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The sensory quality of coffee (Coffea arabica L.) has become increasingly important 
and is considered the best way to increase the competitiveness and profitability 
of the sector. Given the narrow genetic base cultivated, the use of its genetic 
resources conserved in germplasm banks is particularly relevant, especially for 
germplasm collected in Ethiopia, the country from which coffee originated and 
the center of its diversity of profiles. However, the potential benefits of using these 
resources is unknown. Therefore, the objective of this study was to characterize 
the sensory quality of the Ethiopian germplasm conserved in the Colombian 
Coffee Collection (CCC) to determine its variability and potential for use. The 
sensory qualities of drinks from 378 accessions of CCC were characterized. The 
results showed that 34% of the accessions evaluated presented sensory descriptors 
different from those of the traditional varieties. For the Global Impression attribute, 
the highest scores were associated with citrus, spice and floral notes. Additionally, 
prospecting rather than the area of origin of the germplasm influenced its sensory 
diversity, possibly due to the established objectives of the collection. The conserved 
germplasm exhibited important sensory variability, which is linked to rare descriptors 
in traditional varieties. Characterization activities of genetic resources, such as 
those conducted in this study, add value and serve as an initial step toward their 
application in breeding. The results obtained allow the selection of genotypes with 
distinct sensory profiles, which can be incorporated into genetic improvement 
programs aimed at developing future varieties with these attributes.

KEYWORDS

genetic resources, plant breeding, coffee organoleptic quality, sensory variability, 
coffee breeding

Introduction

In the coffee market, consumer preferences have changed over time; coffee has transitioned 
from serving as just a stimulating drink to engendering the search for particular characteristics. 
This trend reflects the life cycle of many products, as consumers and producers continue to 
specialize and innovate as the industry matures (Nadelberg et al., 2017). This approach has the 
potential to maintain and improve the economic viability of crops (Nadaleti et al., 2022b), thus 
justifying genetic improvement programs.

Given the narrow genetic base that gives rise to the crop (Salojärvi et al., 2024) obtaining 
significant advances is possible only if genetic diversity is available. In this context, genetic 
availability and knowledge are fundamental (Krieg et al., 2017). In this sense, Ethiopia is the 
center of origin and diversity for Coffea arabica L., which is widely recognized for its quality 
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and diversity of sensory profiles. Furthermore, the genetics and 
contrasting environments where it is produced play important roles 
in its profiles (Davis et al., 2018). The influence of genetics, which is 
of interest for plant breeding, is seen in the Ethiopian genotypes used 
in other regions; while they were initially distributed to meet other 
objectives, they currently stand out for their quality (Dulloo et al., 
2021). Additionally, Ethiopia is widely recognized for producing 
profiles with unique and distinctive flavors, such as Yirgacheffe, where 
intense notes of fruits, nuts, citrus, and chocolate are characteristic 
(Davis et al., 2018).

In Ethiopia, numerous studies have explored the existing sensory 
diversity of its genotypes (Dessalegn et al., 2008; Kitila et al., 2011; 
Tessema et  al., 2011; Merga et  al., 2022) and demonstrated their 
potential. However, in general terms, these studies involve a low 
number of genotypes, and their use is restricted. Other regions also 
have numerous evaluations related to sensory quality at either small 
(di Donfrancesco et  al., 2019; Osorio et  al., 2021) or large scales 
(Quintero et al., 2016; Ogutu et al., 2022); these include the evaluation 
of germplasm collections (Malta et al., 2021; Nadaleti et al., 2022a). In 
these studies, the same narrow genetic base that gives rise to the 
currently cultivated coffee has generally been explored; though 
conclusions indicate that important advances could be  achieved 
through genetic improvement (Nadaleti et al., 2022a), these findings 
may not be significant.

Outside of Ethiopia, diversity is restricted to that conserved in 
germplasm banks, which are made up of accessions from different 
collections; the establishment of these banks was motivated by the 
economic importance of the species and threat of loss (Davis et al., 
2019). The most representative of these banks, in terms of both 
number and origin, were those developed in Ethiopia by the Food and 
Agricultural Organization (FAO) between 1964 and 1965 (Food and 
Agricultural Organization, 1968) and by Office de la Recherche 
Scientifique et Technique Outre-mer (ORSTOM now Institut de 
Recherche pour le Développement - IRD) in 1966 (Charrier, 1978). 
They were distributed to different regions of the world, including 
Colombia (Krishnan et al., 2021), and used to strengthen germplasm 
banks and genetic improvement programs. In Colombia, the genetic 
resources of C. arabica are conserved in the Colombian Coffee 
Collection (CCC), which supports the genetic improvement program 
of the National Coffee Research Center (Cenicafé). The genotypes of 
these surveys have been used for various purposes, thus demonstrating 
their potential; however, their sensory variability has been poorly 
explored, both in Colombia and in other producing countries, possibly 

because of the economic and technical costs involved in carrying out 
such studies (Montagnon et al., 2012).

