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Coffee the backbone of Ethiopian economy; nonetheless, productivity and quality have remained very 
low. Among others, improper postharvest processing largely contributes to the decline of coffee 
quality. Yet, there is limited effort exerted to optimize postharvest processing to improve Ethiopian 
coffee quality. Thus, this study was conducted to determine effects of sun drying methods, variety and 
cherry drying layer thickness on coffee quality at Gomma I, Jimma, Ethiopia. The experiment was laid 
out in 3 × 3 × 4 Split-Split-plot arrangement using CRD with three replications from September to 
December, 2010. The factors comprised of three drying materials (bricks floor, raised beds with bamboo 
mats and mesh wires) as main-plots; three coffee varieties (744, 74110 and 744+74110) as sub-plots; 
and four levels of cherry layer thicknesses (20; 30; 40 kg/m

2
-uniformly spread and the farmers’ 

conventional practices of spreading 40kg/m
2
) as sub-sub plot treatments. Data were analyzed using 

SAS version 9.2 and means were separated using least significant differences (LSD). As per the 
findings, the interaction effects were highly significant (P≤0.01) for total coffee quality and significant 
variations were observed (P≤0.05) for drying period, total raw quality, total cup quality and coffee 
grades. Coffee drying on raised beds using layer thickness of 20 to 30 kg/m

2
 produced best quality 

coffee, regarded as “Specialty Grade 1 and 2” profiled under grade 2. While, conventional systems 
produced low quality coffee identified as commercial grade profiled under grade 3 to 4. Hence, specialty 
coffee can produced using appropriate dry processing approaches.  
 
Key words: Coffee, drying method, layer thickness and quality. 

 
 
INTRODUCTION 
 
Ethiopia is the original home of Coffea arabica L., and 
thus, possesses the largest diversity in coffee genetic 
resources (Mayne et al., 2002; Girma, 2003). It is largely 
depends on coffee as a major earner of foreign currency. 
It accounted on average for about 5% of Gross Domestic 
Product (GDP), 10% of Total Agricultural Production and  
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41% of Total Export Earnings for the past few years 
(Worako et al., 2008). Over 25% of the Ethiopia 
population depends on coffee for its livelihood (Oxfam, 
2002; IMF, 2006). The bulk of C. arabica is produced in 
the eastern, southern and western parts of Ethiopia 
(Aklilu and Ludi, 2010). The total area coverage of coffee 
in Ethiopia is estimated to be around 800,000ha of which 
about 95% is produced by 1.2million small scale farmers. 
Currently, Ethiopia exports 170,000 tons and has a 
domestic consumption is estimated to be about  50%  of  
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the total production (Esayas, 2009; Aklilu and Ludi, 
2010). Coffee processing in Ethiopia is executed by both 
dry and wet processing methods, of which sun drying is 
widely practices by farmers and hence it accounts for 
71% of the total while washed coffee preparation 
accounts 29% (Musebe et al., 2007). 

Jimma zone is one of the major coffee producing areas 
with about 105,140ha of land covered with coffee and it 
contributes 27% of the country’s export coffee and 43% 
export share of Oromia region (Desse, 2008). However, 
Jimma area coffee is the least priced coffee as compared 
to the other origins its mainly because of inappropriate 
processing methods. About 48% of producers spread 
their coffee on the ground while 49.5% of them dry the 
crop on raised drying beds using either bamboo mats or 
wire meshes and only 2.5% dry on cemented/bricks 
floors (Musebe et al., 2007).  

