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Project Profile 
EAAPP is a five years project that was effective since March 2010 and its implementation 

was based on partnerships and collaborations among four participating countries (Ethiopia, 

Kenya, Uganda and Tanzania). EAAPP supports the objectives of the World Bank’s Africa 

Action Plan, which identifies regional integration as an important element to achieving higher 

economic growth and poverty reduction. At the continental level, EAAPP is in line with the 

African Union/New Partnership for Africa’s Development (NEPAD’s) strategy for 

agricultural growth―the CAADP (Comprehensive Africa Agricultural Development 

Program). CAADP calls for poverty reduction through sustained high agricultural growth, 

and proposes a strategy for increased productivity through its Pillar IV framework FAAPP 

(Framework for African Agricultural Productivity) that presents guiding principles for the 

evolution of Africa’s agricultural productivity programs and calls for scaling up investment in 

regionally coordinated agricultural research, extension, and education programs. 

Establishment of regional centers of excellences (RCoEs) is part of a larger suite of 

interventions recommended at the continental, sub-regional, and national levels. At the 

regional level, EAAPP also provides a vehicle for implementing the agricultural productivity 

agenda of ASARECA (Association for Strengthening Agricultural Research in East and 

Central), which was created to enhance regional collective action in agricultural research for 

development, extension, training, and education. ASARECA has been mandated by 

COMESA and FARA, to take a lead in coordinating implementation of CAADP Pillar IV and 

the application of the principles of the FAAP in East Africa.  

 
The objectives of EAAPP were pursued by upgrading existing national agricultural research 

programs in wheat (Ethiopia), dairy (Kenya), rice (Tanzania) and cassava (Uganda) into 

Regional Center of Excellences (RCoEs). EAAPP is coordinated by the Ministry of 

Agriculture (MoA) nationally while coordination of the research part is mandated to 

Ethiopian Institute of Agricultural Research (EIAR). EAAPP has four components: (I) 

Strengthening Regional Centers of Excellence (RCoE). This component aims at 

strengthening the institutional capacities that are needed to establish RCoEs. Capacity 

strengthening will focus on the physical facilities and human resources needed to sustain 

program objectives and outcomes at both the regional and national levels; (II) Technology 

Generation, Training and Dissemination. This component will support technology generation, 

training, and dissemination that has been agreed at national and regional levels. Regional 

plans will be developed and agreed upon through regional meetings convened by ASARECA. 

Each RCoE will implement activities that will benefit both countries. Implementation will 

take place through research subprojects that propose solutions to problems or opportunities 

that are common to at least two countries and involve institutions from at least two countries; 

(III) Improved Availability of Seeds and Livestock Germplasm. This component will support 

multiplication of seeds and breeds, strengthen the enabling environment for regional seed and 

breed trade, and improve the capacity of seed and breed producers and traders. Support will 

be targeted at the four commodities selected in the RCoEs. Harmonization of policies and 

seed services to strengthen regional seed/planting materials and breed markets is important 

subcomponent that will build on regional agreements to harmonize national seed policies and 

regulations to allow the emergence of a regional seed industry; and (IV) Project Coordination 

and Management. This component will finance management and coordination at the national 

and regional levels.  
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The national project coordination office was based in the then Ministry of Agriculture (MoA) 

and the research wing was coordinated by Ethiopian Institute of Agricultural Research 

(EIAR). Both MoA and EIAR have their own designated account with the assumption of easy 

fund transfer.The project total financing agreement was 30 million USD while the share of 

research was close to half the total. 

                                                                       Alemayehu Assefa (PhD) 

                                                                             EAAPP, Research Coordinator 
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Overview of the Dairy Sector in Ethiopia 
 

Ethiopia has large potential for dairy production development. Dairy production is a critical issue in 
Ethiopia-a livestock-based society-where livestock and its products are important sources of food and 

income, and dairying has not been fully exploited and promoted. Currently the country manages the 

largest livestock population in Africa. The country’s favorable climate supports use of improved, 
high-yielding animal breeds and offers a relatively disease-free environment for livestock 

development. Given the considerable potential for smallholder income and employment generation 

from high-value dairy products, development of the dairy sector in Ethiopia can contribute 
significantly to poverty alleviation and nutrition of the country. However, expansion of the dairy 

sector was constrained by inadequate nutrition, disease, the lack of support services such as extension 

services, insufficient data with which to plan improved services, and inadequate information on how 

to improve animal breeding, marketing, and processing. The high concentration of animals in the 
highlands, together with the fact that cattle are often kept for status, reduces the economic potential of 

Ethiopian livestock. 

 
After several decades of dairy development in Ethiopia, average milk yields per cow per day is 1.38 

liters for all breeds with average lactation length of 6 months. In addition, calving intervals of dairy 

cows on Ethiopian smallholder farms is commonly as long as 25 months showing low levels of farm 

productivity in most dairy farms of the country. The annual milk production is estimated about 3.8 
billion liters from cattle and 165 million liters from camel.  

 

There is no a well developed dairy marketing system in Ethiopia. This is particularly reflected in rural 
areas where only 5% of milk produced is marketed as liquid milk. This is due to the presence of 

limited marketing infrastructures such as transport. Therefore, market channels have not been 

developed in most parts of the country.  

  

Eastern Africa Agricultural Productivity Project Dairy Component 
 

EAAPP Dairy component research activities have been implemented since May 2011 in the country. 

Both national and regional research projects are being implemented at different research centers of the 
country under five thematic areas namely: pasture and fodder development, animal breeding and 

genetic improvement, animal health, dairy food and feed safety and standards, and milk product 

handling and processing. 

Under the mentioned themes, six research projects are being conducted and these research activities 
are:  

Development and Demonstration of Feeds and Nutrition Options for Enhancing Productivity of Dairy 
Animals in Ethiopia 

Improving indigenous cattle for dairy production through targeted selection and cross breeding  

Study of calf health and management problems in urban and peri-urban dairy farms of Ethiopia 

Identification and characterization of risk factors associated with bovine mastitis and optimization of 
its prevention and control options in Ethiopia 

Assessment of post harvest loss of milk and milk products and traditional mitigation systems to 
enhance market opportunities through improving value addition practices 

Assessment of knowledge gap and constraints affecting production and consumption of standardized 
dairy products and evaluation of safety of marketable milk products in Ethiopia 
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Table 1. Thematic areas and participating centers 

Thematic area Participating centers 

Feeds and nutrition Holetta, Debrezeit, Andasa, Alamata, Werer, Bako, Adamitulu, Hawasa, Areka, 
Fafen 

Breeding and management Holeta and Debre Zeit 

Health management Holetta, Debrezeit, Andasa,  Bako, Adamitulu, Hawasa, Areka, Fafen and 
Mekele 

Processing and value 
addition 

Holetta, Debrezeit, Andasa,  Bako, Adamitulu, Hawasa, Areka, Fafen and 
Mekele 

 

Development and demonstration of feeds and nutrition options  
Among the technical factors limiting livestock production, feed scarcity in both quality and quantity 

and; lack of knowledge to properly manage and utilize locally available feeds are the principal ones. 
This implies the need for developing feeds and nutrition options in a participatory manner aiming at 

improving productivity of dairy animals in various agro-ecological zones of Ethiopia. The 

contribution of crop residues to dairy cattle is increasing due to the encroachment of crop production 

in to natural grazing areas. However, crop residues are usually fed untreated and without 
supplementation to ruminants in spite of the poor nutritional values they have, i.e., low nitrogen and 

energy that does not put the animal on the positive balance; high fiber that affect intake and 

digestibility; low mineral and vitamin contents. Intake and digestibility has only lead to a dramatic 
improvement of ruminant performance from sub maintenance to maintenance level.  

 

A strategy for feed resource development would incorporate different options for improvement of 
feed availability and quality, and improvement in the efficiency with which feed supplies are used. 

Hence, improved use of crop residues with supplementation options mainly with protein and energy 

sources would help improve productivity of dairy animals. The overall objective of this project is to 

improve dairy productivity through developing and demonstrating potential dairy feeds and nutrition 
options in various farming systems of Ethiopia. The specific objectives of this activity were 

to develop and demonstrate suitable forage species that do perform well under various biophysical 
niches; 

to evaluate and demonstrate crop residues based feeding system; and 

to evaluate and demonstrate improved seed crop management systems for production of quality seed 
at various agro-ecologies.  
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Evaluation of Tagasaste (Chamaecytisus palmensis) as 
Protein Supplement to Lactating CrossbredCows Fed 

Barley Straw 

 

Getu Kitaw, Getnet Assefa and Aemiro Kehaliw 
Ethiopian Institute of Agricultural Research, Holetta Research Center P.O. Box 31, Holetta, Ethiopia 

 

Introduction 

Because of close integration between crop and livestock in Ethiopia, crop residues have the greatest 

potential for feeding livestock species. Crop residues are assuming greater importance as source of 
roughage than natural pasture and hay (Rehirahie and Getachew 2011). With the increasing pressure 

on land for cultivation of food crops and increase in crop productivity, the amount of crop residues 

produced is currently increasing. Consequently, less land will be available for grazing or for growing 

of fodder crops (Aune et al  2001). Developing efficient feeding system based on the available crop 
residue is hence one possible solution. However, the utilization of crop residues is constrained by their 

inherent low feeding value. Barley and tef straw are among the widely available crop residues that are 

usually used in the highlands of Ethiopia. Similar to other crop residue, however, barley straw is 
unbalanced being particularly deficient in crude protein (CP), vitamin and minerals. It is highly 

lignified, and the digestibility is low. These characteristics keep intake and productivity of animals 

low (Seyoum Bediye and Zinash Sileshi 1998). According to McDowell (1988), feeding ruminants 
with crop residues is attractive where high protein concentrates feed supplements such as cotton seed 

cake or grains bran are available at modest price. With such supplement, intake of crop residues may 

increase by 20 to 30% (McDowell, 1988). However, the price of concentrate feeds is not at present 
affordable and at the disposal of most smallholder poor rural livestock keepers. 

Tree legumes in the tropics are well adapted to harsh environments and produce a substantial 

amount of good quality forage rich in protein, vitamin and minerals. They are reliable sources 

of protein supplements to roughage and cereal crop residues in most areas where 

conventional concentrate feeds are not available or accessible. Their multipurpose use and 

role in protecting the environment are also timely and relevant. Among several browses trees 

in the tropics, tagasaste is well adapted to the cool tropical highlands of Africa (Getnet  

1998a; ICRAF  2006). Tagasaste forage has high CP and in vitro organic matter digestibility 

(Borens and Poppi, 1990; Getnet et al., 2005). It has also higher rates of degradation 

compared to other tropical browse trees such as Leucenea species which normally have an 

advantage of increasing total dry matter (DM) and nutrient intake for better performance of 

animals (Kaitho et al. 1997). Moreover, tagasaste is evergreen and provides high quality 

green forage during the dry season, when the supply of green feed is very limited. Tagasaste 

could be grown easily in integration with natural resource conservation activities, backyards 

and field borders to be used as cutandcarry quality forage. All these results suggest the 

enormous potential of tagasaste as a partial or complete replacement of costly concentrate 

diets for animals maintained on low quality tropical basal feed resources. 

There are no enough documented research reports and recommendations on the feeding value 

of tagasaste for lactating cattle on lactation performance of crossbred cows under Ethiopian 

conditions.  

This paper presents results of experiments to evaluate the protein supplementary value of 

tagasaste as replacement to formulated concentrate mix in daily ration of crossbred lactating 

cows fed a basal diet of barley straw. 
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Materials and Methods 

Description of the study area 
The study was carried out at Holeta Agricultural Research Center (HARC). The center is located at  

9o 3’ N latitude and 38o 30’ E longitudes, 35 km west of Addis Ababa along the main road to Ambo. 
The study area has an altitude of 2400 meters and receives an average annual rainfall of 1055 mm. 

The mean minimum is 6.1oC and maximum temperatures 22.2 oC. The area is a typical mixed crop-

livestock production system, where small-scale dairying based on crossbred animals. The soil type is 

largely Nitisols and major crops grown are tef, wheat, barley, oats, potato, field pea, faba bean and 
lineseed (Kindu, 2007). 

Experimental animal selection and management  
Four mid lactating F1 crossbred cows (Boran X Frisian) with similar previous lactation performance 
of 8-10 liters/head/day, similar mean body weight of 393 + 22 kg but differing in parities were 

selected from the HARC dairy herd. The animals were stall-fed individually in a well-ventilated barn 

with concrete floor and appropriate drainage slope and gutter. The animals were vaccinated against 

the major diseases in the area, and treated for external and internal parasites. The animals were also 
inspected for any abnormalities throughout the experimental period. 

 
Experimental feed preparation 
The feeds used in this study were barley straw (variety: HB1307) as a basal diet, tagasaste forage and 

dairy concentrate mix as supplemental feeds. Barley straw (variety HB1307) was collected from 

HARC large-scale seed multiplication field. The straw was immediately baled and stored until it was 

used for the feeding trial. The barley straw was fed to the animals’ ad libtum. A concentrate mix was 
formulated taking wheat bran and noug seed cake as main ingredients in such a way that the 

formulated ration comprised of wheat bran 76%, noug seed cake 23 % and common salt 1%. The mix 

was assumed to fully meet the requirement for protein (20%) of lactating crossbred cows with milk 
yield of 8-10 liters /day and a butter fat content of 4.5% as described in ARC (1990) when fed as 

supplement at the rate of 0.5 kg/liter of milk. Leaves and succulent twigs of tagasaste were harvested 

daily from tagasaste plantation at HARC. To avoid palatability problem with fresh tagasaste the 

harvested forage was wilted overnight before it was fed.  
 

The barley straw offer was adjusted daily by allowing 20% refusal from previous day’s intake. The 

basal feed was offered at 8:00 hours daily. The concentrate mix was offered in two equal portions at 
5:00 hours and 1600 hours during the morning and evening milking while tagasaste was provided in 

measured amount after the offered concentrate was completely consumed from the feeding troughs. 

Feed offered and refused were measured and recorded for each cow to determine the daily feed and 
nutrient intake. The quantity of concentrate mix offered daily was at the rate of 0.5 kg DM/liter of 

milk produced by each cow. Adjustments were made for concentrate offer at the end of each period 

and for each treatment based on the actual milk produce. 

 
Experimental Design and Treatments  
The substitution of tagasaste to concentrate mix was on iso-nitrogenous base so that the level of 

supplement to animals have equal amount of CP across all dietary treaments. Half kilogram 
concentrate mix (20% CP) per liter of milk production was made available to the control group. The 

concentrate mix was thus substituted by different levels of tagasaste while maintaining equal amount 

of daily CP supply across treatments. For this purpose the DM and CP content of the tagasaste forage 
was determined in the lab just before the start of the experiment and at the end of each period to 

monitor periodical changes in CP concentration because of harvesting stages.  
The treatments were: 

T1 – 100% concentrate mix (0.5 kg DM/lt milk) + ad libtum barley straw 

T2 - 15% CP from concentrate mix replaced by tagasaste forage + ad libtum barley straw 

T3 – 30% CP from concentrate mix replaced by tagasaste forage + ad libtum barley straw 
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T4 – 45% CP from concentrate mix replaced by tagasaste forage + ad libtum barley straw 

The selected cows were randomly assigned to each one of the four treatment supplement feeds in a 
4x4 single Latin square design. The experiment had four periods with each one having 30 days. The 

first 14 days were used as adaptation period to remove the carry-over effects and the remaining 16 

days were used for actual data collection. The experiment in lasted for four months.  

 
Cows were weighed before and at the end of each experimental period. Daily milk yield was recorded 

after the cows were subjected to hand milking early in the morning and late in the evening. Water was 

available at all times free of choice.  

 

Data Collection and Measurements  
 
Dry matter and nutrient intake  
Feed offer and refusals were recorded daily to calculate feed and nutrient intake and digestibility 

coefficients as the difference between feed and nutrient offered and refused on dry matter basis. The 
barley straw and concentrate mix were sampled once at the beginning of the trial while tagasaste 

fodder was sampled each day and bulked over each period for laboratory analysis and dry matter 

determinations. 

 
Diet apparent digestibility 
Apparent digestibility of total ration used in each treatment was determined using total fecal 
collection methods for a period of 5 consecutive days starting from day 26th to 30th of each period. To 

minimize error in faeces collections, farm personnel were assigned around the clock to scoop faeces 

into plastic buckets when the animals defecate. Urinal contamination was minimized by frequent 
washing of the concrete floor with high pressure running water using a plastic water hose. Individual 

cow’s faeces were weighed every morning before 8:00 a.m. and before fresh feeds were given to the 

animals. After weighing, the faeces from each cow were thoroughly mixed and a sample of 1% were 

taken and placed in polyethylene bag. Composite samples of the daily collected samples were mixed 
and stored in a deep freezer (-20 oC) until the end of the collection period. At the end of the collection 

period, the pooled samples were thawed and mixed thoroughly and samples were oven dried at 65oC 

for 72 hours, ground to pass a 1mm sieve and stored in sample bottles at room temperature. Feed offer 
and refusal samples from barley straw, concentrate mix and composite pooled samples of tagasaste 

and faecal output were analyzed for DM, Ash, CP, NDF and ADF. Apparent digestibility of DM and 

nutrients was determined using the formula:  

 

In sacco degradability 
The in sacco degradability for both the basal diet and supplementary feeds was determined using 

fistulated steers fed on a standard diet adjusted at maintenance level (ad libitum natural pasture hay + 
2 kg concentrate composed of 50% wheat bran, 39% noug seed cake and 1% salt). Feed samples 

ground to pass 2 mm screen size and weighing 3 g on air-dry basis were transferred into each nylon 

bag with aperture dimensions of 40 µm and sizes of 140X90 mm. The samples in the bags were then 

incubated in duplicates for 6, 12, 24, 48, 72, and 96 hours in the rumen of each steer fed maintenance 
diet. A total of 36 samples 6 for each hour of incubation period were added sequentially in to the 

rumen of fistulated animal and then removed all at a time. At the end of each incubation period the 

bags were washed manually using running tap water until clear water appeared. The zero hour bags 
(two bags per sample) were not incubated, but allowed to stay in bucket containing clean water for 

about half an hour. After washing, the bags with the residues were dried in a forced-draught oven at 

65oC for 72 hour, cooled and weighed. The residues were then pooled for each animal by incubation 

period and analyzed for OM, and N degradability. Data from nylon bag disappearance were fitted to 
the model developed by Ørskov and McDonald (1979) as described below. 
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Where;  

Y = The potential disappearance of DM at time t 

a = The rapidly soluble fraction  

b = The potentially, but slowly degradable fraction  

c = The rate of degradation of b 

t = Time elapsed 

Effective degradability was calculated using Ørskov and McDonald (1979) exponential model shown 
below.  

 

Where;  

ED= Effective degradability 

k= Passage rate estimated at 3% per hour 

Potential degradability (PD) was calculated as PD = a+b 

Milk yield and composition  
The cows were hand- milked twice daily at 5:00 hours in the morning and at 1600 hour in the 

afternoon and milk yield was recorded for individual animals. Milk samples for analysis of milk 

compositions were taken in each period and for each treatment on a weekly basis. Aliquot samples of 
about 100 ml by volume were collected from every cow twice a day from the morning and afternoon 

milking. The sampling bottle was properly cleaned and sanitized before samples were taken to Holeta 

Agricultural Research Center dairy laboratory. Gerber method (AOAC, 1980) was used for milk fat 

analysis, while the formaldehyde titration method (Pyne, 1932) was used to analyze milk protein. 
Total solids in the milk were determined using the procedures described by Richardson (1985). NIR-

Infrared milk product analyzer (user manual ver. 1.1, 2000) was used for lactose determination. 

 

Chemical analysis 
All samples of feeds offered and refusals, and faeces were analyzed for DM, ash, N (Kjeldahl-N) 

according to the procedures of AOAC (1990). NDF, ADF and permanganate lignin were determined 

by the method of Van Soest and Robertson (1985). In-vitro organic matter digestibilities of feeds 
offered were determined according to the procedures outlined by Tilley and Terry (1963). 

Hemicellulose was calculated as a difference between NDF and ADF. Metabolizable energy (ME) 

value was estimated from the in-vitro organic matter digestibility (IVOMD) as EME (MJ/kg) 

=0.16(IVOMD) according to McDonald et al. (2002).  
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Statistical analysis  
The collected data including  milk yield and compositions, DM and nutrient intakes and digestibility 

have been subjected to analysis of variance (ANOVA) procedure for Latin Square Design using 

Statistical Analysis Systems (SAS, 2008). Treatment means were separated using Tukey test. 
The model used for the analysis of data was: 

Yijk =  + Ci +Pj + Tk + Eijk 

Where;  

Yijk = the measured response 

 = Overall mean  Ci = Cow effect  

Pj = Period effect  Tk = Treatment effect  Eijk = Experimental error 

 

Results and Discussion 
 

Chemical composition of experimental feeds 
The chemical compositions of feeds used in the present study are shown in Table 1. Barley straw used 

in this study is very low in CP and rich in structural carbohydrate such as NDF, ADF and lignin. It 

contained 399 and 435 g kg-1 DM more NDF concentration than tagasaste and concentrate mix, 

respectively. Similarly, the level of lignin concentration observed for barley straw was much higher 
and almost twice greater than that observed for the tagasaste and concentrate mix. The low CP and 

high fiber content of barley straw resulted to low IVOMD, and consequently to low EME content of 

the straw. 
 
Table 1. Chemical compositions of experimental feed ingredient 

Feed samples DM 

(g/kg) 

OM 

(g/kg 
DM) 

CP 

(g/kg 
DM) 

IVOMD 

(%) 

EME 

(MJ/kg 
DM) 

NDF 

(g/Kg 
DM) 

ADF 

(g/kg 
DM) 

HC 

(g/kg 
DM ) 

Lignin 

g/kg 
DM) 

BS  943.6 930.5 35.4 42.0 6.72 838.2 638.4 199.8 85.2 

Tagasaste 950.0 943.6 220.1 65.4 10.5 439.2 217.9 221.3 43.5 

Concentrate 894.2 924.3 200.0 72.8 11.7 403.2 189.3 213.9 45.2 

BS = barley straw; HC=hemicellulose; OM= organic matter; CP= crude protein; ADF=acid detergent fiber; DM=Dry matter; 

NDF=Neutral detergent fiber; MJ=Mega joule; IVOMD =In-vitro organic matter digestibility; EME= Estimated metabolizable energy. 

Seyoum et al (2001) found that the CP content of barley straw is below the critical level of CP 
requirement for normal microbial activity of rumen and to satisfy the maintenance requirements of 

ruminant animals. The fiber content of the straw according to Singh and Oosting (1992) was also high 

enough to affect digestibility of the feed and voluntary feed intake. Thus, the diet of lactating cows 

based on barley straw ought to be supplemented with CP-rich feeds. The NDF contents of barley 
straw; noted in this study, was larger than the level (72%) (Seyoum et al,.2007). Lignin content of the 

basal feed was also slightly higher than the value 61 g kg-1 DM (Rehrahie, 2001). The IVOMD noted 

in this study was slightly lower than the value indicated by Seyoum et al. (2007) but nearly similar to 
value of 45.5% for untreated barley straw (EARO, 2004). Variations in the nutritive value of barley 

straw with previously reported results can be justified by the type of barley variety used, the growing 

medium, the level and inputs used, the type of management employed during growth, the harvesting 
stage and conservation practice. Concentrate mix and tagasaste have comparable CP, NDF and lignin 

contents. Generally, the two supplements possess high CP and low fiber content; however, in this 

study it was noted that IVOMD and EME contents were slightly lower for tagasaste than concentrate 
mix porobably due to the high contents of indigestible ADF in tagasate forage.  
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The concentrate mix and tagasaste have CP contents greater than 15%, a level that is usually required 

to support lactation and growth (Norton, 1982). Furthermore, the NDF values of the supplement feeds 

are lower than the 55% reported by Van Soest (1965) to limit appetite and digestibility. The tagasaste 
and concentrate mix used in the present study possessed NDF value of 43.92% and 40.32% and can 

be expressed as a high quality feeds. Singh and Oosting (1992) noted that roughages with NDF 

content of 45-65% are generally categorized as a medium quality feed, while feeds with NDF below 
45% are grouped as high quality feeds.  

CP and NDF constituents of tagasaste forage used in this study were found to be in the range reported 

by Seyoum et al. (2007). The NDF level was low in both supplements, which is an indication of 
possession of high cell soluble matter. The ADF fraction in tagasaste forage accounted for about 50% 

of the NDF. The content of hemicelluloses in tagasaste was not in par with that reported by Getnet et 

al. (2007). The lignin content for tagasaste in the present study was 4.3% which is lower than the 
7.8% reported by Seyoum et al. (2007), but was similar with the result of Ventura et al. (2002). In 

general, the difference in major cell wall constituents with previously reported results can be 

ascertained to the varying stage of harvests made at various times during the entire feeding trial 

periods. Owning to the speculated variability in the contents of tannin and other major cell wall 
constituents the IVOMD of tagasaste forage (65.4%) observed in the current study was somewhat low 

as compared to the 71% reported by Seyoum et al. (2007). The IVOMD of tagasaste was, however, 

greater than the value reported for tropical (56.6%) or temperate legumes (60.7%) by Minson and 
Wilson (1980). As suggested by Singh and Oosting (1992), both supplements used in the present 

study fall into high quality feedstuff categories further implying as the two supplements can somehow 

replace each other. Thus, there is an enormous potential for tagasaste to be used as a supplement to 
low quality basal feeds partially replacing costly conventional concentrates despite the fact that the 

fiber content and the overall chemical composition and nutritive value of tagasaste forage may show 

relative variation based on its growing conditions, including the regrowth age of the tagasaste forage, 

the season of harvest and the environmental condition where it grows (Getnet, 2007). 

 
Degradability  of feeds 
Rumen degradability characteristics of the feedstuffs used in this study are presented in Table 2. As 
was expected earlier all OM and N degradability constants were lower for barley straw as compared 

to the supplements. Due to the high level of structural carbohydrates in barley straw, the soluble 

fraction (a), the potential degradability (PD) and rate of degradation(c) were low for barley straw. The 
3 fold and 4.3 times more value for potential OM and N degradability compared to effective 

degradability of barley straw suggest the need for supplementation of the straw with CP and possibly 

soluble energy feed supplements to effectively utilize the digestible fibre constituents contained in the 
barley straw. On the other hand, the 

 

Degradability characteristics of the two supplements were high and more or less comparable and 

hence were consistent with the IVOMD values noted in this study. 
The degradation characteristics noted in this study are in agreement with those reported for similar 

feedstuffs by other authors (Ørskov et al., 1980; Seyoum, 1995). There was, however, some variations 

in estimating soluble (a) fraction obtained from hand- washing because the lack of consistency among 
individuals in the hand-washing procedure. For example, Kamande (1988) and Seyoum (1995) have 

reported a higher solubility values for similar feedstuffs used in the present study. In general, the 

ruminal degradability characteristics of OM and N of tagasaste indicate that the forage could be 
degradable as concentrate mixture, and more of the protein contained in tagasaste is exposed to 

ruminal hydrolysis and for microbial protein synthesis. Tagasaste and the concentrate mix had OM 

degradation rates of 10 and 8 %, respectively: values higher than 3%, below which any feed can be 

classified as low quality feed (Osuji et al., 1997).  
 

The slow rate at which OM of barley straw was digested would further suggest longer ruminal 
retention time that could lead to poor digestibility and limited voluntary intake of degradable fraction 

of the basal diet. The low solubility of barley straw except for nitrogen was in agreement with similar 

values reported for natural pasture hay by Abate and Kiflewahid (1992) and was clearly attributed to 
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the dominance of structural carbohydrates over soluble carbohydrate in the cell walls. Also, Van Soest 

(1982) demonstrated that the degree of lignification has a negative effect on cell wall digestion in 

forages. All degradability constants considered for OM and N of tagasaste in this trial with the 
exception for the soluble fractions and effective degradability of tagasaste and most herbaceous 

legumes OM could be compared with similar degradability constants (Seyoum 1995). The high 

potential degradability together with faster degradation rate in the CM nitrogen was also associated 

with the high effective degradability of nitrogen through extensive rumen proteolysis. The CM has, 
therefore, relatively more sources of rumen degradable N that can support microbial degradation of 
low basal feeds.  

 

Table 2. Degradation parameters of organic matter and nitrogen of treatment feeds 

Variable Degradation 
constant (g/kg DM) 

BS Tagasaste Concentrate 

OM a 53 220 140 

b 500 604 688 

c (g/h) 0.011 0.1 0.08 

PD 553 824 828 

ED 189 681 639 
N 
                 
                 
                 
                 

a 30 306 323 

b 495 656 636 

c (g/h) 0.009 0.041  

PD 525 962 959 

ED 121 555 676 

a= Soluble fraction; b = potentially but slowly degradable fraction; c = Rate of degradation; PD = Potential 
degradability; ED =Effective degradability; BS= barley straw; N=nitrogen; OM = organic matter; 

concentrate mix. 

According to Leng (1985), a good quality forage supplement should supply about 30 g soluble protein 

per kg DM of feed. Tagasaste legume evaluated in this study had about four times this value. From 

the observed high OM and N degradability characteristics of tagasaste, it can be concluded that 
tagasaste too has the capacity to provide readily fermentable cell wall carbohydrates, nitrogen and 

possibly other nutrients for cellulolytic bacteria in the rumen. Compared with CM however, the rate 

constant and ED was low for tagasate indicating a portion of the nitrogen in tagasaste can resist 
ruminal degradation because of perhaps its condensed tannins concentrations. Therefore, tagasaste 

containing high quantities of soluble nutrients and escape nitrogen source definitely influences the 

rate of fibre digestion in the rumen and may result in improvements in lactation performance of dairy 
cattle fed fibrous basal feeds to a similar degree like that of concentrate mix used in the current study. 

This was apparent with the similar and high degradability of OM with incubation time observed in the 
two supplements while low value for barley straw (Figure 1).  
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Figure 1. Organic matter degradability (g/kg) curve for the fitted values of tagasaste forage, concentrate and barley straw  

Feed and nutrients intake 
The result in the evaluation of tagasaste forage as a protein supplement replacing concentrate mix in 

the diet of lactating crossbred dairy cows fed a basal diet of barley straw on DM and nutrient intakes 
are presented in Table 3. Treatments failed to differ (P > 0.05) in the daily intake of the barley straw 

basal diet. Therefore, replacement of concentrate by tagasaste didn’t appear to have a negative effect 

on barley straw intake. Although the difference was numerical (P>0.05), cows fed T3 (30% CP 
replacement from tagasaste) had consumed 0.9 kg/d and 1 kg/d, more barley straw than those 

maintained on T2 and T4, diet respectively. This difference was consistently followed by numerical 

variations in intake of OM, NDF and ADF. Significant difference (P>0.05) was not also observed in 

the daily intake of OM, NDF and ADF among treatments, when tagasaste replace up to 45% of the 
protein supplement from the concentrate. The similar intake of DM and nutrients among treatments 

may be due to a more or less similar level of ruminal degradability characteristics of the two 

supplements with comparable ruminal outflow rate and due to possibly lack of substitution of 
tagasaste for barley straw. Topps (1997) illustrated that for tropical feeding systems, since the basal 

feeds are bulky, any supplement that competes favorably for space in the rumen would inevitably 

cause substitution, which appears to be not the case at least for tagasaste supplementation up to the 
maximum recommended level for browse inclusion in the total ration of a ruminant animal in this 

study. Tagasaste inclusion rate was 20.5% of the total ration even for experimental animals receiving 

the maximum rates of replacement in dietary T4. 

 
Increasing levels of tagasaste in the concentrate diet didnnot result in a significantly (P>0.05) higher 

level of CP intake, though the overall CP intake is higher than the projected CP requirement. The CP 

intake of cows for this trial were adequate for estimated CP of 866 g/day (ARC, 1990) requirements 
for maintenance and milk production of crossbred cows yielding 8-10 litres milk per day with a 

butterfat content of 4.5%. The CP content of barley straw alone if not supplemented was not enough 

to achieve maximum intake of straw as compared to a straw with a crude protein content of 66-85 
g/kg DM necessary for ideal rumen fermentation as indicated by Daniel (1988).  

 

Metabolizable energy intake was also not significantly different among treatments (P > 0.05). 

Requirements for the observed daily mean milk yield of 6.45 kg/day from this trial were met at all 
levels of tagasaste supplementation. However, the estimated ME intake requirement (97.6 MJ/day) for 

maintenance and milk production of lactating dairy cow weighing 400 kg and producing 8-10 kg/day 

milk of 4.5% butter fat (ARC, 1990) have not been met. Comparing the recommended energy 
requirement and the total energy intake,  the balance in  this trial showed a deficit of –21.6, -22.69,-

11.38 and –20.46 MJ/d for T1, T2, T3 and T4, respectively. The finding from this trial indicates that the 

ME was deficient across all treatments, which could be due to the low energy content of the basal 

feed. Thus, for moderate milk production of 8-10 litre/day adequate amount of energy source may be 
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necessary to efficiently utilize the extra CP of the supplements and to satisfy energy requirement for 

milk production. 

 
According to Topps (1997) addition of forage legume to a basal diet of low nitrogen content specially 

to crop residues will increase the nitrogen content of the total diet, which in turn is likely to increase 

feed intake and the rate of degradation of the basal diet in the rumen. So it may be because of this fact 

that tagasaste forage supplementation has numerically increased total DM intake for barley straw 
based treatments comparable to the concentrate diet in the present trial. The relatively faster rate of 

degradation of tagasaste forage (Getnet et al., 2007) together with increased supply of CP from forage 

legumes (Topps, 1997) might have also contributed to a comparable DM intake with the concentrate 
diet supplemented group.  

 

Table 3. Dry matter and nutrient intakes of experimental cows  

Intake 
(kg/day/cow) 

Treatments 

T1 T2 T3 T4 SEM 

Barley straw 5.76 4.47 5.6 4.65 0.31 

Tagasaste - 0.69c 1.52b 1.80a 0.18 

Concentrate 3.2 3.23 2.80 2.32 0.13 

Total DM 9.04 8.84 9.92 8.77 0.31 

Total OM 8.31 7.80 9.24 8.1 0.23 

CP 0.84 0.97 1.08 1.00 0.05 

NDF 6.24 5.68 6.29 5.5 0.23 

ADF 4.38 3.88 4.45 3.8 0.18 

ME (MJ/kg) 76.57 77.75 86.21 77.13 2.44 
abc Means with different superscripts within row are significantly different (P<0.05); 
SL=significance level; NS = Non significant; SEM=standard error of mean; DM = Dry matter; 
CP = Crude protein; NDF= neutral detergent fiber; ADF acid detergent fiber; ME = 
Metabolizable energy 

The mean daily barley straw intake (5.12 kg/day) and total DM intake (9.14 kg/day) obtained in the 
present study is lower than the 7.2 kg treated barley straw and the 12.2 kg total DM daily intake 

reported by Rehrahie and Getachew (2011) for lactating cows maintained on urea treated barley straw 

plus 0.5 kg concentrate for each liter of milk produced. However, the average basal feed intake (5.12 

kg/day) obtained from the present study was nearly similar with the value of 5.98 kg/day reported by 
Rehrahie and Ledin (2004) for crossbred lactating cows maintained on a basal diet of urea treated 

cereal straws supplemented with a formulated concentrate mix and cultivated forage crops. Cows in 

the present study have consumed about 2.3% of body weight DM, which is nearly comparable to the 
2.6% body weight DM intake reported by Rehrahie (2001) for lactating crossbred cows fed urea 

treated tef/barley straw and formulated concentrate mix. Total DM intake as small as 3.32 kg/day for 

urea treated rice straw supplemented with Verano stylo by Suriyajantratong and Wiliapon (1985) and 
values as large as 2.46 kg/100 kg body weight for treated rice straw by Rai et al. (1989) and 8.07 

kg/day for urea treated barley straw by Hadjipanayiotou et al. (1997) have also been reported. All 

variations reported against the present findings could be due to the differences in the quality of basal 

diet (varietal difference and ammoniation), animal factors (age, physiological status of the animals 
and breed), rumen fill, rate of passage of particulate matter and rates of degradation of experimental 
feeds used in various studies. 

Apparent Digestibility of Feed Dry Matter and Nutrients  
The results of the effect of tagasaste forage as a protein supplement replacing concentrate mix on DM 

and nutrient apparent digestibility of lactating crossbred cows fed a basal diet of barley straw are 

presented in Table 4. The apparent digestibility of DM was about 60% on average and did not differ 
(P > 0.05) among treatments. Thus, apparent DM digestibility of the total diet was influenced to a 

similar extent as for concentrate supplementation when tagasaste replaces up to 45 % of the 
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concentrate protein. The same was true For OM digestibility. This result might have something to do 

with the similar IVOMD and in sacco degradability characteristics of the two supplements reported 

earlier in the current study. 
 

The similar total DM digestibility among treatments might suggest that tagasaste at those levels of 

concentrate replacement can fairly be compared with the concentrate mix as a supplement to low 
quality basal roughages without any significant reduction in the digestibility of the entire diet and with 

no substitution effect on basal feed intake. Rai et al. (1989) with an experiment on buffaloes fed urea 

treated wheat straw was able to find apparent digestibility of DM of 60% for low levels of concentrate 
supplementation (0.89 kg/100 kg body weight), which is in agreement with the finding of the present 

trial. In addition, the result from this trial can also safely be compared to the apparent digestibility DM 

of 61.4% reported for native hay basal diet supplemented with graded levels of wilted tagasaste forage 

as a replacement to a concentrate mix for lactating crossbred cows around Selale in the highlands of 
Ethiopia (Varvikko and Khalili, 1993).  

 

Lower digestibility values have also been reported for low quality basal feeds supplemented with 
concentrate and/or forage legumes or a combination of both. For example, Singhal et al. (1992) 

reported a digestibility of 55.3% for crossbred cows fed wheat straw supplemented with concentrate. 

Variation in results reported among studies could be due to the type and breed of cows used and the 
type of supplement and/or basal diet used. The differences could also be attributed to the negative 

relationship arising because of the difference between the amount consumed and digestibility of the 

concentrate used in each trial (Chilliard et al., 1995). The level of concentrate in the total diet has 

been reported to affect DM digestibility by interfering with the balance of microorganisms, pH and 
consequently ruminal fermentation.  

 

Crude protein digestibility was not also affected by the different dietary treatments (P > 0.05) 
considered. The absence of significant difference (P>0.05) for CP digestibility among treatments 

could lead to a conclusion that tagasaste forage could partially replace a concentrate mix without 

negative impact on crude protein digestibility. The mean CP digestibility (79 %) improvements 

observed in the present study can somehow be compared to the mean CP digestibility of 71.5% 
reported by Mpairwe (1998) for crossbred cows fed low quality basal diets and supplemented with 

graded levels of lablab hay and wheat bran, and the 69% digestibility reported by Kumara et al. 

(2009) for sheep supplemented with Chamaecytisus palmensis. Differences have been noticed when 
apparent digestibility of CP from this trial was compared with values reported by other researchers. 

For example, crude protein apparent digestibility as low as 39.9% and 48.2% have been reported by 

Singh et al. (1992) and Pathak (2005) for untreated and 3% urea treated wheat straw supplemented 
with concentrate plus some green forage legumes, respectively. In all cases, the variations were 

assumed to have occurred from the difference in the type and quality of concentrates/forage legumes 

used as supplements, breed, and/or species of the particular animal and the quality/type of the basal 

roughage used in each experimental case. 

 

Table 4. Apparent digestibility of total feed and nutrients of experimental cows 

Apparent 
digestibility (%) 

Treatments  
SEM T1 T2 T3 T4 

DM 59.78 57.15 63.84 59.37 1.29 

OM 62.74 59.79 66.70 64.24 2.61 

CP 74.32 80.89 83.66 77.13 2.1 

NDF 52.52 54.04 58.18 55.62 2.96 

ADF 49.98 52.82 54.43 52.73 2.45 
 SEM = Standard error of mean; DM = dry matter; CP = crude protein;  
NDF = Neutral detergent fiber; ADF = Acid detergent fiber; OM=organic matter 

 

There was no significant difference in apparent digestibility of NDF and ADF among the 

treatments (P>0.05), but values appeared to be numerically improved by tagasaste 
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supplementation. This finding is in agreement with what has been reported by Butterworth 

and Mosi (1983) that forage legume supplementation has shown to improve NDF and ADF 

digestibility of low quality forages. Their study revealed an average increase in NDF and 

ADF digestibility of 5.7% and 6.4% in response to legume supplementation (Trifolium hay) 

over the un-supplemented diet of sheep fed different types of cereal residues. On average, 

54.34% of the total NDF consumed and 52.49% of the ADF consumed have been digested 

for tagasaste supplemented groups. Replacing concentrate at different rates of tagasaste 

seems to have positively influenced digestibility of the major cell wall fractions (NDF & 

ADF) since improvements in apparent digestibility of the cellwall fractions between the 

control diet and the intervention diet were same. Ndlovu (1992) attributed the reason behind 

the improvement in the digestibility of cell wall constituents after being supplemented with 

forage legumes to higher degradations associated with higher CP contents, buffering capacity 

and fragility of their cell walls although legumes are known to have more lignin in the cell 

walls. The mean value of NDF digestibility from this study (54.3%) was, however, lower 

than result reported (63.3%) earlier by Varvikko and Khalili (1993) for low quality native hay 

supplemented with graded levels of tagasaste replacing a concentrate mix in the daily ration 

of lactating crossbred cows the reason for which could be speculated to the differences of the 

basal diet and/or concentrate diet formulations and season and stage of harvest for tagaste 

usedin each case.  

 
Milk Yield and Composition 
There were no any unusual abnormalities or health problems observed on all the experimental 

animals due to the effect of feeding tagasaste forage during the whole experimental period. 

Results of the effect of dietary treatments on mean daily milk yield and compositions are 

presented in Table 5. There was no significant (P > 0.05) difference in milk yield and milk 

composition among dietary treatments implying replacement of protein from the concentrate 

mix with up to 45% with tagasaste had a similar effect on milk output and composition as for 

cows on the control diet. The average daily milk yield observed from a lactation length of 

120 days was 6.45 kg/day. Cows with 45% CP replacement from tagasaste group (T4) 

produced 0.42, 0.23 and 0.7 kg/day more milk over T1, T2 and T3, respectively. However, 

differences have not found to be statistically significant (P > 0.05). Treatment effects were 

also non-significant (P > 0.05) for milk fat, milk protein, lactose and total solids. 
 