Considering that quality is a competitive trait of the coffee sector 
and that genetic resources are used as the main tool for this purpose, 
the objective of this study was to sensorially characterize the Ethiopian 
germplasm of C. arabica conserved in the CCC to determine its 
variability and potential use in obtaining varieties.

Materials and methods

Study area

The germplasm of Ethiopian origin preserved in the CCC is 
stablished at the Naranjal Experimental Station of Cenicafé in 
Chinchiná, Colombia, which is located at 04° 59´ N latitude and 75° 
39´ W longitude at an altitude of 1,381 m above sea level. The average 
climatic characteristics are as follows: 21.4°C temperature, 2,782 mm−1 
annual precipitation and 77.5% relative humidity. The experimental 
lots for the characterization of sensory quality in each of the accessions 
were stablished at this same experimental station.

Plant material

For the sensory characterization, samples of 393 Ethiopian 
accessions, which came from the surveys carried out by the FAO (308) 
and ORSTOM (74) between 1,654 and 1966, and other samples (17) 
of probable Ethiopian origin were used (Table 1). According to the 
available passport information obtained from the documents of these 
surveys (Food and Agricultural Organization, 1968; Charrier, 1978), 
the accessions were grouped into eight of the 16 Ethiopian coffee areas 
proposed by Davis et al. (2018).

Experimental design and sample setup

The characterized accessions were established in 10 experimental 
lots under full sun exposure, each represented by between 8 and 16 
plants, obtained from open-pollinated seeds taken from a single 
genotype of each accession. For each of them, the plants were 
distributed in a completely random design within the experimental 
lot. Additionally, within each experimental lot, an equal number of 

TABLE 1 The origins of the samples were classified according to the zoning method proposed by Davis et al. (2018).

Position in Ethiopia Zone Area FAO ORSTOM Total

West Rift Valley

North Amhara 15 15

Southwest

Illubabor 6 2 8

Jimma-Limu 140 3 143

Tepi 48 13 61

Kaffa 43 32 75

Bench Maji 36 18 54

East of the Rift Valley Southeast Sidamo 20 20

Other accessions N/A N/A 17

Total 308 68 393
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plants of the traditional varieties of C. arabica, Typica and/or Bourbon 
were included, which were used as reference controls.

Collection, processing and preparation of 
the sample

The peak harvest of the second and third productive years, 
considered the highest volume, was used to obtain a sample of 
500 grams of dry parchment coffee. In the established plants of 
each accession, between 3 and 4 kilograms of coffee cherries were 
collected that were in grades 5–6 of maturity according to the 
chromacafé® color scale (Peñuela-Martínez et al., 2022). In the 
collected sample, due to density, fruits with filling problems or 
affected by insects were discarded, and the processing was carried 
out wet, starting with the mechanical removal of the exocarp. The 
samples were fermented for 12 to 14 h under the environmental 
conditions of the zone, after which the mucilage was removed 
through 3 or 4 successive washes with clean water. Due to density, 
fruits with filling deficiencies were removed, and fruits with 
mechanical or insect damage were visually separated. The 
samples were placed in parabolic dryers on perforated plastic 
meshes located at least one meter from the ground, allowing 
ventilation. The samples were kept in motion, thus ensuring that 
they dried at the same rate, until a humidity between 10 and 12%, 
which was established through a Kett PM-450 moisture content 
determinator, was reached. The samples were packed in 12-gauge 
plastic bags, sealed and stored in a cold room at 10–12°C and a 
relative humidity between 60 and 70% for 50–60 days prior to 
sensory analysis.

Sensory analysis

Given the volume of samples, the sensory evaluation was carried 
out in five periods, where between 55 and 91 accessions were 
evaluated, comprising accessions collected in at least four geographical 
areas and including at least one of the varieties in all cases as a control. 
Similarly, to guarantee a standardized roasting and preparation 
process for the samples, the methodology described in the Colombian 
Technical Standard (NTC) No. 4883 was used (Instituto Colombiano 
de Normas Técnicas y Certificación, 2000). The analysis was carried 
out by the Quality Office of Almacafé in Bogotá (Colombia), which 
assesses quality through the use of an ascending ordinal scale from 
degrees 0 to 10 in intervals of 0.5, where the typical assessment for 
Colombian coffee is located in the center of the scale (5–6.5). Nine 
sensory attributes were assessed: Fragrance/Aroma (Frag/Arom), 
Flavor (Fla), Residual Flavor (ResFla), Acidity (Acid), Body (Bod), 
Balance (Bal), Uniformity (Uni), Clean Cup (CleCup) and Sweetness 
(Swe). Unlike other evaluation scales used, where the sum of the 
scores obtained for each attribute defines its quality, in this scale, a 
tenth attribute is assigned by the taster, called Global Impression 
(GloImp), which takes into account all the sensory characteristics and 
attempts to summarize the potential for quality. Each evaluation 
session was carried out by at least three certified Q-Grader tasters, 
where the median was used for the final qualification of the sample for 
each of the attributes. Additionally, a sensory descriptor was assigned 
for the attributes Frag/Arom, Fla. and ResFla, as well as for the GloImp.

