33917 0.0405 *
Cenotvpe * Source 13 1.2436 O, 0eo0 24253 Q.0057 **
Error 58 1.6522 002384

Total ]7 3.3597

Acidiny

Source of variation DF 55 M5 F 3
Crenotype 9 9 8598 1.0955 09080 0.5263 ns
Loures 2 1.4253 07126 05893 05580 n=
Crenotype * Somrce 13 166453 9247 0.7647 0.7302 ns
Error 58 701326  1.2001]

Total ]7 98 0745

Body

Source of varimtion DF 55 M5 F =
Crenotype 9 0.1032 01l 05689 0.8168 ns
Source 2 0.4157 0 2078 103120 0.0001 **=
Cenotype * Source 18 0.3212 00178 0.BE54 0.5971 ns
Error 58 1.1692 00201

Total ]7 2.01478

Balamce

Source of variation DF 55 MS F P
Crenotype o 02543 0283 11254 0.3594 ps
Source 2 0.2545 0O 1272 5.0&0 0.0094 *+
Crenotype * Somrce 18 0.8465 O.04780 18704 0.0377 #
Error 58 1.4583 00251

Total ]7 2 8290

Creerall

Source of variation DF 55 AIS F P
Cenofype L 0.5010 (0556 23711 002356 *
Source 2 0.9415 04707 20,0490 (0001 *+*
Crenodype = Somrce 18 12022 0.Das7T 28444 00014 ==
Error 58 1.3384 00234

T otal a7 3.90462
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Appendix 6: ANOVA table for sensory data of five advanced breging lines and two
commercial cultivars evaluated at Tatu—Ruiru in 208

Source Depemdenl\fama_me df Mean Squaie Sum U[Squtﬂes F Si ),
Season Fragrance/aroma 1 2917 207 12.343 001
Flavour 1 434 434 2.038 112
Aftertaste 1 2.002 2,002 10.156 ooz
Acidity 1 1.429 1.429 6.320 012
Budy 1 2.002 2.002 11.109 001
Balance 1 320 320 1.429 233
Overall 1 467 467 2.164 142
Total score 1 65 018 G5 (018 9437 002
Genotypes Fragrance/aroma 7 375 2622 1.585 139
[Mavour 7 936 6.550 5473 000
Aftertaste 7 T75 5.425 3.931 000
Acidity 7 1.240 8.683 5.492 000
Body 7 977 6.838 5.420 000
Balance / 1.270 §.893 5524 oo
Overall 7 1.445 10.114 6.699 000
Tolal score 7 42.905 300.335 6.224 000
Season * Genotypes Fragrance/aroma 7 129 903 516 799
Flavour 7 220 1.540 1.287 256
Aftertaste 7 219 14631 1109 357
Acidity 7 A27 2.002 1.803 070
Gody 7 276 1.932 1.532 156
Balance 7 434 3.037 1.886 072
Overall 7 328 2204 1.520 160
Total score 7 11.504 50.949 1.678 114
Error Fragrance/aroma 292 236 549.000
Flavour 292 AT 49929
Allerlasle 292 197 57.571
Acidity 292 226 65.952
Body 202 180 52.631
Ralance 292 230 A7 155
Overall 202 216 62.076
Total score 292 G.093 2012.790
Total Fragrance/aroma 307 76.997
Flavour 307 58.602
Aftertaste 307 67.500
Acidity 307 78.886
Body 307 64.255
Balance a0/ 18.562
Overall 307 75.214
Total scorc 307 2478 254
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Appendix 7 :ANOVA table for sensory data of five advanced breddg lines and
two commercial cultivars evaluated at Tatu—Ruiru in2009

