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Abstract 
 
Robusta coffee yields higher than Arabica coffee. However, it is limited by the inferior cup quality. The biochemical compounds found in 
coffee interact and determines the final cup quality. The objective of the study was to characterize the biochemical compounds found in 
Arabusta coffee hybrids. Twenty coffee genotypes including the Arabusta hybrids, backcrosses, Robusta and Arabica coffee were 
established at KALRO-Alupe (Busia) and Siaya -ATC in the year 2015. Coffee cherry was harvested and processed in the year 2018 and 
the green beans were analysed for sucrose, oil, trigonelline, caffeine and chlorogenic acids using the HPLC and soxhlet method. There 
were significant differences amongst the genotypes for these biochemical compounds across the two different environments (Busia and 
Siaya counties). Robusta recorded higher levels of caffeine and chlorogenic acids while the Arabusta hybrids recorded intermediate 
levels of the biochemical compounds between the Robusta and Arabica coffee species. The Genotype by Environment (G x E) 
interaction effect was only significant for chlorogenic acids. Caffeine, sucrose, oil and trigonelline levels were significantly high for 
genotypes evaluated in Siaya when compared to Busia. Chlorogenic acid had a positive significant association with caffeine, but was 
negatively correlated with coffee oil and sucrose. Coffee oil indicated a positive significant association with sucrose and Trigonelline.  
The Principal Component Analysis (PCA) differentiated the genotypes based on the levels of biochemical compounds indicating high 
genetic variation amongst the genotypes. Arabusta hybrids exceeded Robusta coffee in performance of biochemical compounds which 
implies that there was a successful introgression of quality genes. 
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Introduction 
 
Coffee is normally traded as green coffee before it is roasted 
for consumption. Green coffee beans contain various chemical 
composites, which are complex in structures interacting at all 
stages of coffee growth determining the final cup quality 
(Kathurima et al., 2010; Gichimu et al., 2014a). Factors that 
affect the quality and biochemical compounds present in 
coffee are altitude, genetics, shade, harvesting period and 
processing practices (Tolessa et al., 2018; Duarte et al., 2010; 
Worku et al., 2018). The flavor and aroma of roasted coffee 
depend on the metabolites that accumulate within the coffee 
bean after roasting acting as precursors (George et al., 2008). 
These attributes depend also on the degree of roasting and the 
presence of defects in the coffee beans (Franca et al., 2005). 
Maillard reactions and caramelisation which occurs during 
roasting affects the interaction of the chemical composition of  

 
 