Table 5. Milk yield and composition of experimental lactating crossbred cows 
 

Parameter Treatment SEM 
T1 T2 T3 T4 

Milk yield (kg/day) 6.36 6.55 6.08 6.78 0.22 

Milk compositions       

Fat (%) 4.04 4.07 4.2 4.00 0.20 

Protein (%) 3.3 3.32 3.26 3.24 0.03 

Lactose (%) 4.14 4.14 4.13 4.13 0.004 

Total solids  12.30 12.33 12.47 12.20 0.18 
 SEM=standard error of the mean 

The mean daily milk yield obtained from the present trial was almost comparable to values of 

6.2 and 5.6 kg/day reported by Rehrahie (2001) for crossbred lactating cows fed urea treated 

tef and barely straws supplemented with concentrate mix. The mean daily milk yield (6.45 

kg/day) from the present trial can fairly be compared to the value of 6.5 kg/day milk yield 

reported by Khalilli et al. (1992) for crossbred cows fed a basal diet of oats-tagasaste forage 

supplemented with a concentrate at the rate of 2.5 kg/day. In a short trial (2 weeks period) 

Lemma et al. (1990) also noted a significant increase in milk yield of crossbred cows fed a 

basal diet of tef straw and supplemented with sesbania and leucaena replacing up to 60% of 

the concentrate. Varvikko and Khalilli (1993) also reported 5.2 kg milk/day for crossbred 
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cows fed poor quality native hay and supplemented with graded levels of tagasatse 

(Chemaecytesis palmenesis) replacing concentrate mix. Compared to the present milk output 

this was lower by more than a kilogram of milk per day the reason for which can be 

speculated to the difference in the quality of the basal (barley Vs poor quality native hay), 

concentrate diet and diet formulation where in the later case tagasate has replaced part of the 

concentrate diet and not the protein concentration in the concentrate diet. In conclusion, the 

higher CP and EME of tagasaste which was nearly comparable to the concentrate mix used in 

this experiment supported similar nutrient intake and digestibility as for the control diet and 

thus has led to the ultimate goal of achieving a comparable responses in milk yield and 

composition.  
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Introduction 

The ammoniation method using urea has received major attention as an appropriate system for 

developing countries (Owen and Jayasuriya 1989a). However, the success of ammonia treatment as 
well as other chemical methods in application on the farm level has generally been disappointing. 

There are several reasons for this, but the economic constraints may be the main one (Devendra 1991; 

Owen and Jayasuriya 1989b). Zhang Weixian (1994) developed an economic model for the ammonia 
treated straw feeding system and concluded that if the price ratio between urea-ammonia and 

concentrates rose above 2.5:1, this system would not be profitable. In the mean time, in many 

developing countries the urea concentrate price ratio has already been close to this figure. It is 

therefore necessary to develop alternative treatment technologies for ruminant livestock production. 
Many attempts have been made by scientists to find other efficient approaches to this problem. The 

use of cereal-based concentrates is not a long term solution because with a large and increasing 

human population and limited grain production, the animal production industry in Ethiopia must 
direct its attention toward the use of crop residues whose total production is estimated to amount some 

24 million tonnes per annum (CSA, 2014). Moreover, presently relative contribution of crop residues 

to ruminant livestock can be roughly estimated to rich 50% of the total produce. A promising 
alternative to urea treatment is a microbial fermentation method. This method is simple in application 

and is of low cost, and the farmer can use the same urea-ammonia treatment facilities to carry out the 

process. Ensiling of dry crop residues involves actions such as chopping, reconstitution of moisture, 

pressing and mixing with certain additives, including microorganisms such as lactic acid producing 
bacteria (LAB), cellulolytic bacteria, for proper fermentation and nutrient preservation. A large 

number of dry crop residues have been successfully ensiled with addition of microorganisms. It was 

shown that microbial ensilage of crop residues increased daily gains, feed intake and feed conversion, 
and decreased feed cost per unit gain in growing ruminants. In this regard, lactating cows fed diets 

based on microbial ensiled straw had increased milk and fat-corrected milk yield, and slightly higher 

milk fat percentages compared with diets based on untreated straw (Zhang and Meng 1995; Ma and 
Zhu 1997). Another significant effect of microbial ensilage of dry crop residues is probably to hydrate 

and weaken plant structures so that less energy is expended on rumination (Tingshuang et al. 2002). 

The technology of Effective Microorganisms as biological inoculants was developed in the 1970’s at 

the University of the Ryukyus, Okinawa, Japan. The inception of the technology was based on 
blending a multitude of microbes, and was subsequently refined to include three principal types of 

organisms commonly found in all ecosystems, namely Lactic Acid Bacteria, Yeast Actinomyces and 

Photosynthetic bacteria (Higa, 1996). The use of EM in animal husbandry is clearly identified in 
many parts of the world (Konoplya and Higa, 2000; Hanekon et al., 2001; Safalaoh and Smith, 2001). 

However, although the possibility of a biological method of straw treatment has a great appeal as an 
alternative to the use of expensive (in terms of money and energy) chemicals and environmental 

pollution (Jackson 1978), so far, despite encouraging laboratory experiments, none of the microbial 

processes has brought an impact with farmers (Sundstol 1988). Many failures of biological straw 

treatment have been described in the literature, although some improvement in nutritive value seemed 
possible. Thus, before any new biological fermentation method is applied extensively, many aspects 

need further investigation. The objective of this study was hence to evaluate the new microbial 

inoculants EM2 as a technologically feasible alternative crop residue treatment and feeding options 
for dairy cattle in Ethiopia. 
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Methodology 

Description of study areas 
The study was carried out on-station at Holleta Agricultural Research Center. The center is located at 

9o 3’ N latitude and 38o 30’ E longitudes, about 35 km West of Addis Ababa along the main road to 
Ambo. The study area has an altitude of 2400 meters and receives an average annual rainfall of about 

1055 mm. The mean minimum and maximum temperatures are 6.1oC and 22.2oC. The area is a typical 

mixed crop livestock production system, where small scale dairying based on crossbred animals is 

found here and there. The soil type in the area is largely Nitsols and major crops grown are tef, wheat, 
barley, oats, potato, field pea, faba bean and linseed.  

 
Experimental Trials  
The study consisted of two trials conducted consecutively in two major phases. The first trial was 
laboratory evaluation through chemical analysis and in-vitro OM digestibility of three major cereal 

crop residues namely wheat, barley and oat straws treated with extended EM solution (EM2) while 

the second trial has dealt with animal response feeding trial where the EM2 treated basal straw was 
evaluated against untreated residues using lactating crossbred cows supplemented with graded levels 

of on-station formulated dairy concentrate. 

 
Trial one  
This trial has focused on ensiling three cereal crop residues, i.e., wheat, barley and oat straw with 
EM2 (extended EM solution). EM2 was prepared by mixing EM1, Molasses and Chlorine free water 

in the ratio of 1:1:18 respectively. 10% molasses was added to the solution to provide nutrients 

specifically sufficient soluble carbohydrates to the microbes in the EM2 solution, which would 
facilitate the ensiling process. EM2 solution was then applied to the residues at the rate of 0, 1 and 1.5 

liters per kg dry matter of the residues. Except for the untreated crop residue the materials were then 

incubated for 30 and 40 days using airtight plastic containers using the protocols indicated in Table 1 

below.  

 
Table 1.Ensiling protocol of the three crop residues with EM2 solution 

Type of crop residues Type of treatment 
Level/rate of 
application (liter/Kg 
DM) 

Duration of 
incubation days 

Wheat, Barley and Oat 
straws 

EM2 0, 1 and 1.5 30, 40 

 

Straws of wheat, barley and oat samples from known varieties were collected from on-station plots 
and subjected to chopping to an approximate size of 3-5cm.  

At the end of the incubation period part of the silage mass was subjected to oven drying at 65oC for 

about 72hours for partial DM determinations and further processing to 1mm sieve size grinding for 
laboratory chemical compositions and in-vitro organic matter digestibility studies.  
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Trial two 
In this trial, the crop residue that has responded to EM2 treatment much better than the others for 

chemical compositions and in-vitro digestibility fractions from trial set-one was supposed to be 

selected for next in-vivo trial on lactating crossbred cows. According to the finding from the 
laboratory trial wheat straw was the appropriate candidate basal feed for the feeding trial. 

Unfortunately, because of luck adequate amount of wheat straw decision was made to shift the basal 

diet for EM2 treatment to barley straw.  
 

Experimental Animal Preparation and Management 
A total of four lactating F1 crossbred cows (Boran x Friesian) were used for this experiment. 

Experimental cows with similar lactation performance (8-10 lt/h/d), same stage of lactation (mid-
lactating i.e., three months after calving), body weight of (393+ 25kg) but differing in parities (two 

through five) were selected from the total dairy herd available on station. All the cows were weighed 

and drenched with broad-spectrum anti-helminthics (Albendazole 500mg) prior to the start of the 
experiment. The cows were individually stall-fed in a well-ventilated barn with concrete floor and 

appropriate drainage slope and gutters. 

 
Experimental Design, Treatments and Measurements 
At the beginning of the experiment, four cows were randomly blocked in a simple 4X4 Latin Square 

Design. There were, in general, 4 experimental cows, 4 treatment diets and 4 periods. The length of 

each period was 28 days out of which 21 days were allocated for adaptation while the remaining 7 
days were used for actual data collections for analysis. In total, the feeding trial has taken about 112 

days. All cows were hand- milked twice a day and milk yield was recorded daily. Aliquot samples of 

morning and evening milk was collected weekly to analyze milk chemical composition. Water was 
available at all times free of choice. The experimental animals were randomly allotted to one of the 

four dietary treatments given below.  
Experimental treatments were:- 

Treatment 1:  EM2 treated barley straw basal diet adlibitum + (0.3kg concentrate mix /liter of milk 
produce 

Treatment 2: EM2 treated barley straw basal diet ad libitum+ 0.5kg concentrate mix /liter of milk 
produce 

Treatment 3: EM2 treated barley straw basal diet ad libitum+ (0.7kg concentrate mix /liter of milk 
produce 

Treatment 4 (control diet): Untreated barley straw ad libitum + 0.5 kg concentrate mix /liter of milk 
produce 

The cows were supplemented twice a day with a standard on-station formulated dairy concentrate 

mixture (76% wheat bran, 23% noug seed cake and 1% salt). The mix was assumed to fully meet the 

requirement for protein (20%) of lactating crossbred cows with milk yield of 8-10 liter /day and a 

butter fat content of 4.5% as described in ARC (1990) when fed as supplement at the rate of 0.5 
kg/liter of milk. 

Feed offer and refusals were measured and recorded for each cow to determine daily feed and nutrient 
intake. Feed offer and refusal samples were taken daily and weighed per cow, bulked on a period 

bases and oven dried at 650C for 72h. Samples were then ground using Cyclo-Tec sample mills to 
pass 1 mm sieve size for DM analysis to calculate feed intake. 
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Experimental Feeds and Their Preparation 
Wheat straw was supposed to be used as a basal diet since it has responded EM2 treatment much 

better than barley and oat straw. Unfortunately, there was no adequate wheat straw enough to be 

treated for use as basal feed to experimental animals over the entire experimental period. The feed 
used as a basal diet in this study was hence barley straw (variety: HB1307). The concentrate was a 

mix prepared on-station from wheat bran, noug seed cake and salt as indicated in section 2.4 above. 

Barley straw collected from Holetta Agricultural Research Center was harvested by combine 
harvester, immediately baled and stored in hay shed until it was ready to be chopped to a size of 3-

5cm using electrical chopper. 

 

The process of ensilage begins with spraying of properly prepared EM2 solution to the barley straw at 
the rate of 1lt per kg straw mass. The treated barley straw was compacted and then allowed to ferment 

for one month in an air tight plastic barrel of (250 lt) capacity before it was being fed to the animals. 

 

Diet Apparent Digestibility 
Apparent digestibility was determined for the total ration in each treatment using the procedures of 

total fecal collection method for a period of 5 consecutive days at around the end of each experimental 

period. To minimize error in faces collections, farm personnel were assigned around the clock to 
scoop faeces into plastic buckets when the animals were defecating. Urinal contamination was 

minimized by frequent washing of the concrete floor with high pressure running water using a plastic 

water hose. Individual cow’s faces were weighed every morning before 8:00am and before fresh feeds 
were given to the animals. The faeces from each cow were thoroughly mixed and a sample of 1% 

were taken and placed in polyethylene bag. Composite samples of the daily collected samples were 

mixed and stored in a deep freezer (-20oC) until the end of the collection period. At the end of the 

collection period, the pooled samples were thawed and mixed thoroughly and samples were oven 
dried at 65oC for 72 hours, ground to pass a 1mm sieve and stored in sample bottles at room 

temperature. Composite samples of EM2 treated barley straw, untreated barely straw, concentrate mix 

and fecal output were analyzed for DM, ash, CP, NDF and ADF. Apparent digestibility of DM and 
nutrients was determined using the formula:  
 

 

 

Milk Yield and Composition 
The cows were hand- milked twice a day at 5:00am in the morning and 16:00pm in the afternoon and 

milk yield was recorded individually for each animal. 100ml of milk Aliquot samples from the 

morning and evening milking were taken every week for laboratory determination of major milk 
chemical compositions that includes milk fat, protein, lactose and total solids. The sampling bottle 

was properly cleaned and sanitized before samples were taken to Holetta Agricultural Research 

Center dairy laboratory.  

 
Chemical Analysis 
All samples of feeds from laboratory trial in phase one, feed offer and refusals samples from the 
feeding trial in phase two and faces samples from digestibility trial were analyzed for DM, ash, N 

(Kjeldahl-N) according to the procedures of AOAC (1990). Neutral detergent fiber (NDF), Acid 

Detergent fiber (ADF) and permanganate lignin were determined by the method of Van Soest and 
Robertson (1985). In-vitro organic matter digestibility of feeds offered was determined according to 

the procedures outlined by Tilley and Terry (1963). Hemi-cellulose was calculated as a difference 

between NDF and ADF. Metabolizable energy (ME) value was estimated from the in-vitro organic 

matter digestibility (IVOMD). 
EME (MJ/kg) =0.16(IVOMD) according to McDonald et al. (2002).  
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Gerber method (AOAC, 1980) was used for milk fat analysis, while the formaldehyde titration 

method (Pyne, 1932) was used to analyze milk protein. Total solids in the milk were determined using 

the procedures described by Richardson (1985). Lacto scope milk product analyzer was used for 
lactose determination.  

Statistical Analysis 
Analysis of variance was made using a statistical soft ware package SAS (SAS, 2002). Data from the 
first trial was analyzed using CRD model in 3x3x2 factorial arrangements. All data from the feeding 

and digestibility trial was analyzed using a simple 4X4 Latin Square Design. Treatment means were 

separated using Least Squares Significant difference (LSD). The models for both designs are 
indicated below: 
Model for CRD in factorial arrangement 

Yijk =  + Ci +Lj + CLij + eijk 

Where;  

 = Overall mean   

Ci = Effect of type of crop residue  

Lj =Effect of level of application of EM2 

 CLij = Interaction effect    

eijk =Random error 

Model for simple 4X4 Latin Square Design 

Yijk =  + Ci +Pj + Tk + Eijk, 

Where:  

 = Overall mean  

Ci = Cow effect (parity)   

Pj = Period effect  

Tk = Treatment effect 

Eijk = Experimental error 

Results and discussion 

Chemical compositions and in-vitro digestibility of major cereal 
residues treated with EM-2 microbial solution 
Responses of major cereal residues to EM-2 ensiling are presented in table 1 below. According to 
laboratory chemical analysis, there was significant improvements (P<0.05) in the total ash and CP, 

NDF, ADF, lignin and DOMD contents of major cereal residues ensiled with EM2. For ash this 

amounts to 20.8%, 22.8% and 19.2% for oat, barley and wheat straw, respectively over their untreated 

counterparts. The increment for CP was 14.6% for oat, 14.2% for barley and 25.5% for wheat over the 
untreated residues. Similarly, percentage DOMD increments over untreated residues were 19.5%, 

26.0% and 39.5%, respectively for oat, barley and wheat straw. Cell wall constituent that has shown 

increment by 13.6%, 27.1% & 44.7% over the untreated residues of oat, barley and wheat, 
respectively was hemicelluloses. On the other hand, when EM2 was used as biological inoculants 

there was significant (P<0.05) reductions in the DM, OM and cell wall (NDF, ADF and lignin) 

constituents of the residues over the untreated residues. The reduction for DM of oat, barley and 
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wheat straw was 1.8%, 0.6% & 1.7%, respectively while it was 2.0%, 1.9% and 1.6% for OM 

contents of the residues in the same order as for the DM. The percentage improvement in NDF 

contents of the residues were 4.8%, 5.6% & 6.1% for oat, barley and wheat straw, respectively while 
EM has improved the remaining cell wall constituents of oat, barley and wheat straw in that order by 

9.6%, 13.5% & 20.0% for ADF; and 9.30%, 25.2% & 19.6% for lignin.  
Table 2. Response of major cereal residues to EM2 ensiling 

 

Treatment 

 

Average nutritive value expressed as % DM 

DM Ash OM CP NDF ADF H-cell Lignin DOMD 

Oat 
untreated 

93.06b 8.81
c
 91.19

b
 1.92

e
 80.69

e
 63.94

d
 16.75

c
 9.68

b
 38.89

d
 

Barley 
untreated 

93.47a 7.59
d
 92.41

a
 2.74

b
 79.58

d
 64.14

d
 15.44

d
 10.94bc 38.94

d
 

Wheat 
untreated 

93.78a 7.70
d
 92.30

a
 1.65

f
 82.99

f
 65.21

e
 17.78

bc
 11.88

c
 29.64

e
 

EM2 
treated Oat 91.43

d
 10.64

a
 89.36

d
 2.20

c
 76.84

b
 57.81

c
 19.03

b
 8.78

ab
 46.46

b
 

EM2 
treated 
barley 

92.88
b
 9.32

b
 90.68

c
 3.13

a
 75.10

a
 55.48

b
 19.62

b
 8.18

a
 48.67

a
 

EM2 
treated 
wheat 

92.23
c
 9.18

bc
 90.82

bc
 2.07

d
 77.90

c
 52.18

a
 25.72a

 9.55
b
 41.36

c
 

Mean+SE 
92.81±0.
32 

8.87±0.4
2 

91.13±0.4
2 

2.29±0.2
0 

78.85±1.0
5 

59.79±2.0
1 

19.06±1.3
4 

9.84±0.5
1 

40.66±2.5
0 

CV% 1.07 7.08 0.69 1.56 2.17 10.12 14.82 7.26 6.16 

`Means with different superscripts along a column are significantly different (P=0.05) 

In general, all nutritional constituents in the residues were positively influenced by EM treatment. 

However, above all, responses of the residues to change in ash, CP, DOMD and cell wall constituents 

because of EM2 ensiling were quite appreciable. Among the treated residues wheat straw followed by 
barley straw was considerably much influenced by EM2 treatment supporting previous notions that 

poor quality residues will always respond much better than residues with relatively better nutritional 

qualities. The reduction in DM & OM contents of EM2 ensiled crop residue from the current trial is 
also in agreement with previous report by EL-Tahan (2003) who pointed out that chemical 

composition of wheat straw, fungally treated with Agaricus bisporus decreased slightly the DM 

content compared with those in the untreated wheat straw. Salman et al. (2011) held an experiment 
that aimed to evaluate the effect of biological treatment with fungi, yeast and bacteria or their 

combinations on the nutritive value of sugar cane bagassie (SCB). Similar to the present finding they 

found a decreased DM for treated residues while the ash was observed to have been significantly 

(P<0.05) increased. Under local condition increased ash contents have also been observed by Yonatan 
et al. (2014) for coffee pulp treated and ensiled with EM solution. The decrease in the OM contents of 

EM treated residue from the current trial can be matched with the reports of El-Marakby (2003) and 

El-Banna et al. (2010b) who treated wheat straw and SCB with different strains of fungus was able to 
notice great decrease in content of OM for treated residues than the untreated once. The increment in 

ash contents for EM treated residues can be linked to the presence of molasses (reported to have high 

levels of minerals). Reduction in the DM and OM contents in the present trial according to El-Ashry 

et al. (2003) and Rolz et al. (1986) can be liked to microbial solublizing and fermentation of organic 
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materials (mainly structural carbohydrates) as energy sources for their own growth and 
multiplications.  

The average CP improvement over the untreated residues (i.e., 17%) from the current trial can fairly 

be compared with previous research findings of 19.2% for various microbial treated fibrous basal 

diets by Nahla et al. (2015) and El-Marakby (2003). Improvements made for CP contents of EM2 

treated residues may be due to one of the following reasons: the presence of microorganisms, 
extracellular enzymes and residual media ingredients in the treated materials (Siddhant and Singh 

2009; Khattab et al. 2013), the capture of access nitrogen by aerobic fermentation by fungus 
(Akinfemi, 2010), and the proliferation of fungi during degradation (Akinfemi and Ogunwole 2012). 

   The increments in CP contents due to EM treatment, however, were so much marginal compared to 

progress made with biological treatments earlier for other fibrous diets. El-Banna et al. (2010b) found 
higher CP (1.6 vs. 11.1%) for SCB treated with fungi. Similarly, Gado (2012) reported increased CP 

(1.9 Vs 11.2%) for SCB treated with a biological agent ZAD® for an ensiling period of four weeks. 

Additional literatures by Akinfemi and Ogunwole (2012) and Omer et al. (2012) reported CP contents 

(4.69 % Vs 7.69 %; 4.29 Vs 11.43%)  all of which are by far larger than the mean CP values (1.9% Vs 
2.2% for oat straw), (2.7% Vs 3.1% for barley) and (1.6% Vs 2.1% for wheat straw) recorded for EM 

treatment of major cereal residues from the current trial. It is a well established fact that biological 

treatment of poor quality roughages usually result in marked increases in CP contents when treatment 
conditions were appropriate. But this was not the case from the present finding majorly because of the 

luck of reconstituting the residues with water prior to EM applications, the difference in microbial 

type and strains used for biological treatment and luck of freeze drying for processing the silage 
material for lab analysis. 

 The observed increment in in-vitro organic matter digestibility of the residues ensiled with EM could 

be attributed to the reduction in percentage composition of major cell wall constituents (NDF, ADF 
and lignin). The yeasts and bacterial species present in the EM might have induced positive effect 

reflected by improvement in the corresponding in-vitro dry matter digestibility values of the treated 

residues. Especially the role of yeast in the EM solution is quite indispensable since yeasts have been 
reported to utilize feeds with high structural components (Maurya, 1993). The maximum 

improvement in DOMD% brought about by EM2 treatment over untreated residue from the current 

trial was the one that was recorded for wheat straw (39.5%). The average improvement over the 
untreated residue (i.e., 28%) was close to the figure (30%) reported earlier for coffee pulp ensiled with 

EM by Yontan (2014). With the exception for barley straw the in-vitro organic matter digestibility 

recorded for the other treated residues from the present trial was, however, lower than the threshold 

digestibility (50%) recommended for poor quality roughages by Aramble and Tung (1987). IVOMD 
figures as high as 57.02% recorded for rice straw treated with different strains of fungi have also been 

reported earlier by Akinfemi and Ogunwole (2012). Disparities in DOMD values with previous 

findings can be explained by the type of microbes and/or microbial strains used, quantities applied, 
straw type and quality and above all preconditions required to be fulfilled for biological treatment.             

Application of EM inoculates on in fibrous feed stuffs have been previously reported to have 
increased the quality of the silage by decreasing fibrous contents of the silage (NDF and ADF) (Higa 

and Wididana, 2007). A decrease in NDF and ADF content of the silage could be due to the addition 

of molasses to the silage which in its effect can increase the number of anaerobic bacteria (lactic acid 

bacteria: Lactobacillus plantarum; L.casei; Streptococcus Lactis) and yeast (cercomycae cervicae) 
capable of degrading the lingo-cellulotic complexes in the cell wall fractions of the silage material 

through their oxidizing and solublizing effects. Several other authors were also able to note (Fayed et 

al., 2009 and Mahrous et al., 2009) similar effect by fungus that it can degrade cellulose and hemi-
cellulose by oxidizing and solublizing the lignin component. In the current trial the main effect of EM 

as in any other probiotics for biological treatment of fibrous residues was the reduction in the cell wall 

constituents of the residues (see table 2 above). The result from this research work is, therefore, in 
agreement with earlier findings by Salman et al. (2011) who conducted an experiment aimed to 

evaluate the effect of biological treatment with fungi, yeast and bacteria or their combinations on the 

nutritive value of SCB. They found that the NDF, ADF, cellulose and hemicellulose contents were 

significantly decreased compared to untreated ones. The current result is also in pare with the findings 
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of El-Marakby (2003) who found a great decrease in content of neutral detergent fiber (NDF- 45.1%), 

acid detergent fiber (ADF- by 31.5%), cellulose (by 53.7%), hemicellulose (by 96.3%) for wheat 

straw treated with white rot fungus Agaricus bisporous. Similarly, Gado (2012) and El-Banna et al. 
(2010b) had same observation with the current finding about the reduction of cell wall constituents 

typical of the NDF, ADF and ADL fractions after a SCB was being treated and ensiled with microbial 

agents such as ZAD® and brown rot fungi (Trichoderma reesei F-418). However, the magnitude of 

reduction in fiber constituents from current trial was relatively lower compared to earlier findings. 
Same factors mentioned above for CP and in-vitro OMD could be responsible for the induced 
variability between the present and previous findings.       

Response of  Crop Residues to Levels of EM2 Applications and Durations of 
Incubations 

Responses of major cereal residues to quantities of EM2 applied per kg straw mass and days required 
to come up with best quality straw silage as measured through chemical compositions and in-vitro 

organic matter digestibility is shown in table 3 below. Except for DM and ash the level of application 

of EM2 solution per kg straw mass was non-significant (P>0.05) for all other nutritional parameters 

under consideration. Similarly, regardless of the difference in the ensiling periods there were no 
noticeable changes (P>0.05) in both chemical compositions and in-vitro digestibility coefficients 

except, of course, for DM & OM of the residues incubated between 30 and 40 days. In other words, 

there were no net gains in nutritional values by adding extra ten days beyond 30 days of incubations. 
Interactional effects between straws, rates of EM2 applications and incubation periods for all 

laboratory quality parameters considered in this particular studies were very weak and happen to 
remain non-significant (P>0.05). 

Table3. Response of crop residues to different rates of EM2 applications and durations of incubations 

Variable Average nutritive value expressed as % DM 
 

DM Ash OM CP NDF ADF H-cell. Lignin DOMD 

1 Lt/Kg 
DM 92.58

a

 9.45
b

 90.55
a

 2.49
a

 76.48
a

 56.68
a

 19.80
a

 8.77
a

 46.23
a

 

1.5 Lt/Kg 
DM 92.17

b

 9.97
a

 90.03
a

 2.44
a

 76.74
a

 56.97
a

 19.78
a

 8.90
a

 45.76
a

 

Mean ± 
SEM 

92.38±0.01 9.71±0.01 90.29±0.01 2.47±0.01 76.61±0.01 56.83±0.03 19.79±0.01 8.84±0.05 45.50±0.13 

30 days of 
ensiling 92.04

a

 9.85
a

 90.15
a

 2.45
a

 76.72
a

 56.70
a

 20.01
a

 8.87
a

 45.50
a

 

40 days of 
ensiling 91.71

b

 10.23
a

 89.77
b

 2.49
a

 76.50
a

 56.94
a

 19.57
a

 8.69a 45.49
a

 

Mean ± 
SEM 

91.88±0.30 9.72±0.09 90.29±0.10 2.47±0.01 76.61±0.02 56.82±0.02 19.79±0.04 8.78±0.29 45.50±0.01 

Straw X 
EM2 X 
Incubation 

0.103 0.106 0.106 0.073 0.917 0.231 0.554 0.138 0.061 

Means with different superscripts along a column are significantly different (P=0.05) 

 

The fact that interactional effects were non-significant has led to the decision to consider the three 
independent factors for the different quality parameters considered. Accordingly, the absence of 

statically detectable nutritional quality difference (P>0.05) for EM2 application rates can lead us to 

further recommendation of EM-2 at the rate of 1lt per kg dry straw mass for use on a wider scale at an 

on-farm level. More over, the nutritional quality of the residues treated with EM2 and subjected to 
incubation at two different ensiling periods (30 and 40 days) didn’t happen to show any statistically 

(P>0.05) appreciable differences implying the need to consider 30 days of ensiling periods for EM2 

treatment of cereal crop residues under field conditions. Thus considering both factors 1lt EM2/kg dry 
residue weight incubated for a period of 30 days can be recommended for use on a wider scale under 

on-farm conditions in the central highlands of Ethiopia. Since probiotic use of EM for crop residue 

improvement is a recent phenomenon as compared to different strains of lactic acid bacteria and fungi 
that have deeply studied for the last several decades literatures supporting the EM treatment option 

both at a laboratory and on-farm condition were quite meager. 
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Chemical Compositions of Experimental Feed Ingredients 
The chemical compositions of feeds used for feeding trial in the present study are shown in Table 3. 

Higher CP continents were observed for the concentrate mix. The change in CP contents brought 

about by EM-2 treatment compared to the untreated straw would need to be highly appreciated. The 
untreated barley straw used in this study contained 27.6%, 31.7%, 15.6% and 27.6%  more  NDF, 

ADF, Hemi-Cellulose and Lignin content on DM basis than the treated barely straw, respectively. In 

this regard, El-Marakby (2003) for a treated wheat straw with white rot fungus Agaricus bisporous 
noticed substantial reduction in the contents of NDF by 45.1%, ADF by 31.5%, and hemicellulose by 

96.3%. Samsudin, et al. (2013) was also able to note significant differences (P<0.05) among the EM 

treated rice straw and untreated rice straw in DM, OM, CP, NDF, ADF, and cellulose contents.  
Table 4.Chemical compositions and in-vitro digestibility of experimental feed ingredients (% DM basis) 

Feed type 
DM 

 

OM 

 

CP 

 

DOMD 

 

EME 

(MJ/kg DM) 

NDF 

 

ADF 

 

HC 

 

Lignin 

 

EMTBS 90.09 89.93 4.95 51.7 8.27 57.97 40.66 17.31 8.03 

UTBS 93.4 92.39 2.30 33.1 5.29 80.05 59.56 20.49 11.05 

Concentrate 89.0 92.10 20.0 68.0 10.88 40.00 21.30 18.70 6.51 

EMTBS = EM treated barley straw; UTBS=untreated barely straw; HC=hemicellulose; OM= organic matter; CP= crude 
protein; ADF=acid detergent fiber; DM=Dry matter; NDF=Neutral detergent fiber; MJ=Mega joule; IVOMD =Invitro organic 
matter digestibility; EME= Estimated metabolizable energy 

The level of DOMD and Estimated metabolizable energy (EME) contents observed for the treated 

barley straw was much higher than that for the untreated barely straw. However, the values were 

much lower compared to that observed for the concentrate mix used in this study. Akinfemi and 
Ogunwole (2012) also reported that EME was highest for the fungal treated rice straw than the 

untreated residue. Similar observations by Sommart et al. (2000); Nitipot and Sommart (2003) 

indicated that in-vitro dry matter and organic matter digestibility were higher for biologically treated 
straws than that of the untreated residues. Due to EM2 treatment the value for CP was almost doubled 

over the untreated residue. El-Banna et al. (2010a) treated potato vines with Lactobacillus acidophilus 

and reported similar improvement in CP content from15.8 to 18.5%. The improvement in CP 
constituent would not only sufficient enough to meet the requirement for crude protein for ideal 

ruminal fermentation emphasizing the need to consider additional protein supplement from the 

concentrate diet of lactating crossbred cows. The improvement made in cell wall fraction over the 

untreated residue of barley straw was quite immense. According to Singh and Oosting (1992) 
roughages with NDF content of 45-65% are generally categorized as a medium quality basal feed, 

while feeds with NDF below 45% are grouped as high quality feeds. Since intake and digestibility 

limitation with untreated residue can somehow be improved with EM treatment (table 5 & 6) 
additional saving in the daily allowance of concentrate can even be envisaged from lactating 
crossbred cows maintained on a basal diet of EM-2 treated crop residues. 
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Daily feed and nutrients intake 
The values for voluntarily feed and nutrient intakes of experimental cows are presented in table 5. 

There were considerable changes (P<0.05) in the daily basal feed intakes between the groups that fed 
with the treated and untreated barley straw residues. Despite clear difference in the daily allowance of 

concentrate as we move along the treatment set-up differences were non-significant (P>0.05) for cows 

under dietary treatments receiving the treated barley straw. Experimental cows receiving the treated 
barely straw as a basal diet consumed on average 6.62kg per day while those on the untreated residue 

consumed 1.76kg less barley straw on a daily basis. Daily allowance for concentrate and total dry 

matter intakes were significantly differing (P<0.05) both among the treatment groups that were 
receiving the treated residues and when these groups were compared with cows receiving the control 

diet.  

The increasing trend (P<0.05) in the daily concentrates allowance didn’t happen to influence basal 

feed intake among cows that received the treated barley straw. This may be due to the fact that major 
nutrient intakes across the cows receiving the treated straw diet might have addressed the requirement 

for the observed daily basal intake. However, total feed DM intake followed the rate of concentrate 

supplementation across the dietary treatments. It can thus be said that the improvement in the daily 
basal feed intake over the untreated residue seem to have been much influenced by the changes in the 

chemical compositions and organic matter digestibility (see table 2 & 4) of the residue brought about 
by EM2 treatment and the corresponding daily nutrient intakes and digestibility from the total diet. 

Daily Nutrient intakes followed same trend as for the total DM intake. Differences were, in general, 

significant (P<0.05) both among and between dietary treatments with cows on dietary T3, 

exceptionally consuming considerably higher daily nutrient intakes followed by cows on dietary T2 & 
T1. Except for ADF intakes the increasing trend for all nutrient intakes followed the increasing trend 

in the daily allowance of concentrate intakes among cows receiving the treated residue. Improvements 

in daily nutrient intakes over the untreated residues were  1.73kg (OM), 0.27kg (CP), 0.13kg (NDF) 
and 31.99MJ (ME). On the contrary, because of the response of ADF residue to EM2 treatment was 

so marginal (see table 4) average daily intake of ADF fraction by cows receiving the untreated residue 

as a basal diet was higher by 0.13kg than those cows receiving the treated barely straw residue. 

Metabolizable energy(ME) intakes differences were highly  significant  among  all dietary treatments  
(P <0.05) with cows on dietary treatment 3 consuming considerably higher daily ME contents of 

15.07, 30.08 and 47.04 compared to that of cows in T2 ,T1 and T4, respectively. All cows in the 

current trial were, therefore, on the positive energy balance since daily ME requirement across all 
dietary treatments were sufficiently been met for the mean daily produced milk yield of 6.52 kg if not 

for the targeted daily milk yield of 8-10 kg according to ARC (1990). In other words, cows on all 

treatments were on the negative energy balance for the targeted daily milk yield of 8-10kg presumably 
because the total ration was not fortified with adequate energy sources both quantitatively and 
qualitatively taking in to account the quality of the basal diet. 

The reason for absence of significant difference (P>0.05) for daily DM, OM, CP & NDF intakes 
between the cows receiving dietary T1 & T4 may be speculated to the fact that cows on the control 

diet even though consumed as much more concentrate mix per day (0.5kg/lt) as their counterpart cows 

in T1 (0.3kg/lt) had higher ADF intake that perhaps have affected digestibility and eventually daily 
intake of the nutrients. Secondly, it may be linked to the assumption that cows that have been fed with 

the treated straw had more basal feed intake and hence consequently ingested more of the nutrients 
which can, indeed, simply offset nutrient intakes from larger concentrate intake by the control group.  

Using wheat straw and different other crop residues that are microbially treated and fed to different 

class of animals in China and elsewhere Wu (1996), Chen and Li (1998), Meng et al. (1999), and 

Fazeali et al. (2004) reported similar improvements in the daily basal and nutrient intakes for DM, 
OM, CP, NDF and ADF. Considerable changes in basal, total feed and daily nutrient intakes 

according to these authors were related to the fact that ensiled crop residues with microbial agents 

usually have good palatability for ruminants, and thus would be responsible for higher intake. More 
over according to Mekasha et al. (2002) the lower fiber and relatively higher CP contents in the 

treated residue may be responsible for the improved DM and total DM intakes by ruminants. In many 

experiments in comparison with ammoniated straw, microbially ensiled residues gave higher intake, 
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faster rate of passage and therefore better performance simply because microbial agents (typically 

funguses and some bacteria) can effectively attack lignin and cellulose (McCarthy 1986; Fayed et al., 

2009 and Mahrous et al., 2009). On the contrary, the finding from this trial is completely in contrast 
with those reports by (El-Banna et al. 2010a; El-Banna et al. 2010b; Abd El-Galil 2011) who declared 

negative responses for daily feed and nutrient intakes from biologically treated crop residue based 

diets for various classes of animals compared to the untreated residues. These variations can be 

associated to the difference in the microbial agent used; type of residue subjected to the biological 
treatment and the difference in the experimental animal unit and/or the environment under which the 
specific trials were conducted.  

Table 5.Dry matter and nutrient intake of lactating crossbred dairy cows  

Treatment 

Intake (kg/day/cow) T1 T2 T3 T4 SEM 

Barely straw 6.65a 6.68a 6.54a 4.86b 0.17 

Concentrate 1.72c 3.05b 4.48a 2.84b 0.34 

Total DM 8.37c 9.73b 11.02a 7.65c 0.34 

Total OM 7.57c 8.80b 9.99a 7.06c 0.31 

CP 0.68c 0.94b 1.22a 0.68c 0.07 

NDF 4.58c 5.14b 5.67a 5.00bc 0.16 

ADF 3.02b 3.28ab 3.49a 3.39a 0.09 

ME (MJ/day) 74.72c 89.73b 104.8a 57.76d 3.80 
abcMeans with different superscripts within row are significantly different (P<0.05); 
SEM=standard error of mean; DM = Dry matter; CP = Crude protein; NDF= neutral 
detergent fiber; ADF acid detergent fiber; ME = Metabolizable energy;  

 
Apparent digestibility of dry matter and major nutrients 
The results of the effect of EM2 treated barely straw supplemented with concentrate mix on total diet 

apparent nutrient digestibility of lactating cross breed dairy cows are presented in table 6. Total diet 

apparent nutrient digestibility appeared to be significant (P<0.05) over experimental cows maintained 
on the control diet except for DM & OM which was observed to be non-significant both among and 

between experimental cows receiving the different dietary treatments. Accordingly, experimental 

cows that have been fed with the treated barley straw as basal diet digested on average 11.89%, 9.52% 
& 7.57% more CP, NDF and ADF over the cows receiving the control diet per head per day, 

respectively. Among cows in the intervention group, however, more nutrients except DM & OM on a 

daily basis were digested by cows receiving dietary T3. Compared to the control group cows on 

dietary T3 effectively digested more CP, NDF and ADF which was calculated to be greater by 18.6, 
13.6 & 10.57 percentage units, respectively on a daily basis.     

 

In general, it can be said that the improvements in apparent nutrient digestibility have been clearly 
reflected by a more and progressive daily intakes for cows that have been receiving the treated barley 

straw residue (see table 5). The effect of treatment shall clear be appreciated for cows maintained 

under dietary T1 that have consumed equivalent or even in some case more basal feed and nutrient 
intakes while these same cows were still receiving 200gm less formulated dairy concentrate per day 

compared to cows on the control group. A tendency for the increased apparent digestibility for all 

nutrients among cows fed with EM2 treated barely straw compared to the control group may be 

explained by the higher degradability rates of the treated barley straw crop residue in the rumen 
associated to the delignification process during the ensiling process which renders more cellulose and 

hemi-cellulose for microbial colonization and fermentations in the rumen. It could also be related to 

higher dietary total DM intake among the treated residues compared to the control group (see table 5 
above).  

 

The result from the current finding is also in par with El-Banna et al (2010a) and El-Banna et al. 
(2010b) who reported that the digestibility coefficients of DM, OM, CP, NDF, ADF, hemi-cellulose 

and cellulose of Lactobacillus acidophilus and brown rot fungi Trichoderma reesei F-418 treated 

potato vines and SCB were higher than those of untreated potato vines and SCB. Guim et. al. (2000) 
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further stated that DM digestibility percentage of EM treated silage resulted significant levels of 

increment in the digestibility of CP than untreated silage. Moreover, Kholif et al. (2005) and Mahrous 

(2005) in a similar finding to the current trial found that roughages subjected to fungal treatments had 
increased (P<0.05) digestibility for most nutrients and thus their feeding values as TDN and digestible 

crude protein (DCP) increased compared with untreated materials. 

Crude protein digestibility among all other dietary nutrients was found to be significantly higher (P < 

0.05) for cows on dietary T3 which has digested 7.14%, 13% and 21.6% more CP contents  per day 
than cows on dietary T2,T1 and T4, respectively. This higher digestibility percentage of CP for cows 

under T3 might have something to do with the higher intake of concentrate mix and hence CP intake 

(see table 5 above) compared cows on the remaining treatments. Maseaki et al. (1992) noticed that 
biologically treated straws as well as other fibrous roughage resulted in an increase of CP content and 

digestibility.This result is also in line with the contention given by Gado et al. (2006); Khattab et al. 

(2011), that biological treatment of poor quality roughages usually result in marked increases in their 
CP content digestibility when the treatment conditions were appropriate.  

Data analysis from the current trial showed that, for the cows receiving the intervention diet the cell 

wall constituents digestibility were significantly increased (P<0.05) over the untreated residues. These 
results are in agreement with those obtained by Abd-Allah (2007) with biologically treated corn cobs 

by T. ressei and Mahrous et al. (2009) compared with untreated materials. The improvement in cell 

wall digestibility coefficients as a result of biological treatments according to Nsereko et al. (2002) 
and Ali, (2005) may be due to the effect of increasing numbers of cellulolytic bacteria and fungi in the 
rumen, which may be responsible for the stepwise hydrolysis of cellulose to glucose. 

Table 6.Feed DM & Nutrient Apparent Digestibility of Experimental Cows 

Apparent digestibility (% DM basis) 
Treatment  

SEM T1 T2 T3 T4 

DM 47.65a 51.17a 52.57a 39.91a 4.19 

OM 51.09a 54.51a 55.92a 45.01a 3.89 

CP 50.01b 55.87a 63.01a 44.412c 4.44 

NDF 43.93b 45.32b 50.38a 37.02c 4.2 

ADF 34.62b 38.33a 40.98a 30.41c 4.38 
abcMeans with different superscripts within row are significantly different (P<0.05) 

 

Milk yield and compositions 
During the entire experimental periods there were no any unusual abnormalities or health problems 

observed on all the experimental animals due to the effect of feeding EM2 treated barely straw. 