Information analysis

The accessions that obtained GloImp scores lower than 4 were not 
included in the analysis since, at the scale used, they generally reflect 
the possible presence of defects (e.g., immature). The quality values 
assigned to each of the attributes were used to determine the sensory 
variability of the Ethiopian germplasm through the K-means 
clustering method. This method was defined based on a comparative 
analysis of clustering methods (Hierarchical, K-means, and 
Partitioning Around Medoids, PAM) utilizing the clValid function in 
R. To ensure comparability between variables, the data were scaled in 
advance using the scale function. The range of cluster numbers 
evaluated was from 2 to 10, and both stability criteria and internal 
indices were employed to validate the quality of the clusters. The most 
appropriate clustering method was determined using the summary() 
function, based on the data structure.

Using this groups, heat maps were generate with the 10 sensory 
attributes, identifying associations between clusters and descriptors 
for the attributes of Frag/Arom, Fla., ResFla and GloImp. Additionally, 
a simple correspondence analysis (SCA) was performed using PROC 
CORRESP in SAS V9.4 to explore the relationship between the 
categorical variables of GloImp and Main Group, as well Frag/Arom 
and Main Group. The variable Area was include as a supplementary 
variable, allowing it to be  projected in the correspondence space 
without affecting the construction of the main dimensions. The 
analysis included the calculation of the chi-squared statistic to evaluate 
the significance of the associations observed between the categories of 
the variables.

Results

Sensory quality

The characterization carried out allowed us to determine the 
existing sensory variability in the Ethiopian germplasm conserved in 
the CCC, from the points of view of both quality assessment and 
associated descriptors. The control varieties Typical and/or Bourbon 
presented values within the range associated with the standard quality 
(5.0–6.5) for the scale used for all attributes, so the variation due to the 
time of establishment, environmental condition or management was 
not taken into account. This process enabled the sensory results 
obtained from the evaluated accessions to be compared. Similarly, 5% 
of the accessions presented GloImp values lower than four, possibly 
due to defects caused by deficiencies in the production and preparation 
process prior to their analysis. Due to the impossibility of associating 
the presence of this type of descriptor with the experimental 
management or characteristics of the accession, they were withdrawn 
from the analysis. The results of the characterization of 378 accessions 
are shown.

According to the scores of the quality sensory variables, the 
accessions were grouped into six quality clusters (Figure 1) where 
according to the evaluation scale used, cluster VI had a direct 
relationship with GloImp, an attribute utilized by the tasters to 
summarize the sensory potential of a particular genotype.

Among the formed clusters, an increase in the ratings for the 
attributes Fla., ResFla, Bod, Bal, CleCup, Swe, and GloImp is observed. 
In the case of the attributes Acid and Uni, the values did not change 
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between clusters IV and II, and I and VI, respectively, while between 
clusters II and I, the values for Frag/Arom attribute exhibited and 
inverse behavior (Table 2).

Cluster V comprised 77% of the accessions that, according to 
their GloImp, were considered poor quality or lower than the 
standard of Colombian coffee, and two that, despite being 
classified as such, presented a low rating in the Frag/Arom 
attribute. Clusters III and IV accounted for 53% of the accessions 
evaluated, including the control varieties, with GloImp values 
between 5.0 and 6.5, a range considered standard for Colombian 
coffee. Clusters II, I and VI, made up 33.5% of the accessions, 
representing, in this order, the highest sensory values observed in 
the germplasm. These values were differentiated from each other 
by the valuations of some of their attributes. The genotypes in 
cluster II presented high values of the Frag/Arom attribute (46% 
≥7), which was greater than that observed for the control varieties; 

however, the values in GloImp (82%) were slightly greater than 
the considered standard.

Clusters I and VI include accesions considered to have the highest 
sensory value; however, they are mainly differentiated by the Frag/
Arom attribute. While accessions in cluster VI show high qualifications 
for this attribute, those in cluster I exhibit scores comparable to those 
of cluster V, which is regarded as of lower quality. Figure 2 illustrates 
the differences among the quality clusters established for each of the 
attributes evaluated. A color scale with a hue toward red indicates 
lower scores for the different attributes, while tones toward yellow 
indicate higher scores.

The sensory information obtained revealed greater variability in 
the accessions collected by the FAO survey than in those collected by 
the ORSTOM survey for two fundamental reasons: the distribution of 
the accessions in the clusters and the contribution of the collection 
areas to their conformation (Table 3).

FIGURE 1

Distribution of the 378 accessions conserved in the Colombian Coffee Collection in six quality clusters according to the values assigned to the ten 
analyzed attributes. The sensory value increases from left to right.

TABLE 2 Distribution of accessions for each established cluster and higher frequency of quality assessments (> 50%) for each of the attributes.