 
the green bean, which is responsible for the aroma that 
develops during roasting (Liu et al., 2019).  
The major biochemical compounds which compose of 
chlorogenic acids, caffeine, trigonelline sucrose and oil have 
been used for discrimination of coffee varieties within and 
across species (Clifford et al., 1989; Ky et al., 2001b). The 
presence of these compounds helps to discriminate between 
the different coffee genotypes making them key factors in the 
determination of organoleptic cup quality (Aluka et al., 2016). 
Characterization of varieties for the biochemical compounds 
analysis is crucial in development of varieties with desirable 
quality. The presence of trigonelline sugars and oils could have 
a positive influence on liquor quality while chlorogenic acids 
and caffeine could be unfavorable (Kathurima et al., 2010).  
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Caffeine may exists in different plant species. It is normally 
found in different parts of plant including fruits, seed and even 
the leaves. Coffee, cocoa beans and tea leaves are the known 
major sources of caffeine (Mumin et al., 2006). Caffeine, which 
is partially accountable for the bitterness in coffee is one of the 
highest occurring purines in green coffee (Farah, 2012). The 
levels of caffeine vary between and even within species 
(Silvarolla et al., 2004; Ky et al., 2001). Robusta generally has a 
higher value of caffeine (2.2%) while Arabica has an average 
value of 1.2% ranging from 0.6 to 1.9 %( Belay et al., 2008; 
Franca et al., 2005). The less commercialized species of 
Liberica and Arabusta have 1.35 and 1.72% caffeine content, 
respectively (Clarke and Macarae, 1985). 
Sucrose is a major sugar in the coffee beans ranging from 5% 
to 9.5% in Coffea arabica and from 4% to 7% in Coffea 
canephora contributing mostly to reducing sugars which are 
involved in Maillard reactions, occurring during roasting 
(Grosch, 2001; Kathurima 2013; Ky et al., 2001). Sucrose occurs 
most and is a precursor affecting the aroma and taste of the 
coffee beverage during roasting (Maria et al., 2017; Farah, 
2012). Trigonelline on the other hand is by nicotinic acid 
(pyridinium-3-carboxylic acid) methylation using methionine, a 
kind of amino acid containing Sulphur. Sucrose levels in C.  
arabica, have been reported to range from 0.88% to 1.77% and 
C. canephora in ranges between 0.75% to 1.24% (Ky et al., 
2001). Trigonelline has a low bitter taste, when compared to 
caffeine being 100% water soluble and it is a vitamin B6 
derivative (Gichimu et al., 2014). 
Triacylglycerols with fatty acids are major coffee oils in the 
green bean found in equal portions as those found in 
vegetable oils (Speer and Kölling-Speer, 2006). The coffee oil 
levels of green Arabica coffee averages 15%, while it is much 
lower in Robusta coffee (10%) (Gichimu et al., 2014). The oil 
has diterpenes of the kaurene family in proportions of up to 
20% of the total lipids and carries most of the coffee aroma 
contributing to the viscosity of the coffee beverage (Buffo and 
Freire, 2004). The percentage of chlorogenic acids (CGA) varies 
among the species. For example, C. Arabica contains 4 to 8.4% 
and C. Canephora about 7 to 14.4%, while some hybrids have 
medium levels of the biochemical compounds (Farah et al., 
2005a, 2005b). Chlorogenic acids is critical in the formation of 
pigments, taste and flavor of coffee beans, acidity and defines 
cup quality and preference of the brew (Gichimu et al., 2014, 
Variyar et al., 2003). 
The relationship between the sensory performance and the 
biochemical compounds is used in determining the liquor 
quality (Farah et al., 2006). The biochemical compounds act as 
Aroma and flavor precursors affecting the quality of the coffee 
beverage (Cheng at el., 2016). Assessment of diversity of 
biochemical attributes is key in development of varieties that 
have necessary biochemical compounds as another important 
aspect of secondary metabolites is their involvement in quality 
(Gichimu et al., 2014; Kathurima, 2013; Granati et al., 2003; 
Moufida and Marzouk, 2003). Determining the elements that 
influence the coffee quality remains an important area of 
study in coffee breeding. This is because the biochemical 
components in coffee influence the organoleptic properties 
that contribute to the final cup quality. This is key in 
determining its market value and use. This study aimed at 
assessing the biochemical content of the Arabusta hybrids and 
their backcrosses grown in two separate locations in Western 

Kenya with the focus of selecting the best performing 
genotypes for the breeding program. 
 
 
Results 
 
Biochemical composition of coffee genotypes 
 
There were significant differences on the biochemical 
composition which included oil, chlorogenic acid, trigonelline, 
caffeine and sucrose among the coffee genotypes established 
in Busia and Siaya. Chlorogenic acid varied among the 
genotypes, where Robusta recorded significantly higher levels 
of CGA, and genotype BC03 and ARH2 recorded the lowest 
levels. Robusta coffee also recorded significantly higher 
percentages of caffeine, while SL28, an Arabica coffee, 
recorded the lowest level. Genotype CV1 recorded significantly 
lower quantity of oil while SL28 recorded the highest quantity. 
Genotypes ARH3 and SL28 recorded significantly higher levels 
of sucrose, while genotype CV1 recorded significant lower 
levels. Batian recorded higher levels of trigonelline, whereas 
genotypes ARH2, ARH4, ARH7, BC01, BC02 and Robusta 
recorded the least levels of trigonelline (Table 2). 
 