Regardless of the importance of the crop, poor post-
harvest processing techniques largely contribute to the 
decline in coffee quality (Bayetta et al., 1998; Behailu et 
al., 2008). Poor post-harvest operations, such as mixed 
drying and undesirable layer thickness of coffee upon 
drying and heaping of coffee before drying favor the 
development of fungus and bacteria which inevitably 
cause quality deterioration. In general, the traditional 
processing practices employed by producers have 
imparted a negative impact on Ethiopian coffee quality 
(Behailu et al., 2008; CAB International, 2009). So far, 
few research attempts have been made to optimize with 
regard to fermentation, drying depth and time of storage 
for wet processing of coffee (Behailu et al., 2008). 
However, post-harvest processing of unwashed coffee at 
field level has received only a limited attention of 
researchers. This calls for a concerted effort to identify 
post-harvest practices for sun drying of coffee to come up 
with technical recommendations to ensure premium 
coffee quality. Therefore, this experiment was carried out 
to determine the effects of sun drying methods, variety 
and cherry drying layer thickness on quality of Arabica 
coffee under Gomma-I area, Jimma zone. 
 
 
MATERIALS AND METHODS 
 
Description of the study area 
 
The experiment was carried out at state owned Limmu 
Coffee Plantation Enterprise (LCPE) at Gomma wereda, 
Jimma zone located at 7°

 
59

’
N & 36°42’E. The farm lies 

at 1500m.a.s.l. and average maximum and minimum 
temperature of 28°C and 14°C, respectively with an 
annual average rainfall of 1143 mm.  
 
 
Experimental Design and Treatments  
 
The experiment consisted of three factors, namely, drying  

 
 
 
 
method (bricks floor, raised bed with bamboo mats and 
raised bed with mesh wire), three coffee variety (744, 
74110 and their mixture 744+74110 to simulate actual 
farmers practice) and four cherry layer thickness (with the 
cherry weight of 20, 30 and 40 kg/m

2
 uniformly treated 

and the farmers conventional practices of mixed drying of 
different days’ harvest (40 kg/m

2
) arranged in 3 × 3 × 4 

Split-Split-plot design in CRD arrangement with three 
replications (Poduska, 2008). Drying materials were 
assigned as main plots, coffee varieties as sub plots and 
cherry layer thicknesses as sub-sub plot treatments.  
 
 
Data collection and quality analysis 
 
Clean coffee bean sample of 500g was taken from each 
treatment combination based on sampling procedure set 
by Ethiopian standard (ESBN 8.001) and (MoA), which is 
on the basis of drawing 3kg per 10 tons. Representative 
samples were drawn and laboratory size samples were 
prepared from bulk samples. The quality analysis was 
carried out from March 11 to April 18, 2011. Green bean 
physical and cup quality characteristics were evaluated 
by three Q certified professional coffee tasters. Data for 
the physical and organoleptic analysis were taken from 
350g green coffee sample with optimum moisture content 
(11.5%). These include: days to drying(days), total raw 
quality (Primary defect (count) (15%), Secondary defect 
(weight) (15%) and Odor (10%)), total cup quality (Cup 
cleanness (15%), Acidity (15%), Body (15%), and flavor 
(15%)), total quality (Sum total of both physical and 
organoleptic quality: 90-100=Outstanding specialties, 85-
89.99= Excellent Specialties, 80-84.99=Very Good 
specialties and <80.0= Below Specialty coffee quality 
(Not Specialty) and grading (Grade 1=91-100; Grade 
2=81-90; Grade 3=71-80; Grade 4=63-70; Grade 5=58-
62; Grade 6=50-57; Grade 7=40-49; Grade 8=31-39; 
Grade 9=20-30; Under Grade=15-19) (ECX, 2009). 
Finally, quality analysis was conducted at Oromia Coffee 
Farmers Cooperative Union (OCFCU) coffee cupping 
laboratory in Addis Ababa.  
 
 
Data analysis 
 
Data were checked for normality and subjected to 
Analysis of Variance (ANOVA) using SAS statistical 
software (version 9.2). Significant means were separated 
using Least Significant Difference (LSD) at 5% and 1% 
level of significance (Gomez and Gomez, 1984). 
 