Results of the effect of dietary treatments on mean daily milk yield and compositions are presented in 
Table 6. There were significant differences (P < 0.05) in milk yield both among and between the cows 

fed EM treated and untreated barely straw basal diet. On a daily basis cows that were maintained on 

dietary T3 produced extra daily milk of 0.55, 0.65 and 1.07 kg over those cows that were maintained 
on the remaining dietary treatments of 1, 2, and 4, respectively. The extra daily milk produced by 

cows under T3 may be justified by the relatively larger daily concentrate intake and hence protein and 

energy intake per head of the animal that may be over and above than supplied by the remaining 

treatments. Cows receiving dietary T1 produced significantly (P<0.05) more daily milk yield 
(0.42kg/day) over the cows receiving the control diet and the same amount of daily milk yield 

(P>0.05) as cows on dietary T2.  

The most interesting finding from the current study was the saving in the daily concentrate allowance 
of 200 gram per head of cows under T1 over those cows maintained under dietary T2 & T4. When the 

efficiency of milk production is compared taking in to account the daily concentrate allowance for 

each treatment cows which were receiving T1, T2, T3, and T4 consumed 0.267kg, 0.466kg, 0.632kg 

and 0.472kg, respectively for each kg of milk production. This implies cows under T1 were efficient 
and more economical since less concentrate (0.267) was consumed to produce a kg of milk. On the 

contrary, cows maintained under dietary T4, even though, produced higher milk yield per day have 
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consumed relatively more concentrate for each kg of milk produce. Before embarking on 

recommending any one of the dietary treatments it seems, however, mandatory to look in to the 

economics of the feeding so that recommendations are set based on both the biological and economic 
response of the cows.         

The higher daily milk production among the cows that received the intervention diet can be speculated 

to the higher feed and nutrient intake obtained from the treated barley straw basal diet. Fazaeli et al. 
(2002) studied the effect of fungal (Pleurotus ostreatus coded P-41) treated wheat straw in the diet of 

lactating Holstein cows at 0, 10, 20 and 30% levels. Similar to the present finding they found as the 

daily milk yield and its composition were not affected by consumption of increasing amount of dairy 
concentrate. Fazaeli et al. from his experiment in 2004 further noted that inclusion of fungal treated 

straw up to 30% of the total mixed ration in late lactating Holstein cows improved the nutrients 

digestibility and also noted an increase in fat corrected milk yield by 13%. Some other researchers 
(Moawd, 2003; Khattab, et al. 2011) with their similar experiments that used biologically treated 

wheat straw and/or rumen contents fed ad libtumly to either lactating sheep or goats reported same 

findings that agree with the finding of the current trial for milk yield and compositions compared to 
that recorded for the untreated residues.      

Cows fed with the EM treated barely straw produced higher milk fat content (P<0.05) than the cows 

in the control group. The higher fat percentage  (P<0.05)  by cows on T3 over those cows that were 
receiving dietary T1 & T4 can be associated to  higher total DM, nutrient intake  and digestibility (see 

table 5 & 6). Nahla et al. (2014) also indicated that lactating cows fed diets based on microbial ensiled 

straw had increased milk and fat-corrected milk yield, and slightly higher milk fat percentages 
compared with diet of untreated straw. Moreover, Kholif et al. (2014) reported increased fat contents 

for Pleurotus ostreatus treated rice straw fed lactating Baladi goats (38 and 40 vs. 34 g h-1 d-1) 

compared with those fed untreated rice straw. The improvement in fat contents of the milk produced 

from lactating animals fed with feeds treated with biological agents according to these researchers 
was perhaps linked to the increased levels of milk conjugated linoleic and unsaturated fatty acids 

obtained from the increased daily intake of the treated barley straw intake. Milk protein percentages 

also varied significantly (P<0.05) with cows receiving T2 & T3 having the highest protein percentage 
unit over those cows that were receiving the control diet. Increased dietary CP intake from the daily 

concentrate allowance (see table 5) might have helped experimental cows in these group generate the 

observed difference in milk protein. Phipps (1994) attributed higher daily milk yield and protein 
concentration to the high protein intakes of lactating cows. On the other hand, no considerable 

difference (P>0.05) was noticed both among the cows that were receiving EM treated barley straw as 

intervention basal diet and when similar groups were compared with the control group for milk 

lactose and total solids. It is unclear why milk sugar (lactose) was not affected both among and 
between the different dietary treatments despite the marked differences observed in the daily 

concentrate allowance of the cows existing under the different dietary treatments. It is also hardly 

possible to explain the absence of significant difference among all dietary treatment for milk total 
solids while still considerable improvements were made to other compositional parameters except for 

milk lactose. To this end, negative responses in daily milk yield and qualities have also been reported 

elsewhere. Kholif et al. (2014) replaced berseem clover with Pleurotus ostreatus treated rice straw at 

25 and 45% of diets contained (CFM and berseem clover at 1:1 w/w) and found that feeding Baladi 
goats on treated rice straw at 25 and 45% had lowered milk yield (954 and 802 vs. 966 g h-1 d-1) 

compared to those fed un treated rice straw. Milenković et al. (2004) also found that replacing diets of 

Holstein Frisian cows with 2 and 4 kg of Pleurotus ostreatus spent substrate decreased milk yield 
(P>0.05) with the increase of participation of dry matter in dry matter of a meal. The content of solids 

not fat, proteins and lactose in milk decreased with increasing the level of the substrate in a meal, 
while the fat amount in the same trial alone was increased. 
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Table 7.Milk yield and composition of lactating crossbred cows 

Parameters Treatment  
SEM T1 T2 T3 T4 

Milk yield (kg/day) 6.440b 6.540b 7.09a 6.02c 0.18 

Milk compositions 

Fat (%) 3.85b 3.92ab 4.04a 3.71c 0.065 

Protein (%) 2.97ab 2.98a 3.09a 2.91b 0.05 

Lactose (%) 5.00a 4.76a 4.91a 4.88a 0.14 

Total solids 12.41a 12.40a 12.45a 12.43a 0.10 
abcMeans with different superscripts within row are significantly different at (P<0.05) 

 
Economic return obtained in feeding EM2 treated barely straw  
Economic returns were calculated for the different groups of animals based on current price 

data collected for each input and out price from local markets around Holetta town (Table 8). 

A partial budget analysis measures those items of income and expenses that change (Stemmer 

et al., 1998). Therefore, the costs of EM2 treatment per kg straw mass, concentrate feed 

ingredients and the cost for treated barely straw consumed by the animals in the different 

treatment group were considered as varying costs while all other costs (labor for routines, 

medications, electricity, water.) were ignored since they remained constant over all the 

dietary treatments. 

 
Cost benefit analysis from the table below indicated that experimental cows receiving the control diet 
were on the better position in terms of the gross amount of return obtained from an individual cow per 

day. This gross return when calculated over cows maintained on the remaining dietary treatments was 

more than double, i. e. 31.83, 35.83 and 33.95 more Ethiopian birr per day over those cows 
maintained with the treated barely straw based diet of T1, T2 and T3, respectively. Among cows that 

were receiving the intervention diet  differences in terms of gross and net return over control cows 

were, in general, not very much appreciable. Cows on dietary T1, however, generated more gross and 
net return over the remaining cows other than those on the control diet. More economic return by 

control cows can be justified by the rising cost of straw treatment with EM2 than it was originally 

anticipated. Moreover, the difference in the daily basal feed intake previously observed in table 5 and 

the resulting milk yield per day of cows receiving the intervention diet were not big enough to offset 
the costs for straw treatment compared to cows receiving the untreated residue. On the other hand, the 

relatively higher gross and net return per cow per day of cows in T1 group compared to same cows 

receiving treated straw based diet in T2 & T3 might have something to do with the reduction in the 
daily allowance of concentrate feed by 0.2 and 0.4 kg/day over same treatments, respectively. Taking 

the current economic benefits in to consideration feeding cross bred lactating cows with EM treated 

barley straw over the untreated residue seems quite unlikely unless research has come with some other 
alternative strategies that dramatically cut the present cost of straw treatment with EM-2 microbial 

solution.  

In view of the above discussion, the economic returns from the intervention diets may be higher if the 

positive long-term impact of EM treatment on general body condition and reproduction are also taken 
into account. Moreover, considering the present cost of straw treatment with EM and the market price 

of milk, feeding EM treated straw may be so much economically attractive if cows of high milk 

production potential in early lactation are fed with EM treated straws of relatively poorer quality but 
as the same time cheaper on the local market. 
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Table 8. Economic return/ cow/day over feeding the different dietary treatments 
 

Variable T1 T2 T3 T4 

Cost variables     

EM-UBS    10.11 

EM-TBS 58.39 58.65 57.42  

Concentrate 6.15 10.94 16.07 10.19 

Total variable cost 64.54 69.59 73.49 20.30 

Income variables     

Milk sale 67.62 68.67 74.45 63.21 

Dung cake sale 24 24 24 16 

Total income 91.62 92.67 98.45 79.21 

Gross  return 27.08 23.08 24.96 58.91 

Net return /control diet -31.83 -35.83 -33.95  

 

Assumptions 
Estimated labor cost per day was 70 birr 
Cost of 1kg treated barley straw was 8.78 birr  

An average feacal dry matter output of 4.01kg & 5.04kg for the control and cows on the intervention 

diets. With that assumption a cow on the control diet produced around 8 dung cakes/day while cows 
on the intervention diet produced around 12 dung cakes on same date. 

Sale price of a dung cake was  2 birr 

 Sale price for a liter of milk was 10 birr  

Summary and conclusions 
In conclusion, nutritive value, intake and digestibility of crop residues can be considerably improved 
when a liter of EM2 solution was applied against the dry mass of a kg of the residues. Moreover, daily 

milk production response among the cows fed with EM2 treated barley straw basal diet can be 

substantially improved when lactating cows were supplemented with a dairy concentrate equal to 
and/or above 0.3kg/liter/day. Owning to the inflating cost of straw treatment presently it won’t be 

economical to feed EM treated residues compared to untreated residue to lactating cows of low milk 

yielding potential. It is, therefore, recommended that future research work shall focus on minimizing 

total feed cost by: feeding EM treated residue to relatively highly responsive high producing cows, of 
course, by reducing cost of straw treatment mainly through reconstituting the residues with water 

prior to EM treatment. That way the amount and cost of EM2 used per kg straw mass can be 

drastically reduced. The cost of treatment and hence of feeding can further be cut to a significant level 
if the initial purchase price of preferred residue for EM2 treatment and ensiling is relatively cheaper. 

So under local condition it worth to consider wheat straw than barley and tef straw.   
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Introduction 

Napier grass (Pennisetum purpureum (L.) Schumach), also known as elephant grass, was originated 

from sub-Saharan tropical Africa (Clayton et al., 2013) and occurs naturally throughout tropical 

Africa and particularly in East Africa (Lowe et al., 2003; Mwendia et al., 2006). It is the forage of 

choice not only in the tropics but also worldwide (Hanna et al., 2004) due to its desirable traits such as 
tolerance to drought and adaptability to a wide range of soil conditions, and high photosynthetic and 

water-use efficiency (Anderson et al., 2008). It is a tall and deep-rooted perennial bunch grass well 

known for its high yielding capability and mainly used in cut-and-carry systems (FAO, 2015). It is a 
pioneer species and performs well in low, mid and highland areas of Ethiopia (Seyoum et al., 1998; 

Tessema, 2005). According to Fekede et al., (2005), Napier grass grows best at high temperatures but 

can tolerate low air temperatures under which the yields can be reduced and ceases to grow at a 
temperature below 10°C. It does better on rich, deep soils such a friable loams but can grow on poorly 

drained clays with fairly heavy texture or excessively drained sandy soils with pH ranging from 4.5 to 

8.2 (FAO, 2015; Cook et al., 2005). Napier grass is propagated vegetatively by using stem cuttings, 

root splits or shoot tips (Tessema, 2008) which usually vary across agro-ecologies (Getnet and 
Gezahagn, 2012). For best establishment and productivity, it should be planted at a distance of 1m 

between rows and 0.5m between plants (Tessema, 2008). However, the spacing vary due to climatic 

condition of the area and the narrow spacing is used for moisture stress area when compared with high 
moisture areas. 

Amongst the improved forage crops promoted in Ethiopia, Napier grass could play an important role 
in providing a significant amount of biomass yield of 20-30 t DM/ha/year with good agronomic and 

management practices (Farrell et al., 2002). Napier grass can provide a continual supply of green 

forage throughout the year and best fits to all intensive small scale farming systems (Alemayehu, 

1997). All forage crops respond dramatically to good management practices. Hence, higher yields, 
better forage quality and improved persistence results from paying attention to the basics of good 

forage management conditions. Elephant grass requires high fertilizer levels and regular water supply 

(Mannetje, 1992). Yields range from 20 to 80 t DM/ha/year under high fertilizer inputs (Francis, 
2004; Skerman et al., 1990). Without fertilizer or under low fertilizer, yields are in the range of 2-10 t 

DM/ha/year (Bogdan, 1977). Cuttings can be done at 45-90 day intervals, depending on location 

(FAO, 2015), genetic variation and management. Based on chemical composition and in vitro dry 

matter digestibility (IVDMD), Napier grass could be categorized as high quality forage (Tessema, 
2002) and extremely palatable when young and leafy (Cook et al., 2005). The cultivation of high 

quality forages with a high yielding ability and adaptability to biotic and abiotic environmental 

stresses is one of the possible options to increase livestock production under smallholder farmers 
conditions (Tessema, 1999).  

http://www.feedipedia.org/node/20075
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Despite the huge livestock population in the country, productivity of animals in Ethiopia is lower than 

the regional and continental average. Among the factors contributing to low productivity, availability 

of poor quality feed resources remains to be the major bottleneck to livestock production. To improve 
livestock production, sustainable solution to seasonal deficiencies in feed availability and quality are 

required through proper management and utilization of forage crops. However, the performance of 

forage species vary across locations due to differences in soil types, temperature and amount and 

distribution of rainfall. Testing the adaptability and yield potential of different forage crops across 
various agro-ecological zones is very important to identify the best-bet accessions for utilization. 

Accordingly, there is a need to evaluate Napier grass accessions for basic quantitative and qualitative 

traits to address the feed demand of mixed farming systems in the country. Therefore,  the objectives 
in this study were to evaluate the agronomic performance, DM yield stability and nutritive values of 
ten accessions of Napier grass in multiple environmental conditions of Ethiopia.  

Methodology 

Description of the test environments 
The experiment was conducted under field conditions at Holetta, D/zeit, Adamitulu, Areka and 
Hawassa Agricultural Research Centers during the main cropping season. The test locations represent 

the low, mid and highland areas ranging in altitude from 1650 to 2400 masl. The farming system of 

the study areas is mixed crop livestock production system. Description of the test environments are 

indicated in Table 1.  
 
 Table 1. Description of the test locations for geographical position and physico-chemical properties of the soils 
 

Parameter Agricultural Research Centers 

Holetta D/zeit Adamitulu Areka Hawassa 

Latitude 9° 00'N 9o N 7° 9'N 7°06'N 7°04'N 

Longitude 38° 30'E 39o E 38° 7'E 37°41'E 38°31'E 

Altitude (masl) 2400 1850 1650 1711 1700 

Distance from Addis Ababa (km) 29 48 167 300 275 

Annual Rainfall (mm) 1044 800 760 1400 1100 

Daily minimum temperature (°C) 6.2 12.2 12.6 14.5 12.9 

Daily maximum temperature (°C) 21.2 25.7 27.0 25.8 27.3 

Soil type Nitosol Alfisol Andosol Nitosol Fluvisol 

Textural class Clay Loam Sandy loam Silty loam Clay loam 

pH(1:1 H2o) 5.24 7.26 7.88 5.2 4.9 

Total organic matter (%) 1.80 2.83 2.38 2.65 4.60 

Total nitrogen (%) 0.17 0.22 0.39 0.36 0.35 

Available phosphorous (ppm) 4.55 10.84 37.41 2.75 2.62 
 

Experimental design and layout 

The ten accessions of napier grass considered for this research experiment were 15743, 16783, 16791, 

16792, 16794, 16813, 16815, 16817, 16819 and local check. The planting material of the accessions 

were collected from Bako Agricultural Research Center and brought for planting at D/zeit 
Agricultural Research Center. The vegetative parts in the form of root splits and stem cuttings were 

distributed from D/zeit research center to the test research centers to evaluate their performance under 

different agro-ecological conditions. The experiment was conducted under field conditions for four 
years during the main cropping season of 2011-2014. The accessions were planted at the beginning of 

the main rainy season in five agricultural research centers. The accessions were planted in 4 x 4 m 

plot using a randomized complete block design (RCBD) with three replications and the accessions 

assigned randomly to plots within block. Root splits at Holetta and stem cuttings at D/zeit, Adamitulu, 
Areka and Hawassa were planted in rows with four rows per plot. Stem cuttings with three nodes 

were planted to a depth of 15-20 cm at an angle of 45o. A total of 32 root splits/stem cuttings were 

planted per plot with the intra and inter row spacing of 0.5 m and 1 m respectively, giving a density of 
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20,000 plants/ha. There was an alleyway of 2 m width between blocks and 1m width between plots. A 

blanket basal phosphorus fertilize was uniformly applied to all plots in the form of diammonium 

phosphate (DAP) at the rate of 100 kg/ha. After every harvest, the plots were top dressed with 50 
kg/ha urea of which one-third applied at the first shower of rain and the remaining two-third applied 

during the active growth stage of the plant. All other crop management practices were used uniformly 
to all accessions as required.  

Agronomic data collection and measurements 
Measurements taken before and after each harvest were plant survival rate, plant height, number of 

tillers per plant, leaf to stem ratio, number of nodes per plant, internode length per plant and forage 
DM yield. Plant survival rate was calculated as the ratio of the number of alive plants planted per plot 

to the total number of plants planted per plot and then multiplied by 100. Plant height was based on 

five culms taken randomly in each plot, measured using a steel tape from the ground level to the 

highest leaf. The number of tillers was also measured from the five culms after harvesting. For 
determination of biomass yield, accessions were harvested at forage harvesting stage from two rows 

next to the guard rows of 5-10 cm above the ground level. Weight of the total fresh biomass yield was 

recorded from each plot in the field and the estimated 500 g sample was taken from each plot to the 
laboratory. The sample taken from each plot was weighed to know the total sample fresh weight using 

sensitive table balance and manually fractionated in to leaf and stem. The morphological parts were 

separately weighed to know their sample fresh weight, oven dried for 24 hours at a temperature of 

105oc and separately weighed to estimate the proportions of these morphological parts. Accordingly, 
leaves were separated from stems and the leaf to stem ratio (LSR) was estimated based on the dry 

weight of each component for each sample. Number of nodes per plant and internode length (cm) was 

taken from five randomly selected plants per plot.  

 
Chemical analysis and in-vitro organic matter digestibility 
The oven dried samples at a temperature of 65oC for 72 hours were used for laboratory analysis to 

determine chemical composition and in-vitro organic matter digestibility of the accessions. The dried 
samples were then ground to pass a 1-mm sieve and the ground samples were used for laboratory 

analysis. Analysis was made for the different nutritional parameters (Ash, CP, NDF, ADF, ADL and 

IVOMD). Total ash content was determined by oven drying the samples at 1050C overnight and by 

combusting the samples in a muffle furnace at 550oC for 6 hours (AOAC, 1990). Nitrogen (N) content 
was determined following the micro-Kjeldahl digestion, distillation and titration procedures (AOAC, 

1995) and the crude protein (CP) content was estimated by multiplying the N content by 6.25. The 

structural plant constituents (NDF, ADF and ADL) were determined according to Van Soest and 
Robertson procedure (1985). The in-vitro organic matter digestibility (IVOMD) was determined 

according to the Tilley and Terry procedure (1963). Hemicellulose and cellulose contents were 

estimated from subtracting ADF from NDF and ADL from ADF respectively. The CP yield in t/ha 

was calculated by multiplying CP with total dry biomass yield and then divided by 100. The digestible 
yield in t/ha was also determined by multiplying IVOMD with total DM yield and then divided by 

100.  

 
Statistical analysis 
Differences among accessions were tested using analysis of variance (ANOVA) procedures of SAS 

general linear model (GLM) to compare treatment means (SAS, 2002). Least significance difference 
(LSD) at 5% significance level was used for comparison of means. The Pearson correlation analysis 

procedure of the SAS statistical package was also applied to measure the relationships between the 

two measured traits. The analysis was made between the major quantitative, qualitative and between 
quantitative and qualitative traits. The data was analyzed using the following model: Yijk = µ + Gi + 

Ej + (GE)ij + Bk(j) + e ijk;  Where, Yijk = measured response of genotype i in block k of environment j;  

µ = grand mean; Ti = effect of genotype I; Ej = effect of environment j; GE= genotype and 
environment interaction; Bk (j) = effect of block k in environment j; e ijk = random error effect of 

genotype i in block k of environment j. 
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Several stability parameters have been developed to characterize yield stability when genotypes are 

tested across multiple environments. To select the desirable genotypes, the mean performance, 

regression co-efficient (bi) and deviation from regression (S2di) were calculated following Eberhart 
and Russells model (1966). The regression model defines a stable variety as having above average 

mean grain yield, a regression coefficient of unity (bi =1.0), and non-significant mean square for 

deviations from regression (S2di = 0). In addition, the G x E interactions were analyzed using Additive 

Main effect and Multiplicative Interaction (AMMI) analysis (Crossa et al., 1990; Gauch, 1992) to 
assess similarity and dissimilarity among testing environments and interaction patterns. Consequently, 

biplot generated using genotypic and environmental scores of the AMMI 1 components can help 

breeders have an overall picture of the behavior of the genotypes, the environments and G x E (Kaya 
et al., 2002; Tarakanovas and Ruzgas, 2006). Genotypes and environments with large IPC1 scores 

(either positive or negative) have large interactions, whereas genotypes and environments with IPC1 

scores near zero have small interactions. Yan and Hunt (2001) used a Genotype and genotype x 
environment (GGE) biplot, constructed from the first two principal components (PC1 and PC2) 

derived from principal component analysis of environment-centered yield data. A GGE biplot is a 

biplot that display the G and GE interaction of a genotype by environment two-way data. An 

application of the biplot geometry is to visually identify the mean performance and stability of 
genotypes. In this method an ideal genotype is the one that has both high mean yield and high 

stability. Generally, all stability analysis was carried out using the "CropStat" version 7.2 software 

computer packages. The stability parameters of DM yield were estimated after Finlay-Wilkinson 
(1963), with the model presented with the following equation: Fij = µ + gi + bitj + δ ij + eij; where, μ - 

an average yield of the ith genotype in the jth environment; gi - an average yield of the ith genotype in 

all environments; bi - regression coefficient to the environmental index indicating a genotypic 

response to environmental changes; tj - environmental index as a mean of all genotypes in the jth 
environment reduced by a grand mean; δ ij - deviation from regression of the ith genotype in the jth 

environment. 

 
Results and discussion 
 
Location and interaction effect on the performance of napier 

grass genotypes/accessions 
Combined analysis of variance for measured agro-morphological and nutritive values of Napier grass 

genotypes/accessions tested over locations/environments are indicated in Table 2. The result indicated 

that the tested genotypes varied significantly (P<0.05) only for plant height and forage DM yield. On 

the other hand, the environments displayed significant (P<0.05) differences for number of tillers per 
plant, internode length per plant and acid detergent lignin (ADL) content and highly significant 

(P<0.001) variations was also observed for other agro-morphological and quality traits except crude 

protein (CP) content. The Genotype x environment (G x E) interaction effects also reveled significant 
differences for plant height at forage harvesting, leaf to stem ratio, DM yield, ash content, CP yield, 

digestible yield and hemicellulose content. Where environmental differences are greater, it may be 

expected that the G x E interaction will also be greater. The G x E interaction is important for plant 
breeding because it affects the genetic gain and selection of cultivars with wide adaptability (Deitos et 

al., 2006; Souza et al., 2009). Statistically, G x E interactions are detected as significantly different 

patterns of response among the genotypes across environments, this will occur when the contributions 

(or level of expression) of the genes regulating the trait differ among environments (Basford and 
Cooper, 1998). Major difference in genotypes stability is due to crossover interaction effect of 

genotype and environment; therefore, changes in their rank vary in different environmental 

conditions. According to Dixon and Nukenine (1997), the interaction is a result of changes in a 
cultivar's relative performance across environments due to differential responses of the genotypes to 

various edaphic, climatic, and biotic factors. Therefore, evaluation of yield performance, adaptation 

patterns, and stability of Napier grass genotypes in multiple environments is very important for proper 

management and utilization of this forage crop. 
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Table 2. Combined analysis of variance for measured agro-morphological and quality traits of   Napier grass genotypes/accessions tested  
 over locations/environments 
 

SN Traits 

Mean squares 

G x E Mean CV Genotype Environment 

1 Number of tillers NS ** NS 35.68 43.49 

2 Plant height (cm) ** *** ** 114.93 17.02 

3 Leaf to stem ratio NS *** *** 1.18 32.99 

4 Number of nodes NS *** NS 8.25 17.37 

5 Internode length (cm) NS ** NS 9.69 25.43 

6 Dry matter yield (t/ha) ** *** ** 11.04 25.70 

7 Ash (g/kg DM) NS *** * 121.1 8.63 

8 CP (g/kg DM) NS NS NS 55.7 19.05 

9 IVOMD (g/kg DM) NS *** NS 453.9 10.10 

10 CP yield (t/ha) NS *** *** 0.55 30.95 

11 IVOMD yield (t/ha) NS *** *** 4.40 28.88 

12 NDF (g/kg DM) NS *** NS 789.9 2.97 

13 ADF (g/kg DM) NS *** NS 451.8 5.40 

14 ADL (g/kg DM) NS ** NS 75.9 17.94 

15 Cellulose (g/kg DM) NS *** NS 375.8 6.53 

16 Hemicellulose (g/kg DM) NS *** * 338.1 6.47 

*= P<0.05; ** = P<0.01; *** = P<0.001; NS= Non-significant; G x E= Genotype by environment interaction 

A combined analysis of variance for forage DM yield of ten Napier grass genotypes/accessions tested 

across five environments is indicated in Table 3. The result showed that the main effect differences 
among genotypes, environments, and the interaction effects were highly significant (P<0.001). This 

highly significant (P<0.001) G x E interaction effects indicating inconsistency in the performance of 

the genotypes across the environments and supporting the need for assessing performance in order to 
identify Napier grass genotypes with stable and superior yield across the environments. Of the total 

variance of DM yield, environment main effects accounted for 40.59%, whereas genotype and G x E 

interaction effects accounted for 14.81% and 38.84% respectively. This result shows that DM yield 

was significantly affected by changes in environment, followed by G x E Interaction and genotypic 
effects. The large variance for environments indicated that the environments were diverse, with large 

differences among environmental means causing most of the variation in DM yield performance of 

Napier grass genotypes. The highly significant environment effects and its high variance component 
could be attributed to the large differences among the test environments in altitude, soil types, 

temperature and differences in both amount and distribution of annual rainfall and other agro-climatic 

factors. In presence of G x E interaction, a genotype does not exhibit the same phenotypic 
characteristics under test environments and various genotypes respond differently to a specific 

environment. According to Pham and Kang (1988) report, G x E interaction minimizes the utility of 

genotypes by confounding their yield performances. When genotypes perform consistently across 

locations, breeders are able to effectively evaluate germplasm with a minimum cost in a few locations 
for ultimate use of the resulting varieties across wider geographic areas (Gemechu, 2012). However, 

with high genotype by location interaction effects, genotypes selected for superior performance under 

one set of environmental conditions may perform poorly under different environmental conditions 
(Ceccarelli, 1997). Therefore, development of cultivars or varieties, which can be adapted to a wide 
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range of diversified environments, is the ultimate goal of plant breeders in a crop improvement 

program. 

Table 3. Combined analysis of variance for DM yield of ten Napier grass genotypes/accessions tested across five 
environments 

 
Source 

 
DF 

 
SS 

 
MS 

 
Explained SS 

(%) 

Model 51 1770.19 34.71***  

Replication (R) 2 102.01 51.01** 5.76 

Environment (E) 4 718.49 179.62*** 40.59 

Genotype (G) 9 262.16 29.13*** 14.81 

G x E 36 687.53 19.10*** 38.84 

Error 98 788.72 8.05  

*** Significant at the 0.001 probability level; ** Significant at the 0.01 probability level  

 
Establishment performance  
Study on establishment performance is an important consideration during forage crop cultivation due 

to substantial effects on forage productivity. The total survival rate of Napier grass accessions tested 

over years at Holetta is indicated in Figure 1. The result revealed that the survival rate varied among 

the tested Napier grass accessions. The highest plant survival rate (93.80%) was recorded for 
accession 16783 followed by accession 16817 (92.73%) and accession 15743 (82.33%). On the other 

hand, accession 16815 showed the lowest (56.27%) plant survival rate followed by local check 

(66.67%) and accession 16813 (68.77%). According to Fekede et al. (2005), the average survival rate 
of Napier grass during the three years of experimental period was 73.75% and the reduction in the 

number of plants did not affect the herbage yield of the grass, and this could be attributed to the 

vigorous growth performance of the tillers produced by the remaining stands. Cuttings taken from the 
lower portion of the stem are more mature than those from the upper, younger portion, and this affects 

the success of propagation (Woodard et al., 1985). Plant development and yield are severely affected 

by soil conditions such as moisture and soil fertility. Agro-metrological variables such as rainfall, soil 

and air temperature, wind, relative humidity or dew point temperature and solar radiation have major 
impacts on crop growth and development (Dapaah, 1997; Hoogenboom, 2000). As described by Pal 

(2004), seed size, sowing depth, land preparation and environment influences the emergence and 

establishment of seedlings. According to Fekede (2004), high germination rate, vigorous growth and 
dense establishment are among the desired characteristics for forage crop.  
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Figure 1. Mean survival rate of Napier grass accession during experimental period 

Number of tillers per plant 
Tillering performance is an important morphological characteristic to be considered during selection 

of appropriate forage crops to improve production and productivity. The mean tillering performance 
of the tested Napier grass accessions is indicated in Table 4. The result showed that significant 

(P<0.05) variation was observed among the tested accessions at both testing locations. The highest 

mean tiller number (39.48) per plant was recorded from Adamitulu when compared to Holetta 
(31.88). The highest number of tillers was obtained from accession 16819 followed by accession 

16794 and 16783 while accession 16817 gave the lowest at Holetta. At Adamitulu, accession 15743 

gave the highest number of tillers followed by accession 16815 and 16794 while the lowest was 

recorded from accession 16791. Combined analysis indicated that non-significant (P>0.05) variation 
was observed for number of tillers per plant. Generally, accession 15743 and 16791 gave the highest 

(52.99) and the lowest (24.49) number of tillers per plant respectively. The difference in tillers 

produced per plant among the tested accessions of Napier grass could be attributed to variations in 
temperature and soil types between the testing sites. Tillering performance also varies with production 

years due to variation in distribution and amount of rainfall. According to Fekede et al. (2005), in the 

cool highland such as Holetta, Napier grass could produce peak number of tillers during the third year 
of establishment and that fertilizer application enhances the production of more number of tillers. The 

variation in tiller number among different varieties of Napier grass was also observed in central 

Kenya (Mwendia et al., 2006; Mwendia et al., 2008). According to Tessema and Alemayehu (2010), 

Napier grass produces many tillers and dense vegetative growth as the pasture consolidates due to 
perennial nature of the grass. The number of tillers per plant of Napier grass increased with plant 

height at cutting (Kamel et al., 1983; Tessema et al., 2003). This may be due to the longer 

physiological growth phases of the plants in the reduced cutting frequency (Butt et al., 1993; 
Wijitphan et al., 2009). 

 



46 

 

Table 4. Mean number of tillers of ten Napier grass genotypes/accessions tested over 
locations/environments 
 

  
Locations/environments 

 
SN Accessions Holetta Adamitulu Combined 

1 15743 28.75b 77.22a 52.99 

2 16783 37.67a 46.43abc 42.05 

3 16791 32.42ab 16.56c 24.49 

4 16792 27.67b 25.90bc 26.79 

5 16794 37.83a 49.45abc 43.64 

6 16813 32.75ab 26.56bc 29.66 

7 16815 26.42b 49.66ab 38.04 

8 16817 27.25b 29.11bc 28.18 

9 16819 38.17a 43.90bc 41.04 

10 Local 29.83b 30.01bc 29.92 

 
Mean 31.88 39.48 35.68 

 
CV 29.68 28.03 23.49 

 
LSD 7.66 32.53 19.29 

 
Plant height at forage harvesting 
Mean plant height of Napier grass accessions were significantly (P<0.05) different across all testing 

sites (Table 5). The result indicated that the highest mean plant height at forage harvesting was 
recorded from Hawassa (140.53 cm) followed by Debre zeit (120.33 cm), Adamitulu (110.75 cm), 

Areka (106.67 cm) and Holetta (96.33 cm) testing sites during experimental period. The highest mean 

plant height was obtained from local accession at Holetta (124.77 cm) and Debre zeit (172.83 cm) 
while accession 16819 produced the highest plant height at Adamitulu (150.47 cm) and Hawassa 

(158.83 cm). On the other hand accessions 16813, 16792, 15743 and 16817 produced the lowest plant 

height at Holetta (75.13 cm), Debre zeit (96.03 cm), Adamitulu (84.23 cm) and Hawassa (121.50 cm) 

respectively. At Areka, all accessions were harvested at the same height (100 cm) except accessions 
16813 and 16815. Combined analysis for plant height also differed significantly (P<0.05), which 

ranged from 103.80 to 132.03 cm with a mean of 114.93 cm. Generally, the local accession gave the 

highest mean plant height followed by accession 16819 and 15743 while accession 16792 gave the 
lowest plant height. This variation could be due to the differences in moisture content and soil fertility 

condition of the testing sites. Height at cutting is reported to affect the growth characteristics and 

productivity of Napier grass (Mureithi and Thrope, 1996). Other result also indicated that plant height 
at cutting significantly affects the fodder yield of Napier grass in Kenya (Muinga et al., 1992). 
Amongst the major agronomic practices required, harvesting of Napier grass at appropriate cutting 

height and defoliation frequencies are very important to improve DM yield and nutritive values of this 

plant (Butt et al., 1993; Tessema et al., 2003). A higher cutting height of Napier grass may result in 
underutilization and the quality of forage is reduced by a higher cutting height (Butt et al., 1993; 

Tessema et al., 2003).  

 

Table 5. Mean plant height (cm) of ten Napier grass genotypes/accessions tested across five locations/environments at forage harvesting stage 

 
SN 

 
Accessions 

Locations/environments  
Combined Holetta D/zeit Adamitulu Areka Hawassa 

1 15743 106.60c 124.27bc 84.23c 100.00 149.50ab 119.59abc 

2 16783 82.67ef 110.73bc 88.13bc 100.00 148.50ab 106.04cd 

3 16791 115.83b 124.97bc 111.90bc 100.00 139.50bcd 118.44abc 

4 16792 107.03bc 96.03c 85.10c 100.00 130.83cde 103.80d 

5 16794 96.83d 118.60bc 115.33abc 100.00 134.67bcde 113.09bcd 

6 16813 75.13f 99.97c 119.90abc 133.33 149.33ab 115.53bcd 

7 16815 80.03ef 104.80bc 121.67ab 133.33 128.00de 113.57bcd 

8 16817 86.10e 118.63bc 112.90bc 100.00 121.50e 107.83cd 



47 

 

9 16819 88.33de 132.47b 150.47a 100.00 158.83a 126.02ab 

10 Local 124.77a 172.83a 117.90abc 100.00 144.67abc 132.03a 

 Mean 96.33 120.33 110.75 106.67 140.53 114.93 

 CV 6.09 14.56 18.90 22.82 6.31 17.02 

 LSD 10.06 30.06 35.91 41.76 15.21 14.17 

 
Leaf to stem ratio at forage harvesting 
Leaf to stem ratio of Napier grass varied significantly (P<0.05) at Holetta, Adamitulu and Areka 

testing sites but the variation was not significant (P>0.05) at Debre zeit (Table 6). The result indicated 
that the highest mean leaf to stem ratio was obtained at Holetta (1.92) followed by Adamitulu (1.48), 

Areka (0.66) and Debre zeit (0.60) testing site. Accessions 16813, 16791, 16819 and 16792 produced 

better leaf to stem ratio at Holetta (4.84), Debre zeit (0.97), Adamitulu (1.88) and Areka (1.08) testing 
sites respectively. On the other hand, the lowest mean leaf to stem ratio was recorded for local 

accession at both Holetta (1.13) and Debre zeit (0.35) testing locations. Similarly, accessions 16817 

and 16791 produced the lowest leaf to stem ratio at Adamitulu (1.16) and Areka (0.44) testing sites 
respectively. Though combined analysis did not show significant (P>0.05) variation for leaf to stem 

ratio, the tested genotypes respond differently for this agronomic trait. The result showed that leaf to 

stem ratio ranged from 0.95 to 1.87 with a mean of 1.16. Generally, accession 16813 gave the highest 

mean leaf to stem ratio whereas the local accession showed the lowest performance for this trait. The 
tested genotypes respond differently for leaf to stem ratio due to variation in soil type, temperature, 

amount and distribution of rainfall among the testing environments. Growth characteristics such as 

tillering performance, plant height and age of harvesting also affect the proportion of leaf and stem of 
the plant. The research results indicated that the leaf to stem ratio of Napier grass ranged from 1.7 to 

3.1 in Thailand (Tudsri et al., 2002) and within the range of 1.65 to 6.1 in Kenya (Mwendia et al., 

2006). The highest leaf to stem ratio is obtained from short cultivars of Napier grass when compared 

to tall cultivars (Tudsri et al., 2002; Zewdu, 2005). Leaf to stem ratio has significant implications on 
the nutritive quality of the grass as leaves contain higher levels of nutrients and less fiber than stems. 

Generally, leaf to stem ratio is associated with high nutritive value of the forage because leaf is 

generally of higher nutritive value (Tudsri et al 2002) and the performance of animals is closely 
related to the amount of leaf in the diet. 

 
Table 6. Mean leaf to stem ratio of ten Napier grass genotypes/accessions tested across four locations/environments at forage harvesting stage 
 

 
SN 

 
Accessions 

Locations/environments  
Combined Holetta D/zeit Adamitulu Areka 

1 15743 1.57abc 0.73 1.43bc 0.69bc 1.11 

2 16783 1.82abc 0.69 1.38c 0.53c 1.11 

3 16791 1.25b 0.97 1.82ab 0.44c 1.12 

4 16792 1.36b 0.53 1.21c 1.08a 1.05 

5 16794 2.09ab 0.56 1.45bc 0.57bc 1.17 

6 16813 4.84a 0.62 1.37c 0.66bc 1.87 

7 16815 1.43b 0.56 1.27c 0.88ab 1.04 

8 16817 1.82abc 0.58 1.16c 0.65bc 1.05 

9 16819 1.92abc 0.37 1.88a 0.52c 1.17 

10 Local 1.13c 0.35 1.79ab 0.54c 0.95 

 Mean 1.92 0.60 1.48 0.66 1.16 

 CV 26.54 29.17 15.94 28.53 23.0 

 LSD 1.15 0.40 0.40 0.32 0.31 

 

Node number and internode length per plant  
Though the accessions did not show significant (P>0.05) variation for number of nodes per plant at 
Holetta and Adamitulu, differences was observed among the tested Napier grass genotypes at both 

testing sites for this trait (Table 7). The result showed that average number of nodes per plant was 
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higher at Adamitulu (10.55) than Holetta (5.94) during the experimental period. The highest number 

of nodes per plant was recorded for accession 15743 and 16815 while the local accession produced 

the lowest at Holetta. At Adamitulu, accession 16819 gave the highest number of nodes per plant 
followed by accession 16783 and 16791 whereas the lowest was recorded for accession 16792. 

Combined analysis indicated that the difference was not significant (P>0.05) for number of nodes per 

plant. Number of nodes per plant ranged from 7.20 to 9.13 with a mean of 8.25. The highest mean 

number of nodes per plant was recorded for accession 16819 followed by accession 16791 and 16815 
whereas accession 16792 gave the lowest. The length of internode per plant showed significant 

(P<0.05) difference among the tested accessions of Napier grass at Holetta and Adamitulu (Table 7). 

A higher mean length of internode per plant was recorded from Adamitulu (11.14 cm) than Holetta 
(8.24 cm). The highest mean length of inter-node per plant was recorded for accession 16791 

followed by accession 16792 and 16819 while accession 16813 gave the lowest at Holetta. At 

Adamitulu, accession 16813 gave the highest mean length of internode per plant followed by 16817 
and 16815 whereas the lowest recorded for accession 16792. Combined analysis revealed that the 

accessions did not show significant (P>0.05) variation for length of inter-node per plant. The mean 

length of internode per plant ranged from 8.57 to 11.05 cm with a mean of 9.69 cm. Accession 16813 

produced the highest inter-node length followed by accession 16815 and 16817 while accession 
15743 gave the lowest. Generally, as other agronomic traits, stem elongation also influenced by 

variation in temperature, soil type, rainfall, genotypes and genotype x environment interaction effects.     
 
Table 7. Mean number of nodes and internode length (cm) performance of ten Napier grass genotypes/accessions tested over 
locations/environments 
 

  
No. of nodes 

 
Internode length 

 
SN Accessions Holetta Adamitulu Combined Holetta Adamitulu Combined 

1 15743 7.07 10.32 8.70 6.80cd 10.33bc 8.57 

2 16783 5.77 11.67 8.72 8.37abcd 8.91c 8.64 

3 16791 6.93 11.21 9.07 10.77a 8.59c 9.68 

4 16792 5.50 8.90 7.20 10.37ab 7.76c 9.07 

5 16794 5.87 10.32 8.10 7.43abcd 10.59bc 9.01 

6 16813 5.47 9.88 7.68 5.57d 16.52a 11.05 

7 16815 7.07 10.46 8.77 8.93abcd 13.10ab 11.02 

8 16817 5.33 10.21 7.77 6.87bcd 14.30ab 10.59 

9 16819 5.60 12.66 9.13 10.13abc 10.87bc 10.50 

10 Local 4.77 9.88 7.33 7.13bcd 10.39bc 8.76 

 
Mean 5.94 10.55 8.25 8.24 11.14 9.69 

 
CV 23.81 12.81 17.37 25.03 21.55 25.43 

 
LSD 2.34 2.32 1.65 3.54 4.12 2.78 

 
Forage dry matter yield 
Forage DM yield showed significant (P<0.05) variation among the tested Napier grass accessions 

across the testing sites (Table 8). The DM yield ranged from 4.57 to 8.74 at Holetta; 4.34 to 14.87 at 
Debre zeit; 9.73 to 18.30 at Adamitulu; 6.95 to18.20 at Areka and 7.88 to 15.26 at Hawassa. The 

highest mean DM yield was recorded at Adamitulu (13.06 t/ha) followed by Areka (12.80 t/ha), 

Hawassa (11.80 t/ha), Debre zeit (10.50 t/ha) and Holetta (7.05 t/ha) per year. Accession 16791 gave 
the highest mean DM yield at both Holetta and Debre zeit. Similarly, accessions 16819, 16815 and 

16794 gave the maximum DM yield at Adamitulu, Areka and Hawassa respectively. On the other 

hand, accessions 16815, 16794 and 16791 gave the lowest DM yield at Holetta, Areka and Hawassa 

respectively. Similarly, accession 16792 produced the minimum DM yield at Debre zeit and 
Adamitulu. Combined analysis indicated that DM yield varied significantly (P<0.05) among the tested 

accessions. Forage DM yield ranged from 7.97 to 12.57 t/ha with a mean of 11.04 t/ha. Generally, 

accession 16819 and 16792 gave the highest and lowest DM yield respectively. The variations in 
plant survival rate, tillering performance and plant height are the causes of difference in DM yield. 