Dependent Sum of
Source Variable df Squares Mean Square | Sig.
Genotypes Fragrance e 2.434 .348 4.258 000
Flavour s 8.380 1197 15 974 000
Aftertaste e 7. 730 1.104 15.677 .000
Acidity 7 9.609 1.373 16 .547 000
Body s 6092 870 14 630 000
Balance 7 &.049 864 11673 .000
Overall 7 7.186 1.027 13.374 000
Total score rd 310172 “44.310 21.372 -000
Season Fragrance 1 517 517 5.335 012
Flavour 1 3.099 3.092 41.349 .000
Aftertaste 1 2.077 2.077 29.4389 .000
Acidity 1 1.888 1.888 22 760 Nelele]
Body 1 _490 490 8. 229 004
Balance 1 332 332 “4_490 035
Overall 1 1.072 1.072 13 . 969 000
Total score 1 57.860 57.860 27.907 -000
Genotypes * Fragrance 4 470 os7 822 570
Season Flavour 7 1.221 174 2.328 026
Aftertaste e 1.549 221 3.141 003
Acidity 7 1.495 214 2.574 014
Body e 2.160 309 5.187 .000
Balance 7 .857 122 1.654 121
Overall e 1198 i B | 2. 230 032
Total score rd 54.515 7. 788 3. 756 -001
Error Fragrance 257 20.987 082
Flavour 257 19. 260 O75S
Aftertaste 257 18.103 .O70
Acidity 257 21.321 083
Body 257 15.287 059
Balance 257 19.024 074
Overall 257 19 . 726 O7r77r
Total score 257 532.839 2.073
Total Fragrance 272 24_ 160
Flavour 272 33.264
Aftertaste 272 30.374
Acidity 272 34.086
Body 272 23.086
Balance 272 26 485
Overall 272 29.771
T otal score 272 963 .316

Appendix 8: ANOVA table for sensory data of genotyps evaluated in Meru

2009
Source Dependent Variable df Sum of Squares Mean Square = Sig.
GENOTYPE FRAGRANCE 6 327 .055 4.252 .004
FLAVOUR 6 .887 .148 8.655 .000
AFTERTASTE 6 .935 .156 8.320 .000
ACIDITY 6 1.657 276 10.913 .000
BODY 6 725 121 6.499 .000
BALANCE 6 .818 .136 11.671 .000
OVERALL 6 1.271 212 15.490 .000
TOTAL 6 43.866 7.311 12.418 .000
SPACING FRAGRANCE 1 .074 .074 5.751 .024
FLAVOUR 1 412 412 24.150 .000
AFTERTASTE 1 .188 .188 10.051 .004
ACIDITY 1 439 439 17.362 .000
BODY 1 227 227 12.206 .002
BALANCE 1 .205 .205 17.540 .000
OVERALL 1 267 .267 19.508 .000
TOTAL 1 12.888 12.888 21.890 .000
GENOTYPE * SPACING FRAGRANCE 6 .019 1.488 221
FLAVOUR 6 114 .026 1.551 .201
AFTERTASTE 6 .159 .031 1.658 171
ACIDITY 6 .186 .033 1.315 .286
BODY 6 .200 .030 1.632 .178
BALANCE 6 .182 .029 2.521 .047
OVERALL 6 77 .031 2.294 .065
TOTAL 6 .188 1.373 2.331 .062
Error FRAGRANCE 26 8.235 .013
FLAVOUR 26 .333 .017
AFTERTASTE 26 444 .019
ACIDITY 26 .487 .025
BODY 26 .658 .019
BALANCE 26 484 .012
OVERALL 26 .304 .014
TOTAL 26 .355 .589
Total FRAGRANCE 39 15.307
FLAVOUR 39 .801
AFTERTASTE 39 1.782
ACIDITY 39 1.684
BODY 39 2.784
BALANCE 39 1.535
OVERALL 39 1.392
TOTAL 39 1.961
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Appendix 9: ANOVA table for sensory data of genotyps evaluated in Meru