  
RESULTS AND DISCUSSION 
 
Days to drying  
 
Coffee dried on raised bed covered with mesh  wire  took  
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Figure 1. Effect of drying materials on duration of drying Arabica coffee at Gomma-I. 
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Figure 2. Effect of layer thickness of cherries on the drying duration of Arabica coffee at Gomma-I. 

 
 

 
significantly more drying period (15days). While, bricks 
terraces took less time of drying period (13days) (Figure 
1). This might be due to the fact that the area is relatively 
lowland prevailing high temperature and allows more 
condensation on bricks terraces than mesh wire. Hence, 
coffee processed on bricks dried earlier and took shorter 
period of time as compared to raised beds. FAO (2010) 
reported that in good drying conditions terraces perform 
better than tables because of higher temperatures. 
Similarly, Beza (2011) also reported that in dry processed 
coffee preparation using raised beds covered with mesh 
wire took much longer time to dry.  

The result in Figure 2 shows the influence of cherry 
layer thickness on drying period at Gomma-I. The 
shortest time of drying (12days) was recorded from the 
layer thickness level with loading rate of 20 kg/m

2
. On the 

other hand, the layer thickness level with loads of 
40kg/m

2
 treated as conventional system took longest 

drying period (16days). This could probably be due to the 
fact that coffee cherry dried with its intact outer pulp and 
mucilage using thick levels of layer thicknesses maintains 
its moisture because of low air movement within masses 
of cherries that may require longer time to dry. As drying 

depth increased, there was a linear increase in drying 
time and vice versa. Solomon and Behailu (2006) and 
ICO (2010) pointed out that in Arabica coffee for a given 
thickness layer, the length of the drying process depends 
mainly on weather conditions, degree of moisture content 
and size of the berries. Coffee beans may require more 
days to dry depending on the methods of drying and the 
density at which the beans are dried (Lower et al., 2007). 
 
 
Raw quality analysis 
 
The coffee dried on mesh wire scored the highest mean 
raw quality value of coffee bean (29.86points). On the 
other hand, coffee dried on bricks scored the lowest 
mean raw quality values (27.27points) (Figure 3). These 
might be due to the fact that, bricks in particular had 
contact with foreign matter and exposed to re-wetting of 
cherries. Also, bricks favored for mould development and 
black (foxy) bean formation because of less air 
movement during drying. This in turn might have affected 
both color and odor of the beans and maximized the 
degree of defect counts.  Selmar  et al.  (2006)  and  ICO  
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Figure 3. Effects of drying materials on total raw quality of unwashed Arabica coffee at Gomma-I.  
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Figure 4. Effects of layer thickness on total raw quality of dry processed of Arabica coffee at Gomma-I.   

 
 
 
(2010) reported that in processing Arabica coffee drying 
tables covered in mesh or mats are used to simplify 
protection of the crop from re-wetting. They also may 
result in better quality coffee owing to the free vertical 
movement of air through the tables creating conducive 
environment for moisture loss.  

Similarly, the cherries layer thicknesses presented in 
Figure 4, coffee with thin layer thickness loads of 20 
kg/m

2
 recorded the highest raw quality mean value 

(32.43points). On the contrary, the thick layer thickness 
loads of 40 kg/m

2
 treated as conventional system scored 

the lowest raw quality mean values (25.46points). These 
could be due to the fact that the farmers practices using 
thick layers with different days of harvest exposed for re-
wetting problem of cherries and favored for growth of 
mould development that deteriorate coffee quality 
attributes. Hence, inappropriate post harvest manage-
ment practices increase the black (foxy) bean formation 

that maximizes the degree of defect counts and affects 
the odor and color of the coffee that finally affects the raw 
quality of green beans. Hicks (2002) and Selmar et al. 
(2006) reported that mixing different types of coffee or 
different days of harvest affects the final quality of the 
green coffee. Negussie et al. (2009) also pointed out that 
properly processed coffee is free of off-flavor and free of 
defective beans having balanced and good acidity, body 
and flavor. 
 