Moreover, DM yield differences occurred due to variations among the tested genotypes, testing 

environments and genotype x environment interaction effects. Herbage yield of Napier grass may be 
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affected by the harvesting day after planting. Boonman (1993) and Tessema et al., (2003) reported 

that increasing foliage height increased biomass yield. According to Zewdu (2005) and Ishii et al. 

(2005), the taller varieties showed higher dry matter yields than the shorter varieties. The DM yield of 
Napier grass increased as frequency between cuttings increased and this indicates that a long harvest 

interval is necessary to achieve high herbage yields (Tessema et al., 2010). Yields of the grass vary 

depending on genotype (Schank et al., 1993; Cuomo et al., 1996), edaphic and climatic factors and 

management practices (Boonman, 1993). Generally, as grass matures, herbage yield is increased due 
to the rapid increase in the tissues of the plant (Minson, 1990). Amongst the promising forage species 

promoted in Ethiopia, Napier grass could play an important role in providing a significant amount of 

high quality forage to the livestock (Tessema, 2005) both under the smallholder farmers and intensive 
livestock production systems with appropriate management practices (Seyoum et al., 1998; 

Alemayehu, 2004). Water supply is highly associated with nutrient uptake and accumulation of 

biomass because of an accelerated maturation process when other factors such as temperature, soil 
fertility and light intensity are not limiting for forage growth (Van Soest, 1982; Humphreys, 1991). 

However, Napier grass can withstand considerable periods of drought (Butt et al., 1993), produces 

greater DM yield than other tropical grasses (Boonman, 1997), and is of high nutritive value for dairy 

animals particularly when supplemented with high quality feeds such as legumes (Nyambati et al., 
2003). 

 
Table 8. Mean forage DM yield (t/ha) of ten Napier grass genotypes/accessions tested across five locations/environments at forage 
harvesting stage 
 

 
SN 

 
Accessions 

Locations/environments 
 
Combined 

Holetta D/zeit Adamitulu Areka Hawassa 

1 15743 7.40bc 11.34ab 12.36cd 11.98bcd 8.43bcd 10.30bc 

2 16783 7.00bcd 10.82ab 10.97d 12.32bcd 14.68a 11.16abc 

3 16791 10.51a 14.87a 16.70ab 12.56abcd 7.88d 12.50a 

4 16792 6.50bcd 4.34c 9.73d 10.94bcd 8.34cd 7.97d 

5 16794 6.90bcd 8.44bc 11.87d 6.95d 15.26a 9.88cd 

6 16813 5.49cd 12.35ab 11.77d 13.87abc 11.42abcd 10.98abc 

7 16815 4.57d 9.94abc 11.27d 18.20a 12.71abc 11.34abc 

8 16817 6.17bcd 11.59ab 12.55cd 13.87abc 13.17ab 11.47abc 

9 16819 8.74ab 11.72ab 18.30a 10.62cd 13.49a 12.57a 

10 Local 7.23bcd 9.55abc 15.06bc 16.69ab 12.57abcd 12.22ab 

 Mean 7.05 10.50 13.06 12.80 11.80 11.04 

 CV 22.66 34.59 12.69 26.39 23.50 28.45 

 LSD 2.74 6.23 2.84 5.80 4.75 2.06 

 
Dry matter yield stability analysis 
The overall mean forage DM yield, regression coefficient (bi) and deviation from regression 

(S2di) are indicated in Table 9. According to Eberhart and Russell (1966) model, genotypic 

performance generally expressed in terms of three parameters; mean yield, regression 

coefficient (bi) and the deviation from regression (S2di). According to this model, a genotype 

should have a high mean yield, bi=1 and S2di=0 to decide its stability. According to Finlay 

and Wilkinson (1963), bi approximating close to 1.0 indicates average stability, but always be 

associated and interpreted with the genotype mean yield to determine adaptability. When the 
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regression coefficients for genotypes are approximately to 1.0, deviation from regression 

close to zero and are associated with high mean yield, genotypes are adapted to all 

environments. But when associated with low mean yield, genotypes are poorly adapted to all 

environments. Genotypes such as local, 16817 and 16783 had higher and above grand mean 

DM yield, minimum deviation from regression and regression coefficient close to 1.0. Based 

on the criteria of Eberhart and Russell (1966) regression model, these Napier grass genotypes 

can be considered as the most desirable and stable ones among the 10 genotypes evaluated in 

this study. Genotypes 16792, 16813, 15743 and 16794 had regression coefficient close to 1.0 

and minimum deviation from regression with low yield, so they were poorly adapted to all 

environments. On the other hand, genotypes 16791, 16819 and 16815 had high mean DM 

yield but less stable when compared to other genotypes included in this study. 
 
Table 9. Mean DM yield (t/ha), linear regression coefficient (bi) and deviation from regression (S2di) for DM yield of ten Napier grass 
genotypes tested across five environments. 
 

 
SN 

 
Genotypes 

 
DM yield (t/ha) 

 
DM Rank 

Stability for DM yield 

bi S2di 

1 15743 10.3bc 8 0.698 2.80 

2 16783 11.2abc 6 0.881 4.21 

3 16791 12.5a 2 0.490 14.28 

4 16792 8.0d 10 0.705 5.16 

5 16794 9.9cd 9 0.651 14.10 

6 16813 11.0abc 7 1.176 2.68 

7 16815 11.3abc 5 1.701 9.14 

8 16817 11.5abc 4 1.202 1.13 

9 16819 12.6a 1 1.026 9.23 

10 Local 12.2ab 3 1.471 2.80 

 

Additive main effects and multiplicative interaction (AMMI) analysis 
AMMI model of analysis of variance (ANOVA) of ten Napier grass genotypes evaluated for DM 
yield across five environments is indicated in Table 10. The results of AMMI analysis showed 

significant (P<0.05) difference for the first two interaction principal component axes (IPCA). From 

the total treatment sum of square of the model, 43.1% attributed to environmental effects and the rest 
to genotypic effects (15.7%) and the G x E interaction (42.2%). The larger sum of square and highly 

significant mean squares of environments indicated that the environments were diverse, with large 

differences among environmental means causing most of the variation in yield which is in agreement 

with the findings of different researchers (Alberts 2004; Solomon et al., 2008; Abdurahman 2009). 
Results from AMMI analysis also showed that G x E interaction component of variation was 

partitioned into four possible interaction principal component axes (IPCA) along their contribution of 

sum of squares with decreasing importance. The interaction variance was explained in these four 
IPCA scores to capture the entire total pattern contained in the G x E interactions. The first three 

AMMI IPCA of the interaction captured 44.20%, 36.40% and 12.91% of the G x E interaction sum of 

squares. The first three AMMI IPCA explained 90.5% of the total G x E interaction sum of square, 
thus, the three IPCA can be taken to interpret this data. But, the first two IPCA explained 80.6% of the 

total G x E interaction sum of square while the remaining two IPCA explained only 19.39% of G x E 

interaction sum of square. Therefore, the interactions of the ten Napier grass genotypes with five 

environments were best predicted by the first two IPCA. Similarly, many other researchers reported 
that the most accurate model for AMMI can be predicted by using the first two principal components 

(Zobel et al., 1988; Gauch and Zobel 1996; Yan et al., 2000). In general, factors like type of crop, 

diversity of the genotype and range of environmental conditions will affect the degree of complexity 
of the best predictive model (Crossa et al., 1990).  
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Table 10. AMMI analysis of variance for DM yield of ten Napier grass genotypes tested across 
   five environments 
 

Source DF SS MS Explained SS 
(%) 

Genotype (G) 9 87.39 9.71*** 15.72 

Environment (E) 4 239.50 59.87*** 43.07 

G x E 36 229.18 6.37*** 42.21 

AMMI IPCA- 1 12 101.30 8.44* 44.20 

AMMI IPCA- 2 10 83.43 8.34* 36.40 

AMMI IPCA- 3 8 29.59 3.70ns 12.91 

AMMI IPCA- 4 6 14.86 2.48ns 6.48 

Total 49 556.06   

*** Significant at the 0.001 probability level; * Significant at the 0.05 probability level; ns= non significant 

 
AMMI-1 biplot of ten Napier grass genotypes evaluated at five environments was generated using 

genotypic and environmental mean DM yield plotted against their first IPCA scores (Figure 2). The 

AMMI analysis provided a biplot of main effects and the first principal component scores of 

interaction (IPCA 1) of both genotypes and environments. This biplot helped in the interpretation of 
the interaction effects among genotypes and environments and for assessment of the stability of 

genotypes across environments. The differences among the genotypes in terms of direction and 

magnitude along the x-axis (yield) and y-axis (IPCA 1 scores) are important. Genotypes that were 
closed together had similar adaptation while environments which were closed together influences the 

genotypes in the same way. In the AMMI-1 biplot, if genotypes have zero or nearly zero IPCA-1 

scores, then they are stable across their testing environments. However, if a genotype is farther from 
zero, it is highly responsive and does not perform consistently across environments (Samonte et al., 

2005). If a genotype and an environment have similar signs on the IPCA score, then the interaction 

between them is positive and this genotype is well adapted to this environment. Nevertheless, if they 

have opposite sign of IPCA-1 scores, their interaction is negative and the environment is not favorable 
to this genotype (Crossa et al., 1990). Based on the biplot analysis, environments and genotypes show 

high variability in both main effects and interaction effects (IPCA-1) for mean DM yield. This model 

(AMMI-1) classified genotypes and environments into two broad groups based on their IPCA-1 
scores and within a group the genotypes and environments interact positively and generally adapted 

the genotypes for those environments. Accordingly, Areka and Hawassa had positive IPCA-1 scores 

and positively interacted with genotypes 16815 and local which also had a positive IPCA-1 scores. On 
the other hand, Holetta, Debre zeit and Adamitulu had negative IPCA-1 score and positively 

interacted with genotypes 15743, 16783, 16791, 16792, 16794, 16813, 16817 and 16819 which had a 

negative IPCA-1 scores.  

 
Hawassa environment had IPCA- 1 scores near to zero when compared with others and then it had 

relatively small interaction effects indicating that it was favorable environments for the performance 

of all genotypes. Holetta and Debre zeit were the least favorable environments for all genotypes with 
different environmental IPCA-1 score and different yield response of 7.1 and 10.5 t/ha, respectively, 

which is below average DM yield. In the biplot display, genotypes or environments that appear almost 

on a perpendicular line of a graph had similar mean yields and those that fall almost on a horizontal 

line had similar interactions (Crossa et al., 1990). Thus, the relative variability due to environments 
was greater than that due to genotypic differences. Genotypes or environments with large negative or 

positive IPCA scores have high interactions, while those with IPCA1 scores near zero (close to 

horizontal line) have little interaction across environments and vice versa for environments (Crossa et 
al., 1990) and are considered more stable than those further away from the line. Genotypes or 

environments on the right side of the midpoint of the perpendicular line have higher yields than those 

on the left side. The genotypes categorized under favorable environments with above-average means 
were 16783, 16791, 16815, 16817, 16819 and local. Among these, local, 16817 and 16783 were 

found to be more stable with IPCA-1 score near to zero and higher DM yield. Genotypes grouped 

under low yielding environments are showed in the left quadrants of the AMMI-1 biplot. Generally, 
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16791 was the most unstable genotypes identified by the AMMI-1 model followed by 16815. 

Genotypes that are close to each other tend to have similar performance (Muthuramu et al., 2011). 

However, in the current finding genotypes and environments were dispersed in the biplot, except 
genotypes 16791 and 16819; and 16783 and 16817, which showed similar performance for DM yield 

and interaction effect. 

 

                

Figure 2. AMMI-1 biplot of main effects and interactions for DM yield of Napier grass genotypes over environments. HO= Holetta, DZ= 
D/zeit, AT= Adamitulu, HA= Hawassa, AR= Areka 
 
The biplot of the first two IPCAs was also used to demonstrate the relative magnitude of the GEI for 

the specific genotypes and environments. AMMI-2 biplot presents the spatial pattern of the first two 

IPCA of the interaction effects and helps in visual interpretation of the G x E interaction patterns and 
identify genotypes or environments that exhibit low, medium or high levels of interaction effects. It 

was generated by using the first two-interaction principal component axes (IPCA 1 and 2) scores of 

ten genotypes and five environments (Figure 3). According to Yan et al. (2000), in the SREG-based 
GGE biplot, the best genotype is the one with large PC1 scores (high mean yield) and near zero PC2 

scores (high stability). In this study, PC1and PC2 accounted for 44.2 and 36.4% of the total G+GE, 

respectively, and a total of 80.6% of G+GE. The IPCA scores of genotypes in the AMMI analysis is 

an indication of stability or adaptation over environments (Gauch and Zobel 1996). The greater the 
IPCA scores, the more specifically adapted is a genotype to certain environments (Sanni et al., 2009). 

The more the IPCA scores approximate to zero, the more stable or adapted the genotype across the 

test environments. The genotypes 16817, 16813 and local were the best performing as they had large 
PC1 values, indicating high-yielding ability and close to zero PC2 values, indicating high stability. 

Hawassa and Areka were the most discriminating environments among the genotypes evaluated as 

indicated by the longer vectors projected from the origin, indicating that these locations gave good 
information on the performance of the genotypes. The GGE biplot can be a useful tool for the 

identification of ideal test environments (Yan and King, 2003). According to Yan et al., (2000) the 

best selection environments are those with small (absolute) PC2 score (more representative of the 

overall environment) and large PC1 score (more power to discriminate genotypes in terms of the 
genotype main effect). Therefore, the conditions observed at Areka would be considered an ideal 

environment for exploiting maximum yield potential and differentials among the genotypes tested in 

this study. Among all environments, Holetta identified as the least interactive environment with the 
tested genotypes as indicted by the shortest length vector from origin (zero), which indicates lower 

interaction of this location with the genotypes evaluated. Genotypes near the origin are non-sensitive 

to environmental interactive forces and those distant from the origin are sensitive and have large 
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interactions (Samonte et al., 2005). Accordingly, genotypes 16792, 16813, 16817 and local were less 

sensitive to environmental interactive forces and hence, these genotypes are considered as stable 

genotypes. On the other hand, 16791, 16815, 16794 and 16819 were highly influenced by the 
interactive force of environment and sensitive to environmental changes, so these genotypes were 

considered as unstable genotypes due to the long projections from the origin. 

 

Genotypes or environments that are near each other have similar interaction patterns while points 
distant from each other have different interaction patterns. One interaction patterns of environment 

with genotypes were observed. The interaction pattern at Holetta and Debre zeit was showed closer 

relationships among these environments, indicating they had similar interaction pattern with the 
genotypes. Similar to that of environment, some genotypes also showed similar interaction pattern 

with the environments, such as genotype 16792, 16813 and local had similar interaction pattern with 

the environments in the biplot. AMMI-2 biplot also displays which-won-where patterns of the 
genotypes (Gauch et al  2008), which is important for further partitioning of a region into mega-

environments (Gauch and Zobel 1996; Yan et al  2000). The polygon view of a genotype and G x E 

interaction biplot explicitly displays the which-won-where pattern, and hence is a concise summary of 

the G x E pattern of a multi environment trials data set (Yan, 2002). The polygon in Figure 3 is 
formed by connecting the markers of the genotypes that are further away from the biplot origin such 

that all other genotypes are contained in the polygon. In this study, a polygon with four sides was 

formed. The lines drawn from the origin of the biplot perpendicular to the sides of the polygon were 
identified by broken line. These broken lines partitioned the biplot into four sections. In the GE biplot 

(AMMI-2 biplot), the vertex genotype for each section had the highest yield in all environments that 

fell in the sector (Yan et al  2000; Yan, 2002). Accordingly, 16791, 16815, 16794 and 16819 were the 

genotypes which were further away from the biplot origin and used to connect the polygon. Based on 
the GE biplot classification environments were classified in to four groups. The first group consists of 

Areka and the vertex genotype for this section was 16815, suggesting that this particular genotype 

was relatively the best yielder in this locations. The second group consists of Hawassa and the vertex 
genotype for this section was 16794, which is the best DM yielder in this location. The third group 

consists of Adamitulu and the vertex genotype for this section was 16819, which is the best DM 

yielder in this environment. The forth group consists of Holetta and Debre zeit locations. The vertex 
genotype in this section was 16791, indicating that this genotype was the best DM yielder in both 

environments. Generally, GE biplot (AMMI-2) model classified the test environments in to four parts; 

however, classification of the environments sometimes may be inconsistent over years due to 
variation in climatic conditions of the areas. 
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Figure 3. AMMI-2 interaction biplot for DM yield of 10 Napier grass genotypes tested at 5 
environments. HO= Holetta, DZ= D/zeit, AT= Adamitulu, HA= Hawassa, AR= Areka 

 
Chemical compositions and in-vitro organic matter digestibility 
Chemical composition and in-vitro organic matter digestibility of Napier grass accessions tested over 

locations is indicated in Table 11. The result indicated that the two testing locations displayed 

differences for all measured nutritional traits except CP. The ash, CP, IVOMD, ADF and cellulose 
contents were higher at Holetta whereas CPY, DY, NDF, ADL and hemicellulose contents were 

higher at Areka. The interaction effects showed differences for ash, CPY, DY, and hemicellulose 

content. The highly significant environment effect and its high variance component could be 
attributed to the large differences between the two test environments in altitude, physico-chemical 

properties of the soil, temperature, differences in both amount and distribution of annual rainfall and 

other agro-climatic factors. Statistically, Genotype by environment (G x E) interactions are detected 
as significantly different patterns of response among the genotypes across environments, this will 

occur when the contribution (or level of expression) of the genes regulating the trait differ among 

environments (Basford and Cooper, 1998). According to Dixon and Nukenine (1997), the interaction 

is a result of changes in a cultivar’s relative performance across environments due to differential 
responses of the genotypes to various edaphic, climatic and biotic factors. However, with high G x E 

interaction effects, genotypes selected for superior performance under one set of environmental 

conditions may perform poorly under different environmental conditions (Ceccarelli, 1997). 
Therefore, evaluation of Napier grass genotypes for nutritional qualities in diverse environments is 

very important for proper management and utilization of this forage crop.  
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Table 11. Mean performance of measured nutritional qualities of Napier grass accessions at Holetta and Areka research center 
 

 
SN 

 
Traits 

Locations  
Mean 

 
SEM 

 
Prob. 

 
A*L Prob. Holetta Areka 

1 Ash (g/kg DM) 144.6a 103.2b 123.9 0.13 0.0001 0.0254 

2 CP (g/kg DM) 57.3 54.1 55.7 0.13 0.2640 0.1624 

3 IVOMD (g/kg DM) 507.4a 400.4b 453.9 0.28 0.0001 0.8245 

4 CPY (t/ha) 0.4b 0.7a 0.6 0.05 0.0001 0.0003 

5 DY (t/ha) 3.6b 5.2a 4.4 0.15 0.0001 0.0036 

6 NDF (g/kg DM) 770.0b 809.8a 789.9 0.20 0.0001 0.1600 

7 ADF (g/kg DM) 474.6a 429.0b 451.8 0.20 0.0001 0.7134 

8 ADL (g/kg DM) 70.4b 81.5a 76.0 0.15 0.0029 0.1840 

9 Cellulose (g/kg DM) 404.2a 347.4b 375.8 0.20 0.0001 0.9490 

10 Hemicellulose (g/kg DM) 295.4b 380.8a 338.1 0.19 0.0001 0.0340 

Means followed by different superscript letters within a row are significantly different each other at P<0.05; SEM= standard 
error of means; A*L prob.=Accession by location interaction probability 
 
The ash content of Napier grass showed difference at both locations, ranging from 133.7 to 153.6 g/kg 

DM with a mean of 144.6 g/kg DM and from 91.5 to 122.2 g/kg DM with a mean of 103.2 g/kg DM 

at Holetta and Areka respectively (Table 12). The highest ash content was recorded from accession 
16783 followed by local (149.5 g/kg DM) and 16791 (149.5 g/kg DM) whereas the lowest was 

recorded from accession 16815 at Holetta. At Areka, the highest ash content was obtained from 

accession 16815 followed by 16813 (111.1 g/kg DM) and 16819 (110.9 g/kg DM) while the local 

accession gave the lowest ash content. The high ash content in forage could be an indication of high 
mineral concentration. The results suggest that the mineral (ash) content of most herbaceous plants 

was reduced with increased stage of maturity. Bayble et al., (2007) also reported similar results, 

suggesting that the mineral contents of herbaceous forages declines as the stage of maturity advances. 
As grasses mature, the mineral content declines due to a natural dilution process and translocation of 

minerals to the roots (Minson, 1990). Mineral content drops as the season progresses due to oxidation, 

lignifications, evapo-transpiration and translocation from leaves to fruits and roots (Minson, 1981). 

Since the concentration of minerals in forages are affected by stage of maturity, climatic and seasonal 
changes (Minson, 1990), regular analysis has been recommended for formulating appropriate mineral 

supplementation schedules (Spears, 1994). Other studies also indicated that concentration of minerals 

in forage varies due to factors like plant developmental stage, morphological fractions, climatic 
conditions, soil characteristics and fertilization regime (McDowell and Valle, 2000; Jukenvicius and 

Sabiene, 2007). In many regions in the tropics, forages are deficient in one or more minerals and 

supplementation is necessary for optimal animal performance and/or health (McDowell and Conrad, 
1990). A number of minerals are required by rumen microorganisms for their normal growth and 

metabolism and deficiencies could negatively affect the ability of microorganisms to digest fiber and 

synthesize protein (Durand and Kawashima, 1980; Spears, 1994). Mineral deficiencies, imbalances 

and toxicity of certain mineral elements may cause reproductive disorders as minerals play an 
important role in health and reproduction of the livestock (Sharma et al., 2007). After energy and 

protein, minerals are the major nutrients required and should be given priority in order to optimize 

reproduction in dairy cattle (Bindari et al., 2013). Minerals are required in reproductive process 
because of their role in maintenance, metabolism and growth (Hadiya et al., 2010). The availability of 

minerals to cattle depends upon the production system, feeding practices, and environment (Singh and 

Bohra, 2005). Mineral deficiencies are likely to lead to depressed feed intake, forage utilization and 
subsequently poor animal performance (Underwood, 1981).  

 

The CP content of Napier grass did not show significant (P>0.05) difference at both locations, though 

the content varied among the accessions in both testing locations (Table 12). The CP content of the 
accessions ranged from 50.6 to 63.7 g/kg DM with a mean of 57.3 g/kg DM and from 42.3 to 66.6 

g/kg DM with a mean of 54.1 g/kg DM at Holetta and Areka respectively. The highest CP content 

was observed for accession 16783 followed by local (60.5 g/kg DM) and 16813 (59.9 g/kg DM) while 
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it remained low for accession 16815 at Holetta. At Areka, the highest CP content was recorded from 

accession 16792 followed by 16813 (64.6 g/kg DM) and 16815 (63.6 g/kg DM) while accession 

16794 gave the lowest CP content. The research result indicated that high moisture supply to Napier 
grass is associated with high rate of growth and maturation; hence less concentration of CP and ash 

due to “dilution effect” and a high cell wall content (Humphreys, 1991). Under high temperatures in 

the tropics, there is rapid growth and development of grasses resulting in a high rate of decline in the 

proportion of leaves in relation to stems which reduce CP content and digestibility (Mannetje, 1983; 
Humphreys, 1991). A decline in protein level has been reported as plant maturity advances (shalaby et 

al., 1991; Seyoum et al., 1998). The increase in age in grasses is usually negatively associated with 

CP content (Norton, 1981; Minson, 1990) and it has been recognized that the rate of decline in CP 
content in Napier grass is more rapid in stems than in leaves (Brown and Chavalimu, 1985). The other 

studies also indicated that the CP content of herbaceous species is higher at a young stage of growth 

than at maturity stage (Singh et al., 1997; Mahala et al., 2009). The CP content of about 60-70 g/kg 
DM (Leng, 1990; Smith, 1993) are required for maintenance of ruminants. The CP content of 80-130 

g/kg DM (ARC, 1984; Humphreys, 1991) are required for moderate milk production (10-15 

kg/cow/day) by dairy cows. For high milk production (>15 kg/cow/day), the CP content of about 150 

g/kg DM (ARC, 1984) are required. The CP level of 60-70 g/kg DM below which voluntary intake 
would decline (ARC 1984 Minson 1990). Low quality forages are defined as those with less than 80 

g/kg DM CP (Leng, 1990) and such forage would adversely affect rumen microbial activity (Van 

Soest, 1982). The nutritive content of any forage is dependent on its nutrient content such as protein, 
which is essential for the growth, development and production status of ruminant animals. The result 

indicates that the CP content of herbaceous plants during the dry season is far below the critical level, 

based on the findings of (Mahala et al., 2009).  

 
The IVOMD content showed significant (P<0.05) variation only at Holetta (Table 12). The IVOMD 

content of the tested accessions ranged from 488.0 to 534.7 g/kg DM with a mean of 507.4 g/kg DM 

at Holetta. Accession 16783 had the highest IVOMD followed by 16794 (518.8 g/kg DM) and 16792 
(515.2 g/kg DM) while the lowest was recorded from accession 16815. At Areka, the IVOMD content 

of Napier grass ranged from 358.8 to 430.8 g/kg DM with a mean of 400.4 g/kg DM. The highest and 

the lowest IVOMD were recorded from Accession 16813 and 16794 respectively. It is important to 
bear in mind that climate, soil fertility, cutting interval and other management practices have very 

profound influence on chemical composition and digestibility of Napier grass. The nutritive value of 

forages is mainly determined by voluntary intake, crude protein and structural carbohydrates. Forage 

intake is influenced by digestible DM and CP content and the extent of degradation (Minson, 1990). 
The OM digestibility varies with the proportion of cell contents and cell wall constituents. The cell 

contents are very digestible, while cell wall digestion depends on the degree of lignifications, the 

activity of rumen microbes and the time forage is retained in the rumen (Minson, 1990). The OMD 
(organic matter digestibility) of about 550 g/kg DM (Smith, 1993) are required for maintenance of 

ruminants. The OMD of 600-700 g/kg DM (ARC, 1984) are required for moderate milk production 

(10-15 kg/cow/day) by dairy cows. For high milk production (>15 kg/cow/day), the OMD above 700 
g/kg DM (ARC, 1984) are required. The decline in digestibility as Napier grass matured may be 

attributed to the observed declines in CP content, and an increase in detergent fibers and degree of 

lignifications. According to Wilson et al., (1986) and Ducrocq and Duru (1997), DM digestibility of 

tropical and sub-tropical grasses tended to increase with water stress. Seasonal differences in 
digestibility of forages were reported to be caused by changes in temperature and water availability to 

the forage (Van Soest, 1982; Minson, 1990).  
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Table 12. Mean Ash (g/kg DM), CP (g/kg DM), IVOMD (g/kg DM) , CP yield (t/ha) and digestible yield (t/ha) of ten Napier grass 
accessions grown at Holetta and Areka agricultural research center 
 

 
Location 

 
SN 

 
Accessions 

Nutritional qualities (g/kg DM) 

Ash CP IVOMD CPY DY 

 
 
 
 
Holetta 
Research 
Center 

1 15743 133.7 57.7 497.4cd 0.4bc 3.7bc 

2 16783 153.6 63.7 534.7a 0.5ab 3.8bc 
3 16791 149.5 57.1 510.3bc 0.6a 5.4a 

4 16792 145.1 54.9 515.2abc 0.4bc 3.4bcd 

5 16794 147.7 59.0 518.8ab 0.4bc 3.6bcd 

6 16813 142.1 59.9 503.9bcd 0.3bc 2.8cd 

7 16815 133.6 50.6 488.0d 0.2c 2.2d 

8 16817 142.9 56.6 496.1cd 0.3bc 3.1bcd 

9 16819 147.9 52.5 496.1cd 0.5ab 4.4ab 

10 Local check 149.4 60.5 512.0bc 0.4bc 3.7bc 

 Mean 144.6 57.3 507.4 0.4 3.6 
 SEM 0.17 0.17 0.20 0.06 0.17 

 Prob. 0.1388 0.7462 0.0074 0.0425 0.0161 

 
 
 
 
Areka 
Research 
Center 

1 15743 98.8bc 56.3 387.5 0.7bc 4.8bc 

2 16783 97.6bc 45.7 404.6 0.5bcd 4.4c 

3 16791 99.9bc 53.0 396.5 0.6bcd 6.6ab 

4 16792 101.8bc 66.6 401.1 0.7bc 3.9d 

5 16794 99.2bc 42.3 358.8 0.3d 4.3cd 

6 16813 111.1ab 64.6 430.8 0.9ab 5.1b 

7 16815 122.2a 63.6 406.7 1.1a 4.6bc 

8 16817 98.6bc 56.2 417.3 0.8abc 5.2ab 
9 16819 110.9ab 44.5 414.4 0.4cd 7.6a 

10 Local check 91.5c 48.6 386.2 0.8abc 5.8ab 

 Mean 103.2 54.1 400.4 0.7 5.2 

 SEM 0.18 0.21 0.42 0.09 0.23 

 Prob. 0.0471 0.2411 0.8981 0.0144 0.0474 
Means followed by different superscript letters within a column are significantly different each other at P<0.05 

 

The CP yields of Napier grass vary among the accessions, which generally related to the biomass 

yield at both testing locations (Table 12). The result showed that the CP yield ranged from 0.2 to 0.6 
t/ha with a mean of 0.4 t/ha at Holetta. Accession 16791 had the highest CP yield while accession 

16815 gave the lowest CP yield. At Areka, the CP yield ranged from 0.3 to 1.1 t/ha with a mean of 0.7 

t/ha. Accession 16815 gave the highest CP yield followed by accession 16813 (0.9 t/ha). On the other 
hand the lowest was recorded from accession 16794. In evaluating forage crops, CP content should 

not be used as the only parameter to be considered. It is the CP yield, which describes the overall and 

actual productivity of quality forage. As Napier grass matured there was a decline in CP content and 
in vitro OMD while the DM yield and detergent fibers increased (Van Soest, 1982; Cherney et al., 

1993). However, the CPY was highest when the grass was young implying that the decline in CP with 

maturity was faster than the increase in DM yield. The organic matter digestible (OMD) yield of the 

tested accessions showed variations at both testing locations (Table 12). The digestible yield of the 
tested accessions ranged from 2.2 to 5.4 t/ha with a mean of 3.6 t/ha at Holetta. Accession 16791 gave 

the highest digestible yield followed by accession 16819 (4.4 t/ha) and accession 16783 (3.8 t/ha). On 

the other hand, the lowest digestible yield was recorded from accession 16815. At Areka, the 
digestible yield ranged from 3.9 to 7.6 t/ha with a mean of 5.2 t/ha. The highest digestible yield was 

obtained from accession 16819 followed by 16791 (6.6 t/ha) and local accession (5.8 t/ha) while 
accession 16792 gave the lowest digestible yield. 

The NDF content of Napier grass showed difference at Holetta but not at Areka, though the content 

varied among the accessions at both testing locations (Table 13). The result showed that the NDF 

content ranged from 728.5 to 785.7 g/kg DM with a mean of 770.0 g/kg DM. The highest NDF 
content was recorded from accession 16817 followed by accession 16819 (785.5 g/kg DM) and 

accession 16815 (782.9 g/kg DM) whereas the lowest was recorded from local accession. At Areka, 
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the NDF content ranged from 786.4 to 836.2 g/kg DM with a mean of 809.8 g/kg DM. The highest 

NDF content was recorded from accession 16794 followed by accession 16783 (834.1 g/kg DM) and 

accession 16819 (819.3 g/kg DM) while accession 16813 gave the lowest NDF content. The fiber 
content of a feed is particularly important for determining quality within the parameter of digestibility. 

Fiber is the structural part of plants, namely, components of the cell wall: soluble pectins, waxes, 

insoluble lignin, cellulose, and hemi cellulose (Van Soest, 1994). Adequate fiber which is measured 

as NDF and defined as total cell wall contents is necessary for rumination, saliva flow, rumen 
buffering and health of the rumen wall (Fox et al., 1992). The content of NDF above 600 g/kg DM at 

which grasses are classified as poor quality while grasses with NDF content from 500 to 600 g/kg DM 

could be classified as of moderate quality (Van Soest, 1982). Strasia and Gill (1990) have suggested 
that NDF should constitute at least 15% of the total DM intake for a growing heifer. The 

recommended minimum dietary NDF values are 250- 290 g/kg during early lactation and 320- 340 

g/kg during mid to late lactation to allow cattle to eat more forage (NRC, 2001). Although a minimum 
NDF value is needed to keep proper rumen and digestion conditions, generally high values of NDF 

are not adequate to maintain high milk production levels, especially for high yielding lactating cows, 

because of the effect on intake. Because NDF is negatively related to forage digestibility and 

positively related to fill, daily intake may also be reduced for forages with low NDF values (Varga et 
al., 1998). The decline in digestibility may, therefore, have been mainly due to the fiber chemistry and 

anatomical structure of the cell wall rather than its content (Wilson and Hatfield, 1997). The 

differences in solubility and potential degradation are dependent on the cellular structure of the 
components being degraded (Hagerman et al., 1992) and on inherent attributes of the NDF and CP 

present (Kaitho, 1997). Generally, tropical forages are more fibrous than temperate forages and a 

higher proportion of their nitrogen is not available to ruminants because it is bound within the 
indigestible vascular bundles (Van Soest, 1982). 

The ADF content of Napier grass did not differ significantly (P>0.05), though the accessions showed 

variations at both locations (Table 13). The ADF content ranged from 461.4 to 496.9 g/kg DM with a 
mean of 474.6 g/kg DM at Holetta. The highest ADF content was recorded from accession 16794 

followed by accession 16791 (492.8 g/kg DM) and accession 15743 (479.5 g/kg DM) while the 

lowest was obtained from accession 16819. At Areka, the ADF content ranged from 412.1 to 448.4 
g/kg DM with a mean of 429.0 g/kg DM. The highest ADF content was obtained from accession 

16783 followed by accession 16791 (445.1 g/kg DM) and accession 16819 (439.3 g/kg DM) whereas 

the lowest was obtained from local accession. The nutrient composition of forage crops is variable 

depending on many factors such as genotypic characteristics, environmental conditions and harvesting 
stages of the plants (Rotili et al., 2001; Lamb et al., 2006). High temperature and low rainfall tend to 

increase cell wall polysaccharides and then decrease the soluble carbohydrates (Pascual et al., 2000). 

Digestibility decreased with advancing age. This decline resulted from the interaction of factors such 
as increased fiber concentration in plant tissue, increased lignifications during plant development and 

decreased leaf to stem ratio (Wilson et al., 1991). Increasing dietary NDF concentration most often 

has a negative impact on the amount of DM consumed by lactating dairy cows, which generally 
translates into reduced milk production (Allen, 2000). For forage ADF, the recommended minimum is 

170- 210 g/kg, but as with NDF, a higher minimum is required for forage ADF depending on various 

factors that also affect NDF such as particle size, feeding methods, supplements and rate and extent of 

fermentability of fiber source (NRC, 2001). As with NDF, higher forage ADF results in reduced 
digestibility dry matter as a consequence of increased lignifications of cellulose in the plants 

(Depeters, 1993). Forage with higher ADF, thus has lower cellulose digestibility in the rumen, thereby 
reducing the energy available to the lactating cow for milk production.  

The ADL content of Napier grass did not show significant (P>0.05) difference, though the content 

varied among the accessions at both locations (Table 13). The ADL content ranged from 53.0 to 86.4 
g/kg DM with a mean of 70.4 g/kg DM at Holetta. The highest ADL content was recorded from 

accession 16794 followed by local accession (85.1 g/kg DM) and accession 16792 (84.4 g/kg DM) 

while the lowest was obtained from accession 16817. At Areka, the ADL content ranged from 78.3 to 

88.0 g/kg DM with a mean of 81.5 g/kg DM. The highest ADL content was recorded from accession 
16817 followed by accession 16783 (83.7 g/kg DM) and accession 16819 (83.0 g/kg DM) while the 

lowest was recorded for accession 16813. Lignin is a component which attributes erectivety, strength 



59 

 

and resistance to plant tissue thereby limiting the ability of rumen microorganisms to digest the cell 

wall polysaccharides, cellulose and hemicellulose contents (Reed et al., 1988). Lignin content was 

reported by Van Soest and Robertson (1979) and Van Soest (1982) to affect digestibility of forage 
more than any other chemical component. Van Soest (1982) reported a lignin content value above 60 

g/kg DM to affect digestibility of forage negatively. Generally, the presence of insoluble fiber, 

particularly lignin, lowers the overall digestibility of the feed by limiting nutrient availability (Van 

Soest, 1994; Mustafa et al., 2000). The higher content of structural component (NDF, ADF and ADL) 
found during dry season might be due to high lignifications with the advanced stage of plant maturity 
(Hussain and Durrani, 2009).  

The cellulose content of Napier grass did not show significant (P>0.05) difference, though the content 

varied among the accessions at both locations (Table 13). The result indicated that the cellulose 

content ranged from 378.9 to 425.6 g/kg DM with a mean of 404.2 g/kg DM at Holetta. The highest 
cellulose content was recorded from accession 16791 followed by accession 16817 (418.6 g/kg DM) 

and accession 15743 (412.9 g/kg DM) whereas the lowest was recorded from local accession. At 

Areka, the cellulose content ranged from 332.4 to 364.8 g/kg DM with a mean of 347.4 g/kg DM. The 

highest cellulose content was recorded from accession 16783 followed by accession 16791 (362.4 
g/kg DM) and accession 16819 (356.3 g/kg DM) while the lowest was recorded from local accession. 

The content of cellulose are influenced by harvesting stage (Adane, 2003) and morphological 

fractions (Seyoum et al., 1996; Fekede, 2004). The presence of cellulose limits the digestion of intact 
cell walls (Moore and Hatfield, 1994; Cardinal et al., 2003). While cellulose is composed of simple 

linear chains of glucose, the individual chains are very tightly packed into large fiber bundles which 

results in slower cellulose digestion by rumen microbes than digestion rates observed for 
hemicellulose or pectin (Hatfield and Weimer, 1995; Weimer, 1996). However, all cell wall 

polysaccharides are completely degradable if non-lignified. The structural polysaccharides composed 

primarily of cellulose and hemicelluloses are primary restrictive determinants of nutrient intake. The 

digestibility of forages in the rumen is related to the proportion and extent of lignifications (Van 
Soest, 1994). Lignin, which forms a complex with hemicellulose, also protects cellulose from 
enzymatic and microbial attack (Hartfield, 1993). 

 



60 

 

Table 13. Mean NDF, ADF, ADL, cellulose and hemicellulose contents of ten Napier grass accessions grown at Holetta and Areka 
Agricultural Research Center 
 

 
Location 

 
SN 

 
Accessions 

Nutritional qualities (g/kg DM) 

NDF ADF ADL Cellulose Hemicellulose 

 
 
 
 
Holetta 
Research 
Center 

1 15743 767.7a 479.5 66.6 412.9 288.2 

2 16783 762.3a 467.7 56.9 410.8 294.6 

3 16791 778.4a 492.8 67.3 425.6 285.6 

4 16792 775.9a 475.5 84.4 391.0 300.4 

5 16794 771.8a 496.9 86.4 410.5 274.9 

6 16813 761.6a 465.1 64.7 400.4 296.5 

7 16815 782.9a 471.4 72.0 399.4 311.5 

8 16817 785.7a 471.6 53.0 418.6 314.2 

9 16819 785.5a 461.4 67.2 394.2 324.0 

10 Local check 728.5b 464.0 85.1 378.9 264.5 

 Mean 770.0 474.6 70.4 404.2 295.4 

 SEM 0.22 0.28 0.24 0.30 0.28 

 Prob. 0.0044 0.6280 0.3170 0.6413 0.1457 

 
 
 
 
Areka 
Research 
Center 

1 15743 798.1 415.1 80.1 335.1 382.9 

2 16783 834.1 448.4 83.7 364.8 385.7 

3 16791 809.7 445.1 82.7 362.4 364.5 

4 16792 804.1 414.5 80.9 333.5 389.7 

5 16794 836.2 435.4 80.4 355.0 400.7 

6 16813 786.4 427.6 78.3 349.3 358.8 

7 16815 789.9 414.3 78.6 335.7 375.6 

8 16817 810.4 437.8 88.0 349.8 372.6 

9 16819 819.3 439.3 83.0 356.3 380.0 

10 Local 809.7 412.1 79.7 332.4 397.6 

 Mean 809.8 429.0 81.5 347.4 380.8 

 SEM 0.29 0.29 0.13 0.27 0.23 

 Prob. 0.2934 0.5369 0.5426 0.4909 0.0731 

Means followed by different superscript letters within a column are significantly different each other at P<0.05 

 
The hemicellulose content of Napier grass did not show significant (P>0.05) difference, 

though the content varied among the accessions at both locations (Table 13). The 

hemicellulose content ranged from 264.5 to 324.0 g/kg DM with a mean of 295.4 g/kg DM at 

Holetta. The highest hemicellulose content was recorded from accession 16819 followed by 

accession 16817 (314.2 g/kg DM) and accession 16815 (311.5 g/kg DM) whereas the lowest 

was recorded from local accession. At Areka, the hemicellulose content ranged from 358.8 to 

400.7 g/kg DM with a mean of 380.8 g/kg DM. The highest hemicellulose content was 

recorded from accession 16794 followed by local accession (397.6 g/kg DM) and accession 

16792 (389.7 g/kg DM) whereas the lowest was recorded from accession 16813. The 

composition and content of cell walls are the key factors affecting herbage digestibility. Cell 

walls are predominately composed of cellulose, hemicellulose and lignin. This experiment 

confirms that, among the cell wall constituents, cellulose is the dominant followed by 

hemicellulose and lignin at both locations and experiments reported by Diriba (2003) and 

Fekede (2004) also support this result. The higher hemicellulose content in the feed limits 

forage intake and digestibility (Lundvall et al., 1994; Wolf et al., 1993), its content in the feed 

vary among morphological fractions (Fekede, 2004) and increased with advancing age of the 

pasture (Adane, 2003; Yihalem, 2004).  