Cluster N. 
Accessions

Assessment in each common attribute for at least 50% of the accessions

Frag/
Arom

Fla ResFla Acid Bod Bal Uni CleCup Swe GloImp

V 51 4.5–5.0 4.0–4.5 4.0–4.5 4.5–5.0 4.0–4.5 4.0–4.5 4.5–5.0 4.0–4.5 4.5–5.0 4.0–4.5

III 104 5.0–5.5 5.0–5.5 4.5–5.0 5.0–5.5 4.5–5.0 5.0–5.5 5.0–5.5 4.5–5.0 5.0–5.5 5.0–5.5

IV 96 5.0–5.5 5.5–6.0 5.5–6.0 5.5–6.0 5.0–5.5 5.5–6.0 5.5–6.0 5.5–6.0 5.5–6.0 5.5–6.0

II 84 6.5–8.0 6.0–6.5 6.0–6.5 5.5–6.0 6.0–6.5 6.0–6.5 6.5–7.0 6.0–6.5 6.0–6.5 6.5–7.0

I 21 4.5–5.5 7.0–7.5 7.0–7.5 6.5–7.0 6.5–7.0 6.5–7.0 7.0–8.0 6.5–7.0 6.5–7.0 7.5–8.0

VI 22 8.0–8.5 8.0–8.5 8.0–8.5 7.5–8.0 7.5–8.0 8.0–8.5 7.5–8.0 7.5–8.0 7.0–7.5 8.0–8.5
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First, the accessions from the FAO survey contributed to all the 
established clusters, with the lowest percentages being for clusters 
I and VI, both of which were less than 7.2%, while for the others, the 
percentages were between 16.6% (V) and 27.6% (III). In the case of 
the accessions collected by the ORSTOM survey, cluster I was not 
represented, while clusters V and VI comprised 7% of the accessions. 
Meanwhile 69.4% were distributed between clusters III and IV, 
representing the standard quality.

Second, for the four common collection areas with the 
highest representation in both surveys (Bench Maji, Jimma Limu, 
Kaffa and Tepi), those of FAO origin contributed to the different 
quality clusters, except for Tepi, which did not present accessions 
in cluster VI. According to the ORSTOM survey, these areas 
contributed to four of the six clusters. Kaffa, with accessions in 
III, IV, II and VI, was the only area contributing to the latter, 
while Bench Maji and Tepi were distributed across clusters V, III, 
IV and II. In addition, the accessions of unknown origin 
contributed to the formation of three of the six clusters; cluster 

II represented 56% of these accessions. Ethiopian germplasm 
(singular) demonstrate quality potential, as they are the most 
important ones collected by the FAO, not only because of their 
numbers but also because of the sensory diversity observed in the 
different collection regions.

Descriptors and their relationship with 
sensory quality

Eleven descriptors (cereal, herbal, nuts, chocolate, sweet, fruits, 
spices, citrus, floral, bitter, defect) were highlighted among the 
attributes Frag/Arom, Fla., ResFla and GloImp in the Ethiopian 
germplasm. Regarding the first attribute, the descriptors chocolate, 
sweet and floral were common in 87% of the accessions, while in Fla., 
ResFla and GloImp, the descriptors that were presented with greater 
frequency were sweet, citrus, floral and herbal, which were present in 
84% of the accessions. Figure 3 shows the relative frequency of the 

FIGURE 2

Heatmap with the values assigned to ten sensory attributes for the six clusters associated with the sensory qualities of the 378 Ethiopian accessions. 
The control varieties Typica and Bourbon are located within clusters III and IV.
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characteristic descriptors of the accessions that make up the quality 
clusters for the Frag/Arom (Figure  3A) and GloImp (Figure  3B) 
attributes.

For the Frag/Arom attribute, the chocolate descriptor had a strong 
presence in five of the six clusters, absent only in cluster VI, which 
comprises the accessions with the highest sensory qualification in all 
attributes (≥7). In addition, this cluster was characterized by a high 
frequency of floral descriptors, which was highlighted in 86% of the 
accessions, while the other descriptors presented frequencies below 
5%. The descriptors cereals, herbal, fruits and spices were infrequent 
and were the most common only for the clusters with lower valuations 
(V, III, IV), while the last descriptor slightly grew in frequency with 

the quality associated with the cluster, increasing from 2% in cluster 
V to 8% in cluster II.

For the descriptors associated with the GloImp attribute, eight of the 
ten descriptors were distributed in all the clusters; the characteristic bitter, 
cereal, defect and herbal descriptors were distributed in clusters V and III, 
while in the other clusters, they were found at a low frequency. The sweet 
descriptor, highlighted in the control varieties, presented its highest 
frequency in the cluster III and IV and in cluster I, where it was 
highlighted in at least one-third of the accessions that comprised it. 
Similarly, just as the descriptors bitter, cereal and herbal were common in 
the accessions of clusters V and III, the absence of the descriptor chocolate 
and the presence of floral were characteristic of clusters II, I and VI.

