
20 

 

P-ISSN: 2305-6622; E-ISSN: 2306-3599 

International Journal of  

Agriculture and Biosciences 
www.ijagbio.com; editor@ijagbio.com  

Research Article 
 

Correlation and Path Coefficient Analysis of Organoleptic Quality Traits of 

Some Coffee (Coffea arabica L.) Accessions in Ethiopia 
 

Abdulfeta Tariku*1, Hussein Mohammed Ali2 and Ashenafi Ayano3 

 

1Ethiopian institute of Agricultural Research, Chiro National Sorghum Research and Training Center P.O. Box 190, 

Chiro, Ethiopia; 2Hawassa University College of Agriculture, School of  Plant and Horticultural Sciences, P.O. Box 5, 

Hawassa, Ethiopia; 3Ethiopian institute of Agricultural Research, Jimma Agricultural Research Center, P.O. Box 192, 

Jimma, Ethiopia 

*Corresponding author: abdulfetah02@gmail.com 
 

Article History: Received: December 22, 2018 Revised: January 29, 2019 Accepted: February 02, 2019 

 

ABSTRACT 
 

The present investigation was carried out to study the correlation and path coefficient analysis in 93 coffee (Coffea 

arabica L.) accessions, which were collected from Bench-maji and Sheka zones, southwestern Ethiopia. Data on eight 

organoleptic quality traits were recorded by well experienced and trained coffee tasters. Character association of the 

quality attributing traits revealed overall standard of coffee quality exhibited positive and significant correlation with 

flavor, aromatic quality, aromatic intensity, acidity, astringency, bitterness and body. Hence, selection for these traits 

can improve overall standard of coffee quality. Besides, path coefficient analysis showed that flavor, body, acidity, 

aromatic quality and bitterness exhibited positive direct effect on overall standard of coffee quality. Among these 

characters, flavor possessed both positive and highly significant association and high direct effects. Hence, selection for 

this character could bring improvement in overall standard of coffee quality. 
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INTRODUCTION 

 

Ethiopia, Southwestern highland, is the homeland and 

center of genetic diversity of Arabica coffee (Coffea 

arabica L.) (Gole and Senebeta,2008). International coffee 

markets have a growing demand for specialty coffees. 

Consumers seek good taste, flavor, sweetness, acidity and 

body. Besides, there is also a great interest in products with 

marketable characteristics of production environment and 

geographic location (Rodrigues et al., 2009).    

Ethiopia is the only country among coffee producing 

countries to satisfy all consumers’ choice by supplying the 

demand of quality coffee standards namely, Sidamo (Spicy 

flavored), Harar (Mocha flavored), Jimma/Limu (Winy 

flavored), Nekempt/Gimbi (Fruity flavored) and many 

more coffee types with their respective unique flavor are 

prides of nation (Desse,2008). The crop is mainly produced 

in the Southern, South Western and Eastern parts of the 

country. Ethiopia remains the largest producer of coffee in 

Africa and is the fifth largest coffee producer in the world 

next to Brazil, Vietnam, Colombia and Indonesia, 

contributing to about 4.2% of the total world coffee 

production (ICO, 2016) with the land coverage of 

700474.69 ha, whereas the estimated annual national 

production of clean coffee is about 469091.12 tons with 

average productivity of 669.6 kgha-1 (CSA, 2017).  

Jimma agricultural research center has collected about 

6721 accessions from different coffee producing areas of 

Ethiopia and generating numerous technologies 

(Taye,2010). However, there are limited research findings 

on the association among organoleptic quality traits. 

Yigzaw (2005) has reported highly significant correlation 

among good coffee quality attributes. Abiyot et al. (2011) 

and Olika et al. (2011) have also reported positive and 

highly significant correlation among most important 

quality traits. 

Overall standard of coffee cup quality is a complex 

trait, considerably affected by many factors; aroma, body 

and flavor are the major factors that affect the overall 

coffee cup quality standard. Hence, complete information 

on the association among various organoleptic quality 

attributes   has    a    paramount    importance    in    genetic 
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improvement of coffee quality by shortening the breeding 
procedure. Hence, this study was carried out to detect 
correlation and path coefficient analysis of organoleptic 
quality attributes for increased overall standard of 
Ethiopian specialty coffee. 
 