 
Correlations between agro-morphological traits 
The linear correlation coefficients among observed agro-morphological parameters are shown 

in Table 14. Plant survival rate showed a non significant positive correlation with plant height 

(r = 0.30), dry matter yield (r = 0.19), number of nodes per plant (r = 0.26) and node length 

per plant (r = 0.43). The relationship of plant height at forage harvesting stage had a non 
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significant positive correlation with number of tillers per plant (r = 0.01), dry matter yield (r 

= 0.20), leaf to stem ratio (r = 0.38) and number of nodes per plant (r = 0.01). Number of 

tillers per plant exhibited a non significant positive correlation with dry matter yield (r = 

0.19) and leaf to stem ratio (r = 0.57). Dry matter yield was found to be non significant 

positive correlations with leaf to stem ratio (r = 0.40) and number of nodes per plant (r = 

0.47). Non-significant positive correlation of leaf to stem ratio with internode length per plant 

(r = 0.15) was also observed. Plant survival rate was negatively and non significantly 

correlated with number of tillers per plant (r = -0.64) and leaf to stem ratio (r = -0.05). Plant 

height was negatively and non significantly associated with internode length per plant (r = -

0.14). Number of tillers had a non significant negative correlations with number of nodes per 

plant (r = -0.46) and internode length per plant (r = -0.04). Non-significant inverse 

relationship of dry matter yield with internode length per plant (r = -0.18) was also observed. 

Leaf to stem ratio had a non significant negative correlations with number of nodes per plant 

(r = -0.26). Number of nodes per plant showed a non significant negative correlations with 

internode length per plant (r = -0.31).    

 
Table 14. Pearson’s correlation coefficients between agro-morphological traits of Napier grass    
genotypes/accessions 
 

Parameters SR PH NT DMY LSR NN 

PH 0.30      

NT -0.64* 0.01     

DMY 0.19 0.20 0.19    

LSR -0.05 0.38 0.57 0.40   

NN 0.26 0.01 -0.46 0.47 -0.26  

INL 0.43 -0.14 -0.04 -0.18 0.15 -0.31 
*P<0.05; PH= plant height, NT= Number of tillers per plant, DMY= Dry matter yield, LSR= Leaf to stem ratio, 
NN= Number of nodes per plant, INL= Internode length per plant 

 

Correlations between nutritional traits 
The linear correlation coefficients among nutritional parameters are shown in Table 15. The ash 

content showed a significant positive correlation with ADF content (r= 0.65). But, it was positively 

and non significantly associated with CP (r= 0.42), ADL content (r= 0.50), IVOMD content (r= 0.08), 

hemicellulose content (r= 0.61) and CP yield (r= 0.23). It was found that the nutritional traits viz., 
ADF content (r= 0.30), ADL content (r= 0.10), IVOMD (r= 0.18), hemicellulose content (r= 0.13), 

CP yield (r= 0.41) and digestible yield (r= 0.01) showed a non significant positive association with CP 

content. The ADF content showed a significant positive correlations with ADL content (r= 0.71) and 
hemicellulose content (r= 0.65). Significant positive correlation of ADL content with hemicellulose 

content (r= 0.90) was also observed. The IVOMD showed a non significant positive correlations with 

CP yield (r= 0.39) and digestible yield (r= 0.58). Ash content showed a non significant negative 
correlations with NDF content (r= -0.37), cellulose content (r= -0.42) and digestible yield (r= -0.24). 

According to Diriba (2003), ash was positively correlated with CP and ADF, but poorly and 

negatively associated with cellulose content. The CP content had a non significant negative 

correlations with NDF content (r= -0.12) and cellulose content (r= -0.12). The NDF content showed a 
non significant negative correlations with ADF content (r= -0.45), ADL content (r= -0.25), IVOMD 

(r= -0.15), cellulose content (r= -0.37), hemicellulose content (r = -0.06), CP yield (r= -0.28), but it 

was significantly correlated with digestible yield (r= -0.82). The ADF content had a significant 
negative correlation with digestible yield (r= -0.63). Moreover, it had a non significant negative 

correlations with IVOMD (r= -0.60), cellulose content (r= -0.08) and CP yield (r= -0.05). The ADL 

content had a non significant negative correlations with IVOMD (r= -0.40), cellulose content (r= -

0.11), CP yield (r= -0.05) and digestible yield (r= -0.51). The IVOMD had a non significant negative 
correlations with cellulose (r= -0.19) and hemicellulose (r= -0.26) contents. The cellulose content 

showed a non significant negative correlation with hemicellulose content (r= -0.53), CP yield (r= -
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0.54) and digestible yield (r= -0.26). The hemicellulose content showed a non significant negative 

correlations with CP yield (r= -0.19) and digestible yield (r= -0.33).  

 
Table 15. Pearson’s correlation coefficients between nutritional qualities of Napier grass accessions 
 

Parameter Ash CP NDF ADF ADL IVOMD Cell Hemcell CPY 

CP 0.42         

NDF -0.37 -0.12        

ADF 0.65* 0.30 -0.45       

ADL 0.50 0.10 -0.25 0.71*      

IVOMD 0.08 0.18 -0.15 -0.60 -0.40     

CELL -0.42 -0.12 -0.37 -0.08 -0.11 -0.19    

HECELL 0.61 0.13 -0.06 0.65* 0.90** -0.26 -0.53   

CPY 0.23 0.41 -0.28 -0.05 -0.05 0.39 -0.54 -0.19  

DY -0.24 0.01 -0.82* -0.63* -0.51 0.58 -0.26 -0.33 0.18 
*P<0.05; **P<0.01; CP= Crude protein, NDF= Neutral detergent fiber, ADF= Acid detergent fiber, ADL= Acid 
Detergent  lignin, IVOMD= In-vitro organic matter digestibility, Cell=Cellulose, Hemcell= Hemicellulose, CPY= 
Crude protein yield, DY= Digestible yield 

 
The CP yield showed a non significant positive correlation with digestible yield (r= 0.18). Significant 

but negative correlations were found between IVDMD and cell wall components, and IVDMD and 

CP were significantly and positively correlated (Tessema et al 2002). Tessema et al (2002) also 
reported that CP, Ca, and P showed high positive correlations with IVDMD, whereas NDF, ADF, 

ADL and cellulose showed negative correlations with IVDMD in Napier grass harvested at different 

heights. Paterson et al (1994) also reported that NDF content is negatively correlated with voluntary 
intake of forage DM. Hassan and Osman (1984) also reported that ADF showed positive correlations 

with ADL, cellulose and negative correlations with cell wall components and hemicellulose. Fekede 

(2004) also reported that Oats varieties had negative but non-significant correlation between cellulose 

and hemicellulose content. 
 
Correlations between agro-morphological and nutritional traits 
The linear correlation coefficients between agro-morphological and nutritional parameters are shown 

in Table 16. The plant survival rate showed a non significant positive correlation with ash content (r = 

0.26), CP content (r = 0.42), IVOMD (r = 0.08), CP yield (r = 0.23) and digestible yield (r = 0.24). 
Non-significant positive relationship of ash content (r = 0.11), NDF content (r = 0.16), CP yield (r = 

0.39) and digestible yield (r = 0.35) with plant height at forage harvesting stage was observed. 

Number of tillers per plant showed a non significant positive correlation with ash content (r = 0.26), 
NDF content (r = 0.18) and digestible yield (r = 0.08). Dry matter yield showed significant positive 

correlation with IVOMD (r = 0.64) and digestible yield (r = 0.75). Moreover, dry matter yield showed 

a non significant positive correlation with ash content (r = 0.10), CP content (r = 0.43) and CP yield (r 

= 0.17). Leaf to stem ratio showed a non significant positive correlation with ash content (r = 0.52), 
CP content (r = 0.06), IVOMD (r = 0.49), CP yield (r = 0.08) and digestible yield (r = 0.20). The 

proportion of leaf fractions is positively correlated to the concentration of plant CP and digestible 

energy (Islam et al., 2003) and in turn determines the intake and animal performance (Gwayumba et 
al., 2002; Islam et al., 2003). But the CP yield (r = 0.08) and CP content (r = 0.06) had a non 

significant positive correlation with number of nodes per plant. Internode length per plant showed a 

non significant positive correlation with ash content (r = 0.27), NDF content (r = 0.10), IVOMD (r = 
0.03) and digestible yield (r = 0.21). 

  
Table 16. Pearson’s correlation coefficients between agro-morphological and nutritional parameters of Napier grass genotypes/accessions 
 

 
Agronomic traits 

Nutritional traits 

Ash CP NDF IVOMD CPY DY 

Survival rate 0.26 0.42 -0.37 0.08 0.23 0.24 

Plant height 0.11 -0.30 0.16 -0.08 0.39 0.35 
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Number of tillers 0.26 -0.55 0.18 -0.12 -0.45 0.08 

DM yield 0.10 0.43 -0.33 0.64* 0.17 0.75** 

Leaf to stem ratio 0.52 0.06 -0.22 0.49 0.08 0.20 

Number of nodes -0.61* 0.06 -0.62* -0.01 0.08 -0.58 

Internode length 0.27 -0.02 0.10 0.03 -0.38 0.21 

*P<0.05; **P<0.01; CP= Crude protein, NDF= Neutral detergent fiber, IVOMD= In vitro organic matter 
digestibility, CPY= Crude protein yield, DY= Digestible yield 

 
The plant survival rate was inversely correlated with NDF content (r = -0.37). Plant height 

had a non significant inverse correlation with CP content (r = -0.30) and IVOMD (r = -0.08). 

The CP content  (r = -0.55), IVOMD (r = -0.12) and CP yield (r = -0.45) had a non significant inverse 

relationship with number of tillers per plant. Dry matter yield was inversely associated with 

NDF content (r = -0.33). Leaf to stem ratio had a non significant inverse correlation with 

NDF content (r = 0.22). Number of nodes per plant showed a significant negative correlation 

with ash content (r = -0.61) and NDF content (r = -0.62), however it had a non significant 

inverse correlation with IVOMD (r = -0.01) and digestible yield (r = -0.58). Internode length 

exhibited a non significant inverse correlation with CP content (r = -0.02) and CP yield (r = -

0.38). Fekede (2004) also reported that CP content had low degree of negative correlation 

with the proportion of leaf blade and leaf to stem ratio in oats varieties.  

 
Conclusion and recommendation 
Napier grass accessions respond differently for agronomic performance, yield stability and nutritive 

values across the test environments due to differential responses of the genotypes to various edaphic, 
climatic and biotic factors. Measured agronomic traits such as plant survival rate, tillering 

performance, plant height, leaf to stem ratio, number of node, internode length, forage DM yield 

showed variations among the tested genotypes and the test environments. The highest mean DM yield 

was obtained at Adamitulu (13.06 t/ha), followed by Areka (12.80 t/ha), Hawassa (11.80 t/ha), Debre 
zeit (10.50 t/ha) and Holetta (7.05 t/ha) per year, indicating that Napier grass expressed its genetic 

potential under hotter than cooler environmental conditions. The genotypes also showed variations in 

DM yield stability across the test environments during the experimental period. Different stability 
parameters and models indicating that Napier grass accessions such as 16817, 16783 and local were 

considered as the most desirable and stable ones among the ten genotypes evaluated in this study. On 

the other hand, accessions such as 16791 and 16815 were considered as the most unstable genotypes 

across the test environments. 
  

The chemical compositions and in-vitro organic matter digestibility indicated that the mean ash, CP, 

IVOMD, ADF, and cellulose contents were comparatively higher at Holetta than Areka conditions. 
On the other hand, the mean CP yield, digestible yield, NDF, ADL and hemicellulose contents were 

higher at Areka than Holetta. The CP and IVOMD were higher in the highlands while CP yield, 

digestible yield and most fiber components were relatively higher in the mid altitude areas indicating 
that temperature and amount of rainfall and its distribution had an adverse effect on the feed quality of 

Napier grass. The relationships between agro-morphological traits indicated that, plant survival rate 

was significantly and negatively correlated with number of tillers per plant. The nutritional traits such 

as  ash and ADF contents; ADF and ADL contents; and ADL and hemicellulose contents were 
significantly and positively correlated with each other. DM yield was significantly and positively 

correlated with IVOMD and digestible yield. From this study, accession 16791 is specifically 

recommended for Holetta and Debre zeit environment. Similarly, accessions such as 16819, 16815 
and 16794 are specifically recommended for Adamitulu, Areka and Hawassa environmental 

conditions. Generally, Napier grass accessions such as 16817, 16783 and local are recommended for 

wider cultivation due to better DM yield stability performance across the test environments.  
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Introduction 
 
Livestock production constitutes a key livelihood activity for the agricultural, agro-pastoral and 

pastoral societies, which account for over 80% of the Ethiopian population. Despite the large 
livestock resource base and importance of the sector to millions of smallholder farmers, pastoral 

communities and the national economy at large, livestock production has remained underdeveloped 

and the available potential has not been fully exploited.  
Under-nutrition and malnutrition are major factors constraining animal production in Ethiopia. 

Nutritional stress causes low growth rates, poor fertility and high mortality, which is compounded by 

diseases. In the highlands, more than half of the annual feed supply to livestock comes from the 

natural pasture, the rest portion met by crop residues and stubble grazing. About 85% of feed intake is 
used to meet the animals' maintenance requirements and only 15% is utilized for production 
(Alemayehu M., 2002a; 2002b). 

Livestock feed in Ethiopia is mainly derived from natural pasture and crop residues, with agro-

industrial by-products being used as supplementary feeds by some urban and Peri-urban market- 

oriented livestock  producers. In the past three decades, the natural pasture accounted for about 53% 
of Ethiopia’s total land area (Lulseged and Alemu, 1985). At present, the human population has 

tripled necessitating expansion of arable crops at the expense of available grazing lands in order to 

meet food demand. Moreover, expanding urbanization and use of arable land for housing, recreation 

and industrial development is displacing a considerable area of the grazing land. As a result, in the 
highlands alone, grazing lands have significantly dwindled to about 5.7 million hectares (Abera, 

2006). These remaining grazing lands constitute marginal lands- highly fragmented and limited to 

areas where conditions are adverse for cropping due to topographic, edaphic and climatic limitations. 
In general, crude estimates of the available feed in different parts of the country depict a deficit of 

about 35% of the maintenance requirement, which further rises up to 70% in bad years such as when 
prolonged drought occurs. 

Improvement in livestock production and productivity requires a concomitant intensification in feed 

production using improved / cultivated forage crops in addition to efficient utilization of the natural 

pasture and crop residues. The present understanding in the ongoing economic growth and 
transformation plan as regards to livestock sector is to reorient the smallholder production system into 

specialized and market-oriented production system that includes, inter alia, high quality cultivated 
pasture production.  

Improved forage crops have diverse functions and play an important role in sustaining the livelihoods 

of farmers, mainly as a result of their positive effects on livestock production and contribution to 
economic and environmental sustainability. Improved forages, besides providing better quantity and 

quality  forage,  they  have  a  number  of  other  benefits  in  the  farming system including 

improvement of soil fertility through biological nitrogen fixation or when used as mulch (legumes), 

nutrient cycling, erosion control when established as conservation structures, fuel wood supply, bee 
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forage and control of weeds, pests and diseases when integrated in crop rotation as break crops. 

Generally, use of improved forage crops is an important step in supporting and improving livestock 
productivity while maintaining environmental sustainability.  

The Ethiopian Institute of Agricultural Research (EIAR) has the overall goal of improving supply of 

better quality animal feed in medium to high altitude highland of Ethiopia where there is high 

prospect for intensification of the livestock sector. One of the major EIAR’s strategy of forage 
research and development has been selecting and developing of conventional pasture crops that 

productive under rain-fed and irrigated systems so as to meet the technology demand among emerging 

commercial-oriented animal production systems. Alfalfa (Medicago saliva L.)  is one among the best 
bet leguminous fodder crops for livestock especially for dairy production in Ethiopia owing to its 

superior herbage yield, palatability, nutritional value, wide range of adaptation and its suitability for 

irrigated production systems. Its agronomic merits including fast growth, persistence under prolonged 
dry conditions, versatility in its soil requirements has made it a popular fodder crop for intensive 

livestock production systems such as dairy production. In Ethiopia, alfalfa has excellent performance 

in a wide range of altitude from cool temperate highlands up to 2400 to warm lowlands below 1000 

m.a.s.l., and a range of soil types including heavy clay soils. It has been popularly grown in pure 
stands (Astatke Haile, 1977) as a source of protein supplement to low quality feedstuffs or in mixtures 

with grasses (Sisay, 1975). Daniel Keftasa (1989), based on a study over a period of three years, 

reported that the herbage yield, crude protein concentration and crude protein yield of Rhodes-alfalfa 
mixture was enhanced by an average of 22.61 and 104 percent, in that order, compared to the pure 
stand of Rhodes, indicating its value in mixed pasture production. 

Productivity of alfalfa is affected, among other factors, by agro-ecology where it is grown. The 

influence of environmental factors across a range of locations and season is reported to influence the 

yield and quality of the legume (Smith, 1970) through its effect on the rate of development and rate of 

refuse in concentration of nutrients and their digestibility. In spite of its advantages in terms of 
adaptability, yield, quality, and a range of production systems, the genetic base of alfalfa in Ethiopia 

is restricted to a few lines belonging to either of the two old varieties: Hunter River and Hairy 

Peruvian (Astatke Haile, 1977; Lulseged G Hiwot and Alemu Tadese, 1985). With the growing 
investments in dairy business and a parallel demand for quality fodder there is a pressing need to 

screen a wide array of alfalfa germplasm and select productive and high quality varieties that can be 

officially registered and distributed for wider use by both small scale and commercial livestock 
producers. The objective of this study was to evaluate introduced accessions of alfalfa for yield and 

desirable quality characteristics across varied agro-ecologies in Ethiopia, and identify promising 

varieties for registration and subsequent scale up/ scale out programs. 

 
Materials and Methods 
 
Varieties and locations 
Five alfalfa varieties, namely, FG10-09(F), FG9-09(F), Magna 801-FG(F), Magna 788 and Hairy 
Peruvian, recent introductions from the USA, were evaluated for three years in seven federal and 

regional research centers representing diverse agro-ecological areas of Ethiopia. The locations were: 

Debre Zeit, Holetta, Werer, Melkassa, Wondo, Adami Tulu and Hawassa research centers. Debre Zeit 

and Holetta centers represented the temperate medium and higher-highlands of Ethiopia. While the 
rest five centers, all located within the East African Rift Valley represent the low-lying warm regions 

in general. An Environmental profile of the trial locations is highlighted in Table 1. 
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Table 1. Description of geographical position, climate and soil properties of alfalfa variety trial locations  
 

Environmental profile Debre Zeit Holetta Wondo Werer Melkassa Adami Tullu Hawassa 
Latitude 08o 44’ N 9º 4' N 70 19' N 9º16'N 8° 24' N 7° 09' N 7° 04' N 

Longitude 38o 38’ E 38º 30’ E 380 38' E 40º 9'E 39° 21' E 38° 07' E 38° 31' E 

Altitude (m.a.s.l.) 1850 2400 1780 740 1550 1650 1700 

Distance from AA (km) 48 29 270 280 8° 24' N 167 275 

Annual rainfall, total 
(mm) 

850 1100 1372 571 39° 21' E 760 1100 

Temp. mean min. (oC) 8.9°C 6 °C 11 °C 19.8 1550 12.6 12.9 

Temp. mean max. (oC) 28.3°C 22 °C 26 °C 34.8 8° 24' N 27.0 27.3 

Soil type Alfisol Nitosol Luvisol Fluvisol Andosol Andosol Fluvisol 

Soil texture class Loam Clay Sandy loam Silt loom Silt loam Sandy loam Clay loam 

Soil pH (1:1 H2O) 7.26 5.24 7.7 7.7 7.3 7.88 4.9 

Total OM (%) 2.83 1.80  1.6 Andosol 2.38 4.60 

Total N (%) 0.217 0.17 0.18 0.09 Silt loam 0.39 0.35 

Available P (ppm) 10.84 4.55  34.4 7.3 37.41 2.62 

 
Planting 
The seed of the five alfalfa varieties were sown on well-prepared seedbed within the main research 

plots of the respective research centers. Seeds were sown in rows spaced 20 cm apart using a seed rate 
of 20 kg/ha. Fertilizer was applied at the rate 100 kg/ha di-ammonium phosphate (DAP) (46% P205 

and 18% N) at planting. Plots were hand-weeded during the establishment phase. 

 
Experimental design 
The experiment was laid out in RCBD with four replications. Plot size was 3m by 4m, 12 m2. Inter-

plot and inter-block space was respectively 1m and 1.5 m. Each plot consisted of 15 rows with inter-
row spacing of 0.2m. 

 

Data collection and analysis 
Data collected included: plant stand height, herbage yield, leaf to stem ratio, and nutritional 

composition Herbage yield was determined from samples taken from harvests at about 10-20% 

flowering stage. Harvesting was accomplished using sheep shears at a stubble height of 5 cm above 
ground. An open-ended sampling quadrat measuring 1.50 X 0.50 cm was placed at three random spots 

in the internal part of the plots, and the material inside the quadrat harvested. External rows on the 

either sides of the plots were excluded to avoid border effects. Total fresh biomass yield per plot was 

determined by weighing the harvested material using a field balance. Next, fresh sub-sample of 500 g 
was taken and fractioned into botanical compositions of: sown legume, grass weeds, legume weeds 

and other weeds. A sub-sub samples of 200 g was taken and dried in a forced draught drying oven at 

60 oC over 72 hours period for determining dry matter percentage, and for analysis of the 
chemical/nutrient composition. Samples were taken to a laboratory and analyses carried out for 

nutrients: crude protein (CP), NDF, ADF, OM, ash and In vitro DM digestibility (IVDMD) using 

standard analytical procedures.  
Data analysis was undertaken using the GLM procedure of SAS (SAS, 2002) and significant mean 

differences were declared at P = 0.05 using LSD (Least Significant Difference) test (Snedcor and 
Cochran, 1980).  
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Results and Discussion 
The agronomic performance of the five alfalfa varieties is described by location in the following 
sections. There were considerable variations in the parameters and frequency of harvesting and so did 

the number of sampling and data taken thereof. Because of such a lack of uniformity in the 

experimental procedures across the seven locations, the data has been analysed separately by location 
so the conclusions drawn and recommendations may not necessarily apply to the broader agro-

ecological regions of Ethiopia.  

 
Debre Zeit 
 
Herbage DM yield, stand height, LSR and days to flowering 
Mean values for herbage DM yield, stand height and leaf to stem ratio of the five alfalfa cultivars are 

presented in Table 2. In the initial year, the average growth and yield performance of the five alfalfa 

varieties at Debre Zeit was more or less uniform so the effect of variety on three growth and yield 
attributes: stand height, DM yield and LSR was not significant (P≥0.05). Nevertheless, Hairy 

Peruvian was the highest of all the varieties in both DM yield (5.372 t/ha) and leaf to stem ratio (LSR) 

(0.844). Varieties significantly varied in the number of days to reach initial flowering (DIF) and days 
to reach fifty percent flowering (DFPF) (P≤0.05). Hairy Peruvian was the earliest to reach both initial 

(76 days) and fifty percent flowering (84 days); the rest were nearly uniform to reach initial (78 days) 

and fifty percent flowering (85 days). The annual total DM herbage yield (sum of 7 cuts) ranged 37.6 

– 34.6 t/ha/y, the highest and the lowest being for HP and Magna-788, respectively. Yields of the rest 
of the varieties were in between the above two varieties yield range.  
 
Table 2. Mean growth and yield performance over 4 cuts of five alfalfa varieties at Debre Zeit (Year 1) 
 

Variety name Mean of four harvests/ observations Annual total DM 
yield (t/ha/y) 

Plant 
Ht (cm) 

DM yield 
(t/ha) 

 
LSR∆ 

 
DIF∆ 

 
DFPF∆ 

 

FG-10-09 (F) 79.50 5.296 0.914 78.25a* 85.50b* 37.073 

Magna 788 79.75 4.951 1.120 78.25a 85.50b 34.660 

FG-9-09 (F) 74.25 5.167 1.056 79.25a 86.50a 36.172 

Magna 801FG (F) 79.00 5.077 1.050 78.25a 86.00ab 35.540 

Hairy Peruvian 80.75 5.372 0.844 76.75b 84.50c 37.601 

CV% 6.80 11.10 11.69 1.04 0.74 11.100 

SE 2.674 0.287 0.058 0.408 0.316 2.010 

∆Abbreviations: LSR leaf to stem ratio; DIF days to initial flowering; DFPF days to fifty percent flowering; *Numbers followed by similar 

letters are not significantly different at P= 0.05. 

In the second year, varieties exhibited significant difference (P≤0.05) in four attributes: stand height, 

LSR, days to reach initial flowering and days to reach fifty percent flowering (Table 3). Hairy 

Peruvian had the highest plant height (88.75 cm), the rest had no significant difference in height and 
that ranged 75.5-79 cm. Its LSR (0.815) was also significantly higher than the rest of the varieties. 
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Table 3. Mean Growth and yield performance over 4 cuts of five alfalfa varieties at Debre Zeit (Year 2). 
 

∆Abbreviations: LSR leaf to stem ratio; DIF days to initial flowering; DFPF days to fifty percent flowering;   *Numbers followed by similar 
letters are not significantly different at P= 0.05. 

 
Nutritional contents of alfalfa varieties 
Nutritional quality attributes of the five alfalfa varieties as determined from laboratory analysis of a 

homogenous sample taken from Debre Zeit trial plots is shown in Table 4. Crude protein (CP) content 
was in the range 19.7 and 20.3%. In-vitro DM digestibility (IVDMD) ranged between 57.84 and 

63.97%. 

 
Table 4. Nutritional quality of five alfalfa varieties as determined from analysis of samples taken from Debre Zeit experimental plots 
 

Variety DM% Ash% OM% NDF% ADF% Lignin% CP%. %IVDMD 

FG-10-09 (F) 91.80 11.84 88.16 41.12 37.04 7.43 19.71 58.25 

Magna 788 91.47 11.32 88.68 40.36 32.17 7.3 20.53 58.12 

FG-9-09 (F) 91.66 11.18 88.82 41.92 35.66 7.74 18.98 60.64 

Magna 801FG (F) 91.63 11.78 88.22 42.28 36.51 9.21 20.28 63.97 

Hairy Peruvian 91.76 11.28 88.72 46.31 38.1 9.44 18.37 57.84 

 

Melkassa 
At Melkassa, in the initial year of evaluation the five alfalfa varieties exhibited significant (P≤0.05) 

difference in herbage yield (Table 5); plant height and LSR differences were not significant (P≥0.05). 
Variety FG-9-09(F) was the leading in herbage DM yield (2.845 t/ha) while the least was Magna 788 

(1.903 t/ha). Mean plant height ranged from 37.5 cm (HP) to 45.2 cm (FG-10-09(F)) while mean LSR 

ranged from 0.817 (Magna 788) to 0.961 (HP). Annual total herbage yield was the highest for variety 

FG-10-09(F) (12.337 t/ha DM) and the least was for Magna 788 (7.61 t/ha DM). 
 
Table 5. Mean Growth and yield performance over 4 cuts of five alfalfa varieties at Melkassa (Year 1). 
 

Variety Mean 
Ht (cm) 

Mean 
DM (t/ha) 

Mean 
LSR 

Annual total 
DM (t/ha/y) 

FG-10-09 (F) 45.25 2.734a 0.872 12.337a 

Magna 788 42.75 1.903b 0.817 7.612b 

FG-9-09 (F) 45.00 3.090a 0.848 11.959a 

Magna 801FG (F) 38.50 1.913b 0.871 7.654b 

Hairy Peruvian 37.50 2.845a 0.961 11.381a 

CV% 16.94 16.47 8.39 15.76 

SE 3.541 0.206 0.037 0.803 

P 0.05 NS * NS * 
*Numbers followed by similar letters are not significantly different at P= 0.05. 

In the second year the agronomic performance of the alfalfa varieties at Melkassa were similar to that 
in the initial year; only herbage yield had significant difference (P≤0.05) among the varieties while 
differences in plant height and LSR were not significant (Table 6). 

Variety name 

Average of four harvests/ observations 
Annual total DM 
yield (t/ha/y) 

Mean 
Ht (cm) 

Mean 
DM (t/ha) 

Mean 
LSR 

Mean 
DIF 

Mean 
DFPF 

FG-10-09 (F) 79.00b* 3.480 0.873b 58.75a 63.75a 13.923 

Magna 788 79.00b 3.664 0.851b 58.75a 63.75a 14.658 

FG-9-09 (F) 75.50b 3.852 0.938ab 59.00a 64.00a 15.409 

Magna 801FG (F) 77.75b 4.494 0.894b 58.50a 63.50a 17.976 

Hairy Peruvian 88.75a 4.242 0.815a 54.50b 59.50b 16.968 

CV% 4.53 13.52 11.09 1.76 1.62 13.52 

SE 1.812 0.267 0.048 0.510 0.510 1.067 
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Table 6. Mean Growth and yield performance over 4 cuts of five alfalfa varieties at Melkassa (Year 2).  
 

Variety Mean 
Ht (cm) 

Mean 
DM (t/ha) 

Mean 
LSR 

Annual total DM 
(t/ha/y) 

FG-10-09 (F) 45.25 3.304b 0.872 13.317b 

Magna 788 42.75 2.613c 0.817 10.452c 

FG-9-09 (F) 45.00 3.586b 0.848 13.420b 

Magna 801FG (F) 38.50 2.450c 0.871 9.799c 

Hairy Peruvian 37.50 3.926a 0.936 15.704a 

CV% 16.94 6.65 7.34 7.12 

SE 2.504 0.105 0.032 0.446 

P 0.05 NS * NS * 
*Numbers followed by similar letters are not significantly different at P= 0.05. 

 
Werer 
Average plant height and herbage DM yield and its related attribute, annual total DM yield were 
significantly (P≤0.05) different among varieties during the initial trial period at Werer (Table 7). 

Magna 788 was the highest in plant height (78.5 cm). Variety FG-9-09(F) was the lowest in plant 

height (73 cm) but on the contrary, in DM yield it was the highest of all the varieties. In the case of 
annual total DM yield Hairy Peruvian was the highest (35 t/ha/y) while the rest were similar, the yield 

range being 28-31 t/ha/y.  
 
Table 7. Mean Growth and yield performance over eight cuts of five alfalfa varieties at Werer (Year 1) 
 

Variety 
Mean 
Ht (cm) 

Mean 
DM (t/ha) 

Mean 
LSR 

Annual total DM 
(t/ha/y) 

FG-10-09 (F) 67.75c 3.711b 0.963 29.689b 

Magna 788 78.50a 3.404bc 0.962 27.833b 

FG-9-09 (F) 73.00b 3.957ab 1.020 31.860ab 

Magna 801FG (F) 73.70ab 3.011c 0.978 28.083b 

Hairy Peruvian 73.25b 4.408a 0.978 35.267a 

CV% 4.26 10.64 6.59 11.18 

SE 1.559 0.196 0.032 1.707 
*Numbers followed by similar letters are not significantly different at P= 0.05. 

 

In the second year of the trial at Werer, varieties exhibited significant (P≤0.05) differences in DM 
yield and LSR but not in plant height and annual total DM yield (Table 8). Hairy Peruvian scored the 

highest in three attributes, namely, DM yield (5.4 t/ha), LSR (1.004) and annual total DM (15.3 

t/ha/y). The least mean DM yield was from Magna 788 (4.373 t/ha). 
 
Table 8. Mean Growth and yield performance over three cuts of five alfalfa varieties at Werer (Year 2) 
 

Variety 
Mean 
Ht (cm) 

Mean 
DM (t/ha) 

Mean 
LSR 

Annual total DM 
(t/ha/y) 

FG-10-09 (F) 67.75 4.770bc 0.834b 14.383 

Magna 788 79.75 4.373c 0.876b 13.569 

FG-9-09 (F) 73.00 5.074ab 0.803b 15.371 

Magna 801FG (F) 77.25 4.338c 0.810b 13.764 

Hairy Peruvian 75.75 5.422a 1.004a 15.291 

CV% 8.94 8.81 7.25 12.52 

SE 3.338 0.211 0.031 0.906 
*Numbers followed by similar letters are not significantly different at P= 0.05. 
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Holetta 
At Holetta, the alfalfa variety evaluation trial was conducted for a longer period 2010-2015 unlike all 

the other six locations. For various technical reasons the number of harvests in each year varied 
substantially that combined data analysis over years was not applicable.  

Average DM yield of varieties in the initial year (2010) was in the range 4.598 – 5.290 t/ha. In the 

following year (2011) the DM yield range was lower by about a tonne and in the third year the yield 
became double of the initial year (Fig. 1). The trend continued more or less the same in the fourth and 

fifth year and finally in the sixth year (2015) it dramatically reduced to a range of 0.778 – 1.520 t/ha, 

which could be due to aging of the stand. Hairy Peruvian excelled the other varieties in DM yield, 
especially after the initial year, reaching its maximum in 2013 (15.523 t/ha) and then decreased in 

2014 (10.123 t/ha) but still higher than the rest of the varieties. FG10-09(F) was the second highest in 

DM yield with increasing trend after the third year of establishment reaching maximum in the fourth 
year (Figure 1) like Hairy Peruvian. 

 

Fig. 1. Herbage DM  yield (t/ha) of five alfalfa varieties, mean over 6 years at Holetta  

 

In plant height as well, in the initial year most varieties’ height ranged 50-60 cm and in the 

following year the range decreased to 40-41 cm, a similar trend as the herbage yield (Fig. 2). 

In 2013 the range doubled to the maximum level of 64-96 cm and then decreased almost by 

half for most of the varieties. Variety HP was the leading in plant height across all years, 

followed by FG-10-09 (F). The rest of the varieties had more or less comparable height in 

most of the years. 
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In order to examine the general picture of the varieties performance over the years, the average data 

pooled over years and harvests/yr was analysed as a single RCBD. The outcome for stand height and 
DM yield is shown in Table 9. Varieties exhibited significant (P≤0.05) difference in both plant height 

and herbage DM yield. Mean DM yield over six years ranged 4.711 (FG-9-09(F) to 7.522 t/ha (Hairy 

Peruvian). Mean plant height over six years ranged 50.443 (Magna 788) to 76.133 cm (Hairy 
Peruvian). Therefore, in both attributes the lowest and the highest values over the long term are from 

Magna 788 and HP, respectively. Second to HP, variety FG-10-09(F) had significantly (P≤0.05) 
higher DM yield and stand height than the rest of the varieties. 

Table 9. Growth and yield performance of five alfalfa varieties at Holetta (pooled data from 2010-2015) 

Variety Mean of six years 

Height (cm) DM (t/ha) 

FG10-09(F) 58.930b* 5.410b* 

FG-9-09(F) 51.935cb 4.711b 

Hairy Peruvian 76.133a 7.522a 

Magna 788 50.443c 4.739b 

Magna 801 FG (F) 52.880cb 5.296b 

LSD (P 0.05) 8.157 1.901 

CV 9.118 22.290 

*Numbers followed by similar letters are not significantly different at P= 0.05. 

Adami Tulu 
At Adami Tullu, one of the varieties, HP was replaced by another recent variety, Altarivera, which 

had comparable performance with HP. A total of eight harvests were made in two years and the data 

taken from these eight harvests was averaged and subjected to analysis of variance according to 
simple RCBD. The mean values for DM yield and leaf to stem ratio (LSR) is shown in Table 10. 

 

Fig.2. Stand Height (cm), mean over 6 years at Holetta 
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Varietiy Altarivera  had significantly (P≤0.05) higher DM yield than the rest of the four varieties 

amongst which there was no significant difference (P≥0.05), having comparable and almost uniform 

yield values. In LSR, these same four varieties: FG-10-09(F), Magna 801-(FG), Magna 788 and FG-
09-09(F) had no significant difference (P≥0.05), having nearly uniform values but all were 

significantly (P≤0.05) higher than Altarivera in LSR.  

 
Table 10. Herbage yield and leaf to stem ratio of alfalfa varieties at Adami Tulu (Mean of 8 cuts over 2 years) 
 
 

Varieties Mean DM (t/ha) LSR 

Altarivera 12.183a 1.272b 

FG-10-09(F) 10.668ab 1.895a 

Magna-801(FG) 10.505ab 1.935a 

Magna-788 10.400ab 1.775a 

FG-09-09(F) 9.600b 1.717ab 

LSD, P 0.05 2.529 0.476 

CV 15.3 17.9 
*Numbers followed by similar letters are not significantly different at P= 0.05. 

 
Wondo Genet 
At Wondo Genet, varietal differences in each of the three agronomic traits, namely, stand height, DM 
yield and LSR, were highly significant (P≤0.01) (Table 11). Variety HP had the highest stand height 

(63.6 cm) followed by Magna 788; their difference was not significant in this attribute but both were 

significantly higher than the rest three varieties. Likewise, FG-10-09(F) and FG-9-09(F), which had 

no significant difference, were both second in stand height. Magna 801-FG(F) was the least in stand 
height (54.8cm). Unlike stand height, HP had the least value in two related attributes, DM yield (5.42 

t/ha) and LSR (0.752). Magna 788 maintained its excellence in DM yield (6.99 t DM/ha) as in stand 

height but its LSR was the least (0.865) of all, as was Magna 801-FG(F) (0.897). FG-9-09(F) had 
superior LSR (1.113) indicating that it was the leafiest of all at Wondo Genet.  
 

Table 11. Growth and yield data of alfalfa varieties at Wondo Genet (mean of two cuts) 

Alfalfa variety Mean Stand Ht (cm) DM Yield (t/ha) LSR 

Hairy Peruvian 63.605a 5.427d 0.753d 

Magna 788 62.497a 6.990a 0.865c 
FG-10-09(F) 60.470b 6.585b 0.988b 

FG-9-09(F) 60.287b 6.260cb 1.113a 

Magna 801-
FG(F) 

54.787c 6.087c 0.898c 

LSD 1.821 0.354 0.075 

CV 1.959 3.668 5.302 
*Numbers followed by similar letters are not significantly different at P= 0.05. 

Hawassa 
At Hawassa, the performance of the varieties was rather mediocre; stand height was about half, and 

DM yield about one-third of that recorded from the other locations. Regardless of the poor 

performance the inter-variety difference had similar pattern (Table 12). As in the other locations, HP 

was the highest in both stand height and DM yield followed by FG-10-09(F) with which there was no 
significant difference in the mean values (P<0.05). The poorest performing variety was FG-9-09(F) in 

both stand height (27.75 cm) and DM yield (0.85 t/ha). 
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Table 12. Growth and yield data of alfalfa varieties at Hawassa 

Alfalfa variety Plant Ht (cm) Mean DM 
(t/ha) 

Hairy Peruvian 31.50a 1.775a 

FG-10-09(F) 35.00a 1.600a 

Magna-801-FG 24.00c 1.550a 

Magna-788 23.75c 1.375ab 

FG-9-09(F) 27.75b 0.850b 

LSD 3.713 (HS) 0.678 (NS) 

CV 8.486 30.807 

*Numbers followed by similar letters are not significantly different at P= 0.05. 

 
Overall performance of varieties 
 
Stand Height 
According to 14 observations taken from 6 locations, Variety HP was the leading in mean plant height 

(67.5 cm) followed by FG-10-09(f), Magna 788, FG-9-09(F) and Magna 801-FG(F) (55.8 cm) in that 
order (Fig. 3). 

 

Fig 3. Mean plant height (6 locations, 14 observations) 

 

Mean DM Yield 
According to average of samples from 15 harvests in 8 locations, variety HP gave the highest herbage 

yield (5.611 t/ha) followed by FG-10-09(F), Magna 801-FG(F), FG-9-09(F), and the last Magna 788 
(4.541 t/ha) (Fig. 4). 
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Fig 4. Mean DM yield of alfalfa varieties (8 locations, 14 samples) 

 

Leaf to stem ratio (LSR)  
Average LSR calculated from 8 samples taken from 5 locations revealed FG-9-09(F) as having the 

highest ratio (1.043) indicating that it is the leafiest variety of all varieties. While HP, the best variety 
in growth and herbage yield in this study happened to be the least in LSR (0.899), the rest falling in 

between these two varieties (Fig. 5). 

 

Fig. 5. Leaf to stem ratio (LSR) of alfalfa varieties (5 locations, 8 samples) 

 
Annual total dm yield  
The total DM yield of multiple harvests from varying frequency in a year averaged from 6 locations 

indicated that variety HP was the highest yielder of herbage per year (22.035 t/ha/y), FG-9-09(F) 

second (20.699 t/ha/y), FG-10-09(F) third, Magna 801-FG(F) fourth and the least from Magna 788 
(18.131 t/ha/y). The total annual DM yield of the five varieties ranged from 18.131 to 22.035 t/ha/y 

(Fig. 6). 
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Fig 6. Annual total DM yield of alfalfa varieties (6 locations, 6 samples) 

 

Days to initial flowering (DIF) 
Assessed from one location, Debre Zeit, the earliest to reach initial flowering was variety HP (66 days). Three 
varieties, namely, FG-10-09(F), Magna 788, and Magna 801-FG(F) reached initial flowering three days after HP. 
Variety FG-9-09(F) was the last to reach initial flowering (69 days) but only one day later than the majority of the 
varieties (Fig. 7). 

 

 

Fig. 7. Days to initial flowering (DIF) of alfalfa varieties (1 location, 2 observations 

 

Days to fifty percent flowering (DFPF) 
Again assessed from Debre Zeit, DFPF had similar pattern as DIF; the earliest variety to reach 50% 
flowering was HP (72 days) and the last was FG-9-09(F) (72 days). The rest were in between these 

two varieties in DFPF (Fig. 8). 
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Fig. 8. Days to fifty percent flowering (DFPF) of alfalfa varieties (1 location, 2 observations) 

 
Discussion 
Alfalfa is one of the oldest forage legume to be introduced and evaluated in Ethiopia for animal feed, 

first by CADU (CADU, 1972) and later by IAR (Astatqe Haile, 1977). Two varieties, Hairy Peruvian 
and Hunter River were selected as the best fodder both in yield and quality and were recommended 

for dairy business (Lulseged Gebre Hiwot and Alemu Tadesse, 1985). At present, alfalfa has received 

research focus with an aim to select varieties alternative to the old varieties so as to meet the demand 
for improved fodder crops for the greatly varied agro-ecologies of Ethiopia. The present variety 

evaluation emphasised on important growth and herbage yield attributes: DM yield, stand height, LSR 

and period to reach flowering (maturity period). One of these important attributes, stand height, is 

considered as an important yield indicator and is used as a criterion in early time selection of varieties 
in alfalfa breeding programs (Tucak et al, 2008). Stand height is reported to be under the influence of 

environment conditions especially rainfall and temperature which also determine harvest time (Meyer, 

2005). The value recorded in this study was in the range (55.8-67.5 cm), which concurs with what was 
reported by Avici et al (2013) in a variety evaluation study across a number of locations where stand 

height ranged between 56.4 and 76.9 cm. 