 Environmental effect on biochemical composition 
 
The environmental effects were significant for all the 
biochemical components except for the chlorogenic acids. 
Chlorogenic acids recorded a significant G x E interaction while 
the interaction for oil, trigonelline, sucrose and caffeine was 
not significant (Table 3). The chlorogenic acid contents were 
scored high in Busia compared to Siaya and its effects were not 
significant (Fig 2, a).  The quantities of caffeine, sucrose, oil and 
trigonelline were significantly higher in Siaya when compared 
to those recorded in Busia. The biochemical compound means 
were either placed above or below the median. The inter 
quartile range differed amongst the environments for each 
measured attribute, indicating the variation within the coffee 
genotypes in each environment.  
 
Correlation and PCA analysis 
 
Chlorogenic acid and caffeine showed negative significant 
correlation to oil (r=-0.49) and sucrose (r=-0.43), respectively 
but had a positive significant association with caffeine (r=0.77) 
(Table 4). Coffee oil showed positive significant associations 
with sucrose (r=0.81) and trigonelline (r=0.48). Trigonelline 
associated positively with all the biochemical components 
being significant for oil (r=0.48) and sucrose (r=0.43). The PC1 
(15.35%) and PC2 (74.76%) were sufficient to discriminate the 
coffee genotypes based on the biochemical compounds.  Oils, 
sucrose and trigonelline recorded high positive values, while 
caffeine and trigonelline had low values (Figure 3). The 
genotypes were grouped together based on their biochemical 
composition. Genotypes, SL28, BC03 and ARH3 were grouped 
closely together based on oil and sucrose, while Batian was 
discriminated solely based on trigonelline levels. Genotypes 
which include Robusta, CV1 and CV2 were grouped together 
based on chlorogenic acid and caffeine levels (Figure 3). 
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Discussion 
 
There were significant differences in biochemical composition 
among the coffee genotypes evaluated within and between 
the two different environments (Busia and Siaya). The 
differences showed a high genetic variation within the 
genotypes that led to different performances in terms of the 
lipid oils, sucrose, caffeine, chlorogenic acids and the 
trigonelline. This indicated that there is a possibility of 
improving the selection efficiency for biochemical composition 
within the breeding program. The difference in the 
biochemical levels is due to the fact that biochemical 
composition within coffee genotypes varies depending on the 
species, the maturation time and environmental factors (Farah 
et al., 2005b, Belay 2011). Dessalegn, (2005) reported 
significant variations for biochemical composition on Ethiopian 
coffee evaluated in different environments. Chlorogenic acid 
levels were high in Robusta coffee (11.2%) while Arabusta 
hybrids had lower levels (7.3 to 9.1%) which was comparable 
to Arabica coffee genotypes. Bicho et al. (2013b) and 
Upadhyay and Mohan Rao, (2013) reported a range of 7.0- 
14.4% for Robusta coffee and 4.0-8.4% for Arabica coffee. In 
Robusta species, the cholorogenic acid content is influenced 
more by genetics. It is well-known that it produces higher 
levels than the Arabica species, affecting the cup quality 
negatively since the chlorogenic acids adds to the astringency 
or unwanted bitterness. Consequently, chlorogenic acids affect 
the flavor and aroma which is responsible for the differences in 
cup quality between Arabica and Robusta coffee  (Variyar et 
al., 2003; Upadhyay and Mohan Rao, 2013). Caffeine levels 
varied from 1.3 to 1.5% in Arabica coffee, 1.3 to 2% in 
Arabusta hybrids, 1.6 to 2.2% in backcrosses and 2.6% in 
Robusta. Gimase et al. (2014) reported ranges similar to the 
findings of this study, with caffeine content of 1.1-1.6%, 2.4% 
and 1.8 -2.2% in Arabica, Robusta and Arabusta coffee, 
respectively.  The caffeine levels vary within species being high 
in C canephora and low in C arabica. From the total produced 
caffeine, 94% is attributed to the genetics of the species and 
the rest to the environment effects (Montagnon, 2000). From 
the sequencing conducted by Kumar et al., (2015), the 
expression of CaXMT1, CaMXMT1 and CaDXMT2 transcripts 
were low in C. arabica than C. canephora elucidating the lower 
levels of caffeine in Arabica. In addition, the hybridization of C. 
arabica to reduced C. eugenioides sub-genome (maternal 
genome to C. arabica) contributed to  low caffeine level in 
Arabica (Perrois et al., 2015). Trigonelline also varied among 
the coffee genotypes of the different species with Arabica 
coffee having 1.2 to 1.5%, Robusta (1%), backcrosses 1 to 1.3% 
while the levels in Arabusta hybrids ranged from 1.0 to 1.3%. 
Bicho et al. (2013a) carried out a study to discriminate the 
different levels of biochemical compounds in Arabica and 
Robusta coffee and reported higher levels of trigonelline in 
Arabica, when compared to Robusta. Arabica coffee is known 
to have high levels of trigonelline, which is an important factor 
in determining the cup quality of coffee since it’s an aroma 
precursor contributing to the desirable flavor. Sucrose levels 
varied amongst the coffee genotypes evaluated ranging from 
7.7% to 8.8% for Arabica, Robusta (5.9%), backcrosses (5.8 to 
8%) and Arabusta hybrids (5.4 to 8.3%). The sucrose levels are 
within the ranges reported by Tran et al., (2016) who reported 
ranges of 7.4 to 11.1% in Arabica and 4.05 to 7.05% for 