2010
Source Dependent Vﬁble df Sum of Squares Mean Squ_are |- Sig.
Genotypes Fragrance/aroma 6 1.368 .228 3.038 .007
Flavour 6 1.322 .220 5.563 .000
Aftertaste 6 .822 .137 4.035 .001
Acidity 6 .624 .104 3.114 .006
Body 6 422 .070 2.173 .046
Balance 6 .783 .131 4.826 .000
Overall 6 .822 .137 3.726 .001
Total Score 6 38.361 6.394 8.574 -000
Space Fragrance/aroma 1 .216 .216 2.879 .091
Flavour 1 .420 .420 | 10.597 .001
Aftertaste 1 1.131 1.131 | 33.301 .000
Acidity 1 579 579 | 17.323 .000
Body 1 .350 .350 | 10.805 .001
Balance 1 .257 .257 9.505 .002
Overall 1 .589 .589 | 16.022 .000
Total Score 1 23.072 23.072 | 30.939 .000
Genotypes * Space Fragrance/aroma 6 .481 .080 1.067 .383
Flavour 6 .768 .128 3.230 .004
Aftertaste 6 .657 .109 3.223 .005
Acidity 6 779 .130 3.888 .001
Body 6 .333 .056 1.714 .118
Balance 6 .506 .084 3.116 .006
Overall 6 .331 .055 1.498 .179
Total Score 6 21.474 3.579 4.800 -000
Error Fragrance/aroma 266 19.961 .075
Flavour 266 10.539 .040
Aftertaste 266 9.034 .034
Acidity 266 8.884 .033
Body 266 8.616 .032
Balance 266 7.196 .027
Overall 266 9.784 .037
Total Score 266 198.360 . 746
Total Fragrance/aroma 279 22.106
Flavour 279 13.132
Aftertaste 279 11.803
Acidity 279 10.943
Body 279 9.746
Balance 279 8.778
Overall 279 11.602
279 284.892

JTotal Score
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Appendix 10: ANOVA table for sensory data of genotyes evaluated in Meru

2011
Source Dependent Variable Sum of Squares df Mean Square Sig.
GENOTYPE FRAGRANCE .047 6 .008 1.150 .362
FLAVOUR 234 6 .039 1.565 197
AFTERTASTE .093 6 .016 1.103 .387
ACIDITY .183 6 .031 1.583 192
BODY .016 6 .003 .568 752
BALANCE 112 6 .019 1.068 407
OVERALL 167 6 .028 1.188 .343
TOTAL 4.793 6 .799 1.388 257
SPACING FRAGRANCE .003 1 .003 .383 542
FLAVOUR .002 1 .002 .075 .786
AFTERTASTE .022 1 .022 1.589 219
ACIDITY .001 1 .001 .070 794
BODY 7.827E-5 1 7.827E-5 .016 .899
BALANCE .002 1 .002 127 724
OVERALL .000 1 .000 .012 912
TOTAL .016 1 .016 .027 871
GENOTYPE * SPACING FRAGRANCE .082 6 .014 2.012 .100
FLAVOUR 319 6 .053 2132 .084
AFTERTASTE 167 6 .028 1.980 .105
ACIDITY 292 6 .049 2.524 046
BODY .060 6 .010 2.108 .087
BALANCE 123 6 .020 1171 .352
OVERALL .359 6 .060 2.562 044
TOTAL 8.080 6 1.347 2.340 061
Error FRAGRANCE 176 26 .007
FLAVOUR .649 26 .025
AFTERTASTE .366 26 .014
ACIDITY .502 26 .019
BODY 124 26 .005
BALANCE 453 26 .017
OVERALL .608 26 .023
TOTAL 14.963 26 .575
Corrected Total FRAGRANCE .326 39
FLAVOUR 1.314 39
AFTERTASTE .667 39
ACIDITY 1.044 39
BODY .220 39
BALANCE 736 39
OVERALL 1.187 39
TOTAL 30.029 39
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Appendix 11: ANOVA table for sensory data of genotges evaluated in Koru