 

The other important agronomic attribute, herbage DM yield, was taken as the most important 
evaluation criteria in this study although it is subject to environmental influence. It has been reported 

that herbage yield in alfalfa is determined by a number of factors including environment, especially 

precipitation and temperature (Sharnat et al, 1986), time of harvest and plant height (Ouman and 
Rogers, 2000). In the present study, average DM yields of the alfalfa varieties ranged between 4.541 

and 5.611 t/ha, while the total annual DM yield of these same varieties ranged from 18.131 to 22.035 

t/ha/y. The latter is consistent with other previous research results; in an evaluation of 11 varieties of 
alfalfa for three years (Avci et al, 2010) the total seasonal DM yield averaged over three years ranged 

from 16.145 to 19.308 t/ha/y. Indeed, the yield values in the present study varied according to 

locations, which is assumed to be due to varied climatic and edaphic characteristics of the 

experimental locations that are distributed across divergent ecologies ranging from the hot lowlands 
of the Rift Valley (Werer, 740 m.a.s.l.) to the temperate central highlands (Holetta, 2,400 m.a.s.l.). As 

there was no marked disease or lodging incidence in this study, any varietal difference in the 

agronomic attributes is assumed to be the effects of genotype and the known (and explainable) 
environmental factors. The only series problem was rodent (mole rat) at locations especially where 

there has been long time alfalfa production as in Debre Zeit, where severe devastation of experimental 

plots occurred and immediate replanting was required at the initial stage to correct the variability.  
Fodder quality of the five alfalfa varieties as measured by the two most important quality attributes: 

crude protein content (CP) and digestible DM content (IVDMD) ranged from 18.37 to 20.53% and 

from 57.84 to 63.97%, respectively. These values as well are consistent with previous research 
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results; Avci et al, (2010) evaluated eleven alfalfa lines for yield and quality in which the CP and 

IVDMD values ranged from 16.7 to 18.2% and from 55.5 to 57.5%, respectively from three years 

average. 
 

 
Conclusion and Recommendation 
Hairy Peruvian was the leading variety in most of the desirable agronomic attributes considered for 
this evaluation including DM yield (5.6 t/ha DM cm), stand height (67.5 cm) and total annual DM 

herbage yield (22 t/ha/y). HP was found to be fast maturing as it was the earliest to reach initial 

flowering (66 days) and fifty percent flowering (72 days) indicating that with such a short cutting 
interval, higher total herbage yield per year can be expected especially under iriigation. Its leaf to 

stem ratio was rather low (0.899) as compared with the varieties evaluated together but the value so 

recorded is not that deterrent for a herbaceous forage legume. 
Variety FG-10-09(F) had very good agronomic performance next to HP, with comparable values in 

stand height (59.5) mean DM yield (4.974 t/ha) and annual total DM yield (20.120 t/ha/y). Its LSR 

(1.026) was high (1.026) excelling HP by threefold. It was also observed to be fast maturing as 
indicated in its DIF (68 days) and DFPF (74 days). 

Based on their excellent overall agronomic performance in this evaluation, the two varieties, HP and 

FG-10-09(F) are selected and recommended for wider use in the medium to high altitude highlands, 
particularly in those areas with neutral to alkaline soils as in the Rift Valley of Ethiopia. 

Furtherwmore, these two varieties are recommended for promotion as components of the national 

forage technology scale up program subsequent to their formal registration by the National Variety 
Release Committee (NVRC). 
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Introduction 
Mixed crop livestock production system is the major component of agricultural practices in 

the central highlands of Ethiopia. Cattle produce much more than food in smallholder 

production system as source of power for cultivation, milk, meat and direct cash income. 

Manure as a fertilizer and cooking fuel has also considerable importance in the dairy 

production system. 

 

Cattle with low genetic potential incorporated with poor management, poor quality and 

limited quantity of feeds; in appropriate feeding and poor animal health service delivery 

systems are the major causes of low cattle production and productivity in Ethiopia. To 

overcome some of the major causes in the country, the Ethiopian Institute of Agricultural 

Research (EIAR) has undertaken a comprehensive crossbreeding research program with the 

primary objective of comparing different combinations of indigenous cattle and European 

breeds in different agro-ecological zones and farming systems. Primarily this was to 

determine the best adapted crossbred groups for different agro-ecology setups. The final 

conclusion of this study showed that Friesian, and Jersey crosses with exotic inheritance of 

50 to 62.5% are appropriate for smallholder dairy production in Ethiopia (Beyene, 1992). 
Earlier results from on-farm evaluation of crossbred cattle owned by smallholder farmers at Holetta 

(representing central highlands), Debre Zeit, Arsi, Bako (hot humid mid altitude) indicated that the 
level of milk production of F1 crossbred cows seem to be lower than that of on-station yield even 

under provision of better input (Gryseels and de Boodt,1986; Kiwuwa et al.,1983;Tesfaye,1993).The 

major reason for the low milk production was low awareness that the farmers had for the crossbred 
cows during those periods. In addition, as a result of high feed consumption and difficulties in 

handling of crossbred cows, most of the farmers were not willing to use the crossbred cows. To 

overcome these bottlenecks, on-farm participatory research approach was employed. Accordingly, the 

Ethiopian Institute of Agricultural Research (EIAR), particularly dairy cattle research program has 
verified, demonstrated the crossbred dairy technology at on farm conditions with the recommended 

management practices of feeding, housing and animal health in the highlands (Holetta), mid altitude 

(Debrezeit) from 2000 to 2004. Based on the progressive achievements it has made, the dairy research 
program has popularized the technology at other regional centers like Bako, Adamitulu and around 

Bahir Dar.  

 
Farmers who have used the dairy technology packages for the last four to five consecutive years have 

realized growing annual household income. After adopting the technology, empirical evidences show 

that the average annual income of participating farmers in selected areas of the central highlands 

(Walmara, Ejere, Jaldu and Ambo,) grew up to four folds (Tesfaye and Yohannes, 2006). The concept 
of fear that smallholder may not be benefited from improved dairy technology due to relatively high 

input cost has been changed as a result of continuous trainings, new approaches and commitment of 

the farmers to uptake knowledge. In addition the East African Agricultural Production and 
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productivity Project (EAAPP) was lounged the dairy research and development project at national 

level with the objective of enhancing and generation of dairy technologies for improving milk 

production from targeted dairy cattle together with strengthening capacity for implementing cattle 
improvement and sustainable utilization programs by users. The objective of this paper is therefore to 

demonstrate improved dairy technology and enhance the expansion of improved dairy technologies to 

the farming community.  

 

Methodology 
 

Study areas 
This study was conducted in five representative villages located around Holetta Agricultural Research 
Centre (HARC), central highland of Ethiopia. The villages were selected based on proximity and road 

access to the milk market delivery. The villages are located on an average altitude of 2400m; annual 

rainfall of 1100mm; average minimum and, maximum temperatures of 6°C, 24°C, respectively. The 
study areas experience bimodal rainfall pattern, wet (June to September) and the dry (October to May) 

while February to April is a short rainy season.  

 
Animals and management 
Research works at Holetta Agricultural Research Centre (HARC) have made recommendation to 

realize different management options for dairy cattle production and management in the highlands. 

For the on-farm outreach program, indigenous cows were purchased from Borana area to be used for 
crossing purpose. The cows were then crossed to produce F1 cross bred dairy cattle to be 

demonstrated and verified at on-farm condition. F1 crossbred calves were allowed to suckle during 

the pre-weaning period. After weaning, heifer calves were fed on native grass hay free choice and 
supplemented with concentrate mixture composed of wheat middling, wheat bran, noug (Guizocia 

abyssinica) cake, and salt, based on body weight change as recommended until mating.  

 
Farmer selection  
A total of 72 small holder farmers from the East African Agricultural production and productivity 

(EAAPP) dairy project area were  selected by a team of researchers representing animal breeding, 
production, nutrition, health and agricultural economics and  district agricultural office experts 

responsible for selecting enlightened farmers for the project. Suitability of the selected sites for dairy 

production, accessibility and commitment of farmers to have available resources to buy the crossbred 
cows /heifer and to adhere to project conditions were some the criteria used. Farmers were agreed to 

allocate a quarter hectare of land to establish improved pasture of a recommended forage variety, 

enough to sustain the project animals all year-round. Farmers were also obliged to handle the animals 

according to the given recommendations and refrain from either using for purposes unrelated to the 
project or selling them until the project had ended. 

 

Obligations of stockholders 
EAAPP Project participating farmers, district livestock production agency, and the research center 

were the major stockholders in the project. As has been stated the famers were obliged to handle and 
maintain the project animals and to sustain based on recommendations and agreed upon with the 

farmers during tracings during implementation period and beyond. They were advised to use the 

animals based on the agreement made and refrain from either using them for purposes unrelated until 

to the end of the project. The district livestock agency had taken the responsibility to help the farmers 
on their felt needs like medical treatment, AI and other service delivery. The Holetta research center 

was mandated to avail pregnant crossbred cow or heifer to the farmer at a subsidized price and seeds 

of improved forage crops to project farmers. In addition the research center had taken the 
responsibility of provision of technical support regarding improved dairy management and forage 

production 
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Farmers training 
Prior to distribution of crossbred cows and heifers, selected farmers were trained on forage 

production from land preparation planting harvesting and storage. Trainings were also given 

to farmers on feeds and feeding and all aspects of dairy production and management, estrus 

(heat) detection and related reproductive management of the animals. Farmers were also 

adequately trained on, animal health management and calf rearing systems as a whole. Close 

follow-ups were made at on site by team of researchers, agricultural development agents from 

respective sites.  

 
Distribution of Crossbred Dairy Cattle  
The improved dairy technology was introduced and demonstrated to the community in the study 
areas, following the awareness created on the production  and management of dairy; improved feeds 

and feeding systems given on the consequent trainings. A total of 118 F1 and F2 crossbred cows and 

young heifers were distributed to the selected farmers in two regional districts namely Walmara and 

Adaberga at five villages. Some of these animals were in-calf, while the rest were open. Each animal 
was randomly assigned to the farmer on lottery system.  

 

Data collection 
The data for the milk yield was taken at early mid and late lactations by asking the farmer during the 

farm visit periodically. Prices of milk were collected for closer to seven months. Feed samples were 

also collected and bulked for laboratory analysis. 

 

Data analysis  
The data collected on milk production were analyzed using general linear (GLM) procedure 

of SAS in which the five villages were considered as independent variables whereas daily 

milk yield, lactation length and lactation milk yield as dependent variables.  

 
Results and Discussion  
 
Feed resources and feeding practices 
Before the demonstration of improved dairy technology to the study locations grazing around living 

compounds and use of crop residues mainly tef and wheat straws were the main feed resources. 
However, farmers’ attitude has been changed as a result of adequate awareness created on the use of 

improved forage crops establishment and utilization across all locations. Appropriate training was also 

given to farmers on forage crops sowing, harvesting and utilization techniques. Conservation of native 
grass was also widely practiced in the study locations. The chemical composition of the major feeds 

used by the farmers is shown in Table 1. In all villages, commonly used feed resources were crop 

residues, concentrates such as oil seed cakes and wheat bran. Hay and oats were the main basal diets 
used by most of the farmers.  
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Table 1. Chemical composition of feed stuffs used by the project farmers 
 

Feed stuffs  Chemical composition(%DM) 
 % DM Ash OM NDF ADF Lignin CP %DOMD 

Barely straw 92.5 7.7 92.2 78.6 6.5 7.7 4.4 42.4 

Noug seedcake +Wheat bran 90.6 7.9 92.1 35.4 18.5 4.3 21.6 74.3 

Natural Pasteur hay 90.9 7.7 92.3 76.1 45.0 8.6 5.9 47.7 

Oat hay 91.5 7.9 92.1 75.1 45.7 8.4 5.5 44.0 

Tef straw 92.4 8.2 91.8 79.1 53.7 9.7 4.3 45.1 

Wheat Bran 89.8 4.8 95.2 48.9 13.2 2.7 15.4 77.0 

 
Daily milk yield 
The average daily milk yield, for the project animals at the five different locations is summarized in 

Table 2. It was not possible to take full lactation records due to absence of continuous milk recording 
system at farmer level. The yield achieved at on-farm condition, however, did not take account of the 

part of milk suckled by calves before and after each milking. The milk yield was greater at the sites 

closer to the Holetta town (2 to 5 kms) namely Mada Gudena, Galgal and Sdamo villages. 
Comparatively lower milk production performances were obtained in areas far away from Holetta 

town (7 - 30 kms), Walmara and Bishan Dimo. The variability in milk yield in the study villages 

could be attributed to differences in management factors. Farmers tended to feed their cows with 
whatever feed resources they had at their disposal. Thus the feed varied in nutrient content, which 

would have influenced animal performance. This is one of the main constraints contributing to the 

success of on-farm dairy research. Similar to the present study previous on-farm results showed that 

with reasonable management practices, Frisian Boran (FB) crossbred cows on average could, yield 
four to five times more milk than milk obtainable from indigenous cattle at the farmers’ level of 

management (Beyene, 1992). Significant differences in the milk yield between Friesian crosses and 

indigenous cows were also obtained (Sendros et al, 1987) during the evaluation of crossbred cows at 
on-station level of management. In the central highlands, because of the favorable environmental and 

climatic conditions, crossbred cattle can out-yield indigenous stock provided that reasonable 

improvements are made in their management and nutrition.  

 
Table 2 Average milk yield of crossbred cows at five study villages around Holetta 
 

Villages and (distance from the 
centre) 

n 
DMY± SE  
(kg/day) 

Max (kg/day) Min (kg/day) 

Mede Gudena (2 km) 5 10.2±0.71a 11.5 6.3 

Bishan Dimo (35 km) 4 7.2±0.78 b 8.8 4.8 

Welmera (Didimtu)(7 km) 4 7.5±0.88 b 8.2 5.8 

Gelgel (5 km) 8 8.9±0.66 ab 10.07 7.0 

Sadamo (5 km) 4 8.3±1.01 ab 10.0 5.7 
a-b means in the same column with different superscripts are significantly different each other (P<0.05) 

 
Lactation milk yield 
The estimated lactation milk yield of crossbred cows in the five villages is shown in Table 3. The 

lactation milk yield was significantly (P<0.05) varied between the study sub-villages. The highest 

lactation milk yield was observed at Mede Gedina followed by Gelgel village. However, the lowest 

total lactation milk yield was recorded at Welmera (Didimtu) village. The highest lactation milk yield 
observed at Mede Gudina and Gelegel might be due to their close proximity to Holetta town so as to 

access concentrate feeds, other inputs and comparatively better management applied by the farmers. 

The estimated high lactation milk yield observed in all of the study villages could be due to the fact 
that cows were subjected to stay in milk for prolonged lactation period, which is demanded by the 

farmer to earn more income from milk.  
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Table 3 Average lactation Milk yield of crossbred cows at five study villages around Holetta  
  

Villages n LMY± SE  (kg) 

Mede Gudena 5 4295.7 ± 395.9 a 

Bishan Dimo 4 3047.6 ± 433.7 ab 

Welmera (Didimtu) 4 2759.0 ± 484.8 c 

Gelgel 8 3436.8 ± 366.5 ab 

Sadamo 4 3395.3 ± 559.9 ab 
a-b-c means in the same column with different superscripts are significantly different each other (P<0.05) 

 

Lactation length 
The estimated lactation length was not markedly varied (P>0.05) across the study villages (Table 4). 
In figure terms, the variability in lactation length of dairy cows over locations could be due to the 

farmers’ interest to leave the milk for the calf or continue to milk the cow as attracted by the price of 

milk. In most cases farmers milk their cow even if they are heavily pregnant. Experiences from other 

studies show that a cow could be milked up to seven months of its pregnancy period provided that it is 
properly fed on whatever available feed resources.  

 

Based on discussions made with project participating farmers, beneficiary farmers witnessed that with 
the use of dairy technologies they have improved their living standards. From the nutritional point of 

view, the farmers indicated that they have obtained sufficient milk in their table for the family as 

compared to their previous situation. Additional income is also earned from the sale of milk and milk 
products. More opportunities are created for the farmers to buy additional crossbred cows and to 

expand their farm to commercialization. The successes for transfer of improved dairy technology in 

the central highlands is due to the applications of appropriate technology and tailor made training for 

proper target groups. Currently, more farmers are willing to replace the local cows with better 
yielding breeds due to increased milk production and income. This could ultimately lead to precision 

agriculture where dairy intensification is used to curb climate change resilient options.  
 

Table 4 Average lactation length of crossbred cows at 
five study villages around Holetta  

 

Villages n LL± SE  (days) 

Mede Gudena 5 424.5±32.7 

Bishan Dimo 4 426.2±35.9 

Welmera (Didimtu) 4 373.3±40.1 

Gelgel 8 386.0±30.3 

Sadamo 4 463.3± 46.3 

 
Milk marketing  
Milk and milk products are important economic sources for smallholders in the central highlands of 

Ethiopia. Mostly women farmers cover their day-to-day expenses from sale of milk. Farmers sale 

fresh milk at milk collection centers and at farm gates. The price of milk fluctuates on the basis of 

fasting and non fasting periods. The overall milk price reduction during fasting season in this study 
area was 10.5% (Figure 1). Farmers collect money from sell of milk every two weeks. Marketing and 

prices of milk have not caused significant effect at all locations in this study. Although all locations 

were within the radius of the cooperative, union and other milk collector schemes, farmers had 
options to sale the product to which ever collector they prefer. The price offered by each collector 

does not differ from one another. The distance from farmers’ house to the milk collection scheme, 

also seem to have reasonable impact on milk marketing system.  
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Figure 1 Milk price during fasting and non-fasting periods 

Conclusion  
In the beginning feed was one of major constraint for the small holder farmers. However, the farmers 

involved in the project are able produce oat-vetch hay in a quarter hectare of land while Napier grass, 

Treelucern and fodder beat at the backyard. Moreover, farmers have got enough training on how to 
produce, conserve and utilize supplementary feeds and crop residues.  

The result of this study revealed that dairy technology transfer at smallholder farmers is propelled 

through applications of full packages of improved crossbred dairy cattle, feed, management and tailor 
made training. Farmers who have used the dairy technology packages for that last 3 and more years 

have realized a growing annual income. The dairy technology benefited the farmers not only in terms 
of increased annual household income, but also assisted to diversify additional farm income sources. 

It has been noticed that the number of crossbred dairy owners and non-owner smallholder farmers 

willing to acquire crossbred cows is far in excess of the current supply. With the current attractive 

milk price opportunity, farmers have also developed full confidence on handling and management of 
crossbred dairy cattle. The farmers who have gained awareness and knowledge on dairy technology 

transfer are able to keep more number of crossbred dairy cattle and beyond targeting to large scale 

commercial dairy. The approach used could suggest that there is scope for extending a similar 
approach to other sites to increase the number of crossbred animals and thereby to reduce the demand-

supply gap of improved dairy cattle breeds. The experiences and lessons learned from the present 

study could serve as a milestone for the on-farm dairy cattle breed improvement programme at 
national level.  
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Introduction 
Ethiopia is reported to be endowed with the largest cattle population in Africa. According to the 2013 

report of the Central Statistical Agency (CSA) the cattle population was estimated at about 53.9 
million. Dairying is at infancy stage in Ethiopia. Per capita milk consumption is as low as 15.9 liters 

and this figure is by far lower than African and world averages (FAO, 2004). This is mainly attributed 

to the fact that local cows are low milk producers by their genetic make-up. Shortage of improved 
dairy genotypes, absences of well structured national dairy cattle breeding program and poor 

consideration of social, economic and environmental factors for genetic improvement programs are 

some of the causes for low milk production at the national level. Crossbreeding of the local cattle to 
Bos taurus dairy breeds has been used as a means of increasing domestic milk production and as a 

major strategy that has greatly contributed in improving milk production (Million et al, 2006; Kiwuwa 

et al., 1983). In spite of various effort made to develop the dairy sector in Ethiopia, the proportion of 

improved genotype constitute about 1% of total cattle population and did not brought significant 
change in national milk production (Pratt et al., 2008). Moreover, there is no structured crossbreeding 

program to create, maintain and improve the crossbred population. Besides, the country needs to have a 

clear strategy to improve and maintain its indigenous cattle genetic resources. Regarding dairy, for 
example, there should be a breeding plan that is set-up to improve the large number dairy cattle 

genetic resources.  
 

The objectives of the present study are:  

1. To characterize the performance of local zebu, exotic and their crosses for milk production traits  

3. To determine the optimal level of Bos taurus inheritance in crossbreeding with local breeds and 

develop a breeding program for genetic improvement of local zebu breed. 

 

Data sources and description of experiment reviewed  
The first attempts to introduce temperate cattle into Ethiopia took place more than 50 years ago. A 

more systematic effort to increase milk production in Ethiopia by crossbreeding with European dairy 

breed dates back to 1980. The first reports on the performance of such crosses appeared more than 
thirty years ago, and since then a large number of articles has been published. Data used in this study 

were extracted from experiments with dairy cattle crossbreeding of different Bos taurus * local zebu 

(Bos indicus) breeds in different part of Ethiopia (Table 1).  

 
Material and Methods 
 

Analysis of literature data 
Four milk production traits were analyzed: lactation milk yield, lactation length, calving interval, and 

milk yield per day of calving interval. In part one descriptive statistics such as means and standard 
error were used to summarize the performance of local, exotic and their crosses using reported mean 

for the above traits in the literature. In part two, two models were used; model one to determine the 

performance of breed group by correcting for herd/data set effects and model two was used to 

estimate crossbreeding parameters using multiple regression procedure.  
The Bos taurus breeds in the literature reviewed were represented by (Holstein Friesian and Jersey). 

The local zebu breeds in the literature were Boran, Horro, Fogera, Barka, Arsi and different crossbred 

animals of Holstein Friesian, Jersey and Simmental crosses ranging from 50% to 93.75 exotic 
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inheritances. The General Linear Model (model 1 and 2) was used to determine the breed group 
effects and to estimate crossbreeding parameter using the following statistical models 

Model 1: The statistical model for comparing among breed groups  

 YIJ = M + ai + bj + eij 

where 

YIJ = the mean of the jth breed in the ith set of data (herd) 

M = the overalls mean  

aI = the effects of ith set of data (herd) (i= 1 to 7) 

bJ = the effects of jth Breed group (j= 1 to 8)  

eIJ = the sampling error. 

 
Model 2: The multiple regression approach developed by Robinson et al. (1980) was used to estimate 

the contribution of breed additive genetic and non-additive genetic effect to differences among breed 

groups with respect lactation milk yield. The proportions of Holstein Friesian genes, individual 

heterosis, and individual recombination effect were considered as continuous variables (co-variant) in 

the model, while herd (data-set) was used as fixed effect. 

 
Result and Discussions 
 

 
Milk production and reproductive characteristics of local zebu and exotic 
breeds in Ethiopia 
Mean lactation milk yield, lactation length and calving interval of local zebu breeds are presented in 

Table 1. Mean lactation milk yield was highest for Barka breed and lowest for Horro breed. The 

Boran and Fogera breed had similar level of lactation milk yield. Mean lactation length was longest 
for Arsi breed and shortest for Horro and Boran breeds. Calving interval was longest for Fogera breed 

and shortest for Horro breed. Among Bos taurus breeds, mean lactation milk yield was higher while 

lactation length and calving interval was longer for Holstein Friesian breed compared to Jersey breed.  

 
Table 1. Mean lactation milk (Milk/LL), lactation length (LL) and calving interval (CI) of local and exotic breeds 
 

 Milk/LL (kg) LL (Days) CI (Days) 

Breed 
No herd/ 
data-set 

Mean S.e No Mean S.e No Mean S.e 

Local zebu 

Arsi 3 589.33 124.8 4 258.67 18.65 2 421 18 

Barca 3 713.24 39.9 3 247.67 31.8 2 435 34 

Boran 4 592.25 136 3 202 19.0 - - - 

Fogera 2 592.5 279.5 2 231 56 3 539.15 15 

Horro 2 529 21 2 201 28 2 400.5 34.5 

Bos Taurus 

HF 4 3746.44 216 2 342.5 19.5 17 443.01 7.2 

Jersey 2 1640 - 1 277.1 - 1 411.3 - 

 
Milk production and reproductive performance of half breeds (F1 and F2) 
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Mean lactation milk yield, lactation length and calving interval of F1 crosses are presented in Table 2. 

Lactation milk was highest for ½ HF* ½ Fogera crosses and lowest for ½ Jersey* ½ Horro crosses. 

Mean lactation length was longest for ½ HF* ½ Fogera crosses and shortest for ½ Jersey* ½ zebu 
crosses. Calving interval was longest for ½ Simmental* ½ Horro and shortest for ½ HF* ½ Barca 

crosses.  

Among F2 crosses, mean lactation milk yield was highest for ½ HF * ½ zebu crosses and lowest for 

1/2 Jersey*1/2 Horro crosses. Mean lactation length was longest for ½ HF * ½ Arsi and shortest for ½ 
Simmental* ½ Horro crosses. Calving interval was longest for ½ Jersey* ½ Arsi crosses and shortest 
for ½ HF*1/2 zebu crosses (Table 2).  

Among 5/8 crosses, mean lactation milk yield was highest for 5/8 Jersey * 3/8 Arsi crosses and lowest 

for 5/8 Jersey * 3/8 Horro crosses. Mean lactation length was longest for ½ Jersey* ½ Arsi and 

shortest for ½ Jersey* ½ Horro crosses. Calving interval was longest for 5/8 HF * 3/8 Arsi crosses and 
shortest for 5/8 Jersey * 3/8 Horro crosses (Table 2). 

Table 2. Mean lactation milk yield, lactation length and calving interval of F1, F2, 5/8 cross breed animals  
 

 lactation Milk yield (kg) Lactation length (days) Calving interval (days) 

Breed group No Mean S.e No Mean S.e No Mean S.e 

F1 crosses 

½ Jersey* ½ Arsi 3 1869.67 250 3 351.67 13 2 450.5 47 

½ HF* ½ Arsi 4 1726.7 229 4 382.39 9 3 464.16 30 

½ HF* ½ Barca 3 2160.65 235 1 326  3 395.07 4 

½ HF* ½ Boran 4 2327.06 228 3 306.2 22 4 415.59 4 

½ HF* ½ Fogera 2 2428.65 95 2 400.45 14 2 490 69 

½ Simmental * ½ Horro 2 1668 231 2 348.5 38 2 490.5 36 

½ Jersey * ½ Horro 1 1352 - 1 301 - - - - 

½ HF* ½ zebu 5 1983.72 156 4 337.67 - 2 435.5 22 

½ Jjersey*1/2 zebu - - - 1 284.4 - 1 417.7 - 

F2 crosses 

½ HF* ½ Zebu 2 2853.05 437 2 381 61 1 422 - 

½ Jersey* ½ Arsi 1 1597 - 1 362 - 1 564 - 

½ HF* ½ Arsi 2 1437.35 285 2 390 39 2 489 38 

½ Simmental*  ½ Horro 2 1282.5 254 2 280 80 2 549 52 

½ Jersey* ½ Horro 1 1249 - 1 298 - 1 502 - 

5/8 crosses 

5/8 Jersey*3/8 Arsi 1 2367,00 - - 418,00 - - 474 - 

5/8 HF* 3/8 Arsi 1 2075,40 - - 406,80 - - 501 - 

5/8 Jersey* 3/8 Horro 1 1473,00 - - 297,00 - - 355 - 

 
Milk production and reproductive performance of ¾ and above crosses 
Mean lactation milk yield, lactation length and calving interval of ¾, 7/8 and 15/16 crosses are 

presented in Table 3. Mean lactation milk was highest for 3/4 HF*1/4 Boran crosses and lowest for 
3/4 Jersey* 1/4 Horro crosses. Mean lactation length was longest for ¾ HF * ¼ Fogera crosses and 

shortest for 3/4 Jersey * 1/4 Horro crosses. Calving interval was longest for ¾ HF *1/4 Fogera crosses 

and shortest for 3/4 HF * 1/4 zebu crosses.  

Among 7/8 crosses, mean lactation milk yield was highest for 7/8 HF * 1/8 Arsi and lowest for 7/8 
HF* 1/8 Barca crosses. Mean lactation length was longest for 7/8 HF * 1/8 Arsi and shortest for 7/8 

Jersey* 1/8 zebu crosses. Mean calving interval was longest for 7/8 HF* 1/8 Arsi and shortest for 7/8 
Jersey * 1/8 zebu crosses.  
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Among 15/16 crosses mean lactation milk yield was higher for 15/16 HF* 1/16 Boran and lower for 

15/16 HF * 1/16 Arsi crosses. Lactation length was longer for 15/16 HF * 1/16 Boran crosses and 

shortest for 15/16 HF * 1/16 Arsi crosses. Calving interval was longest for 15/16 HF* 1/16 Boran 
crosses and shortest for 15/16 HF * 1/16 Arsi crosses. 

Table 3. Mean lactation milk yield, lactation length and calving interval of ¾, 7/8 and 15/16 crosses 

 Lactation Milk yield (kg) Lactation length (days) Calving interval (days) 

breed group No Mean SE No Mean SE Mean S.e 

¾ crosses 

¾ HF* ¼ Boran 2 2689.72 353,280 2 332 35 431 3 

¾ HF* ¼ Zebu 4 2646.73 411,921  - - 405 - 

¾ HF* ¼ Fogera 1 2472.00 - 1 507 - 631 - 

¾ HF* ¼ Barca 1 2373.18 - 1 360 - 460 16 

¾ HF* ¼ Arsi 7 2040.70 190,311 7 414 6 508 16 

¾ Simmental* ¼ Horro 2 1951.50 324,500 2 415 19 600 84 

¾ Jersey* ¼ Arsi 1 1745.00 -  - - 600 - 

¾ Jersey* ¼ Horro 1 1228.00 - 1 318  531 - 

¾ Jersey* ¼ Zebu - - - - - - 431 - 

7/8 and above crosses 

7/8 HF*1/8Arsi 3 2540.47 105 3 450.83 21 603.00 12 

7/8 HF*1/8Boran 2 2347.75 432 2 305.50 35 461 3 

7/8 HF*1/8Zebu 3 2314.10 99 2 413.95 80 - - 

7/8 HF*1/8 Barca 1 2189.45 - 1 351.00 - 498 - 

7/8Jersey*1/8Zebu - - - 1 270.00 - 458 - 

15/16HF*1/16 Boran 1 2924.00 - 1 504 - 587 - 

15/16HF*1/16 Arsi 1 2883.90 - 1 280 - 457 - 

 
The performance of Bos taurus*Local zebu breed crosses (model 1) 
Estimated least square mean for breed group are presented in Table 4. Mean lactation milk yield was 
increased as proportion of Bos taurus inheritance increased. Mean lactation milk yield and milk yield 

per day of calving interval was significantly highest for pure Bos taurus and lowest for local breed. 

Among half breeds the F2 breed produced slightly lower lactation milk yield than F1. The breed group 

5/8 and ¾, and 7/8 and 15/16 crosses had similar lactation milk yield. Mean lactation length was 
significantly highest for 15/16 crosses and lowest for local breed. Mean calving interval was 

significantly highest for 15/16 crosses and lowest for local breed. Mean calving interval of F2 crosses 

was significantly longer than F1 crosses. The relatively longer calving interval for F2 crosses relative 
to F1 can be ascribed to unfavorable parental breakdown of epistatic combinations which have been 

built up in the parental populations (Syrstad, 1989). 

 
Table 4. Least square mans of lactation milk (Milk/LL), lactation length (LL), Calving interval and milk yield per day of calving interval of 
Bos taurus*Local breed crosses 

 Milk/LL (kg) LL (days) CI (days) Milk/CI (kg/day) 

Breed Mean S.e Mean S.e Mean S.e Mean S.e 

Local 992.54e 127 217c 16 391.25c 22 3.06b 0.45 

F1 2146.67ecd 88 317.8b 13 414.99dcb 15 5.57bc 0.28 

F2 2037.77e 164 343.6b 20 467.08ba 24 4.26d 0.48 

62.5% 2309.38dc 207 348.8b 25 406.83b 31 5.82c 0.53 

75% 2362.41c 100 355.6b 13 481.56ba 15 5.18bc 0.29 

87.5% 2518.45b 126 368.6b 16 504.39ba 23 5.34bc 0.38 

93.75% 2784.53b 280 407.2a 25 521.56a 43 5.54b 0.71 

Bos taurus 3404.39a 237 357.9b 36 446.22b 31 7.96a 0.60 
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Estimated crossbreeding parameters (Model 2) 
The breed additive genetic effect of Bos taurus breed a deviation from local breed and individual 

heterosis effect were significant (P < 0.05) and estimated to be 2077.18 and 218 kg lactation milk 

yield respectively (Table 5). Individual recombination effect was negative and estimated to be 44.09 
kg of lactation milk yield. The estimated breed additive and heterosis effects in present study, is in 

agreement with heterosis effects reported on crossbreeding of Bos taurus X Bos idicus (Mackinnon et 

al.1996). 

 

Table 5. Estimated crossbreeding parameters for lactation milk yield 

Parameter Estimate S.e 

Intercept 1041.85*** 185 

GF 2077.18*** 170 

HI 218.93* 124 

RI -44.09NS 320 
GF Additive genetic effect; HI  individual heterosis effect; RI  
individual recombination effect 

Breeding program required to maintain and improve dairy cattle in Ethiopia 
This section deals with development of dairy cattle breed improvement program. The results of 
literature analysis in the previous chapter and breed survey results were used as a base for 

development of dairy breeding program. An overview of cattle breeding zone, breeding objectives, 

breed and breeding system required followed by breeding program for genetic improvement of 
indigenous breeds is presented. The breeding program take into account the different agroecological 

zones and which can be implemented in accordance with the economic and social dictates prevailing 

in the various production system. The program promotes the development use of animal breeds that 
are relatively more tolerant to disease, environmental stress and suboptimal nutritional conditions. It 

promotes optimal utilization of indigenous, adapted and disease resistant breed of cattle (e.g. Begait, 

Sheko, Boran, Afar, cattle breed). Breeding program for crossbreeding exotic dairy cattle with 

indigenous cattle breed and pure breeding potentially adapted exotic dairy breeds having superior 
production traits is also presented. 

 

In Ethiopia as the case in many developing countries, AI is not a widespread breeding technique applied 
in cattle, except in government, which are in most case small in size. Furthermore, herds under systematic 

recording are generally not available. Under this circumstance the preferred strategy for genetic 

improvement is the use of open nucleus breeding program formed using government (research and 

development) herds. Therefore, for government herd to function as a nucleus, the involvement of 
progressive farmers is necessary. The nucleus will be the top of breeding program produce selected 

breeding stock to supply to base farmers or village herds. 

 
The use of open nucleus breeding program linked and village crossbreeding scheme is the best option for 

dairy cattle in Ethiopia (Figure 1). The breeding program at nucleus herd involves exotic breed as sire 

producing line (AI) and pure indigenous breed as dam line. In this structure a nucleus herd of selected 
animals of the pure indigenous breeds kept for continuous selection and mating to produce pure breed 

and crossbred animals. The pure indigenous born in the nucleus will be maintained in the nucleus for 

replacement. Exotic male (semen from AI center) will be mated with indigenous females to produce 

crossbreed animals in the nucleus. The best selected crossbred males (75%) in the nucleus will be 
distributed to village herd for continues production of crossbred females at village herd. To speed up 

the program mass insemination of local breed at village herd will be undertaken through AI to 

produce crossbred females (F1). 
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Figure 1. Schematic presentation of breeding program at Holetta research centre 

Conclusions 
In the present study efforts were made to determine production and reproduction characteristics of 

dairy cattle breed and to develop dairy cattle breeding program for genetic improvement. The 
increased lactation milk yield and milk yield per day of calving interval as proportion of Bos taurus 

increased is in agreement with estimate of crossbreeding parameters indicating that breed additive 

genetic effect is more important for this breed crosses. Based on these results development of 
synthetic breed at 75% exotic blood level for highland mixed production system has been 

recommended.  
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Introduction  

The urban and peri-urban dairy production systems are important components of livelihood 

transformation in Ethiopia that provide food and income for dairy farmers. However, this dairy 

production is suboptimal due to multi factorial reasons such as poor dairy management and high 

prevalence of different diseases. Calves play an important role in the development of the dairy sector 
of the country, as the future of the dairy herd solely depends upon the successful raising of young 

calves. Calf-care is not only essential for sustenance of the dairy industry but is also essential for 

preserving and maintaining good quality germplasm. On the contrary, high levels of calf mortality 
have limited dairy herd expansion and genetic improvement. Calf morbidity and mortality are 

perennial problems in all countries where cattle are raised. But the mortality rates vary from 2% to 

20% with mortality on individual farms varying from 0% to above 60%, although in well-managed 

dairy herds of developed countries, average mortality is usually between 2% and 4% (French et al.,   
2001; Rueg, 2001). In developing countries, under poor management and major disease problems the 

usual average mortality is 7% to 25% (Otte and Chilonda 2002). In the tropics, mortality rates of 

young calves vary depending on management and severity of the diseases. Studies on calf mortality 
rate in different African countries ranged from 9% to 45% (Shoo et al. 1992; Masanja and Matovelo 

1993; Chenyambuga and Mseleko 2009; Swai et al. 2007, 2009; Keyyu et al., 2006; 2005).  

Study on calf morbidity and mortality that was conducted in smallholder dairy farms in Ada’a Liben 
district of Oromia, Ethiopia reported the overall incidences of crude morbidity and crude mortality of 

62 % and 22%, respectively. The most frequent disease syndrome that affects calves was calf diarrhea 

with the incidence of 39% followed by joint ill 6% (Wudu et al., 2007; Amoki.2001; Jemberu.2004). 

Abraham et al.,   (1992) studied agents associated with neonatal diarrhea and mortality in Ethiopian 
dairy calves. They reported that out of 108 diarrhea cases 38.9% bovine enteric Coronavirus (BEC), 

16.7% sero-group a rotavirus (RV) and 11.1 per cent K99 (F5) fimbrial adhesin-positive Escherichia 

Coli (K99 ETEC,/ Entero-Toxigenic Echerichia Coli/) that has zoonotic importance for calf attendants 
and  consumers . A relationship between housing and health during the rearing period has been 

described by several authors (Gitau et al. 1994; Wudu et al. 2008). Cleanliness of the barn influences 

calf health, as calves housed in unclean barns are at higher risk of disease than calves housed in clean 
barns (Wudu et al. 2007). Diarrhea, pneumonia, septicemia, parasitism, congenital problems and 

miscellaneous cases account for most calf illnesses, deaths and post natal treatment (Gulliksen et al., 
2009). 

Thus the objectives of this study are to evaluate the existing calf health and management problems of 

dairy calves in urban and peri-urban areas, to assess the level of farmers’ knowledge on calf health 
and management practices. 
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Methodology  
 
Study Design and sampling method 
A Cross-sectional investigation to assess calf management, calf health problems and associated risk 

factors was conducted. The selection process of respondents was purposive aiming to include farmers 

with at least one cow and calf with up to 6 months of age (weaning age) and up to 9 months (post 
weaning /age) at the time of study. 

  

Four regions purposively selected taking in consideration of dairy potential and ease of access. Then 
11 representative zones and 26 districts were selected. From Oromia region (West Arsi, east Wollega, 

east Shewa and west Shewa), from Amhara region (Baherdar special and west Gojam) zones, from 

SNNPR region (Sidama and Gedio) zones and while from Tigray region (South east Tigray, east 

Tigray and Mekelle) zones were selected. Open discussions were made with stake holders and focus 
group. Development agents and extension workers sort out eligible farmers who can meet the required 

criteria. Data was collected interviewing individual farmers at their gate or in their own house. The 

survey was conducted between September, 20010 and November, 2011. 

 

Description of the Study area 
Oromia region: is one of the nine regional states of Ethiopia, covering 284,538 square kilometers. 
Oromia shares a boundary with almost every region of Ethiopia except for the Tigray Region. It is 

bordered by the Somali Region to the east; the Amhara Region, the Afar Region and the Benishangul-

Gumuz Region to the north; South Sudan, Gambela Region, and Southern Nations, Nationalities, and 
Peoples' Region to the west; and Kenya to the south. Survey conducted in four zones specifically east 

shoa, west shoa, north shewa, west Arsi and east wellega zones. The altitude of these two districts 

ranges from 1500m to over 2300m, and the mean annual rainfall, mean minimum and maximum 

temperatures are 851 mm, 11oC and 29oC, respectively (Addis et al 1998; IPMS 2005, Kassahun, 
2008).  

 
Southern Nation and Nationalities: The Southern Nations, Nationalities and People's Region 

(SNNPR) is located in the Southern and South-Western part of Ethiopia. Astronomically, it roughly 

lies between 4o.43- 8o.58 N land 34o.88- 39o.14 E. Questionnaire survey study was conducted in urban 
and peri urban areas on Sidama and Gedio zones. Sidama has a variety of climatic conditions. A hot 

climatic zone, lowland (Kolla), covers 30% of the total area, ranges from 500 m to 1500 m asl, 

temperature ranges from 20 °C to 24.9 °C. Woinadega (mid-highland), this is a temperate zone 

ranging from an elevation of 1500 m to 2500 m above sea level. The mean annual rainfall of the area 
varies between 1200 mm and 1599 mm, with 15 °C to 19.9 °C average annual temperature. Cool 

climatic conditions known as Dega (highlands) exist in the mountainous highlands, with an elevation 

between 2500 m and 3500 m asl, temperature ranges from 15 °C to 19.9 °C. Questionnaire survey 
study was conducted at Hawassa, Hawella tula, A/wondo, A/chuko and hula districts. Gedio zone has 

has 7 districts and located altitude of the Zone ranges from 1268 meters above sea level in the vicinity 

of Lake Abaya to an elevation of 2993 meters at Haro Wolabu Pond. 

 
Tigray region: Tigray region found in northern part of Ethiopia. The region extends from 120 13` to 

14 0 54` north latitude and from 360 27` to 400 18` longitude with a total area of approximately 
102,000 square kilo meters. The exact location of Mekelle city is 390 29` east and 130 30` north of 

equator at an altitude of 2,070 meters above sea level. The mean annual rainfall ranges from 11.3 

millimeter to 39.1 millimeter and the temperature varies from 12 0C (in November and December) to 
27 0C (in January and March). The survey was conducted in three zones namely Eastern Tigray, 

South East Tigray and Mekelle. 

 

Amhara region: Amhara is bordered by the nation of Sudan to the west, and the Ethiopian regions 

of Tigray to the north, Afar to the east, Benishangul-Gumuz to the west and southwest, and Oromia to 

the south. The survey was conducted in Bahirdar special and west Gojam zones of the region. Bahir 
Dar zuria district is located, 565 km North West of the capital Addis Ababa. The mean altitude of the 

http://en.wikipedia.org/wiki/Lake_Abaya
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district is 1800 meter above sea level and the temperature of the district ranges from 10˚C to 380˚C 

along the year with annual rain fall of 800 - 1250 mm. 