 
Cup quality analysis  
 
Based on the sensory evaluation presented in Table 1 
coffee variety 744 and the combination of the two 
varieties (744+74110) dried on bamboo mats scored 
statistically similar and the highest mean total cup quality 
value   (51.00points).  On  the  other   hand,   the   mean  
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Table 1. Interaction effects among drying materials, variety and layer thicknesses on total cup quality of 
unwashed Arabica coffee at Gomma-I. 
 

Factors 
Layer thickness 

(kg/m2)  

Variety* 

744 74110 744+74110 

 

 

 

 

 

 

 

Drying  
material 

  

  

  

  

 

 

 

Bricks 

  

20 49.00
ab

 47.00
bcd

 46.00
cde

 

30 46.00
cde

 45.00
def

 46.00
cde

 

40 44.00
efg

 44.00
efg

 43.00
fg
 

40(conv.) 43.00
fg
 42.00

g
 45.00

def
 

     

Bamboo 
mats 

  

  

20 51.00
a
 48.00

bc
 51.00

a
 

30 47.00
bcd

 48.00
bc

 46.00
cde

 

40 46.00
cde

 43.00
fg
 46.00

cde
 

40(conv.) 45.00
def

 43.00
fg
 43.00

fg
 

     

Mesh wire 

  

  

20 49.00
ab

 49.00
ab

 46.00
cde

 

30 46.00
cde

 45.00
def

 45.00
def

 

40 47.00
bcd

 46.00
cde

 45.00
def

 

40(conv.) 44.00
efg

 43.00
fg
 43.00

fg
 

 
 
smallest total cup quality value (42.00points) was 
recorded from coffee variety 74110 dried on bricks 
terraces with the layer thickness loads of 40 kg/m

2 
treated 

as farmers’ practices of mixed drying. This result possibly 
found due to the combined effect of the structure of the 
drying methods, the inherent variability that exists in the 
respective varieties and the density levels of cherries. 
The raised beds typically using bamboo mats having 
better aeration and drainage maintained the natural 
quality attributes of coffee. Also the thin layered coffee 
spread on the drying materials and dried uniformly to 
maintain the intrinsic quality of coffee. Musebe et al. 
(2007) and ICO (2010) confirmed that sun drying can be 
an effective method, producing high quality coffee, for 
coffee drying under good ambient conditions. Improved 
sun-drying wherein coffee is dried on raised drying beds 
is advocated for improved quality. Anwar (2010) reported 
that coffee drying by using raised bed with mesh wire, 
wooden and bamboo mats have better quality. Similarly, 
Subedi (2010) confirmed that coffee dried on bricks floor 
in contact with soils become dirty and blotchy resulting 
into dull aroma and earthy flavor in coffee beverage. 
Wintgens (2004) and Yigzawu (2005) also pointed out 
that the presence of genetic variability among Ethiopian 
coffee selections for green bean physical characteristics 
and cup quality attributes. Antonym and Surip (2010) also 
reported that the natural coffee processing can produce 
high quality coffee and creates a highly preferred coffee 
compared to full wash and wet-hulled indicating that 
processing does have an identifiable influence on cup 
taste. 
 
 
Total coffee quality 
 
Total  coffee  quality  involves  both  the  physical  and  

sensory analysis used to determine the quality potential 
of the coffee. Coffee variety 744 dried on raised bed 
covered with bamboo mats using layer thickness loads of 
20kg/m

2
 recorded the highest mean total quality points 

(85.00) and detected to excellent specialty taste received 
a “Specialty Grade 1”. Whereas, both coffee varieties 744 
and 74110 dried on bricks using thick layer thickness 
loads of 40 kg/m