Robusta coffee. Sucrose is an aroma precursor contributing 
immensely to cup quality during coffee roasting. Joe et al. 
(2009) studied the synthesis within coffee plant and found that 
during the endoperm development, the sucrose levels are 
increased up to the berry’s ripening stage, after which it slows 
down in Robusta. However, for Arabica the accumulation is 
continuous throughout the fruit development. Coffee oil 
contributes to the final flavor during roasting by adding to the 
final texture and mouth feel, since they carry fat soluble 
vitamins (Oestreich-Janzen, 2010). From this study, the levels 
varied from 14.7 to 17.8% for Arabica coffee, 12.3 to 16.7 % in 
Arabusta hybrids, 12.1 to 16.8% for backcrosses while for 
Robusta it was 12.5%.  Gimase et al. (2014) reported ranges of 
13.4 to 15.25% for Arabusta coffee, 12.5 to 18.4% for Arabica 
coffee and 13.4% for Robusta coffee. Odeny et al. (2016) also 
reported oil content of 15.79-18.99% for Arabica coffee 
genotypes. Study by Simkin et al., (2006) revealed that the 
synthesis and storage of oil varies between species based on a 
study of gene profiling for the five oleosin genes that encode 
the oil storage proteins in C arabica and C. canephora species. 
He reported that Arabica coffee starts to store its oil from the 
start of berry development unlike the Robusta coffee. This also 
explains why the oil concentration levels is high in Arabica than 
in Robusta. 
There was no genotype by environment interactions for all 
biochemical attributes measured in the study except for 
cholorogenic acids while the effects of the environments were 
significant for all the biochemical attributes except for 
cholorogenic acid. The lack of environmental effect on 
chlorogenic acids could be an indication that its synthesis is 
more influenced by the genetics of the genotypes than 
environment since the C canephora is known to produce more 
chlorogenic acids than the C arabica species. Kathurima et al. 
(2010) and Gichimu et al. (2014) evaluated Arabica coffee in 
different environments and reported significant environmental 
and genotype by environment effects for the biochemical 
compounds. There were negative relationships between the 
sucrose, oils with caffeine and cholorogenic acids indicating a 
close but competing linkage between the two pathways 
(Baumann, 2006).  This also implies that selection for increased 
levels of oil and sucrose levels will definitely lead to lowered 
levels of cholorogenic acids and caffeine that negatively affects 
the cup quality. Trigonelline was the only biochemical 
component that showed positive relationships with all the 
other components measured with significant association with 
oil and sucrose. The positive correlations between the 
trigonelline and oil, sugars and indicate that trigonelline 
attribute can be used in the direct selection for sucrose and oil 
to improve the cup quality. Odeny et al. (2016) evaluated 
coffee under shade in different environments and found a 
positive correlation between oil and sucrose and trigonelline 
contents.  Caporaso et al. (2018) also reported a positive 
correlation between trigonelline and sucrose and a negative 
relationship between caffeine and sucrose which agrees to the 
findings of this study. The different groupings of the genotypes 
indicated that it is possible to differentiate genotype based on 
their biochemical attributes. The PCA clearly illustrates the 
genetic variation amongst the coffee genotypes that were 
evaluated.  
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Table 1. Description of coffee genotypes used in the experiment. 