MATERIALS AND METHODS 

 
Description of the study area   

The experiment was conducted at Tepi National Spices 
Research Center, Southwestern Ethiopia, is located at an 
altitude of 1200 masl (TNSRC, 2013). The quality 
attributes analysis was made at Jimma Agricultural 
Research Center by a team (Three cuppers) of experienced 
and internationally certified Q grader professional 
panelists.  
 
Experimental materials and design  

The study was conducted during 2016 cropping season 
on 88 coffee germplasm accessions which have been 
collected from Bench-maji and Sheka zones of 
Southwestern Ethiopia and 5 standard checks (Table 1). 
The experiment was superimposed on experimental plots 
with three replications. The experimental fields were laid 
out 12 trees per plot planted in 2x2m spacing. All the 
improved agronomic practices were applied uniformly 
according to the recommendations (Endale et al., 2008).  
 
Sample preparation and data collected  

Quality assessment was done for each genotype as per 
the conventional procedures (Abrar and Negussie,2015). 
During peak harvesting time, about six kg red ripe coffee 
cherries were handpicked from each coffee type per plot. 
Prior to pulping over mature, green cherries and foreign 
material was sorted out from healthy and red ripe cherries. 
The samples were carefully prepared using wet processing 
method. Samples were dried to the moisture level at 10.5-
11.0% for all samples uniformly. Each sample was sub 
divided into three for replication. About 300 g of green 
coffee bean samples were prepared per replication 
separately for each genotype for cup quality characteristics 
evaluation. Three cups per sample were used for tasting 
session. Cup quality analysis was carried out once the 
beverage cooled to around 60°C (drinkable temperature) by 
three cuppers of internationally certified professional 
panelist of JARC at coffee processing unit and liquoring 
laboratory of the center. Aroma (aromatic quality and 
intensity), acidity, astringency, bitterness, body, flavor and 
overall standard of the brew was scored using scale ranging 
from zero to five and zero to ten as described in Table 2. 
Each panelist gave independent judgment for each sample 
unit of the treatment. The average results of all panelists 
were used for data analysis. 

 
Statistical analysis 

Data of organoleptic characters were subjected to 
analysis of variance (ANOVA) using SAS version 9.2 
(SAS, 2010) to examine the presence of statistically 
significant differences among accessions for the characters 
studied.  

The phenotypic and genotypic correlation coefficients 
were estimated using the formula suggested by Johnson et 
al. (1955) and Singh and Chaudhury (1987).  

Table 1:  Description of Coffea arabica L. germplasm accessions 
studied  

Zones   District 
(Woreda)  

Peasant 
association   

Altitudes 
(m)  

No. of 
collected 
accession 

Bench-Maji  
(65 
accessions)  

 Bero  Bero  1629-1680  5 
Garo  1708  1 
Jeba-01  1698-1718  3 
Kasi  1601-1676  4 
Sirit  1656-1664  2 

Menit-
Shasha  

Bus   1438-1449  6 
Kudum  1532-1611  6 
Dargach  1870-1930  4 
ShawaJebabo  1900-1950  2 
Kuju  1975  2 
Era  1537-1573  3 

 Sheko  Gizemeret  1049-1338  10 
Shimi  1047-1250  6 
Sanka  1215-1450  4 
AyibranaSanka  1220-1290  7 

Sheka  
(23 
accessions)  

Andracha  Gemedro  1510-1650  8 
Yokichich  1810-1900  8 
Chegechecha  1890-2000  7 

*Geisha  Check 1   *Five standard checks  88 
*CatimorJ-
19  

Check 2   

*Dessu  Check 3   
*7454  Check 4   
*7440  Check 5   

Total accessions  93 
 

  
 

Where, rp= Phenotypic correlation coefficient  
rg = Genetoypic correlation coefficient. Pcovxy = 
Phenotypic covariance between traits x and y Gcovxy =  
Genotypic covariance between traits x and y Vpx= 

Phenotypic variance of trait x  
Vgx = Genotypic variance of trait xVpy = Phenotypic 
variance of trait y. Vgy=Genotypic variance of trait y  
The coefficients of correlation were tested using “r” 
tabulated value at n-2 degree of freedom, at 5% and 1% 
probability level, where n is the number of treatments 
(accessions).  
Path coefficient analysis was made following the method 
described by Dewey and Lu (1959).  
 