2 
treated as conventional system took 

similarly the least mean total coffee quality value (66.16) 
points respectively (Table 2). The total quality point 
detected below specialty coffee quality taste and 
detected to commercial grades profiled under Grade 4. 
The rest of the interaction effects of the treatment 
combinations were detected below Specialty coffee 
quality (Not Specialty). Generally, they are recognized as 
commercial grade classifications with specified range 
(71-80 and 63-70) total quality points profiled under 
Grade 3 and 4. These results possibly found due to the 
combined effect of drying materials, the inherent 
variability in the respective varieties and the influence of 
cherry layer loads per unit area. JARC (1996) pointed out 
that variety 744 is suitable in the lowland areas pertaining 
to commercially acceptable quality. FAO (2010) and 
Appropedia (2010) also pointed out that a good quality 
finished dry processed product could only be obtained 
through the application of appropriate and scientifically 
tested practices and proper management. Similarly 
Mekonnen (2009) and Anwar (2010) who reported that 
coffee drying by using raised bed with mesh wire and 
bamboo mats result in better quality coffee. Coffee dried 
on raised beds with mesh wire following appropriate 
management had a good physical and over all cup quality 
with a value of 84.25, as far as their total physical and 
cup quality are concerned. Antonym and Surip (2010) the 
natural processing coffee if consistent quality control is 
applied to dry processing, the resulting  coffee  is  highly  
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Table 2. Interaction effects among drying materials, variety and layer thicknesses on total quality of dry 
processed Arabica coffee at Gomma-I. 
 

Factors 

  
Layer thickness 

(kg/m2)  

Variety* 

744 74110 744+74110 

 

 

 

 

 

Drying  
material 

  

  

  

  

  

 

 

 

Brick 

20 76.50
def

 76.50
def

 77.50
de

 

30 72.50
ghi

 75.00
efgh

 75.50
efg

 

40 71.83
hij

 69.50
ijkl

 68.83
jkl

 

40(conv.) 66.16
l
 66.16

l
 69.50

ijkl
 

     

Bamboo 
mats 

  

  

20 85.00a 81.33bc 84.00ab 

30 75.50efg 74.50efgh 73.50fgh 

40 74.00fgh 70.00ijk 72.50ghi 

40(conv.) 72.00hij 67.50kl 68.16kl 

     

Mesh wire 

  

  

  

20 84.00ab 83.00ab 79.00cd 

30 82.00abc 75.00efgh 76.00def 

40 75.00efg 74.00fgh 73.50fgh 

40(conv.) 70.00ijk 67.50kl 68.83jkl 

 
 

Table 3. Interaction effects among drying materials, variety and layer thicknesses on  grades of 
unwashed Arabica coffee at Gomma-I. 
 

Factors 

  
Layer thickness 

(kg/m
2
)  

Variety* 

744 74110 744+74110 

 

 

 

 

Drying  
material 

 

 

 

 

 

 

Bricks 

20 3.00c 3.00c 3.00c 

30 3.00c 3.00c 3.00c 

40 3.33bc 3.66ab 3.66ab 

40(conv.) 4.00a 4.00a 4.00a 

     

Bamboo mats 

 

 

20 2.00d 2.33d 2.00d 

30 3.00c 3.00c 3.00c 

40 3.00c 3.33bc 3.00c 

40(conv.) 3.00c 4.00a 4.00a 

     

Mesh wire 

 

 

 

20 2.00d 2.00d 3.00c 

30 2.00d 3.00c 3.00c 

40 3.00c 3.00c 3.00c 

40(conv.) 3.33bc 4.00a 4.00a 

 
 
 
 
preferred by the specialty coffee industry. 
 