TABLE 3 Relative frequencies of accessions within each sensory quality cluster according to the survey and collection area.

Prospecting Area Quality clusters % Participation

V III IV II I VI

FAO

Amhara 28.6% 28.6% 42.9% 4.8%

Bench Maji 6.1% 36.4% 27.3% 18.2% 6.1% 6.1% 11.4%

Illubabor 33.3% 16.7% 33.3% 16.7% 2.1%

Jimma-Limu 22.5% 23.3% 17.1% 19.4% 7.8% 10.1% 44.5%

Kaffa 14.3% 26.2% 21.4% 21.4% 7.1% 9.5% 14.5%

Tepi 8.3% 37.5% 31.3% 16.7% 6.3% 16.6%

Sidamo 38.9% 16.7% 16.7% 11.1% 16.7% 6.2%

Total 16.6% 27.6% 21.7% 20.0% 7.2% 6.9% 76.7%

ORSTOM

Bench Maji 4.5% 36.4% 36.4% 22.7% 30.6%

Illubabor 50.0% 50.0% 2.8%

Jimma-Limu 66.7% 33.3% 4.2%

Kaffa 19.4% 41.9% 32.3% 6.5% 43.1%

Tepi 14.3% 35.7% 42.9% 7.1% 19.4%

Total 4.2% 27.8% 41.7% 23.6% 2.8% 19.1%

Other Unknown 25.0% 18.8% 56.3% 4.2%

Grand total 13.5% 27.5% 25.4% 22.2% 5.6% 5.8% 100%

FIGURE 3

Relative frequency for eleven descriptors in the six quality clusters established for attributes (A). Frag/Arom (cereal, herbal, nuts, chocolate, sweet, fruits, 
spices, citrus, floral) and (B) GloImp (bitter, cereal, defect, herbal, chocolate, fruits, citrus, sweet, spices, floral).
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The simple correspondence analysis performed showed a 
dependence between the established quality clusters and the 
presence of descriptors for the attributes to which they were 
assigned (p = 0.001). Figure 4 shows the correspondence between 
the Frag/Arom attribute and the quality clusters, in which the 
collection area was included as a complementary variable. For this 
attribute, the first two dimensions explained 93.1% of the 
variation, the first being the one with the greatest contribution 
(85%), where the absence of the floral and chocolate descriptors 
in the accessions associated with clusters V and VI, respectively, 
was the most important. Regarding the second dimension, the 
differences between the accessions that make up clusters V and IV 
contribute to their formation. The latter represents the 
intermediate step between descriptors associated with the 
contrasting clusters, in which the frequency of descriptors such as 
chocolate and cereal decreases, and the greatest presence of sweet 
is presented, while descriptors such as spices and floral also appear. 
The results of the correspondence analysis confirm what is 
observed in Figures 3A,B.

Of the areas of provenance that were included as complementary 
variables in the correspondence analysis, only Sidamo presented a 
representation quality of less than 40%. In the first dimension, 
Amhara, Tepi and the control varieties of American origin were 
placed, where Amhara tends to be related to clusters of greater sensory 
value and the prevalence of the floral descriptor. For Tepi, despite the 
diversity observed, the frequency in clusters III and IV and the 
prevalence of the sweet descriptor placed these clusters next to the 
American origin, where these two aspects are characteristic.

In the second dimension, the Kaffa, Jimma-Limu and Bench 
Maji areas were present; Kaffa and Jimma-Limu were opposite from 

Bench Maji, which was located next to the unknown origin. The 
Kaffa and Jimma-Limu areas were characterized by their variability, 
which contributed to the formation of clusters, especially those of 
higher quality (II, I, VI), as well as the main descriptors associated 
with them. On the other hand, the diversity of quality for the Bech 
Maji area is similar to that of Kaffa or Jimma-Limu; however, it 
differs from these due to the prevalence of the sweet descriptor and 
also differs from those of unknown origin. Thus, Bech Maji is 
located opposite to Kaffa and Jimma-Limu and close to the 
American origin.

Notably, for Frag/Arom, there is a strong presence of the sweet 
and chocolate descriptors in all the clusters, which hinders their 
separation; for GloImp, there is a greater association (Figure 5). The 
first two dimensions of the correspondence analysis between the 
quality clusters and the descriptors assigned to the GloImp platform 
explained 86.7% of inertia. Clusters V and II have the greatest 
contribution to the formation of the first dimension, along with seven 
of the ten prevalent descriptors in the characterized germplasm. In 
cluster V, the descriptors bitter and defect were present, the former 
having greatest relevance due to its presence in at least 5.3% of the 
accessions and 20% of the frequency in this cluster. Cluster II was 
located at the extreme right of the first dimension, linked to the 
descriptor spices, which was highlighted in only 15% of the accessions 
that comprised it, representing 40% of the total.