 

 
Fig 1. Map of Kenya showing different land uses and the two environments (KALRO Alupe and Siaya ATC) where the 
experiment was established. 
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Table 2. Mean and Standard Errors of biochemical components of green beans for coffee genotypes from KALRO-Alupe (Busia) and 
Siaya ATC. 

 
 
 

 
 
Fig 2. Box plots showing the variation in performance of the biochemical attributes for coffee genotypes across the two environments 
(a-e) (Busia and Siaya). 
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Table 3. Mean squares for biochemical components of green bean for coffee genotypes evaluated at Siaya ATC and KALRO-Alupe (Busia) 
during 2018 season. 

 
Key: *, ** and *** NS represent, (P<0.05), (P<0.001), (P<0.001) and non-significant respectively 

 

 
Fig 3. Variations amongst the coffee genotypes based on their biochemical composition as displayed by the PCA analysis. 

 
 
Table 4. Correlation coefficients for the different biochemical attributes of coffee green beans for coffee genotypes in Busia and Siaya 
environments for the year 2018. 

  
                                  Key:  *** represent (P<0.001) 
 
 
Materials and methods 
 
Experimental materials 
 
Twenty genotypes including seven Arabusta hybrids (ARH1-
ARH7), six different backcross derivatives of Arabica to 
Arabusta hybrids (BCO1-BCO6), Congensis 263 cramer (CV1), 
Congusta 161 Cramer (CV2), Arabusta coffee, Robusta and 
three arabica genotypes (Batian, Ruiru 11 and SL28) were 
evaluated during the study (Table 1)  
 

 
 
Description of the experimental sites 
 
Siaya: Siaya resides between 0º 30 N' and 0º 45' E with an 
altitude that varies from 1,135m to 1,500m above sea level 
with mean annual rainfall of 1,500mm (Fig 1). The annual 
mean temperatures ranged from 20.9º C and 22.7º C. The soils 
are well-drained to very deep (chromic/orthic acrisols and 
ferrasols) (Jaetzold et al., 2009).  
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Busia: Busia is located between 0º 30 N' and 34º 30' SE with an 
altitude that varies from 1241m to 1343m above sea level (Fig 
1). The mean annual rainfall is 1400mm with an annual 
maximum temperature range from 26º C and 29º C. The soils 
are developed on basic and intermediate rocks (dolerites and 
andesites) (Rachilo and Michieka, 1991). 
 
Experimental design 
 
Five coffee trees were planted per genotype per plot with a 
spacing of 3m by 3m per plot. The experiment was laid out in a 
Randomized Complete Block Design (RCBD) with three 
replications at KALRO-Alupe (Busia) and Siaya ATC. All other 
management practices including weeding, pruning and general 
maintenance were carried out as recommended. 
 
Harvesting and processing 
 
The ripe coffee cherries were harvested in the field and 
processed by removing the pulp and mucilage and then dried 
to a moisture content of 11%.  The parchment was then 
dehulled to generate clean coffee beans, which were then 
graded into different grades (AA, AB, PB, C, E, TT, T). Fifty 
grams of AA and AB bean grades were weighed and used in the 
analysis of the biochemical composition after being crushed to 
powder using liquid Nitrogen. Genotype SL28 was used as a 
standard in measuring the biochemical compounds. 
 
Extraction and quantification of crude oil 
 
The coffee bean crude oil was extracted and quantified using 
the Soxhlet extraction method (AOAC, 1995) as described by 
Kathurima (2013). 
 
Extraction of caffeine, trigonelline and total chlorogenic acids 
(CGA) 
 
Determination of caffeine, trigonelline and chlorogenic acids 
was done using the protocols as provided by CIRAD (2003a) 
and CIRAD (2003b). 
 
Extraction and analysis of sucrose 
 
The extraction and analysis of sucrose was done according to 
the method of Osborne and Voogt (1978) used by Kathurima 
(2013). 
 