 
Coffee grading 
 
The treatment combinations: coffee variety 744, 74110 
and the mixture of the two varieties (744+74110) dried on 
bamboo mats using the density levels of 20 kg/m

2
 

recorded highest grading score and were profiled under 
Grade 2.  Whereas,  variety  744  dried  on  bricks  using  

cherry load of 40kg/m
2
 and treated as the conventional 

system recorded the lowest grading scores and as result 
were profiled under Grade 4. Similarly, the variety 74110 
and the mixture of the two varieties (744+74110) dried on 
bricks, bamboo mats and mesh wire using density levels 
of 40 kg/m

2
 and treated as the conventional system were 

profiled under Grade 4 respectively (Table 3). The 
probable reason for the quality standard variation could 
be due to the fact that the combined effect of the three 
factors: processing technologies, inherent quality of  the  



 
 
 
 
variety and the levels of layer thicknesses determine the 
quality grades of Arabica coffee at Gomma-I. The 
farmers’ conventional system induced intermixing and re-
wetting of cherries to be favored for mould development 
and quality deterioration. Whereas, drying tables covered 
with bamboo mats and mesh wire simplifies protection of 
the crop from re-wetting because the open lower surface 
prevents condensation. Bhawan and East Arjun (2006) 
and ICO (2010) indicated that the thinner the layer the 
earlier to drying producing high quality coffee, for coffee 
drying under good ambient conditions. Moreover, the 
structure of drying facilities has also a great influence on 
their performance of produce quality. Anwar (2010) also 
reported that dry processing method was affected by 
processing approaches. Coffee drying by using raised 
bed with mesh wire and bamboo mats has better quality. 
While, the conventional way of coffee preparation 
samples took at Gomma and Manna woreda resulted in 
lower grades (Grade 4 and 3, respectively). Mekonnen 
(2009) and Beza (2011) also showed sun dried coffee 
variety dried on raised beds with mesh wire following 
appropriate management had a good physical and over 
all cup quality are concerned and dry processed variety 
74110 dried on mesh wire, and bamboo mats was 
profiled under Grade 2.  
 
 
Conclusions 
 
Although Ethiopia is known to be the first in Africa in 
terms of coffee production and fifth major supplier of the 
global market, its share accounts for only 3% of the 
global coffee trade. This calls for transition to more 
dynamic and innovative quality approaches. The study 
was conducted to determine effects of sun drying 
methods, variety and cherry drying layer thickness on 
coffee quality at Gomma-I area. The finding shows that 
cherries dried on bricks floor took shorter time to dry. 
While, coffee dried on mesh wire took much longer time. 
Similarly, the thick cherry layers treated as the conven-
tional system took longer period of time. Hence, drying of 
coffee using bricks floor with thin layer thicknesses took 
short drying period. Whereas, coffee dried on raised beds 
covered with mesh wire with the density levels 40 kg/m

2 

took long period of time as compared to bamboo mats 
and bricks floor. Based on the raw quality analysis, coffee 
dried with thin layer thickness results in clean odor. 
Similarly, coffee dried on mesh  wire  scored  the  highest 
raw quality mean values. With regards to total cup quality 
attributes; coffee dried on bamboo mats with thin layer 
thickness (20kg/m

2
) scored the highest mean total cup 

quality value. Hence, drying of coffee using raised beds 
covered with bamboo mats with thin layer thicknesses 
produces better cup quality as compared to mesh wires 
and bricks floor. The total quality of coffee variety 744 
dried on bamboo mats with layer thickness loads of 
20kg/m

2
 recorded the highest total  quality  at  Gomma-I.  
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Furthermore, coffee variety 74110 and (744+74110) dried 
on both bamboo mats and mesh wire with loads of 20 
and 30kg/m

2
 recorded total quality of more than 80.00 

points and received a “Specialty Grade 2”.  
Therefore, on the basis environmental concern, 

consumers demand and from the economic point of view, 
drying coffee on raised beds covered with bamboo mats 
and mesh wire in by spreading cherries at 20 to 30 kg/m

2
 

is recommended for lowland areas in Jimma zone like 
that of Gomma. On the contrary, quality deterioration 
associated with dry processing in conventional system 
lowers the quality standards of coffee and is strongly 
discouraged. Thus, special attention should be given to 
dry processing approach through refinement of sun 
drying methods and provisions of extension and training 
services on post-harvest processing practices for quality 
improvement of dry processed Arabica coffee.  
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