The other descriptors, located to the left and right of the first 
dimension, are associated with the sensory attributes of the clusters 
(as shown in Figure 1), resulting from the strong presence of chocolate 
and herbal cereal compared to other descriptors such as citrus and 
spices. In this sense, although the sweet and floral descriptors are part 
of this step, they contribute to separating the clusters related to 

FIGURE 4

Representation of the descriptors associated with the sensory assessment of 378 accessions for the Frag/Arom attribute generated by simple 
correspondence analysis and its relationship with the collection area.
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standard quality (III, IV) and those with the highest sensory value (I, 
VI), respectively.

In the case of the provenance area, the quality of representation in 
the correspondence analysis was less than 0.27 for Illubabor, Sidamo 
and the area of unknown origin, while in the other areas, it was greater 
than 0.44. In this sense, for the Frag/Arom attribute, none of the 
attributes were associated with a higher prevalence of defects or with 
cluster V, which has the lowest sensory value of all the clusters. For the 
accessions from Amhara, although approximately 60% are within the 
clusters that comprise the standard quality (III, IV), the prevalence of 
descriptors such as floral or spices places it in the first dimension, 
suggesting a higher quality in the accessions of this area.

The control varieties, with sweet as the only highlighted descriptor, 
are located at the lower end of the second dimension, near the Bench 
Maji and Tepi areas. Unlike the former, these regions are particularly 
varied in terms of descriptors (seven and ten, respectively); however, 
with the sweet descriptor as the most prevalent, and because 
approximately 70% of the accessions are within clusters III and IV, 
their proximity to this origin can be explained. Furthermore, the areas 
of Kaffa and Jimma-Limu are far from these regions, especially due to 
the lower proportion of the sweet descriptor (20 and 29%, respectively)
and their greater contributions to clusters II and VI.

The results of the characterization of the sensory quality of the 
Ethiopian accessions conserved in the CCC indicate the existence of 
diversity. Although there are numerous related studies, this work is the 
first to cover on a large scale the germplasm of Ethiopian origin 
available in different gene banks worldwide. Undoubtedly, the 
information obtained will aid in genetic improvement programs for 
this species to obtain varieties with specific profiles, which are 
important in today’s demanding market characterized by diverse tastes.

Discussion

The coffee market has evolved over time, and its sensory quality 
has become increasingly important (Nadelberg et al., 2017). The use 
of the approach described in this study offers a path for potentially 
maintaining and possibly improving the economic viability of crops 
(Nadaleti et al., 2022a, 2022b). Thus, at present, this aspect has gained 
importance in genetic improvement programs. In this sense, the 
variability of profiles that Ethiopian coffee possesses has given it 
recognition, as its genetics play an important role (Davis et al., 2018). 
Outside of Ethiopia, ex situ germplasm from this provenance 
represents the greatest opportunity for significant advances in sensory 
quality through plant breeding (Montagnon et al., 2012). Therefore, 
further exploration is necessary. The results presented here confirm 
this fact, which is unprecedented due to two fundamental aspects: the 
origin and number of genotypes. First, germplasms collected by the 
FAO (Food and Agricultural Organization, 1968) and ORSTOM 
(Charrier, 1978) in Ethiopia between 1964 and 1966, which arrived in 
Colombia as duplicates sent from Costa Rica by CATIE and Cameroon 
by the IFCC, respectively, were characterized. Although these 
genotypes are conserved in different research centers in Latin 
America, Africa and Asia (Food and Agricultural Organization, 1968; 
Krishnan et al., 2021), where they have been evaluated and used by 
various genetic improvement programs, knowledge related to their 
sensory variability is limited. Additionally, this is the first time that 
sensory quality information has been collected from a considerable 
number of accessions, considering the economic and technical costs 
of this technique (Montagnon et al., 2012).

Notably, for the estimation of sensory quality, there is consensus 
on the role of external factors such as ecological conditions of the area 

FIGURE 5

Representation of the descriptors associated with the sensory assessment of 378 accessions for the GloImp attribute generated by simple 
correspondence analysis and its relationship with the collection area.
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and agronomic practices of the crop (di Donfrancesco et al., 2019) in 
either positively or negatively affecting different sensory attributes. For 
the accessions evaluated, this variation factor was reduced to the 
minimum possible by using a single environment and uniform plant 
age, sampling, preparation and processing, which was reflected by the 
grouping of the control varieties in clusters III and IV in the different 
evaluation periods. These methods are useful for multiple experiments 
(Forkman, 2013), including the sensory characterization of coffee 
(Nadaleti et al., 2022a), since their genetic uniformity infers that any 
variation is considered to be environmental. Similarly, although 5% of 
the accessions presented descriptors associated with defects, the low 
qualification in some of them may possibly be a consequence of their 
genetics rather than management deficiencies, a fact reflected in those 
genotypes of lower quality but not associated with this type 
of descriptor.