Statistical analysis 
 
The biochemical data were subjected to Analysis of Variance 
(ANOVA) using GENSTAT statistical software version 18 and 
effects declared significant at 5%.  The General Linear Model 
(GLM) was used (Jansen, 1993). Least Significance Difference 
was used to do combined analysis of variance. It was 
performed on data from the two sites, while Tukey’s test was 
used to separate the means. Correlation of the biochemical 
attributes were computed using GENSTAT statistical software 
using the Pearson Correlation Coefficient. The Principle 
Component Analysis of the biochemical were plotted based on 
the important principle components together with cluster 
analysis using the unweighted pair-group method with 

arithmetic average (UPGMA) to create a dendrogram based on 
Euclidean distances using XLSTAT software. 
 
Conclusion 
 
Arabica has high levels of trigonelline, sucrose and oil which 
contributes to the improved flavor and aroma with reduced 
bitterness in coffee. Therefore, it is imperative to select for 
coffee genotypes that have high levels of oil, sucrose and 
trigonelline in order to satisfy the market needs. The Arabusta 
hybrids on average scored high for oil, sucrose and 
trigonelline, and low for chlorogenic acids and caffeine when 
compared to Robusta. Some of the hybrids competed well with 
Arabica coffee meaning that the interspecific hybridization was 
successful in introgressing of good quality traits from Arabica 
to Robusta. The correlation of the biochemical attributes 
indicated that it is possible to use oil and sucrose for selection 
due to its positive relationship to improved cup quality since it 
would lead to indirect selection for low levels of caffeine and 
chlorogenic acids. 
 
Acknowledgement 
 
I want to acknowledge Director General-KALRO, and Institute 
Director- Coffee Research Institute for sponsoring my studies 
at the University of Nairobi and National Research Fund (NRF) 
for the partial funding for research work.  My appreciation also 
goes to all the staff within the coffee breeding unit for the 
technical support.  
 
References 
 
Aluka P, Fabrice D, Kahiu N, Omaria R, Fourny G, Leroy T, Magali D, 

Fabrice P (2016) The diversity of green bean biochemical compounds 
in Robusta coffee (Coffea canephora Pierre ex A. Froehner) as 
evaluated by near infrared spectroscopy. Aust J Expt Agric. 12(2): 1-
13. 

AOAC-Association of Official Analytical Chemists (1995) Official 
methods of analysis of AOAC International (16th Ed.) Gaithersburg, 
MD, USA: AOAC International. 

Baumann TW (2006) Some thoughts on the physiology of caffeine in 
coffee - and a glimpse of metabolite profiling. Braz 
J Plant Physiol. 18(1):243-251. 

Belay A (2011) Some biochemical compounds in coffee beans and 
methods developed for their analysis. Int J Phys Sci. 6(28): 6373-
6378.  

Belay A, Ture K, Redi M, Asfaw A (2008) Measurement of caffeine in 
coffee beans with UV-Vis spectrometer. Food chem. 108:310-315.  

Bicho NC, Leit~ao AE, Ramalho JC, de Alvarenga NB, Lidon FC. (2013b) 
Impact of roasting time on the sensory profile of Arabica and 
Robusta coffee. Ecol Food Nutr. 52(2):163-177. 

Bicho NC, Leit~ao AE, Ramalho JC, de Alvarenga, NB, Lidon FC. (2013a) 
Identification of chemical clusters discriminators of Arabica and 
Robusta green coffee. Int J Food Prop. 16(4):895-904.  

Caporaso N, Whitworth MB, Grebby, Fisk ID (2018) Non-destructive 
analysis of sucrose, caffeine and trigonelline on single green coffee 
beans by hyperspectral imaging. Food Res Int. 106:196-203. 

Cheng B, Furtado A, Smyth HH, Henry RJ (2016) Influence of genotype 
and environment on coffee quality. Trends Food Sci Technol. 57:20-
30. 

CIRAD, Centre de coopération International en Recherche en 
Agronomique pour le Développement (2003) Analysis of caffeine in 
green coffee beans, Ref: CIR/CP:002. 



208 
 

CIRAD, Centre de coopération International en Recherche en 
Agronomique pour le Développement (2003) Determination of 
trigonelline in green coffee beans, Ref: CIR/CP: 005. 