and Machakos

Source Dependent Variable df Sum of Squares Mean Square Sig.
Genotypes Fragrance/aroma 7 1.308 .187 4.104 .000
Flavour 7 2.979 426 12.001 .000
Aftertaste 7 2.205 .315 8.332 .000
Acidity 7 3.237 462 10.664 .000
Body 7 .555 .079 2.528 .014
Balance 7 1.290 .184 8.501 .000
Overall 7 2.734 .391 12.328 .000
Total Score 7 84.712 12.102 18.588 .000
Space Fragrance/aroma 1 .275 .275 6.038 .014
Flavour 1 1.253 1.253 35.343 .000
Aftertaste 1 1.873 1.873 49.529 .000
Acidity 1 1.255 1.255 28.934 .000
Body 1 .128 .128 4.096 .043
Balance 1 .353 .353 16.276 .000
Overall 1 .822 .822 25.953 .000
Total Score 1 37.624 37.624 57.788 .000
Isite Fragrance/aroma 1 2.316 2.316 50.884 .000
Flavour 1 .383 .383 10.798 .001
Aftertaste 1 .730 .730 19.300 .000
Acidity 1 1.148 1.148 26.472 .000
Body 1 514 514 16.401 .000
Balance 1 .503 .503 23.188 .000
Overall 1 134 134 4.215 .040
Total Score 1 32.982 32.982 50.658 .000
Genotypes * Fragrance/aroma 7 409 .058 1.283 .255
Space Flavour 7 .805 115 3.242 .002
Aftertaste 7 .629 .090 2.377 .020
Acidity 7 .563 .080 1.854 .074
Body 7 .146 .021 .664 .703
Balance 7 .282 .040 1.854 .073
Overall 7 424 .061 1.913 .064
Total Score 7 13.759 1.966 3.019 .004
Genotypes * site  Fragrance/aroma 7 132 .019 414 .894
Flavour 7 .567 .081 2.283 .026
Aftertaste 7 .345 .049 1.304 .245
Acidity 7 453 .065 1.492 .166
Body 7 .230 .033 1.050 .394
Balance 7 .228 .033 1.501 .163
Overall 7 .088 .013 .396 .905
Total Score 7 7.239 1.034 1.588 .135
Error Fragrance/aroma 1454 66.189 .046
Flavour 1454 51.564 .035
Aftertaste 1454 54.983 .038
Acidity 1454 63.061 .043
Body 1454 45.566 .031
Balance 1454 31.533 .022
Overall 1454 46.060 .032
Total Score 1454 946.655 .651
Total Fragrance/aroma 1517 78.696
Flavour 1517 61.584
Aftertaste 1517 65.208
Acidity 1517 78.707
Body 1517 50.534
Balance 1517 36.503
Overall 1517 54.454
Total Score 1517 1279.045
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Appendix 12 Anova table for biochemical analysis data of 40esitu conserved and 2

commercial varieties

Dependent Sum of Mean
Source Variable df Squares Square F Sig.
Genotypes Trigonelline 41 1.483 .036 5.662 |0.000
Qil 41 110.952 2.706 4.349  [0.000
sucrose 41 51.939 1.267 1.548 [0.081
Chlorogenic acid K1 118.392 2.888 4.575  [0.000
caffeine 41 2.630 0.064 29.499 ]0.000
|Error Trigonelline 42 0.268 0.006
Ol 42 26.132 0.622
sucrose 42 34.365 0.818
Chlorogenic acid K2 26.510 0.631
caffeine 42 0.091 0.002
Total Trigonelline 83 1.751
Qil 83 137.084
sucrose 83 86.304
Chlorogenic acid 83 144.902
caffeine 83 2.722

Appendix 13: Anova table for biochemical analysis foadvanced breeding lines
and 2 commercial varieties analysed at Tatu in 2008

Sum of Mean
Source Dependent Variable df Squares |Square F Sig.
|Genotype caffeine 7 10.102 0.015 [6.548 [0.001
trigonelline 7 10.021 0.003 [2.581 [0.055
oll 7 [11.939 1.706 [9.186 [0.000
sucrose 7 13.670 0.524 |4.079 [0.009
Chlorogenic acid 7 |1.152 0.165 [8.156 [0.000
|Error caffeine 16 [0.035 0.002
trigonelline 16 [0.019 0.001
oll 16 [2.971 0.186
sucrose 16 |2.057 0.129
Chlorogenic acid 16 [0.323 0.020
Total caffeine 2310.137
trigonelline 2310.040
oll 23 [14.910
sucrose 23 |5.727
Chlorogenic acid 23 ]1.475
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Appendix 14: ANOVA table for biochemica data of gentypes evaluated at
Meru for three years