Numerous sensory quality studies have been conducted in 
various countries, including Ethiopia (Dessalegn et al., 2008; Kitila 
et al., 2011; Tessema et al., 2011; Merga et al., 2022). However, in 
general, few genotypes are used, some of which are exclusive to 
certain research centers or belong to the narrow genetic base 
cultivated (di Donfrancesco et al., 2019; Malta et al., 2021; Nadaleti 
et al., 2022b). One of the greatest difficulties in making comparisons 
among sensory results is related to the different scales used, where 
each actor uses their own methods (Montagnon et  al., 2012). 
However, all of these methods include ranges for the control 
varieties, above which the sensory values can be considered high. 
Thus, the sensory characterization carried out in this study revealed 
both the variability of the conserved germplasm and its potential for 
use, given the identification of superior and/or contrasting 
genotypes according to the established clusters, consistent with 
existing reports (Tessema et al., 2011; Merga et al., 2022). Of the 
accessions characterized, fewer than 14% presented lower quality 
than expected for Colombian coffee, while one-third obtained 
higher grades, frequently associated with unusual descriptors. In 
this sense, the proportion of accessions identified as having high 
sensory value is important since different studies have shown that 
their frequency is generally low. For the largest coffee region in 
Colombia (Osorio et  al., 2021), fewer than 3% of the samples 
analyzed were outstanding for their quality, similar to that observed 
in Ethiopia by Kitila et al. (2011) and Merga et al. (2022). Within the 
Germplasm Collection of the State of Minas Gerais, Nadaleti et al. 
(2022a) selected 10% of accessions for high-quality evaluations. In 
their study, although the Ethiopian germplasm was evaluated, the 
selected genotypes belong to the genetic base that includes the 
traditional or rust-resistant varieties, of which only five cases are of 
Ethiopian origin.

The quality of coffee can be approached from different points of 
view, as the characteristics sought by the consumer may differ from 
those offered by the industry (Giacalone et al., 2016). In this regard, 
when sensory diversity has been evaluated, most studies have limited 
themselves to assessing the attributes, while the descriptors have not 
been included. These are of great importance since in coffee, aromatic 
components are particularly important because they are the first point 
of contact in the sensory experience, followed by taste, as a driver of 
consumer preferences (Bhumiratana et al., 2011; Masi et al., 2013). 
Based on the frequencies of the descriptors assigned to the Frag/Arom 
and GloImp attributes and their relationships with the established 
clusters, cup quality cannot be qualified by only one of them. In this 

sense, fragrance and aroma are the first attributes perceived by 
consumers in the drink, and the presence of some descriptors may 
present a bias toward the general rating, either negatively (herbal) or 
positively (floral). In this regard, although the absence of intermediate 
ratings on the Frag/Arom scale suggest the possibility of differentiating 
clusters that group genotypes with higher sensory potential, the 
characteristics of cluster I highlight the need to consider all attributes. 
Outside of Ethiopia, traditional varieties and improved varieties 
belonging to the same genetic base have been characterized by the 
prevalence of the descriptors sweet or chocolate (Quintero et al., 2016; 
Osorio et al., 2021; Nadaleti et al., 2022b). In contrast, Ethiopian coffee 
presents a unique opportunity due to the plurality of descriptors 
presented. In some regions the presence of specific descriptors is 
indicated, such as citrus in Amhara or floral in Jimma-Limu, which is 
consistent in that perhaps the latter is the most common for Ethiopian 
coffee (Davis et al., 2018). This fact draws attention, since 40% of the 
accessions included the presence of these descriptors in all the quality 
clusters, which could indicate their independence from the 
environment and therefore their heritability. Thus, this attribute could 
possibly be intrinsic to their genetic makeup (Machado et al., 2022).