Clarke RJ, Macarae R (Eds.) (1985) Coffee: volume 1-Chemistry. 
England: Elsevier Applied Science Publishers.1: 1-7. 

Clifford MN, Williams T, Bridson D (1989) Chlorogenic acids and 
caffeine as possible taxonomic criteria in Coffea and Psilanthus. 
Phytochemistry. 28: 829-838. 

Dessalegn YB (2005) Assessment of cup quality, morphological, 
biochemical and molecular diversity of Coffea arabica L. genotypes 
of Ethiopia. PhD Thesis, University of Free State, South Africa. 

Duarte GS, Pereira AA, Farah, A (2010). Chlorogenic acids and other 
relevant compounds in Brazilian coffees processed by semidry and 
wet post-harvesting methods. Food Chem. 118(3):851- 855. 

Farah A, Depaulis T, Trugo LC, Martin PR (2005a) Effect of roasting on 
the formation of chlorogenic acid lactones. J Agric Food Chem. 
53:1505-1513.   

Farah A, Franca AS, Mendonca JCF, Oliveira SD (2005b) Composition of 
green and roasted coffee of different cup qualities. Food Sci Technol, 
38:709-715.  

Farah A, Monteiro MC, Calado V, Franca AS, Trugo LC (2006) 
Correlation between cup quality and chemical attributes of Brazilian 
Coffee. Food Chem. 98:373-380. 

Farah A (2012) Coffee constituents in Coffee. In Chu Y (ed), Emerging 
health effects and disease prevention, John Wiley & Sons, Blackwell 
Publishing Oxford Ltd .21-58  

Franca AS, Oliveira LS, Mendonca CF Siva XA (2005) Physical and 
chemical attributes of defective crude and roasted coffee beans. 
Food Chem. 90:89-94.  

George SE, Ramalakshmi K, Rao LJM (2008). A perception on health 
benefits of coffee. Crit Rev Food Sci Nutr. 48(5): 464-86. 

Gichimu BM, Gichuru EK, Mamati GE Nyende AB (2014). Biochemical 
composition within Coffea arabica cv. Ruiru 11 and its Relationship 
with Cup Quality. J Food Res. 3(3): 31-44. 

Gimase JM, Thagana WT, Kirubi DT, Gichuru EK, Kathurima CW (2014b) 
Beverage quality and biochemical attributes of Arabusta Coffee (C. 
arabica L. x C. Canephora Pierre) and their parental genotypes. Afr 
J Food Sci. 8(9):456-464. 

Granati E, Bisignano V, Chiaretti D, Crino P, Polignano, B (2003) 
Characterization of Italian and exotic Lathyrus germplasm for quality 
traits. Genet Resour Crop Evol. 50:273-280 

Grosch W (2001) Chemistry III Volatile compounds. In: Clark RJ 
Vitzthum OG Eds., Coffee Recent Developments, Blackwell Science, 
Oxford, 68-89. 

Jaetzold R, Schmidt H, Hornetz B, Shisanya D (2009) Farm management 
handbook of Kenya, natural conditions and farm management 
information, West Kenya. Ministry of Agriculture, Kenya. 

Jansen J (1993) Generalized linear mixed models & their application in 
plant breeding research Eindhoven: Technische Universiteit 
Eindhoven. p.139 

Kathurima CW (2013) Characterization of coffee genotypes in Kenya by 
genetic, biochemical and beverage quality profiles (PhD thesis). 
Jomo Kenyatta University of Agriculture and Technology, Kenya. 

Kathurima CW, Kenji GM, Muhoho SM, Boulanger R, Davrieux F (2010) 
Discrimination of Coffea arabica hybrids of the composite cultivar 
ruiru 11 by sensorial evaluation and biochemical characterization. 
Adv J Food Sci Techno. 2(3):148-154. 

Kumar A, Simmi P, Naik GK, Giridhar P (2015) RP-HPLC and transcript 
profile indicate increased leaf caffeine in Coffea canephora plants by 
light. J Bio and Earth Sci. 5(1):1-9.  