 

Study methods  
 
Questionnaire survey 
A questionnaire which composed of questions on farm data and calf management were used for the 

survey. The Designed questionnaire was pre tested before the main survey. It covers demographic 
characteristics such as (age, sex, education status), farming system, farm locations, livestock 

ownership (cattle population, dairy cattle herd size, herd composition and breed), previous calf history 

(calf rearing practices, birth condition, disease incidence, treatment history, vaccination practice), and 
colostrum feeding practices (time, amount, frequency and method of colostrum feeding) and animal 

health management practices (deworming, vaccination and post natal treatment 

 
Observational assessments  
During the farm visits, an observational assessment of housing and cow and calf hygiene was 

performed. Observation includes assessment of the condition of the barn floor (presence of potholes, 

drainage system, and accumulation of cows’ dung, disposal of manures), roof and wall type and the 
presence of appropriate ventilation system. Housing hygiene was graded from 1 to 4 (1=very clean, 

4=very poor). Feeds sources and availability for calves were evaluated according to the type of feed 

observed in the farm (pasture, concentrate, hay or straw /crop residue).  

 
Statistical Analysis 
All Collected data from responsible research centers were coded and entered in Ms Excel spreadsheet, 

cleaned and analyzed using Statstical Package for Social Sciences (SPSS) version 20 (SPSS, 2011) 
and SAS, 2002 (Statistical Analysis System version 9.0.) Statistical significance was set to p<0.05, 

association between risk factors versus disease prevalence were analyzed using binary logistic 

regression; multivariate statistical analysis was performed using multinomial logistic regression. 

 

Results and Discussion 
 
General respondents’ profile 
Most of the farmers (73%) are in the age of 31-60 years, the minimum age observed was 18 years old 
and the maximum age was 90; the overall mean is 43 years. Detail demographic information is 

described in the following table. 

 
Table 1: General demographic characteristics of respondents 
 

Demographic variable Categories Respondants Percent (%) 

Sex  Male 431 64.5% 

 Female 237 35.5% 

 Total 668 100.0% 

Age  18-30 119 17.8% 

 31-40 215 32.1% 

 41-50 177 26.5% 

 51-60 92 13.7% 

 Above 60 years 66 9.9% 

 Total 669 100% 
Education level  Illiterate 154 23.0% 

 Primary 300 44.8% 

 Secondary 153 22.9% 

 College/university 62 9.3% 

 Total 669 100.0% 

Farming system  Intensive 202 30.3% 

 Semi intensive 255 38.1% 
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 Extensive 212 31.6% 
 Total 669 100.0% 

Farm location  Urban 199 29.8% 

 Peri urban 290 43.4% 

 Rural 178 26.8% 

 Total 669 100.0% 

 
The highest numbers of female house heads were selected from Oromia region which accounts about 

25% of the total female participant. Both Amhara and Tigray regions represented by 6 (0.9%) female 

and SNNPR represented by 57 (8.5%) females. From the total respondents, around 199 farmers were 
living in urban, 290 farmers were living in peri-urban and 180 farmers were located in rural area. 

Regarding the farming system 202 (30.3%) were following an intensive, 255 (38.1%) farmers were in 

semi intensive and 212 (31.6%) were in extensive dairy production system. With regard to literacy 
rate, most of the farmers (45%) were attended primary education and only 62 (9.3%) of the total 

respondents were attended higher level education (college/TVET/university). From the total of 154 

illiterate farmers 118 (78.5%) are found in Oromia region and the lowest rate of illiterate rate 
registered in Tigray region which is 6 (11.3%). 

Table 2: Education status of respondents in the four regions 
 

Region Respondents education level 
Total 

 Illiterate Primary Secondary Tertiary 

Amhara 11(22.9%) 19(39.6%) 4(8.3%) 14(29.2%) 48 

Oromiya 118(29%) 155(38.2%) 89(21.9%) 44(10.9%) 406 

SNNPR 19(11.7%) 93(57.4%) 47(29.1%) 3(1.9%) 162 

Tigray 6(11.3%) 33(62.3%) 13(24.5%) 1 (1.9) 53 

Total 154(23.0%) 300(44.8%) 153(22.9%) 62(9.3%) 669 

 

 

Fig 1: education Status of farmers in different regions 

Livestock ownership  
Majority of the farmers keep more local breed cattle than cross breed, except for dairy cows. The 

mean average value of local breed cow is 1.33 (R= 0-15, S= 1.946) and for cross breed cow 2.216 (R= 

0-16, S= 2.216). The average livestock size is 7.27 (R= 0-77, S=6.087).  
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Table 3: Number of dairy cattle owned by farmers  
 

Cattle type Minimum Maximum Range Mean Std. Deviation 

Local cows 0 15 15 1.33 1.946 

Cross cows 0 16 16 1.65 2.216 

Total Cows 0 20 20 2.98 2.663 

Oxen 0 14 14 1.32 1.782 

No. of cross bulls 0 14 14 0.21 0.756 

Total l bulls 0 18 18 0.48 1.125 

Cross heifers 0 25 25 0.59 1.451 

Total heifers 0 28 28 1.10 1.754 

Total local calves 0 9 9 0.74 1.222 

Total cross 
calves 

0 12 12 .64 1.301 

Total no. of 
calves 

0 12 12 1.38 1.680 

Total cattle herd 0 77 77 7.24 6.087 

 
From the overall selected calves 273 (40.95%) calves were local breeds (Amhara 23, Oromia 147, 

SNNPR 86 and Tigray 13 local breed calves) and 388 (59.05%) were cross breed calves (Amhara 33, 
Oromia 249, SNNPR 73 and Tigray 33 cross breed calves).  

 

Birth conditions of calves in different regions 
Birth condition history of selected calves (N=669) was taken from the owners; apparently 117 
(18.2%) calves were born from cows with difficulty in delivery. The prevalence of dystocia was 

higher in Oromia region 89 (76.1%) followed by SNNPR 14 (12%) and Amhara 14 (12%). 

 Most of the problems 80 (68.37%), are attended by non professionals like the owner or other family 

members, only about 37 (31.6%) of the cases are attended by veterinary professionals. 

 
Table 4: Personnel assist the delivery process  

 

Person assisted 
the delivery 

 
Oromia 

 
SNNPR 

 
Tigray 

 
Total 

Owner 53(45.2%) 13(11.1%) 6(5.3%) 72(61.6%) 

Other persons 4(3.4%) 0 4(3.4%) 8(6.8%) 

Veterinary professionals 32(27.4%) 1(0.9%) 4(3.4) 37(31.6%) 

Total 89(76%) 14(12%) 14(12%) 117(100%) 

 
The prevalence of dystocia in this survey is higher than a 5.79% reported by Mamo (2004) in 

Debreziet, 7.5% by Tigrie, (2004) around Holetta and 6.95% by Takele et al. (2005) around Nazareth. 

According to this survey, birth process involving Cross breed calves caused more complication than 
local breed calves, from the total birth difficulties 90 (76.9%) occurred when the cows attempting to 

deliver cross breed calves. The finding shows cows giving birth to cross breed calves were more 
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prone to delivery complication than cows giving birth for local breed calves (OR= 2.59, CI= 1.626-

4.151).  

 
Table 5: Calves birth condition history categorized by breed 

 

 
Breed of calves born 

Calve  birth condition 
 
OR 

 
CI 

Assisted delivery 

Local 27 (23.1%) 

2.59 
1.626-
4.151 

Cross 90(76.9%) 

Total 117(100%) 

 

Respondent’s observation at the time of delivery indicates that 24.8 % of the problems were emanated 

from abnormal presentation of the fetus, physiological and anatomical condition of the dam 

(undeveloped pelvic cavity 6% and insufficient labor 13.7%) and over sized fetus (24.8%).  

 
Table 6: Causes of dystocia reported by farmers  
 

Region 
Over sized 
fetus 

Abnormal 
presentation 

Narrow pelvic Impotency No idea Total 

Oromia 26(29.2%) 31(34.8%) 5(5.6%) 15(16.9%) 12(13.5%) 89(76.1%) 

SNNP 3(21.4%) 0 2(14.3%) 1(7.1%) 8 (57.1%) 14(12%) 

Tigray 0 0 0 0 14(100) 14(12%) 

Total 29(24.8) 31(26.5%) 7(6%) 16(13.7%) 34(29%) 117(100%) 

 

Colostrums feeding practice  
Majority of the farmers (94.6%) provided colostrum for the new born calves. This shows most of the 

farmers accepted the importance of colostrum feeding. Oromia region widely practiced colostrums 
feeding 395 (63.5%) than any other regions; whereas respondents from SNNP, Tigray and Amhara 

fills the remaining 23.9%, 7.3%, and 5.3% respectively. 

Calves which consumed colostrum at the early stage of life were found to be less affected for disease 

than calves which do not. The prevalence of disease among colostrum fed calves was 39.9% where as 
the prevalence was 47.1%. However there is no significant difference among them (p>0.05).  

 
Table 7: Disease prevalence in calves reared with and without colostrum. 

 

Category Affected calves (%) Total 

Calves consumed  colostrum 245 (39.9%) 614 

Calves not consumed colostrum 16 (47.1%) 34 

Total 261 (40.3%) 648 

 
In general 431 (67.1%) respondents reared their calves by direct suckling method. Alternative feeding 

method used by farmers was a bucket feeding method, around 208 (32.4%) farmers used this method 

and only 3 (0.5%) of the respondents used both feeding techniques simultaneously. Farmers chose 
Bucket feeding method only when calves refused to direct suckling.  
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Table 8: Colostrum feeding system practiced by farmers 

Colostrum feeding system Amhara Oromia SNNPR Tigray Total 

Suckling 32(64.0%) 265(66.6%) 128(79.0%) 6(13.0%) 431(67.1%) 

Bucket feeding 18 (36%) 129(32.6%) 21(13.0%) 40(87.0%) 208(32.4%) 

Both 0 3 (0.8%) 0 0 3 (0.5%) 

Total 50(7.6%) 397(61.0%) 149(24.5%) 46(6.9%) 642(100%) 

 
Amount of colostrums provided for calves  
Concerning the amount of colostrum provision around 115 (20.5%) calves were fed up to one litter of 

colostrum per day, 216 (38.5%) fed one to two litters of colostrums per day and the remaining 229 

(41%) calves were fed more than two litters of colostrums per day for a single calf. 

 

Table 9: Amount of colostrum provided for calves  

Colostrums amount Oromiya SNNPR Tigray Total 

Up to one litter 57(49.5%) 51(44.3%) 7(6.2%) 115 

One to two litters 115(53.3%) 62(28.7%) 39(18%) 216 

Above two litters 193(84.3%) 36(15.7%) 0 229 

Total 365(65.1%) 149(26.6%) 46(8.3%) 560 

 
There is a statistical difference between disease prevalence in calves which consumed less than one 

litter of colostrum and those consumed more than two liters (p<0.05). The former were found to be 
more affected by disease than the later. 

 Table 10: disease prevalence in calves fed different amount of colostrums 
 

Amount of colostrum Affected calves 
(proportion) 

Total Chi-square p 

One  litter or less 53 (46.9%) 113(100.0%) 

6.73 0.035 One to two litters 78 (37.1%) 210(100.0%) 

Above two litters 73 (32.4%) 225 (100.0%) 

 
Time of colostrums feeding  
Concerning time of colostrum feeding 446 (67.3%) calves were consumed their first colostrum within 

six hours of delivery, 50 calves (8.1%) consumed colostrum between 6 to 24 hours and the remaining 
116 (19%) were consumed after 24 hrs of delivery.  
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Fig 2: Time of the first colostrum feeding among farm locations 

The surveys result indicates more than 90% of the respondent practiced colostrum feeding; however 

there are some drawbacks with related to the amount, time frequency and method of colostrum 

feeding. Even though risk factor analysis on the current study doesn’t show the presence of  
association between colostrum feeding time and disease prevalence, many Studies have reported early 

colostrum feeding gives more protection and strength than delayed feeding Temesgen, (2004); 

Wittum and Perino, (1995). According to Otte and Chilonda, (2002), the risk of becoming ill in calves 
will be increased by 10% for each one hour delay. On the other hand a study conducted by Wittum 

and Perino, (1995) proved that calves consumed colostrum after 24 hours of delivery were in a great 

risk for neo natal morbidity and mortality and other illnesses. The protection from the passive 
immunity passed onto the calf peaks 1–2 days after effective colostrum transfer but then it declines. 

By 2 weeks of age, it has declined enough to increase the calf’s susceptibility to bacteria, viruses and 

other pathogens, before the calf’s own immunity increases to an effective level. Therefore the calf can 

be quite vulnerable to pathogen invasions coming from dirty feeding equipment or other sources 
between 14 and 21 days of age. The optimum time for absorption of antibodies through calf’s small 

intestine is in the first six to eight hours, and the amount of Colostrum that is provided to calves 
should be 10 to 15 per cent of its body weight (Moran, 2015). 

Frequency of colostrum feeding per day 

Most of the farmers 344 (59%) fed colostrum twice a day while 142 (24.3%) used to fed three times 
and 18 (3%) fed once a day, the remaining 80 (13.7%) farmers left their calves for free colostrums 

access. Furthermore, 67% of the respondents left their cow to be nursed by the mother, which is not a 

recommended practice for colostrum feeding. Since no one can be sure either the calf gets enough 
colostrum or not. A study result from Besser et al., (1991) and Brignole and Stott, (1980); shows the 
same fact. 

Vaccination practices  
Selected farmers were questioned for their previous vaccination trend around 404 (67.6%) farmers 

said that they practiced vaccination when their calves reaches to vaccination. They are also asked to 
name vaccine types they were using; about 195 farmers said that they mostly used Anthrax vaccine 

and 184 farmers used Blackleg vaccine. Most of the farmers prefer to vaccinate their calves for the 

above two disease; this might be due to the ubiquitous nature and devastating effect of the diseases. 

Many researchers reported the distribution of these diseases (Belayneh, 2002; Tariku, 2000), they put 
both Blackleg and Anthrax as most frequently observed diseases. On the other hand vaccine for 

Contagious Bovine Pleuropneumonia (CBPP) was rarely mentioned. Vaccine types used by farmers 

are listed on the following table.  
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Table 11: Vaccination practices and vaccine type used in different regions 
 

Vaccine  type Oromia   ( N=405) SNNP    (N=162) Tigray (N=46) Total 

Anthrax 103 (66.8%) 22 (14.2%)  29 (19%) 154 

Black leg 112 (55.7%) 58 (28.8%)  31 (15.5%) 201 

Pastuerellosis 37 (33.9%) 40 (36.6%)  32 (29.5%) 109 

FMD 54 (%) 4 (4.7%)  26 (30.9%) 84 

LSD 52 (1.5%) 29 (17.9%)  30 (65.2%) 111 

CBPP 6 (1.5%) 2 (1.2%)  0 8 

Unknown type 51(12.6%) 5 (3.1%)  0 56 

 

Disease prevalence in selected calves  
The current survey shows an overall calf morbidity of 40.9%. 267 calves were found sick from all 

selected calves (N=669). High Prevalence of calf morbidity was seen in farms located in peri urban 

area 42% followed by rural farms (41.95%) and urban farms 37.2%. General disease prevalence in 

different regions indicates that high disease occurrence of calves observed in Amhara region (78.6%) 
followed by Oromia region (41.2%), SNNPR (31.4%) and Tigray region which is 23.9%. There is 

significant difference in the prevalence of calf diseases between Tigray and other regions (X2= 

44.441, p=0.0).  

 
Table 12: The prevalence of disease on selected calves based on region and farm location 
 

Region Urban  (N) Peri urban (N) Rural (N) Total  (N) 

Amhara (77.8%) 9 (76.9%) 26 (81.0%)  21 (78.6%)  56 

Oromia (51.8%) 110 (35.5%) 186 (40.2%) 102 (41.2%) 398 

SNNP (36.4%)  55 27.7%)  47 (29.4%)  51 (31.4%)  153 

Tigray (17.6%) 17 (27.6%)  29  (23.9%)  46 

Total 107 (37.2%)  288 (42.0%) 174 (41.95%)  174 (45.5%)  191 

 
The current Regional disease prevalence somewhat agreed with the reports released from the same 
regions, there is a similarity with the finding of Bekele et al., (2009; ) who reported a prevalence of 

29.3% (n=41) around Hawassa, SNNPR, which is highly comparable to the present finding  (31.4%, 

N= 154) in the same region. A Study around Bahirdar, Amhara region by Ferede et al., (2014), 

indicated that calf morbidity can reach as high as 65.3 in wet season, Which is close but lower than 
the current finding (78.6%, N= 44). The result on the other hand lower than a study conducted by 

Wudu et al., 2007 in smallholder dairy farms of Ada’a Liben district of Oromia; they reported an 

overall incidences of crude morbidity and crude mortality of 62 % and 22%, respectively (Wudu et 
al., 2007).  

 

Major diseases observed in selected calves 
Clinical signs and symptoms observed on the survey were tentatively diagnosed. As a result diarrhea 
45 (30.61%) found to be the most frequently observed disease syndrome followed by external 

parasites (21.76%), wound and other skin problems (21.76%), unknown infection (17.48%), 

Coccidiosis (6.8%), poisoning and feed intoxication (4.7%), diagnosed for mixed infection (4.1%) and 
calves were anemic (2.7%).  
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Table 13:  Major calf health disease observed in selected dairy farms. 

No. 
Case identified Affected calves Cumulative Percent 

1 Diarrhea 45 30.6 

2 External parasites 32 21.8 

3 Wound and miscellaneous 32 21.8 

4 Unknown infection 11 7.5 

5 Coccidiosis 10 6.8 

6 Poisoning and feed intoxication 7 4.7 

7 Mixed infection 6 4.1 

8 Anemic calves 4 2.7 

 Total 147 100 

 
In this current survey diarrhea found to be the most frequently occurring condition (30.6% of all 

cases) this finding is in agreement with Wudu et al., (2007), Amoki, (2001) and Jember, (2004). They 

report diarrhea as most observed clinical syndrome with the incidence of 39% followed by joint ill 
6%. The result is also agreed with the lists of reported calf diseases by Sivula et al., (1996) Terence, 

(2001) and Wudu et al., (2008).the above authors listed diarrhea, septicemia and pneumonia as the 

most frequent diseases in dairy calves. 

 
Disease occurrence and associated risk factors 
The effect of different factors on the prevalence of disease was tested by multiple logistic regressions. 

More than eight parameters were considered to weigh up their effect. The result shows no significant 
association between disease occurrences and farmers education status, calves sex, vaccination, birth 

condition and colostrum feeding; significant relation was observed between disease occurrence and 

region, farmers sex, farming system, herd size and breed of calves. 



109 

 

Table 14: Logistic regression analysis for disease prevalence and associated risk factors 
 

Variable Category Wald df Sig. OR 95% C.I.for EXP(B) 

      
Lower Upper 

Farmers 
education 
status 

Primary 0.172 1 0.678 0.843 0.376 1.890 

Secondary 0.169 1 0.681 0.856 0.408 1.796 

 
Tertiary 0.501 1 0.479 1.318 0.614 2.831 

 
Illiterate 

      
Region Oromia 3.908 1 0.048 10.115 0.586 46.547 

 
SNNPR 3.302 1 0.069 2.696 0.818 6.495 

 
Tigray 0.492 1 0.483 1.477 0.490 4.133 

 
Amhara 

      
Farm 
location 

Peri-urban 3.737 1 0.051 0.594 0.337 0.916 

 
Rural 3.068 1 0.080 0.610 0.348 1.000 

 
Urban 

      
Farm 
system 

Semi-intensive 0.741 1 0.389 1.261 0.743 2.140 

 
Extensive 1.206 1 0.272 0.730 0.416 1.280 

 
Intensive 

      
Total cattle 
herd 

Medium 4.986 1 0.026 0.582 0.362 0.936 

 
Large 5.182 1 0.023 0.562 0.342 0.923 

 
Small 

      
Calf sex Female 0.000 1 0.989 0.997 0.685 1.453 

 
Male 

      
Calf age 3-6 month 0.543 1 0.461 1.177 0.763 1.818 

 
6-9 month 0.157 1 0.692 1.107 0.669 1.830 

 
1day-3 month 

      
Breed Cross 5.221 1 0.022 0.591 0.376 .928 

 
Local 

      
Birth 
condition 

Normal 2.594 1 0.107 0.673 0.416 1.090 

 
Assisted 

      
Colostrum 
feeding 

Yes 3.186 1 0.074 0.404 0.149 1.093 

 
No 

      
 
Significant difference between disease prevalence of farms managed by females and males (95% 
CI=0.009-0.166, X2=4.795, p=0.029). This fact is postulated by different authors throughout the 

world. Occurrences of disease and deaths are generally lower on farms where owners, rather than 

employees, rear the calves. Furthermore, diseases and deaths are lower on farms where the farm wife 

rather than the farm husband cares for the calves (Moran, 2015). Furthermore, Calves reared in large 
herd size are more susceptible than calves found in small herd size (p<0.005). It is in agreement with 

many reports (Bekele et al., 2009, Ferede et al., 2014).  

 
In most developing and developed countries vaccines which are particularly targeting diseases 

specific to calves are more or less abundant, but here in Ethiopia, Most of the vaccines that are 

available in the local market are usually applied for calves above six month. And most calves affected 

to various pathogens in this period. Since protection from the passive immunity passed onto the calf 
peaks for some time and then it declines. By 2 weeks of age, it has declined enough to increase the 

calf’s susceptibility to bacteria, viruses and other pathogens, before the calf’s own immunity increases 
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to an effective level. Therefore the calf can be quite vulnerable to pathogen invasions coming from 

dirty feeding equipment or other sources between 14 and 21 days of age (Moran, 2015). 

 

Observational assessment 
 
General housing condition, hygiene and feed sources 
An observational assessment targeted to evaluate the condition of cow and calf house was carried out 
in selected 301 farmers from all regions (Amhara 60 (19.9%), Oromia 84 (27.9%), SNNPR 97 

(32.2%) and Tigray 60(19.9%).  

The observation indicates 30 (10%) farmers did not have any kind of shelter for their calves, 65 

(21.6%) shelter their calves in a houses devoid of walls and the remaining 205 (68.1) farmers kept 
their animals in appropriate calf houses, of which only 61 (29.75%) of them have proper ventilation 
system.  

The most dominant floor type is soil 119 (39.5%) followed by concrete 109 (36.2), irregular stone 

layers 63 (20.9) and there were wood floors also 10 (3.3) in SNNPR, only 100 (33.2%) of the floor 
have a proper drainage system. 

 

 

Fig 4: Ventilation and floor sytems of selected dairy barns 

Regarding sanitation 47 (15.7%) barns were found with high accumulation of dung, 76 (25.4%) barns 

were clean and 176 (59.9) with little dung accumulation. Most farmers (53.8%) dispose the dung near 

the barn gate or in their residence compound; others dispose it far away. Hygiene and sanitation 
Observation assessment of cows and calves also made. Accordingly, 49.2% of examined cows were 

found clean (N= 298), the remaining cows found with poor hygiene and sanitation. On the other hand 

(45.8%) calves were clean in upon observation. 61 (20.7%) calves found infested with external 
parasites dominantly by (lice and fleas). whereas 53 (21%) cows found infested with ticks.  
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Fig 5: Dung accumulation and disposal area of different selected barns 

Regarding feed source and availability almost all farmers used green pasture as a basal diet 
supplemented by forage and hay. Almost 21% of the respondent replied pasture as the only source of 

feed. Other group of farmers which do not have common or private grazing area provides hay and 

forages as the only feed source to calves. Concentrate as a feed observed only in one farm. 
Respondent complains about the price and scarcity of concentrates. Most frequently observed feed 

types are listed in the following table. 

 
Table 15:  Available feeds for calves 
 

Feed type available for calves No of farms % 

Hay and different types of Forage 9 3.0 

Pasture 65 21.7 

Crop residue and concentrates 1 0.3 

Forage and pasture 80 26.8 

Pasture+ Hay + forage 144 48.2 

Total 299 100.0 

 

Conclusion and Recommendations  
Like most of the tropical countries poor calf management practices are seen in small holder dairy 
farms of Ethiopia. High prevalence of morbidity (more than 40%) was observed on the current survey. 

Diarrhea found to be the most frequently observed disease syndrome followed by external parasites, 

wound and other skin problems, unknown infection, Coccidiosis, poisoning, feed intoxication, mixed 
infection and anemia. Diseases like diarrhea are mostly categorized as diseases of poor management 

practices, and it can be reduced by improving cow and calf hygiene and feeding. This survey also 

revealed high prevalence of dystocia 117 (17.5%). Possible causes for dystocia that were listed by 
farmers are abnormal fetal presentation 26.5 %, narrow pelvic cavity 6%, insufficient labor 13.7% and 

over sized fetus 24.8%. Most of these birth problems were attended by non professionals; only 37 

cases were attended by veterinarians or other animal health technicians in addition Cows that were 

gave birth to cross breed calves were found to be prone to dystocia when compared to cows gave birth 
to local breed calves. Most of the farmers practiced colostrum feeding; however there are gaps on the 

timing, amount and method of colostrum feeding. Association between risk factors and disease 

occurrences also calculated and region, farm location, herd size and breed of calves found to be risk 
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factors. Observational assessment of dairy farms indicates Poor housing, hygiene and sanitation, poor 

quality and type of feeds accompanied by poor calf and cow management practices. 

 

Based on the findings, the following constraints need to be addressed by extension programs 

targeting the following aspects of management interventions:   

Trainings and awareness creation should be made Ensuring effective transfer of passive 

immunity to all new born calves through good colostrum feeding management and Milk 

feeding. 

 

Proper Housing to minimize transfer of disease between calves, such as using individual 

pens, Good hygiene of calf pens, feeding equipment and Close attention to animal health to 

minimize the incidence of calf scours, pneumonia and other diseases. 

Appropriate feeding management based on formulating palatable calf concentrates to supply 

adequate energy, protein and fiber. 

 

Ensure easy access to veterinarians and other animal health specialists to develop and 

implement effective animal health programs  

Future research works should be directed on developing appropriate vaccines for diseases that 

are commonly occur on calves. Vaccine development should target calves less than six month 

of age:  

 

Breeding programs involving cross breeding of exotic semen with local breed cows shall be 

synthesized by taking in consideration of physiological capability of the cow. 
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Introduction 
Veterinary ectoparasites commonly tick, mites, lice and ked have a significant impact on the health, 
well being and productivity of animals. They play an important role in the transmission of certain 

pathogens (Loomis, 1986) and they are known to cause heavy economic losses to livestock industry 

(Branscheid and Schroer, 1997). Among ecto-parasites, ticks have been recognized as the notorious 
threat due to severe irritation, allergy and toxicosis (Niyonzema & Kiltz, 1986). In some cases, ticks 

have been reported to cause lowered productivity, mortality (Niyonzema and Kiltz, 1986) and 

transmit diseases such as babesiosis, theileriosis, anaplasmosis etc (Norval et  al 1984). Ticks act not 

only as potential vectors but also as reservoirs of certain infectious agents e.g. Pasteurella multocida, 
Brucella abortus and Salmonella typhimurium in man and animals (Jongejan and Uilenberg, 2004). 

Besides ticks, lice also cause harm in cattle health. Lice infestation keeps animals in poor physical 

condition and develops an unthrifty, anemic appearance and discolored greasy hair (Nelson, 1984). 
Louse free animals have been reported to be more profitable than infested animals due to increased 

rate of weight gain and more feed utilization (Kettle, 1974). In addition, lice infestation contributes to 

huge economic losses due to damage to skin and hide in the form of light flecks and spots followed by 
secondary bacterial infection or scratching behavior and inflammation of the skin (Nafstad and 

Gronstol, 2001). Furthermore, ectoparasitic mites cause a mange in a wide range of domestic and wild 
vertebrate hosts including man (osman e tal 2006). 

On the other hand, a considerable economic negative impact associated with mange infection is due to 

extensive skin damage and morbidity and mortality of infested animals. Mites classified as borrowing 

and none borrowing and affecting animals by causing a considerable damage on skin and wool are 
economically important on livestock (Urquhart, et al., 1996). So that due to the above explanation on 

the negative impact of ectoparasites on health, production and productivity as well as  lack of studies 

on their epidemiology and the effect of associated risk factors on calf, current study is supposed to be 
extremely mandatory. In addition, helminthes parasites infection in general and gastrointestinal 

parasite infections in particular are also significantly a world-wide problem for both small- and large-

scale farmers. However their impact is greater in sub-Saharan Africa in general and Ethiopia in 

particular due to the availability of a wide range of agro- ecological factors suitable for diversified 
hosts and parasite species. Gastrointestinal parasites cause economic loss through lowered fertility, 

reduced work capacity, involuntary culling, a reduction in food intake and lower weight gains, lower 

milk production, treatment costs, and mortality in heavily parasitized animals (Lebbie et al., 1994). 
Gastrointestinal nematodes are also serious problems for ruminants, especially young animals. 

Debnath et al., (1995) suggested that 50% calves up to 1 year of age died due to gastrointestinal 
parasites that cause digestive disturbances and malnutrition leading to calf mortality  

Despite the immense progress made to control parasitosis, farmers in Ethiopia continue to incur 

significant losses due to insufficient availability of information on the epidemiology of the parasites. 

Furthermore, parasitosis appears to be a major factor for lowered productivity of Ethiopian livestock 
sector (Teklye, 1991). The prevalence of gastrointestinal parasites, the genera of helminth parasites 

involved, species, and the severity of infection also vary considerably depending on local 

environmental conditions, such as humidity, temperature, rainfall, vegetation, and management 
practices. In some parts of Ethiopia, surveys have been carried out on prevalence of helminth parasites 

(Abebe, 2001) of which most of the information obtained is from abattoir survey and animals 

managed in stations. Moreover, there is no sufficient information on epidemiology of the 
gastrointestinal parasites (Fikru Regassa, 2006). Hence the observation and assessment on the extent 

and risk factors of helminthes parasites on dairy calf is also indispensable. Despite these facts, the 

information is very little on the occurrence of GIT and ecto-parasite, the availability of recent 
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information on helminthes and external parasites in the district has paramount importance to design 

appropriate strategies for prevention and control of these parasites of calf in the area. Therefore, the 
objectives of the present study were 

To investigate the different types of GIT helminthes and external parasites of calves and associated 
risk factors  

To determine the prevalence of ecto-parasites and intensity of helminthes population in calves at the 
study areas 

To recommend possible GIT parasites and ecto-parasites control and prevention interventions  in 

different districts of the regions 

 

Materials and Methods  
 
Description of study areas  
Oromiya region  
The study was carried out in two selected districts of East showa zone of oromiya regions in Ada'a 

and Lume districts which are located at 47 kms and 70 kms South East of Addis Ababa, the capital 

city of Ethiopia respectively. About 90% of ada'a district belongs to the sub tropical agro-climatic 
zones having an altitude that ranges from 1500m to over 2000m and receives the mean annual rainfall 

with  the mean annual maximum and minimum temperature of 85mm,11c0 and 29c0 respectively 

(IPMS,2005). The altitude of lume district ranges from 1500m to over 2000m and about 80% of the 
district belongs to sub tropical agro-climatic zones (kassahun, 2008).  

 

The study was also carried out in three selected districts of western Oromia region namely Bakotobe, 

Horro and Gutojida districts and the study sites were in the altitude range of less than 1500 masl 
(lowland), 1500-2000 masl (mid altitude), and 2000-3000 masl (highland), with mean minimum and 

maximum temperature of 23.8°C and 23.5°C, 11.6°C and 22.5°C, and 11.5°C and 11.9°C, 

respectively. Moreover, the study was also carried out in Muka turi, Grar Jarso and Degem in North 
West shewa zones of the oromiya region situated in the central high lands of Ethiopia. The area is 

located between 78 and 150 km northwest of the capital, Addis Ababa and lies on an elevated plateau 

that ranges from 2400 to 3500m above sea level and receives the mean annual rainfall with the mean 
annual maximum and minimum temperature of 1000-1500mm and with the mean minimum and 

maximum temperature of 15- 18 c0 respectively. 

 

The other districts of oromiya region included in the study were Adea berga and welmera districts of 
west shewa zone which are located in the central highlands of Ethiopia. Ada'a berga is one of the 

districts in west shewa zone and situated in central highlands of Ethiopia 30 km away from Holeta and 

the rainfall pattern of the district is bimodal and the long rainy season extends from June to 
September. The farming system of the area is mixed type where crop production and livestock rearing 

are done side by side. Welmera district is 40 km away from the capital city, Addis ababa and area is 

situated at 9004'- 9013' N latitude and 38029'-38039' E longitude. The average altitude of the area 

ranges from 2200-2500 m above sea level. It receives an average annual rainfall of 1060mm. The 
mean maximum and minimum temperatures are 23.30C and 4.60C respectively. 

 

Amhara region 
The study was carried out in bahirdar zuria and Meca districts of North western of Amhara regional 
state of Ethiopia which is located at a distance of 565 km away from Addis Ababa, the capital city of 

Ethiopia. The elevation of the area was 1780 meter above sea level. The annual temperature and 

rainfall in the study area are about 9–34 0c and 900–1500 mm, respectively (CSA, 2003). The wet 
season lasts from April to September where as the dry season last from October to March. 
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SNNPR  
The study was conducted in Aleta wendo, aleta chuko and hawella  tulla districts  of  sidama zone of 

the  southern  Nation, Nationalities and Regional state the  south western part of Ethiopia which lies 

between 40.43-80.58 N latitude and 34 0.88-390.14 E longitude. The average  altitude for the area 
ranges from  1500m to 2500m and receives a mean annual rainfall of 1200m and 1500mm with the 

mean minimum and maximum temperatures of  15 c0 to 19.9c0   respectively.the livestock population 

is estimated 2,131224 cattle,455,052 sheep,267,039 goats,50,143 horse,69,941 donkeys,1,785,141 
poultry and 96,114 beehives (en.wikipediaa.org/sidama zone) (CSA, 2014 National Statistics). 

 

Study animals 
The study animals were calves below nine months of age of both local and cross breed kept under 

different management systems in respective of sex and found in each farms during the study period 
were subjects of the study. 

 

Study design  
The study was a cross sectional study and the samples were collected during the wet and dry seasons 

from the sampling units that is all calves designed as a representative of the study population. Data on 
the animal determinants like age, sex, breed, and other relevant information (management system, 

farm location) were collected accordingly during study period 

 
Sampling methodologies and sampling size determination 
Purposive sampling method was used in which the whole calves below nine months of age were the 

study population. A total of 812 and 680 calves from urban and peri urban areas in different districts 

were included for the purpose of GIT parasite examination and ectoparasite infestation in this study.  

 
Sample collection and laboratory investigations 
 
Sample collection, preservation, processing and identification of parasite eggs   
Fecal samples were collected per rectum using plastic gloves in a sterile bottle. All the specimens 
were clearly identified, labeled, kept in an ice box and submitted to veterinary parasitology laboratory 

and stored at 4°C until processed. Fecal samples were processed and examined in laboratory using 

both qualitative and quantitative techniques. Nematode eggs were identified by Standard Flotation 
technique and trematodes eggs were examined by sedimentation methods. Strongyle Positive fecal 

samples were subjected to modified McMaster egg counting technique and the degree of infection 

was determined. The level of worm infection was extrapolated from the severity index defined by 
RVC/FAO (2009) where animals have said to have low, moderate and massive nematode infection if 

their feacal egg counts are less than 100 to 250, > 250 to 500 and more than 500 respectively. The 

above procedure was conducted according to (Soulsby, 1982) and (Urquhart et al., 1996). 

 
Collection and preservation of external parasites 
Clinically infested calves were properly restrained and examined by close inspection, palpation and 
parting the hairs against their natural direction for easy detection of external-parasites. Ectoparasites 

were collected from different parts of the body of the individual animal by hand picking. a small hair 

brush dipped in ethanol was used for collection of ticks. The site of attachment was smeared with 
ethanol and proper precautions were taken to preserve the mouthparts and appendages of the 

ectoparasites during collection. Then ectoparasites were immediately preserved in 70% alcohol in 

clean, well-stopper glass vials and labeled accordingly. Skin samples were also collected from 

clinically positive animals for mange mites according to the procedure given by (Soulsby, 1982) and 
Urquhart et al. (1996).  

 
Identification of ectoparasites 
The morphology of ectoparasites was studied in the laboratory with the help of dissecting (4X) and 

compound (10X) microscope. All collected ectoparasites were examined and identified according to 
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the identification keys and descriptions given by Wall & Shearer (1997) and Soulsby (1982) and by 

preparing permanent slides according to the procedures described by Cable (1967). 

 

Statistical analysis 
All data collected from the study area were coded and entered into Microsoft Excel spreadsheet 2007 

computer program and analyzed using Statistical Package for Social Science (SPSS)-Version 19 or 20 

for windows. Descriptive statistics and percentage was calculated to display the status of parasites 
relative to some considered variables. The association between the effects of variables such as breed, 

sex, age and prevalence was analyzed using the Pearson chi-square (χ2) test. The odds ratio (OR) was 

also used to assess the strength of association between variables with the prevalence of parasites. P-
value less than 0.05 held at 95% confidence intervals was considered for significance level 

 

Results 
Out of the total dairy calves (n=680) examined for ectoparasite infestation in Oromiya and Amhara 
regions, 101 of calves were infested with one or more species of parasites, hence the overall 

prevalence was 14.9%. From the total infested calves, 1.8%, 2.6%, 1.5% and 5.4% were accounted for 

Ambyloma species, Boophilus species, Feas and Lice species respectively. Moreover, multiple 
infestations by two or more ectoparasites were also recorded with the proportion of 3.5% (Table 1). 
 
Table 1. Overall infestation rate of Ectoparasites in the study districts of Oromiya and Amhara regions 
 

 
The present study revealed that the prevalence of ectoparasites was relatively higher in cross breed 

(15.2%) than in local breed of calves (14.4%). similarly, the prevalence in male and female calves 
was (15.7%) and (13.9%) respectively. However, the difference was not statistically significant 

(p>0.05) in harboring either single or multiple parasites between the breed and sex of calves. 

There was statistically significant variation among age category of calves (p<0.05) and the highest 

prevalence was observed in three to six months of age (20.6%) and it was (12.1%) in calves greater 
than six months to nine months of age and (13.7%) in calves that were less than three months of age. 

Furthermore, the prevalence of external parasite infestation in male and female calves was (15.7%) 

and (13.9%) respectively. There was no significant disparity in harbouring external parasites between 
sex groups. The study also implied that ectoparasitic infestation was higher (12.6%) in calves 

managed under semi intensive management system than those managed under intensive management 

system (12.6%). It was also found that more than (15.6%) of infested dairy calves were dominated in 
peri urban areas than those infested (12.5%) in urban areas). Likewise, the higher infestation rate was 

observed in wet season (16.5%) than in dry season (12.5%). Nonetheless, statistically insignificance 
variation was detected (p>0.05) (Table2)  

 

Ectoparasites  identified 
Examined calves (n=680) 

Total infested 
calves 

Prevalence (%) 
 

95%Confidence interval 

Ambyloma  specis 12 1.8 0.80-2.77 

Boophilus species 18 2.6 1.40-3.380 

Fleas 10 1.5 0.59-2.41 

Lice species 37 5.4 3.70-7.10 

Multiple infestations 24 3.5 2.80-4.21 

Over all 101 14.9 12.21-16.27 
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Table 2. Prevalence of Ectoparasites infestation in calves based on different risk factors in Oromiya  
            And Amhara Districts (n=680) 

 

 

Analysis of the risk factors revealed that the prevalence of external parasite in young calves was 
significantly varied  among age groups (P<0.05) indicating that calves from three to six months of age 

(OR=0.96, 95% CI=0.35-2.66) and greater than six to nine  months of age (OR=0.96; 95% CI: 0.53-

1.76) were more likely to be infested than  calves  below  three months of  old age .The prevalence of 
parasite was relatively  higher in wet season as compared to dry season. But no significance difference 

(p>0.05) was observed (Table 3). 
 
Table 3. Logistic regression analysis of risk factors considered for ectoparasites infestation in the study Districts of Oromiya and Amhara 
regions 

 

 
Overall prevalence of gastrointestinal helminthes in calves  
Out of the total calves (n=812) examined for GIT helminthes in Oromiya, Amhara and SNNPR 
regions 51.2% (n=416) were found to harbor one or more parasite species. The result revealed that 

Variables observed No of examined 
Calves 

Infested calves (%) Chi  square       p-value 

Breed 
Cross 
Local 
Total 

 
395 
285 
680 

 
60 (15.2) 
41 (14.4) 
101(14.9) 

 
0.085          0.43 
 

Sex 
Female 
Male 
Total 

 
356 
324 
680 

 
56(15.7) 
45(13.9) 
101(14.9) 

 
0.46            0.286 

Age of calves 
≤ 3 
3-6 
> 6-9 
Total 

 
168 
189 
323 
680 

 
23(13.7) 
39(20.6) 
39(12.1) 
101(14.9) 

 
 
7.14            0.028 

Management system 
Intensive 
semi-intensive 
Total 

 
175 
505 
680 

 
22(12.6) 
79(15.6) 
101(14.9) 

 
 
0.97           0.196 

Farm location 
Urban 
Peri-urban 
Total 

 
160 
520 
680 

 
20(12.5) 
81(15.6) 
101(14.9) 

 
 
0.916          0.205 

Season 
Wet 
Dry 
Total 

 
400 
280 
680 

 
66(16.5) 
35(12.5) 
101(14.9) 

 
 
2.08             0.09 

Variables No of  examined Infested (%) 
Odd ratios for 95% Confidence 
interval 

p-value 

Age of  calves 
≤ 3 
3-6 
> 6-9 
Total 

 
168 
189 
323 
680 

 
13.7 
20.6 
12.1 
14.9 

 
0.63 (0.22-1.85) 
0.96 (0.35-2.66) 
1 

 
 
0.028 
 
 

Season 
Wet 
Dry 
Total 

 
400 
280 
680 

 
16.5 
12.5 
14.9 

 
0.64 (0.26-1.53) 
1 

 
0.09 
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there was higher occurrence of GIT helminthes in male calves (56.4%) than female calves (46.8%). 

Besides this, a significantly greater (p<0.05) proportion of parasite was found in calves greater than 

six to nine months of age (58.0%) followed by three to six months of age (49.1%) while the lowest 
proportion was observed in calves below three months of age group (40.1%), But the breed of calves 

had no significant effect on the prevalence of helminthes parasite (p>0.05) as indicated in table 4. 

The result also indicated that there was higher occurrence of GIT helminthes during wet season (57%) 

than during dry season (44.62%). On the other hand, the management factors which greatly influence 
the occurrence of GIT Helminthes was semi intensive (51.67%) and intensive (50.06%) management 
systems and statistically significance variation was detected (p<0.05) ( Table 3). 