On the other hand, the southwest area of the Rift Valley has been 
proposed as the possible origin of C. arabica and, therefore, where 
the greatest diversity can be found (Montagnon and Bouharmont, 
1996; Davis et al., 2018; Montagnon et al., 2022). In this study, this 
behavior was not detected, possibly due to the low representation of 
accessions outside this area (Sidamo, Amhara). In general, all 
Ethiopian provenances of the characterized germplasms, including 
Sidamo, where wild coffee may have been eliminated (Montagnon 
and Bouharmont, 1996), contributed to the formation of the 
different clusters. However, prospecting played a clear role in 
variability, measured as the contribution to the different clusters, 
which can be found for common collection regions. In this sense, 
the accessions collected by the FAO survey contributed to each of 
the clusters, accounting for 93.1% of the accessions in clusters III, IV 
and II, while those from ORSTOM did not. According to these 
surveys, the FAO mission was formed by an interdisciplinary team 
that tried to collect the greatest available diversity of C. arabica 
(Food and Agricultural Organization, 1968), a fact that was reflected 
in its morphology (Narasimhaswamy, 1965), and as this study shows, 
the sensory variability of the drink. The opposite happens to the 
ORSTOM Mission, carried out by the botanists Guillaumet & Hallé 
(Charrier, 1978) who, despite going to areas considered to have 
greater diversity (southwest of the Rift Valley), wanted to select 
genotypes with greater agronomic potential for direct use, with 
possible adaptation to lowlands where coffee rust was a limitation 
(Charrier, 1978). Therefore, the lower sensory variability observed 
may be a consequence of the collection objectives. The bias toward 
genotypes of greater agronomic interest indirectly decreased their 
sensory variability, although, notably, this characteristic was not a 
variable of interest at that time. Similarly, although in the short 
period of species domestication, the quality of the drink may not 
be a strong selection criterion, the sweet descriptor was possibly 
related to this process. Sensory analyses of cultivated varieties 
(Quintero et al., 2016; Osorio et al., 2021; Nadaleti et al., 2022a) 
revealed that it was the most common, and in this study, among the 
genotypes with some degree of selection and origins labeled as 
unknown. In addition, 51% of the accessions from the ORSTOM 
survey presented this descriptor, compared to 26% from the FAO 
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survey. Similarly, although the passport information for the 
accessions of these collections indicates their possible conditions 
(cultivated, “wild,” “semiwild”), it was not possible to establish this 
association with the quality or behavior described. In this regard, 
curiously, most of the accessions collected by ORSTOM were 
designated as “wild” or “possibly wild” in origin, which is not 
consistent with the results observed here, although they were 
collected from some type of plantation (Charrier, 1978). In turn, the 
FAO survey indicated that 33% were cultivated (Food and 
Agricultural Organization, 1968), but they were not associated with 
a specific cluster or descriptor, and were as equally diverse as those 
established as “wild.” Furthermore, importantly, the surveys to 
collect the genetic resources of coffee were motivated by the 
knowledge of the narrow genetic base that gave rise to the cultivation 
and rapid destruction of primary forests in Ethiopia (Food and 
Agricultural Organization, 1968). This process likely partially 
eliminated the wild genotypes of the species (Montagnon and 
Bouharmont, 1996). In addition, true populations were possibly 
confined to small areas where the primary forest still remains, 
adding to the difficulty of its recognition (Charrier, 1978). Therefore, 
the information recorded in the passport of each accession may 
potentially not reflect its true condition; however, morphological 
selection toward traits of agronomic interest did play an important 
role in its variability.

Two of the Ethiopian provenances of the conserved germplasm 
stand out, particularly for their history: Bench Maji and Sidamo. The 
first is located in the Geisha district, from which the most recognized 
Ethiopian genotype worldwide was identified (Davis et al., 2018); 
this genotype was collected at the beginning of the 19th century 
(Pruvot-Woehl et  al., 2020). In the midst of material exchanges 
between research centers and the need for resistance to coffee rust, 
it was introduced to different countries, including Panama, where it 
developed excellent organoleptic characteristics (Dulloo et  al., 
2021). This genotype stands out for its jasmine and fruits and for its 
sweetness (Davis et al., 2018). In turn, Sidamo does not stand out for 
a particular genotype, such as Bench Maji, but for including 
Yirgacheffe, one of the areas most recognized for producing coffee 
with a unique and distinctive flavor profile, frequently highlighted 
as “Yirgacheffe flavor” (Davis et  al., 2018). In this study, the 
accessions from Bench Maji were distributed in all the quality 
clusters; sweet descriptors were the most frequent. Moreover, despite 
the lower representation of Sidamo (18 accessions), its accessions 
were distributed in five of the six established clusters, with the 
greatest contribution in cluster V (40%), where it was the only origin 
that presented a floral descriptor in this cluster.

Faced with a risk of loss (Davis et al., 2019), the conservation of 
coffee genetic resources both in situ and ex situ is highly relevant 
since these resources are tools for providing a solution to the current 
and potential needs of the species via plant breeding. The genetic 
diversity of C. arabica in Ethiopia has been widely recognized 
(Montagnon et al., 2022); however, knowledge of its diversity, which 
is useful for improvement, has practical value. To fulfill this purpose, 
characterization and evaluation activities, such as those carried out 
in this study, are of particular relevance for defining its use, thus 
adding value to its conservation. The sensory variability identified 
in the conserved Ethiopian germplasm can contribute to the well-
being of coffee growers, with quality being a key factor for their 
competitiveness. In this sense, species that may be useful for this 

purpose have been described in the secondary gene pool (Davis 
et al., 2021; Bertrand et al., 2023). Their exploitation requires long 
and complex improvement schemes; furthermore, in addition to the 
limitations of their direct use, these species may detract from an 
overall interest in coffee. In contrast, the use of the Ethiopian 
germplasm, for which sensory variability is being explored for the 
first time, shows potential and could be  used directly by coffee 
growers, as has been done with others from the same origin (e.g., 
Geisha). However, its limitations, such as susceptibility to diseases, 
plant arquitecture, low productivity, and lower physical bean quality, 
among others, restrict its use. For this reason, evaluations of other 
agronomic attributes that complement sensory quality are being 
conducted, so they can be  used as selection criteria for 
breeding programs.
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