Source Dependent Variable df Sum of Squares | Mean Square F Sig.
Genotype Caffeine 6 .059 .010 3.949 .008
Oil 6 33.052 5.509 1.647 .184
Trigonelline 6 .280 .047 13.103 .000
Sucrose 6 7.484 1.247 1.266 314
CQA 6 2.065 .344 732 .629
Year Caffeine 2 132 .066 26.417 .000
Oil 2 153.730 76.865 22.983 .000
Trigonelline 2 214 .107 30.009 .000
Sucrose 2 26.027 13.014 13.213 .000
CQA 2 15.267 7.633 16.231 .000
Genotype * Year  Caffeine 12 241 .020 8.067 .000
Oil 12 53.956 4.496 1.344 .267
Trigonelline 12 .245 .020 5.746 .000
Sucrose 12 23.060 1.922 1.951 .087
CQA 12 13.894 1.158 2.462 .034
Error Caffeine 21 .052 .002
Oil 21 70.234 3.344
Trigonelline 21 .075 .004
Sucrose 21 20.683 .985
CQA 21 9.876 470
Total Caffeine 41 484
Oil 41 310.972
Trigonelline 41 .813
Sucrose 41 77.255
CQA 41 41.102

Appendix 15: ANOVA table for biochemica data of gentypes evaluated at Koru and Machakos
for two years

Sum of Mean
Source Dependent Variable df Squares Square F Sig.
Genotype Trigonelline 7 125 .018 1.867 .108
Caffeine 7 .145 .021 2.492 .037
Chlorogenic acid 7 6.163 .880 2.401 .043
Sucrose 7 2.502 .357 442 .868
Oil 7 29.260 4.180 1.881 .106
Site Trigonelline 1 .145 .145 15.146 .000
Caffeine% 1 .263 .263 31.642 .000
Chlorogenic acid 1 .623 .623 1.699 .202
Sucrose 1 4.192 4.192 5.183 .030
Oil 1 .925 .925 0.416 .523
Genotype * Site Trigonelline 7 .118 .017 1.757 131
Caffeine 7 .139 .020 2.382 .044
Chlorogenic acid 7 9.041 1.292 3.522 .006
Sucrose 7 3.377 482 0.596 .754
Oil 7 13.604 1.943 0.875 .537
Error Trigonelline 32 .306 .010
Caffeine 32 .266 .008
Chlorogenic acid 32 11.736 .367
Sucrose 32 25.880 .809
Oil 32 71.115 2.222
Total Trigonelline 63 1.009
Caffeine 63 1.053
Chlorogenic acid 63 41.917
Sucrose 63 110.956
Oil 63 336.832
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Appendix 16: Anova table showing effect of site
progenies biochemical variables

andgenotypes on Ruiru 11

Source Dependent Variable df Sum of Squares Mean Square F Sig.
Genotypes caffeine o 117 .013 4.066 .000
trigonelline o .046 .005 2.420 .021
Oil ¢ 11.567 1.285 2.547 .015
sucrose P 5.936 .660 2.362 .024
Chlorogenic acid o 1.336 .148 4.258 .000
Jsource caffeine P 1.144 .572 178.882 |.000
trigonelline P .105 .052 24.658 .000
Oil 2 61.967 30.983 61.405 .000
sucrose 2 20.702 10.351 37.072 .000
Chlorogenic acid P 3.892 1.946 55.825 .000
Genotypes * source caffeine 18 .195 .011 3.391 .000
trigonelline 18 .038 .002 .999 474
Oil 18 10.692 .594 1.177 .309
sucrose 18 7.185 .399 1.430 1152
Chlorogenic acid 18 1.336 .074 2.129 .015
Error caffeine b9 .189 .003
trigonelline b9 1125 .002
Oil b9 29.770 .505
sucrose b9 16.474 .279
Chlorogenic acid 59 2.057 .035
Total caffeine 88 1.642
trigonelline B8 .313
Oil 88 113.892
sucrose 88 50.132
Chlorogenic acid 8.652

Appendix 17: Coffee aroma compounds as described dynternational Coffee

Organization (ICO).