  
 

Where: rij = Mutual association between the independent 
character (i) and dependent Character (j) as measured by 
genotypic correlation coefficient. Pij=Component of direct 
effects of the independent character (i) on dependent 
character (j) as measured by genotypic path coefficient 

and,~rikpkj = Summation of components of indirect effect 
of a given independent character (i) on the given dependent 
character (j) via all other independent character (k). The 
residual effect can be estimated as   
 

 
 

The coefficients of correlation were tested using “r” 
tabulated value at n-2 degree of freedom, at 5% and 1% 
probability level, where n is the number of treatments 
(accessions). 
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Table 2: Cup quality parameter and their descriptive value  

Aromatic Aromatic Quality 
Intensity 

Acidity  Astringency Bitterness  Body  Flavor  Overall cup 
quality 

Quality  Pts Quality Pts Quality Pts Quality Pts Quality Pts Quality Pts Quality Pts Quality Pts 
Excelle                
nt  5 V.strong 5 Pointed 10 Nill 5 Nill 5 Full 10 V.good 10 Excellent 10 
V.good  4 Strong 4 M.pointed 8 V. light 4 V. light 4 M.Full 8 Good 8 V.good 8 
Good 

Regular  

3 

2 

Medium 

Light 

3 

2 

Medium 

Light 

6 

4 

Light 

Medium 

3 

2 

Light 

Medium 

3 

2 

Mediu 
mLight 

6 

4 

Average 

Fair 

6 

4 

Good 

Regular 

6 

4 
Bad  1 V. light 1 Lacking 2 Strong 1 Strong 1 V.light 2 Bad 2 Bad 2 
Nill  0 Nill 0 Nill 0 V.strong 0 V.strong 0 Nill 0 Nill 0 Un acc. 0 

 (Abrar and Negussie, 2015). 

 
RESULTS AND DISCUSSION 

 

Analysis of variance   

The analysis of variance revealed that the genotypes 

exhibited significant differences at P<0.05 probability level 

for Aromatic quality and high significant difference at 

P<0.01for flavor and over all cup quality. Non-significant 

differences were observed for astringency, bitterness, 

aromatic intensity, body and acidity. This indicates the 

presence some variability which can be exploited through 

selection and hybridization in order to improve the quality 

of this valuable crop (Table 3). 
 
Table 3: Mean squares of eight organoleptic traits   

Traits  Mean square of  
treatment 

Mean square  of 
Error 

Aromatic intensity   0.24 0.26 
Aromatic quality   0.44* 0.36 
Acidity   0.44 0.27 
Astringency   0.26 0.65 
Bitterness   0.53 0.79 

Body   0.36 0.29 
Flavor   0.47** 0.34 
Overall standard   0.46** 0.26 

** and * represent highly significant (p<0.01) and significant 
differences(P<0.05), respectively. 

 

Phenotypic correlation coefficients  

The value of phenotypic correlation coefficients 

indicated that overall cup quality showed positive and 

highly significant correlation with aromatic intensity, 

aromatic quality, acidity, body and flavor (Table 4). 

Similarly, astringency and bitterness traits exhibited 

positive but non-significant correlation with overall 

quality. Getu (2009) had also reported significant and 
positive phenotypic association among aromatic intensity, 

aromatic quality, acidity, flavor and overall standard.   

 

Genotypic correlation coefficients  

In the present study, the genotypic coefficient of 

correlation was higher than its corresponding value for 

phenotypic correlation, suggesting true inherent 

association among the traits (Table 4). Flavor and overall 

standard had significant and positive association among 

each other and with aromatic quality, acidity and body. The 

significant correlation between overall standard and flavor 
with aromatic quality, acidity and body indicates that these 

highly associated traits are controlled by one major gene. 

Thus, improving one of these traits leads to simultaneous 

improvement of the others. In other words, the positive and 

significant correlation among the most important coffee 

quality traits suggest that coffee accessions with high 

aromatic quality, acidity, body and flavor should be 
selected to improve the overall standard of coffee 

quality.Thus these traits, needs to be considered for indirect 

selection. Yigzaw (2005) has reported highly significant 

correlation among good coffee quality attributes. Abiyot et 

al. (2011),Getu (2009) and Olika et al. (2011) also reported 

positive and highly significant correlation among most 

important quality traits. These authors suggested that 

flavor, overall standard, aromatic quality, acidity and body 

have to be considered in coffee quality improvement 

program.  