Ky CL, Louarn J, Guyot B, Dussert S, Hamon S, Noirot M (2001) 
Caffeine, trigonelline, chlorogenic acids and sucrose diversity in wild 
coffee Arabica and Canephora accessions. Food Chem. 75:223-230.  

Liu C, Yang Q, Linforth,R,  Fisk ID, Yang N (2019). Modifying Robusta 
coffee aroma by green bean chemical pre-treatment. Food Chem. 
272: 251-257. 

María IC, Michael JV, Pierluigi B, Brian MG, Erich G, Ana PA (2017) 
Identification of biochemical features of defective Coffea arabica L. 
beans. Food Res Int. 95:59-67. 

Martin R, Petersen DF, Butcher, Stanley SW, Vincent AU (1978) A 
comparison of mean separation techniques. J Stat Comput Sim. 
7(1)33-54. 

Montagnon C (2000) Optimisation des gains genetiques dans le 
schema de selection rkurrente reciproque de Coffea 
canephora Pierre. PhD thesis, Ecole Nationale Superieure 
Agronomique de Montpellier, France.  

Moufida S, Marzouk B (2003) Biochemical characterization of blood 
orange, sweet orange, lemon, bergamot and bitter orange. 
Phytochemistry. 62: 1283-1289. 

Mumin MA, Akhter KF, Abedin MZ, Hossain MZ (2006) Determination 
and characterization of caffeine in tea coffee and soft drink by solid 
phase extraction and HPLC. M J Chem. 8(1): 045- 051. 

Odeny DA, Chemining’wa GN, Shibairo SI, Kathurima CW (2016) 
Biochemical Components of Shaded Coffee under Different 
Management Levels. Adv J Food Sci Techno. 12(9): 519-526, 2016. 

Oestreich-Janzen S (2010) Chemistry of coffee. Comprehensive Natural 
Products, II, 1085-1117. 

Osborne DR, Voogt P (1978). Carbohydrates, in the analysis of 
nutrients in foods. Academic Press Inc, London Ltd. 130-150. 

Perrois C, Strickler SR, Mathieu G, Lepelley M, Bedon L, Michaux S, …, 
Privat I (2015) Differential regulation of caffeine metabolism in 
Coffea arabica (Arabica) and Coffea canephora (Robusta). Planta. 
241(1):179-191. 

Rachilo JR, Michieka DO (1991). Reconnaissance soil survey of the 
Busia area. Reconnaissance Soil Survey Report. No. R8. KARI/NARL. 
Kenya Soil Survey. Nairobi. Kenya. 

Silvarola MB, Mazzafera P, Fazuoli LC (2004) A naturally decaffeinated 
Arabica coffee. Nature. 249:826. 

Simkin AJ, Qian T, Caillet V, Michoux F, Amor MB, Lin C, McCarthy J 
(2006) Oleosin gene family of Coffea canephora: Quantitative 
expression analysis of five oleosin genes in developing and 
germinating coffee grain. J Plant Physiol. 163(7): 691-708. 

Speer K, Kölling-Speer I (2006) The lipid fraction of the coffee bean. 
Braz J Plant Physiol. 18(1): 201-216. 

Tolessa K, Duchateau L, Boeckx P (2018) Analysis of coffee quality 
along the coffee value chain in Jimma zone, Ethiopia. Afr J Agric Res. 
13(29):1468-1475. 

Tran H, Slade LL, Furtado A, Smyth H, Henry R (2016) Advances in 
genomics for the improvement of quality in Coffee. J 
Sci Food Agric. 96:3310-3312 

Upadhyay R, Mohan Rao, LJ (2013) An outlook on chlorogenic acids 
occurrence, chemistry, technology, and biological activities. Crit 
Rev Food Sci Nutr. 53(9):968-984. 

Variyar PS, Ahmad R, Bhat R, Niyas N, Sharma A (2003) Flavoring 
components of raw monsooned Arabica coffee and their changes 
during radiation process. J Agric Food Chem. 51:7945-7950.  

Worku M, De Meulenaer B, Duchateau L, Boeckx P (2018) Effect of 
altitude on biochemical composition and quality of green Arabica 
coffee beans can be affected by shade and postharvest processing 
method. Food Res Int. 105:278-285. 