Burnt/Smokey: This odour and flavour descriptor is similar tattfiound in burnt
food. The odour is associated with smoke produsbdn burning wood. This
descriptor is frequently used to indicate the degwé roast commonly found by

tasters in dark-roasted or oven-roasted coffees.

Chocolate-like: This aroma descriptor is reminiscent of the arand flavour of
cocoa powder and chocolate (including dark choeddaid milk chocolate). It is an

aroma that is sometimes referred to as sweet.
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Caramel: This aroma descriptor is reminiscent of the odaod flavour produced
when caramelizing sugar without burning it. Tast&nould be cautioned not to use

this attribute to describe a burning note.

Floral: This aroma descriptor is similar to the fragrant@owers. It is associated
with the slight scent of different types of flowarsluding honeysuckle, jasmine,
dandelion and nettles. It is mainly found whenirgense fruity or green aroma is

perceived but rarely found having a high intenbipyitself.

Fruity/Citrus: This aroma is reminiscent of the odour and tasfeud. The natural
aroma of berries is highly associated with thigilaite. The perception of high
acidity in some coffees is correlated with theustcharacteristic. Tasters should be

cautioned not to use this attribute to describeatioena of unripe or overripe fruit.

Grassy/Green/Herbal: This aroma descriptor includes three terms which a
associated with odours reminiscent of a freshly ewwawn, fresh green grass or

herbs, green foliage, green beans or unripe fruit.

Rubber-like: This odour descriptor is characteristic of the bmwfehot tyres, rubber
bands and rubber stoppers. It is not consideretegative attribute but has a

characteristic strong note highly recognisableoimes coffees.

Spicy: This aroma descriptor is typical of the odour wEst spices such as cloves,
cinnamon and allspice. Tasters are cautioned ;maisé this term to describe the

aroma of savoury spices such as pepper, oreganimdiath spices.
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Winey: This terms is used to describe the combined sensaf smell, taste and
mouthfeel experiences when drinking wine. It isgmlly perceived when a strong
acidic or fruity note is found. Tasters shouldchetioned not to apply this term to a

sour or fermented flavour.

Astringency: This attribute is characteristic of an after-tastensation

consistent with a dry feeling in the mouth, undasie in coffee.

Bitterness: A primary taste characterised by the solution affesne, quinine and
certain alkaloids. This taste is considered dbkraip to a certain level and is

affected by the degree of roast brewing procedures.
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Appendix 18 Weather patterns in the regions of the stud»
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Appendix 19: Gas chromatograms of brewed coffee edts from various coffee
genotypes
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Typical gas chromatogram of SPE eluent of the brewf Cr30
Key: 1-12 are peaks of volatile compounds whilésl#iternal standard

Identity of compounds present in the brew of Cr30

Peak Number Identity

2,6-dimethyl pyrazine
5-methyl-2-furancarboxyaldehyde
2-furanmethanol acetate
1-methyl-1H-Pyrrole-2-carboxaldehyde

Maltol

5-methyl-1H-pyrole-2-carboxyaldehyde
2,6-Dihydroxyacetophenone
1-[[(1,1-imethylethyl)imino]methyl]-Piperidine
2-Methoxy-4-vinylphenol

4-Ethylcatechol
3,4,5-Trimethyl-1H-pyrano[2,3-c]pyrazol-6-one
4-(3-hydroxy-6,6-dimethyl-2-methylenecyclohexyl)
3-Buten-2-one

*k%k

O 0o ~NO OB~ WN P

e
N RO

e
AW

lonone

Key **Not found in the library
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— M-CR8 18T RUN 28:Sep-2011 86 - MSQ12 Detector 1
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Typical gas chromatogram of SPE eluent of the brewf Cr8
Key: 1-13 are peaks of volatile compounds whilésl#iternal standard