 
Path coefficient analysis  

Correlations in genotypic terms were analyzed further 

by path coefficient analysis technique, which involved 

partitioning of the correlation coefficient into direct and 

indirect effects via alternative characters or pathways. 

Overall standard of coffee cup quality, as a complex 

outcome of various traits, was considered to be the resultant 

character. The rest, viz, aromatic intensity, aromatic 

quality, acidity, astringency, bitterness, body and flavor, 

were the casual characters. The estimates of direct and 

indirect effects are presented in Table 5.  

Flavor, which had significant association with overall 
standard (rg =0.837), exhibited the highest direct effect (P 

= 0.557). Besides, it showed high positive indirect effects 

on most characters considered in this study, thus flavor can 

be used as indirect selection criteria to improve the overall 

standard of coffee quality. Therefore, flavor could be 

considered as a major component of selection in a breeding 

program for high coffee quality. Agwanda (1999) 

compared four traits (acidity, body, flavor and overall 

standard) for their suitability as selection criteria for the 

genetic improvement of overall liquor quality. Based on 

correlation, repeatability and sensitivity analysis, flavor 
rating was recommended as the best selection criterion for 

genetic improvement of cup quality in Arabica coffee. The 

present finding partly agrees with the finding of Getu 

(2009), who reported that considering aromatic intensity 

and flavor in direct selection and indirect selection through 

some organoleptic traits would improve the overall 

standard of coffee. Aromatic intensity (P = - 0.088) and 

Astringency (P = 0.044) showed negligible negative direct 

effect on overall quality standard, largely through the 

positive indirect effects of flavor. Thus, simultaneous 

selection for each acidity, aromatic quality and aromatic 

intensity with flavor would be effective to improve the 
overall standard of coffee.  

The genotypic relationship exhibited between dependent 

and independent characters was 76% explained by the 

model. 
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Table 4: Genotypic correlation (above diagonal) and phenotypic correlation( below diagonal)  

Traits  AI AQ Ac AS BI BO Fl OCQ 

AI   0.725** 0.336** 0.395** 0.320** 0.373** 0.337** 0.304** 
AQ  0.710**  0.347** 0.406** 0.306** 0.351** 0.465** 0.420** 
Ac  0.099 0.143*  0.300** 0.18754 0.616** 0.734** 0.755** 
AS  0.583** 0.474** -0.034  0.515** 0.373** 0.376** 0.343** 
BI  0.513** 0.411** -0.109 0.787**  0.308** 0.296** 0.344** 
BO  0.350** 0.315** 0.378** 0.407** 0.380**  0.505** 0.547** 

Fl  0.269** 0.333** 0.653** 0.211** 0.139* 0.396**  0.837** 
OCQ  0.123* 0.198** 0.703** 0.038 0.037 0.453** 0.751**  

 
Table 5: Direct (bold and diagonal) and indirect effects (off diagonal) of genotypic path coefficient of quality attributes on overall 
standard  

Traits  AI AQ AC AS BI BO FI  rg(corr) 

AI  -0.088 0.055 0.100 -0.017 0.042 0.024  0.188 0.304 
AQ  -0.064 0.076 0.104 -0.018 0.040 0.022  0.259 0.420 
Ac  -0.029 0.026 0.299 -0.013 0.025 0.039  0.409 0.755 
AS  -0.035 0.031 0.090 -0.044 0.068 0.024  0.209 0.343 
BI  -0.028 0.023 0.056 -0.023 0.132 0.019  0.165 0.344 
BO  -0.033 0.027 0.184 -0.016 0.041 0.063  0.281 0.547 
Fl  -0.030 0.035 0.220 -0.016 0.039 0.032  0.557 0.837 

Where AI= Aromatic intensity, AQ=Aromatic quality Ac= acidity, AS= Astringency, BI=bitterness, BO= body, Fl= flavor and OCQ= 

overall Cup quality. 

 

Conclusions  
Traits association showed that there is strong 

association among organoleptic coffee quality attributes 

both at phenotypic and genotypic levels. Besides, cause and 

effect interrelationship have also revealed that flavor is the 

most important component of overall coffee quality 

standard as it had a major and pronounced direct effect. 

Hence, showing positive and significant correlation and 

positive direct effect, flavor will be a useful trait for indirect 

selection to improve the overall organoleptic quality of 

coffee. 
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