Identity of compounds present in the brew of Cr8

Peak Number Identity

1 2,6-dimethyl pyrazine

2 5-methyl-2-furancarboxyaldehyde

3 2-furanmethanol acetate

4 Maltol

5 1-methyl-1H-Pyrrole-2-carboxaldehyde
6 5-methyl-1H-pyrole-2-carboxyaldehyde
7 2,6-Dihydroxyacetophenone

8 2-Methoxy-4-vinylphenol

9 *k%k

10 4-Ethylcatechol

11 3,4,5-Trimethyl-1H-pyrano[2,3-c]pyrazol-6-one
12 *%k%

13 lonone

14

Key

***Not found in the library
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— M-CR27 2ND RUN 29-Sep-2011 94 - MSQ12 Detector 1
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Typical gas chromatogram of SPE eluent of the brewf Cr27
Key: 1-14 are peaks of volatile compounds whilésl#iternal standard

Identity of compounds present in the brew of Cr27

Peak Number Identity

2,6-dimethyl pyrazine
5-methyl-2-furancarboxyaldehyde
2-furanmethanol acetate

Maltol

1-methyl-1H-Pyrrole-2-carboxaldehyde
5-methyl-1H-pyrole-2-carboxyaldehyde
2,6-Dihydroxyacetophenone
1-[[(1,1-imethylethyl)imino]methyl]-Piperidine

10 2-Methoxy-4-vinylphenol ***

11 4-Ethylcatechol

12 3,4,5-Trimethyl-1H-pyrano[2,3-c]pyrazol-6-one

13 *k%k

14 lonone

1
2
3
4
5 2-Acetyl-3-methylpyrazine
6
7
8
9

Key **Not found in the library
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T M-CR22 18T RUN 28-Sep-2011 88 - MSQ12 Detector 1
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Typical gas chromatogram of SPE eluent of the brewf Cr22
Key: 1-14 are peaks of volatile compounds whilésliiternal standard

Identity of compounds present in the brew of Cr22

Peak Number Identity

1 2,6-dimethyl pyrazine

2 5-methyl-2-furancarboxyaldehyde

3 2-furanmethanol acetate

4 Maltol

5 1-methyl-1H-Pyrrole-2-carboxaldehyde

6 5-methyl-1H-pyrole-2-carboxyaldehyde

7 2-hydroxy-4-methylbenzaldehyde

8 2,6-Dihydroxyacetophenone

9 2-Methoxy-4-vinylphenol

10 4-Ethylcatechol

11 3,4,5-Trimethyl-1H-pyrano[2,3-c]pyrazol-6-one

12 4-(3-hydroxy-6,6-dimethyl-2-methylenecyclohexyl)
3-Buten-2-one

13 *k%k

14 lonone

Key

***Not found in the library
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— M-CR23 2ND RUN 28-Sep-2011 96 - MSQ12 Detector 1

8

e o d g iah

I.O 15 20
[min. ]
Tira

Typical gas chromatograms of SPE eluent of Cr23 bre
Key: 1-12 are peaks of volatile compounds whilésl#iternal standard

Identity of compounds present in the brew of Cr23

Peak Number

Identity

1

A W N

© 00 N o O

12
13

2,6-dimethyl pyrazine
5-methyl-2-furancarboxyaldehyde
2-furanmethanol acetate

Maltol

1-methyl-1H-Pyrrole-2-carboxaldehyde
5-methyl-1H-pyrole-2-carboxyaldehyde
2,6-Dihydroxyacetophenone

2-Methoxy-4-vinylphenol

4-Ethylcatechol
3,4,5-Trimethyl-1H-pyrano[2,3-c]pyrazol-6-one
4-(3-hydroxy-6,6-dimethyl-2-methylenecyclohexyd}Buten-2-
one

*kk

lonone

Key

***Not found in the library
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Sucrose sample and standard peaks overlaid
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