Table 4.The prevalence of different GIT helminthes in relation to different risk factors   

 
Analysis of the putative risk factors revealed that the occurrence of GIT parasites (p=0.001) was 
varied with the season of the year indicating that relatively higher prevalence (OR=0.32, 95% CI 

(0.215-0.488) in wet season than  in the dry season .similarly, the risk of acquiring GIT helminthes in 

male calves was relatively higher (OR=0.74) than female calves and it is also higher in calves from  

six to nine months of age (OR=0.57) than calves that are greater than six to nine months of age and 
this indicated that statistically significant difference was observed . in addition, calf sex was found to 

influence the prevalence of GIT parasites (p<0.05) and higher prevalence was recorded in male 

(OR=0.74,95% CI=0.50-1.09) than female calves (Table 5 ).  
 

Parameters No of calves  examined Positive calves (%) Wald Chi square          p-value 

Breed 
Local 
Cross 
Total 

 
268 
544 
812 

 
141(52.6) 

275(50.7%) 
416(51.2) 

 
0.305 

 
0.317 

Sex 
Male 
Female 
Total 

 
374 
438 
812 

 
211(56.4) 
205(46.8) 
416(51.2) 

 
 

7.46 

 
 

0.004 

age of calves 
≤ 3 
3-6 
> 6-9 
Total 

 
202 
212 
398 
812 

 
81(40.1) 

104(49.1) 
231(58.0) 
416(51.2) 

 
 

17.80 

 
 

0.0001 

Mgt system 
Intensive 
Semi-intensive 
Total 

 
214 
598 
812 

 
107(50.06) 
309(51.67) 
416(51.2) 

 

 
 

40.63 

 
 

0.000 

Farm location 
Urban 
Peri-urban 
Total 

 
220 
592 
812 

 
107(48.6) 
309(52.2) 
416(51.2) 

 
 

0.813 

 
 

0.205 

Season 
Wet 
Dry 
Total 

 
422 
390 
812 

 
242(57.01) 
174(44.62) 
416(51.2) 

 
 

55.30 

 
 

0.0001 
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Table 5. Analysis of different risk factors with the Prevalence of gastrointestinal parasites examined calves 
 

 

 
The distribution of different gastrointestinal helminthes in different study 
districts  
The distribution of different GIT parasites in calves varies from one study area to another. The highest 

proportion of parasites was recorded in the districts of bakotobe calves (65.2%) and the lowest 

proportion was in the ada'a districts (7.4%) as tabulated below. The dominant GIT parasite species 
found during the study period were strongyle species (30%), poly-parasitism (29.3%), coccidia 

(20.43%), ascaris (13.9%),monesia (3.34%), fasciola species and the remaining identified parasites 

were (0.48%) in decreasing proportion in different study districts as shown in table 6. 

Variable No examined No of positive (%) Odd ratios for 95% confidence 
interval 

p-value 

Season 
Wet 
Dry 
Total 
Age of calves 
≤ 3 
3-6 
> 6-9 
Total 

 
400 
280 
680 
 
168 
189 
323 
680 

 
16.5 
12.5 
14.9 
 
13.7 
20.6 
12.1 
14.9 

 
0.32 (0.22-0.488) 
 
 
 
0.69 (0.42-1.13) 
0.57 (0.35-0.93) 
 

 
0.0001 
 
 
 
 
0.001 

Sex 
Male 
Female 
Total 

 
374 
438 
812 

 
56.4 
46.8 
51.2 

 
0.74 (0.50-1.09) 
 

 
0.004 
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Table 6. Distribution of different GIT parasites in districts of selected regions  

Regions with 
respective   
districts 

 Types of GIT parasites encountered  

 
N 

Ascaris Bunostomum Coccidia 
Fasciloa 
spp 

Monesia 
Oesophagos 
tomum 

Paraphistomum 
Strongyle 
spp 

Trichuris 
Multiple   
p    
parasite 

Positive 
(%) 

Oromiya 
A/berga 
welmera 
 

 
37 
57 

 
4 
9 

 
0 
4 

 
4 
6 

 
0 
0 

 
0 
0 
 

 
1 
1 

 
0 
0 

 
1 
1 

 
0 
0 

 
22 
9 

 
12(32.4) 
30(52.3) 
 

Ada'a 
Lume 

27 
29 

1 
2 
 

0 
0 

1 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

2(7.4) 
2(7.4) 
 

G/jarso 
Muka turi 
Degem 
 

21 
21 
21 
 

4 
4 
4 

0 
0 
0 

1 
1 
2 
 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

1 
0 
2 

0 
0 
0 

0 
0 
0 

6(28.6) 
5(23.8) 
8(38.1) 
 

Bakotobe 
Horro 
Gutojida 

250 
78 
84 

8 
5 
2 
 

0 
0 
0 

37 
18 
7 

0 
0 
0 

6 
4 
2 

0 
0 
0 

0 
0 
0 

59 
8 
2 
 

0 
0 
0 

53 
11 
17 

163(65.2) 
46(58.9) 
52(61.9) 
 

SNNPR 
Ale/wond 
Tulla 
Ale/chuko 

 
 
20 
27 
29 

 
 
2 
0 
5 

 
 
0 
0 
0 

 
 
1 
3 
2 

 
 
0 
1 
1 

 
 
0 
0 
0 

 
 
0 
0 
0 

 
 
0 
0 
0 

 
 
1 
4 
11 

 
 
0 
0 
0 

 
 
2 
8 
6 

 
 
6(30) 
16(59.3) 
25(86) 

Amhara 
B/dar zuria 
Mecca 

 
75 
36 

 
5 
3 

 
0 
0 

 
2 
0 

 
0 
0 

 
2 
0 

 
0 
0 

 
2 
0 

 
7 
6 

 
2 
0 

 
8 
6 

 
28(37.3) 
15(41.7) 

             

Overall (%) 812 58(13.9) 4(0.96) 85(20.4) 2(0.48) 14(3.34) 2(0.48) 2(0.48) 125(30) 2(0.48 122(29.3) 416(51.2) 

 

As presented in the table below, the higher proportion of stronglye EPG was recorded at Bakotobe district and the lower was at Bahirdar zuria of the study 

districts. Hence, majority of infected calves showed massive intensity of infection (18.7%) and few proportions of animals showed low infection rates (Table 
7) 
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Table 7. The degree of strongyle EPG at districts of Oromiya and Amhara regions 

 
Study 
Districts 

EPG category 
 
Total (%) Light (%) Moderate (%) 

Massive 
(%) 

    B/dar 
zuria 

13(18.6) 10(14.3) 1(1.4) 70 (34.) 

Bakotobe 28(13.6) 35(17.0) 56(27.2) 206 (57.8) 

Gutojida 14(18.7) 16 (21.3) 13(17.3) 75 (57.3) 

Horro 9(16.1) 5 (8.9) 11(19.6) 56 (44.6) 

Meca 6(16.7) 7(19.4) 2 (5.6) 36 (41.7) 

Overall 
(%) 

70(15.8%) 73(16.5%) 83(18.7%) 443 (51%) 

 

 
The result also indicates that there was significant association between the breed of calves and degree 

of strongyle EPG and higher proportions of severe cases were found. The intensity was reported to be 

highly associated with the season of the year and there was significantly higher proportion of severely 

infected calves during wet season than dry season (p<0.05).  
The study also showed that calves greater than six to nine months of age showed severe intensity of 

infection (21.2%) while calves from three to six months of age showed low intensity and there was a 

significant variation between the degree of EPG and age of study animals as shown in table below. 
 

The present investigation, also demonstrated that higher strongyle EPG was shown in male calves 

than female calves. Similarly, the degree of EPG was relatively severe (20.6%) in periurban calves 

and low degree of infection was recorded in urban calves (12.6%) but no association was recognized 
between the degree of EPG with the sex of study animals as well as with the study farm location 

(p>0.05) (Table 8). 

 
Table 8.  Degree of strongyle infection across different risk factors 

Variables       variable category 
EPG category x2  (p value) 

Light (%) Moderate (%) Massive (%) 
 

Age of    Calves 

≤3 9(8.7) 13(12.5) 18(17.3) 
 

3 to 6 20(22.5) 9(10.1) 12(13.5) 19.96(0.003) 

> 6 to 9 41(16.4) 51(20.4) 53(21.2) 
 

Season Dry 21(11.9) 25(14.1) 24(13.6) 16.03(0.001) 

 
Wet 49(18.4) 48(18) 59(22.2) 

 
Sex female 43(18.3) 33(14) 40(17) 

 

 
Male 27(13) 40(19.2) 43(20.7) 4.84 (0.18) 

Breed Cross 54(16.2) 54(16.2) 47(14.1) 
 

 
Local 16(14.5) 19(17.3) 36(32.7) 20.96 (0.00) 

Farm location Urban 19(18.4) 18(17.5) 13(12.6) 
 

 
Peri urban 51(15) 55(16.2) 70(20.6) 3.52 (0.318) 

 
Overall (%) 70(15.8) 73(16.5%) 83(18.7%) 

 
 

Discussions 
The results of the present investigation indicated that the overall prevalence of ectoparasites of calves 
at the study area was 14.9%.This finding was lower than the reports of Assefa e tal (2014),Yacob e tal 

(2008) and Bilkis e tal (2011) who repoted that it was 32.8%, 21.28%, and 46.15%  in and around 

Bishoftu, Adama and Bangladesh respectively. This difference in the prevalence of ectoparasite might 
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be due to the presence of various factors like animal husbandry practice, feeding and management, 

veterinary service delivery system and variation in the geographical locations. 

 
In the current study, the prevalence of lice infestation on calf was about 5.4%. This finding was lower 

when compared to the reports of Yacob et al (9.5%) and Garbi et al ((2013) who reported to be 21.6% 

prevalence of lice infestation on calves less than eight months in regions of Nabeul in north east 

Tunisia. The current finding was also comparable with the reports of yacob et al (9.5%) but lower 
than the reports of Gharbi et al (2013) and colwel et al (2001), Asefa et al (2014) who reported 21.6% 

and 69.2% and 26.8% on calves in regions of Nabeul in North-East Tunisia and in Southern alberta in 

Canada and in and around Bishoftu respectively. The higher prevalence of lice on calves in this study 
might be due to the indoor and outdoor keeping nature of calves in different areas, poor grooming 

behavior, lack of awareness about the effect of lice on calves, and other health problems. 

It was also found that Ambyloma species (1.8%), Flea species (1.5%), Boophilus species (2.6%) and 
multiple infestations (3.5%) were the most identified ectoparasites at the study areas. This result was 

comparable with the reports of Aseffa et al who reported that Ambyloma species accounted for 

(7.6%) and Boophilus species accounted for (5.2%) as well as Onu and shiferaw (2013) ,Mekonnene 

et al (2001) reported that Boophilus decoloratus and Ambyloma species were dominant in this 
animals in Benchi maji zone south west and central Ethiopia respectively.  

Furthermore, the study revealed that the prevalence of ectoparasites was relatively higher in cross 
breed calves (15.2%) than in local breed (14.4%). similarly, the prevalence in male and female calves 

was (15.7%) and (13.9%) respectively. however, the difference in the prevalence was not statistically 

significant (p>0.05) between the breed and sex of calves. This finding was similar with the reports of 
yacob et al (2014) who reported that the difference in the prevalence of external parasite was not 
statistically significant (p>0.05) between the breed and sex of the animals.  

Further investigation revealed that calves reared under semi-intensive (15.6%) management system 
were more vulnerable to ectoparasitic infestation than those managed intensively (12.6%). however, it 

was not statistically significant (p>0.05).This report is similar to the finding of Asefa et al (2014) who 

reported, the highest ectoparasitic infestation like lice in extensive management system (45.14%) 
followed by in semi-intensive system (32.35%) and intensive system (20.57%). Other authors such as 

Nigatu and Teshome (2012) found that lice infestation was significantly higher in extensive 

production system than in intensive production system. This could be due to the poor management 
systems applied and early release of calves to the pasture and in adequate veterinary service delivery 

system in semi intensive management system might exacerbate the condition. The dam might have 

been in contact with animals from other herds at communal grazing and serve as a source of 

infestation to the calves. On the other hand, Asefa et al (2104) reported that the prevalence of 
ectoparasitic infestation was significantly (p<0.01) higher in local breed of calves (39.3%) than in 

cross breed (23.22%), as well as in male calves (33.3%) than in female calves (32.4%) but the same in 

case of lice infestation in male (27%) and female (26%) in and around Bishoftu. This higher 
prevalence in (15.2%) cross breed of calves might be due to the fact that cross breeds are more 

vulnerable than local breeds of calves to ectoparasites. since, cross breed that are kept under free 

grazing system are not afforded well and lesser emphasis given by the owners on management of 

these animals. This was in line with the findings of yacob et al (2008) and Bikis et al (2011) who 
reported a positive correlation between lice and animal breed.  

There was statistically significant variation among age categories (p<0.05) and the highest prevalence 
was observed in three to six  months of age (20.6%)  followed by calves greater than six to nine  

months of age (13.7%) while the lowest prevalence (12.1%) was observed  in calves below three 
months of age. 

This finding was lower than the reports of wirz (2005) and singh and Rath (2013) who reported that 

24% and 72.6% prevalence of tick on calves below six months of age in mali and India respectively. 
On the other hand, Stuti et al. (2007) reported that, calves (below one year) were the most susceptible 

(65.38%) followed by grownups (34.60%) and adults (14.91%).This indicated that parasite infestation 

occurred in all age groups with various intensity. Manan et al. (2007) found that resistance in the 
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animals was building up as the age advances and the animals became more adoptable than in younger 
state.  

The result also showed that calves were more susceptible to ectoparasites infestation in wet (16.5%) 

season than dry season (12.5%). In contrast, Salih et al. (2008) found the highest number of 

ectoparasites like ticks occur during the rainy season. Sanjay et al. (2007) reported the seasonal 

prevalence ectoparasites particularly tick infestation significantly more during the rainy (24.33%) and 
summer seasons (21.58%) as compared to the winter season (4.03%). He also reported lice infestation 
significantly higher in winter (25.89%) than in the rainy (2.48%) and summer seasons (8.93%).  

Likewise, the findings of the current investigation revealed that the overall prevalence of 

gastrointestinal parasite of calves was 51.2%. This result was lower than the reports of Hailu et al 

(2011) and Ahmed et al (2009) who reported that it was 79.1% and 56.25% in Jimma town and 
Pakistan respectively. The finding was also in a close agreement with the reports of slam et al (2014) 

in vangura upazila in pubna districts of Bangladesh which indicated that the prevalence was 50% in 

young calves. Variation in prevalence could be attributed to differences in agro-ecology, sampling 

season and animal management system. The current study also showed that strongyle species (30%), 
multiple parasites (29.3%), and coccidia (20.4%) where the predominant parasites encountered in 

calves while fasciola species, trichuris and others were the least encountered. This study is in 

agreement with the findings in other parts of Ethiopia by Hailu et al (2011) recorded, strongyle 
species (40.3%), paraphistomum (40.3%), fasciola species (12.4%), ascaris (7%), trichuris (5.2%),and 

monezia (1.7%) were the prevalent  GIT helminthes among dairy calves. Akataruzzaman et al (2013) 

in Bangladesh also reported that the proportion of strongyle parasite was relatively higher in young 
calves below one year of age than older groups. Moreover, the prevalence of parasites in different age 

categories were statistically significant (p<0.05) that accounts for (40.1%) in calves below three 

month of age,(58.0%) in calves greater  than six to nine months and (49.1%) in calves between three 

to six months of age respectively. This finding is similar to the earlier works conducted in Zimbabwe 
by Pfukenyi et al (2007) who recorded a significant prevalence of GIT parasites in calves than adult 

animals. Ahmed et al (2009) also illustrated that (42.1%) prevalence was in calves below six months 

of age while it was 69.05% in calves aged from seven to twelve months of age. Earlier reports in 
Kenya by (Waruiru, Kyvsgaard, Thamsborg, Nansen, Bogh, Munyua & Gathuma 2001), showed that 

the susceptibility and pathogensity of nematode infections were greater in young animals than in 

mature animals. 
 

Furthermore, the prevalence of GIT helminthes in male and female calves was (56.4%) and (46.8%) 

respectively and there was significant variation (p<0.05) between both sexes of calves. This finding 

was in contrast to the earlier works conducted in Pakistan by Ahmed et al (2009) who reported that  
female calves have a higher risk of suffering from parasites (60%) than male calves (51.43%).  

The result also indicated that there was higher occurrence of GIT helminthes during wet season (57%) 

than during dry season (44.62%). This is supported by the reports of Pandey et al (1993) in Zimbabwe 
showed that the wet months were the highest risk for occurrence of gastrointestinal parasites than the 

dry months and young animals had the highest risk of infection. On the other hand, the management 

factors which greatly influence the occurrence of GIT helminthes    was semi-intensive (51.67%) and 

intensive (50.06%) management systems and statistically insignificance variation was detected 
(p>0.05).This is mainly attributed to the management system and the hygienic measures and feeding 

available, climatic condition as well as lack of regular deworming strategies tend that might have 
attributed to the incidence of parasites. 

The prevalence of GIT parasites in cross breed calves (50.7%) and in local breed calves was (52.6%). 

However, there was no statistically significant difference observed between the two categories of 
breed. Hailu et al (2009) investigated that no significant difference was observed (p > 0.05) in the 
prevalence of gastrointestinal parasites between calves breed. 

The higher prevalence of gastrointestinal parasites during the wet season than in the dry season 

indicates that there was significant difference in degree of EPG and seasons. This is in line with the 

previous reports from Kenya by Nginyi etal (2001) and from zimbabuwe by pandey etal (1993) 

reported that a higher degree of EPG were recorded in wet season than in drier ones. This is due to the 
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existence of a direct relationship between prevalence with the humidity and temperature. In this study, 

the presence of sufficient moisture during the rainy season favored the survival of infective larvae in 
the pasture and higher probability of uptake of the infective. 

There was significant variation in the degree of EPG among different age group and,obviously higher 

EGP count was observed in calves. This observation is in consent with the previous works in Ethiopia 

(Fikru et al., 2006) and Kenya (Machimmo et al., 2004) that state no association between EPG degree 
and age. because age has an effect on responsiveness or to the development of immunity causing 

lower worm fecundity in adult animals (Kloossterman et al., 1991;  Ploeger et al., 1994). Similarly, 

higher strongyle EPG was shown in male than female calves but no association was recognized 
between them. In support of this finding, a study conducted in Jimma town by Hailu e tal (2011) 

indicated that Stronglye infection in terms of EPG was higher in female animals than male animals. 

Egg counts of Strongyloides species in calves were observed to diminish with increasing age of the 
calves with low levels reached when calves were from six  to eight months of age (Rivera et al. 1983; 

Lima 1998).The greater proportions of study calves (18.7%) showed massive intensity of infection 

(EPG>500)  while (16.5%) were with moderate to severe infection rates. The causes of this variation 

in the prevalence of infection in different age group are difficult to explain but it might be due to an 
immunological phenomenon, difference in the grazing area and management variation of calves.farm 
location and sex group had no association with  the parasite EPG degree (p>0.05). 

Conclusion and recommendations 
The present study revealed that the prevalence of different GIT helminthes of calves such as 

strongyle, coccidia, asacris trichuris, fasciola and monesia in the study area indicates the area is 

favorable for the successive perpetuation of these parasites and intermediate host. On the other hand 

the higher prevalence of external parasite in all age groups of calf at the study area is mainly due to 
non adoption of recommended prophylactic measures and related management practices. in 

conclusion, it is highly recommended that appropriate prophylactic measures such as deworming and 

spyaring in considering awareness creation should be adopted for those farmers that their livelihood 
relies on rearing animals and future studies should take into account the economic impacts of these 

parasites and drug resistance patterns to formulate better strategic options to be applicable in the study 

area. 
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Introduction 
Ethiopia has a largest livestock population of any African country (CSA, 2007) which represents a 
major national resource and form an integral part of agricultural production system. Among livestock, 

cows also represent the largest population of cattle production of the country where about 42% of the 

total cattle are milking cows. However, according to Gebrewold et al., 2000, compared to other 

countries in Africa, Ethiopians consume less dairy products and per capita consumption of milk is as 
low as 17 kg per head while the average figure for Africa is 26 kg per head. Albenzio et al., 2002, 

indicated that from many reasons that deteriorated country’s milk quality and quantity, diseases are 

the most because of they potentially infect and affect the wellbeing of livestock population. Among 
these diseases, mastitis is the common and costly disease causing loss in milk yield, treatment cost for 

dairy farmers. It remains the most common and the ambiguity disease of dairy cattle throughout most 

of the world. It continues to be the most economically important disease of dairy industry, accounting 
for about 38% of the total direct losses (Mastitis can affect any herd from the most organized to the 

least at any time; all herds are therefore potentially susceptible. Mastitis is a multi factorial disease, 

closely related to the production system and environment in which the cows are kept (Mekibib et al., 

2010). In Ethiopia, mastitis is considered as the most complex disease because of its multi factorial 
causation (Harmon, 1994). The economic loss due to both clinical and subclinical mastitis per 

lactation in Ethiopia is 270 ETB (Mungube, et al., 2005) and it is expected even to be higher in the 

coming years. Mastitis has been also known to cause a great deal of loss or reduction of productivity; 
it influences the quality and quantity of milk, and causes culling of animals at an unacceptable age 

(Mungube et al., 2005). In some parts of Ethiopia, the disease is insufficiently investigated and 

information relating to its magnitude, distribution and risk factors is scant. Such information is 

important to envisage when designing appropriate strategies that would help to reduce its prevalence 
and effects. This paper describes the results of an investigation made to identify and characterize 

mastitis and its major risk factors on different breed and farm locations, to assess the level of farmers’ 

knowledge on milking hygiene and practices and to recommend possible prevention and control 
options.  

 

Materials and Methods 
 
Study areas 
The study was conducted in a total of 4 regions, 12 zones and 26 districts. From Oromia region, (West 
Arsi, east Wollega, east Shewa and west Shewa ) zones were purposively  selected while , from 

Amhara region (Baherdar, Baherdar special and west Gojam) zones, from SNNPR region (Sidama 

and Gedio) zones and from  Tigray region (South east, east and Mekelle) zones were  selected. A total 
of 26 districts were selected from all regions while kebeles and house holds were selected purposively 

from respective districts. Even if there are some little variability in altitude, temperature, relative 

humidity and precipitation, these regions have their own agro ecology considered favorable for dairy 

cattle housebandary practices and dairy production for both cross and local breed dairy cows.    
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Study animals 
Questionnaire based retrospective study on different aspects of diseases, management, farming system 

and production was conducted on local and cross breed dairy cows which were at the hand of the 
small holder dairy farmer with different feeding, housing and management systems. All selected 

animals were milking cows in urban, peri urban and rural areas of selected regions 

 

Study period and study design 
Across sectional study design was carried out in different months of the year September 2010 to 

November 2011 in a total of 4 regions, 12 zones, 26 districts  Kebeles and Households were selected 
purposively from respective districts to determine questionnaire based previous mastitis occurrence 

and associated risk factors while standard clinical and subclinical investigation based on physical 

examination and CMT was conducted from December 2011 to august 2014 to evaluate prevalence of 

clinical and subclinical mastitis . For the questionnaire a total of 629 (286 local and 346 cross) breed 
dairy cow owners all over the study areas were purposively selected while a total 808 of which 209 

local and 589 cross breed dairy cows were selected purposively for clinical and subclinical mastitis 

investigation.  

 

Questionnaire survey 
A questionnaire was developed, pre tested and administered to the owners of the animals. Data on 
respondent prophile, the existing farming system, prophile of study animals, housing condition, 

management and production status, disease occurrence, disease prevention and control option, was 

collected in a format designed for this purpose. Relevant information also was collected on cow 
history selected for mastitis investigation and relevant risk factors like cowage parity, teat lesion, tick 

infestation, farming system and other management practices during milking activity were considered. 

  

Clinical inspection of the udder 
The clinical inspection of the udder was done in the following way. The udder was first examined 
visually and then by palpation to detect fibrosis, inflammatory swellings, visible injury, tick 

infestation, atrophy of the tissue, and swelling of supra mammary lymph nodes. The size and 

consistency of mammary quarters were inspected for the presence of any abnormalities, such as 
disproportional symmetry, swelling, firmness, and blindness. Information relating to the previous 

health history of the udder and causes of blindness was obtained from interviews with owners of the 

farm. Viscosity and appearance of milk secretion from each quarter were examined for the presence 

of clots, flakes, blood and watery secretions.  

 

Subclinical mastitis test  
Subclinical mastitis test was performed by California Mastitis Test (CMT). The California mastitis 

test was carried based on the method described by Schalm et al. (1971) and Quinn et al. (1994). A 

squirt of milk, about 2 ml from each quarter was placed in each of four shallow cups in the CMT 
paddle. An equal amount of the commercial reagent was added to each cup. A gentle circular motion 

was applied to the mixtures, in a horizontal plane for 15 sec. The reaction was interpreted according to 

Schalm et al. (1971) and Quinn et al. (1994). 
 

Data analysis  
The response variable considered in the analysis of our data was mastitis status of a cow and the 
potential risk factors considered were parity, age of the cow, breed, farm location, tick infestation, teat 

lesion, udder washing, drying after washing, use of the same towel, milking mastitic cow last, milking 

procedure floor type. Prevalence was calculated as a percentage value and multiple logistic regression 
analyses was used to assess the association between mastitis and individual risk factors considered in 

the study. IBM SPSS statistics was 20 used for this purpose. 

 

Results and Discussion 
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From the questionnaire survey, a total of 629 respondents (32.5%) (n=205) female and (67.4%) 

(n=424) male all over the country were used for this study (Table 1). Majority (45.6%) of the 

respondents were from peri urban areas of the study regions while in Amhara region 50% of the 
respondents were from rural areas (Table 2). Oromiya region represented the highest number of 

respondents (332) followed by SNNPR (161), Amhara (74) and Tigray (62) region.  
 
Table. 1. Percent of respondents by region and sex  
 

Region 
Male Female Total 

N % N % N % 

Amhara 68 91.9% 6 8.1% 74 100.0% 

Oromiya 196 59% 136 40.9% 332 100.0% 

SNNPR 106 65.8% 55 34.2% 161 100.0% 

Tigray 54 87.1% 8 12.9% 62 100.0% 

Overall 424 67.4% 205 32.5% 629 100.0% 

 
Table 2. Percent of farm location by region 
 

Region 
Farm location 

Total 
Urban Peri urban Rural 

 
N % N % N % N % 

Amhara 22 29.7% 15 20.3% 37 50.0% 74 100.0% 

Oromiya 73 21.9% 158 47.5% 101 30% 332 100.0% 

SNNPR 54 33.5% 63 39.1% 44 27.3% 161 100.0% 

Tigray 11 17.7% 51 82.3% 0 0% 62 100.0% 

Total 160 25.4% 287 45.6% 182 28.9% 629 100.0% 

 

From a total of 629 respondents in the country the highest number 317 (50.3%) represented an 
educational back ground of primary school followed by 125.7% (n=162) illiterate, 19% (n=120) 

secondary school and 4.7% (n=30) university. However in Amhara region 114.9% (n=11) was 

secondary school while in Oromiya 45.4% (n=151), SNNPR 56.5% (n=91) and Tigray region 67.7% 

(n=42) primary educational level were the dominant ones (Table 3).  
 
 
Table  3. Overall and regional educational level of respondents 
 

Region 
Illiterate Primary Secondary University Total 

N % N % N % N % N % 

Amhara 23 31.1% 33 44.6% 11 114.9% 7 9.5% 74 100.0% 

Oromiya 112 33.7% 151 45.4% 49 14.7% 20 6.02% 332 100.0% 

SNNPR 19 11.8% 91 56.5% 48 29.8% 3 1.9% 161 100.0% 

Tigray 8 12.9% 42 67.7% 12 19.4% 0 0% 62 100.0% 

           
Overall 162 25.7% 317 50.3% 120 19% 30 4.7 % 629 100.0% 

 
Potential risk factors considered in this study were parity, age of the cow, breed, farm location, tick 

infestation, teat lesion, udder washing, drying after washing, use of the same towel, milking mastitic 

cow last, milking procedure and floor type. In this study it has observed that an overall occurrence of 
tick infestation on the cows was 45.2% (n=262). However with highly statistically significant 

difference (P<0.05) (0.000), high to low occurrence of tick infestation 98.6%, 43.3%, 331.% and 

19.4% was observed in  Amhara, Oromiya SNNPR and Tigray regions respectively. Elbably, et al., 
(2011) in their study conducted on dairy cow indicated tick infestation is one of the factors for the 
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occurrence of mastitis. In this study the other considered risk factor was teat lesion which was about 

32.8% (n=190) and which represented 80% (n=59), 30% (n=86), 24.7% (n=39) and 9.7% (n=6) for 

Amhara, Oromiya SNNPR and Tigray regions in a decreasing order respectively. Even though the 
rate is not indicated Nibret et al., (2012) showed that teat lesion and/or tick infestation had significant 

effect on the prevalence of mastitis. On the other hand this study also showed that mastitis occurrence 

was colossal (62.6%) on high milk producer cows than low producers 5.4% which  was also true for 

Amhara, Oromiya, SNNPR and Tigray regions representing about 77.5%, 68.8%, 53.4% and 25% 
respectively. Generally this study revealed that very few farmers 4.8% performed CMT for their cows 

and even though with low performance, about 6.8% of the farmers in Amhara and 7% in Oromiya 

were the only ones conducted this activity. The study revealed also, about 3%, 1%, and 0.1% of the 
CMT was performed by veterinarians, owners and veterinary lab technicians respectively. On the 

other hand only 1.3% of the sample was taken for bacteriological examination and only the result of 

1% of the sample submitted were known by the submitter. According to Karin et al., (2002) the 
cleaning of udder and teats before milking contributes to the image of hygienic food production. Teat 

and udder surfaces belong to the main sources of bacteria in raw milk. Therefore appropriate cleaning 

procedures are necessary to reduce the microbial contamination of raw milk. In this study it has been 

observed that the majority 71.9% (n=506) wash the udder of the cow before milking while the rest 
28.1% (n=198) did not do the same. This scenario is alike for all regions that majority perform the 

activity representing 83.1%, 64.6%, 63% and 27.4% for Oromiya, SNNPR, Amhara and Tigray 

regions in decreasing order respectively. As per the study conducted by Mekibib, et al., (2010), udder 
hygiene condition is one of the determinant factors for the occurrence of mastitis. On the other hand 

higher rate than our finding was indicated by Byarugaba, et al., (2008) who in their study conducted 

on milking cows encountered that about 95% of the owners washed or cleaned udder before milking. 

However in this study 54.9% of the respondents responded that they did not dry the udder after 
washing while (45.1%) (n= 284) do the reverse and from these, about 36.9% (225) use the same towel 

for drying. In this study it was also observed that 42.5%, 74.5% and 85.5% respondents in Oromiya, 

SNNPR and Tigray regions respectively did not dry the udder after washing and 85.2% of 
respondents in Amhara, 62.6% in Oromyia and 80.1% in SNNPR use the same towel for drying the 

udder. As per the study conducted by Zeryehun et al., (2013) 62.9 % owners of the cow use towel for 

drying is much higher than our finding.  

 
The study also revealed that majority (49.1%) (n= 317) of the respondents didn’t milk their mastitic 

cow at last which was the same for Ormiya (50.3%), SNNPR (53.4%) and Tigray (75.8%) regions. 
However in Amhara region it has observed that about 73.2% the respondents milk the mastitic cow at 

last. In this study it has observed majority (81%) the respondents did not followed the normal milking 

procedure which were the same for Amhara, Oromiya, SNNPR, and Tigray representing 95.9%, 71%, 
91.9% and 98.4%. Our finding is higher than the finding of Byarugaba, et al., (2008) who indicated 

that about 66.7% of the respondents did not follow any particular order of milking.  

  
From the rest of the risk factors considered in this study, the condition of the house was the one where 

about 44.6% of the floor type were soil earth which was covered by dung while 23.5% was irregular 

soil sheet, 23.6% concrete covered and 8.3% wooden. About 46.6% of the floor was sloppy while 

53.4% was leveled. One of the significant risk factor for mastitis occurrence prevalence as indicated 
by Stanly et al., (2012) were floor type, herd size, sanitation of stables and season of the year.  

 
Table 4. Questionnaire based previous mastitis occurrence by breed of cows 
 

Region Breed 

Occurrence of previous mastitis 
Total 

P=value Occurred Not occurred 

N % N % N 

Amhara 

Local 3 27.3% 8 72.7% 11  
0.527 
 

Cross 18 32.1% 38 67.9% 56 

Total 21 31.3% 46 68.7% 67 

Oromiya 
Local 112 60.9% 72 39.1% 184  

0.06 Cross 87 47.3% 97 52.7% 184 



132 

 

Total 199 54.1% 169 45.9% 368  

SNNPR 

Local 53 63.9% 30 36.1% 83 
 
0.000 

Cross 25 32.9% 51 67.1% 76 

Total 78 49.1% 81 50.9% 159 

Tigray 

Local 2 25.0% 6 75.0% 8 

0.68 Cross 17 63.0% 10 37.0% 27 

Total 19 54.3% 16 45.7% 35 

Overalll 

Local 170 59.4% 116 40.6% 286 

0.000 Cross 147 42.9% 196 57.1% 343 

Total 317 50.4% 312 49.6% 629 

 
This study indicated an overall previous mastitis prevalence of 50.4% (n=317) which with statistically 

significantly difference (p<0.05) dominantly occurred on local breeds 59.4% (n=170) than cross 

breeds 42.9% (n=147). However in Amhara and Tigray regions a prevalence of 31.1% (n=18) and 
63% (n=17) were respectively observed on cross breed and local breeds. However no statistically 

significant difference (P>0.05) was seen among the two breeds (Table 4). With regard to the overall 

prevalence, our result is lower than the finding by Mekibib, et al., (2010) and Zeryehun et al., (2013) 

who in their study encountered a prevalence of mastitis of 71.0% and 74.7% respectively. However 
Yien et al., (2015) and Biressaw, et al., (2015) encountered about 39.5% and 42 % prevalence 

respectively which is lower than our finding.  

 
Higher prevalence was observed in urban area 56.6% (n=182) followed by peri urban 45.9% (n=83) 

and rural area 43.9% (n= 87). However previous mastitis was occurred dominantly in periurban areas 

of Oromiya 57% (n=93), SNNPR 52.4% (n=33) and Tigray 74.5% (n=38) regions whereas 47.2% 
(n=17) occurred in rural areas of Amhara region (Table 5).  

 
Table 5. Questionnaire based previous mastitis occurrence by farm location 
 

Region 
Farm 
location 

Mastitis Occurrence y 
Total 

Occurred Not occurred 

N % N % N % 

Amhara 

Urban 4 19.00% 17 81.00% 21 100.00% 

Periurban 3 20.00% 12 80.00% 15 100.00% 

Rural 17 47.20% 19 52.80% 36 100.00% 

Total 24 33.30% 48 66.6 72 100.00% 

Oromiya 

Urban 40 45.40% 48 54.50% 88 100.00% 

Periurban 93 57% 70 42.9% 163 100.00% 

Rural 36 42.00% 48 57.14% 84 100.00% 

Total 169 50.4% 166 49.5% 335 100.00% 

SNNPR 

Urban 26 48.10% 28 51.90% 54 100.00% 

Periurban 33 52.40% 30 47.60% 63 100.00% 

Rural 20 45.50% 24 54.50% 44 100.00% 

Total 79 49.06 82 50.9 161 100.00% 

Tigray 

Urban 7 70.00% 3 30.00% 10 100.00% 

Periurban 38 74.50% 13 25.50% 51 100.00% 

Total 45 73.70% 16 26.2 61 100.00% 

Total Rural 87 43.90% 111 56.10% 198 100.00% 
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Urban 182 55.6% 145 44.3% 327 100.00% 

Periurban 83 45.90% 98 54.10% 181 100.00% 

Overall 317 50.3% 312 49.6% 629 100.00% 

 
The overall prevalence of subclinical mastitis by CMT was 45.5% (n=368). This is similar with the 
finding of Mekibib, et al., (2010) who indicated a prevalence of 48.6%. However our finding was  

higher than the finding of  Nibret et al., (2011), Elbably, et al., (2011), Nibret et al., (2012) , Mesele 

et al., (2012), Yien et al., (2015), Biressaw, et al., (2015) and Rediet et al., (2013) who in their study 

conducted in different parts of the country indicated a prevalence of 1.67%, 33.05%, 30.6%, 8.6%, 
33.6%,  36.7 % and 33.6% respectively. On the other hand our finding showed lower prevalence rate 

when compared with the finding of  Almaw et al., (2009), Byarugaba, et al., (2008), Argaw and 

Tolosa (2007) and Zeryehun et al.,(2013) who in their study found a prevalence subclinical mastitis of 
25.22%, 60.7%, 89.54% and 55.1% respectively. 

There was highly statistically significant difference (x2= 64.24) (P<0.05) in the prevalence of 

subclinical mastitis among local breed cows 21.5% (n=45) and cross breed cows 53.7% (n=316). 
However, statistically significant difference (x2= 1.557) (P>0.05) was not observed among the two 

breeds only in Amhara region vis a vis the rest of the regions (p<0.05). The study also indicated cross 

breed dairy cows are more susceptible for subclinical mastitis than the local ones (Table 6). Even 

though the higher rate was encountered with regard to cross breed in our finding  Nibret et al., (2011) 
indicated a prevalence of subclinical mastitis about 34.72% , 17.54% in cross breeds and in 

indigenous zebu respectively. However similar to our result, Asamenew, et la., (2013) encountered a 

prevalence of 52.4% of sub clinical mastitis on cross breed dairy cows.  
 
Table 6. Subclinical mastitis prevalence by breed 
 

Region Breed 
CMT result 

Total X2 p-value 
Negative positive 

Amhara Local 12(54.5%) 10(45.5%) 22(100.0%) 1.557 0.212 

 Cross 110(40.9%) 159(59.1%) 269(100.0%)   

 Total 122(41.9%) 169(58.1%) 291(100.0%)   
Oromia Local 112(88.2%) 25 (19.6%) 137(100.0%) 49.143 0.0 

 Cross 148(52.1%) 136(47.9%) 284(100.0%)   

 Total 260(63.3%) 151(36.7%) 411(100.0%)   
SNNPR Local 40(66.7%) 20(33.3%) 60(100.0%) 5.747 0.017 

 Cross 15(41.7%) 21(58.3%) 36(100.0%)   

 Total 55(57.3%) 41(42.7%) 96(100.0%)   
Total Local 164(78.5%) 45(21.5%) 209(100.0%) 64.240 0.0 

 Cross 273(46.3%) 316(53.7%) 589(100.0%)   

 Total 437(54.8%) 361(45.2%) 808(100.0%)   
 

Subclinical mastitis prevalence was evaluated against the farm location. Higher prevalence 49.1% 

(n=217) was observed in urban areas than peri urban 41.3% (n=151) areas. However there was no 

statistically significant difference (x2= 4.96) (p>0.05) among the two farm locations. In this study with 
no statistically significant difference (x2= 0.085) (p>0.05), only SNNPR region showed a prevalence 

of subclinical mastitis dominating in periurban areas 43.8% (n=28) than urban areas 40.6% (n=13) 

(Table 7). 
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Table 7. Prevalence of sub clinical mastitis by CMT on different farm location 
 

Region Farm location 
CMT result 

Total X2 p-value 
Negative Positive 

Amhara 

Urban 60 (36.4%) 105(63.6%) 165 

4.011 0.47 Peri urban 65(47.8%) 71(52.2%) 136 

Total 125(41.5%) 176(58.5%) 301 

Oromia 

Urban 146(59.6%) 99(40.4%) 245 

3.512 0.076 Peri urban 114(68.7%) 52(31.3%) 166 

Total 260(63.2%) 151(36.7%) 411 

SNNPR 
Urban 19(59.4%) 13(40.6%) 32 

0.085 0.829 Peri urban 36(56.2%) 28(43.8%) 64 

Total 55(57.29%) 41(42.7%) 96 

Total 

Urban 225(50.9%) 217(49.1%) 442 

4.96 0.26 Peri urban 215(58.7%) 151(41.3%) 366 

Total 440(54.4%) 368(45.5%) 808 

 
From a total of 808 dairy cows examined for clinical examination an overall prevalence of 11.2% 

(n=89) was observed in this study which is similar with the finding of Elbably, et al., (2011)  who 

indicated an overall prevalence of clinical mastitis of 9.87%. However or result is far beyond the 

findings of Nibret et al., (2011), Nibret et al., (2012),  Yien et al., (2015), Rediet et al., (2013) and 
Biressaw, et al., (2015) who in their study conducted in different parts of the country encountered a 

prevalence of  0.935, 4.9%, 5.9%,  5.9% and  5.3 % respectively and  inversely Mekibib, et al., (2010) 

and  Mesele et al., (2012) encountered higher  prevalence of    clinical mastitis of 22.4%  and 28.6% 
respectively when compared to our finding. With statistically significant difference (x2= 21.931) 

(p<0.05), higher prevalence 14.3% (n=84) was observed on cross breed cows than local breed 2.4% 

(n=5). However no statistically significant difference (x2= 0.115) (p>0.05) in the clinical mastitis 

prevalence 22.7% (n=5) among local breeds and 26% (n=70) cross breed were observed in Amhara 
region while also in SNNPR no statistically significant difference (x2= 1.684) (p>0.194) in the 

prevalence of 0% (n=0) among local and cross breed 2.8% (n=1) was observed (Table 8)  

 
Table 8 Prevalence of clinical mastitis by breed  
  

Region Breed 
Clinical mastitis 

Total X2 P-value 
Negative Positive 

Amhara Local 17 (77.3%) 5 (22.7%) 22 (100.0%) 0.115 0.734 

 Cross 199 (74.0%) 70 (26.0%) 269 (100.0%)   

 Total 216 (74.2%) 75 (25.8%) 291 (100.0%)   

Oromia Local 127 (100.0%) 10 (7.8%) 137 (100.0%) 6.003 0.014 

 Cross 271 (95.4%) 13 (4.6%) 284 (100.0%)   

 Total 398 (96.8%) 13 (3.2%) 411 (100.0%)   

SNNPR Local 60 (100.0%) 0 (0.0%) 60 (100.0%) 1.684 0.194 

 Cross 35 (97.2%) 1 (2.8%) 36 (100.0%)   

 Total 95 (99.0%) 1 (1.0%) 96 (100.0%)   
Total Local 204 (97.6%) 5 (2.4%) 209 (100.0%) 21.931 0.0 

 Cross 505 (85.7%) 84 (14.3%) 589 (100.0%)   

 Total 709 (88.8%) 89 (11.2%) 808 (100.0%)   

 
Clinical mastitis has been also evaluated against farm location in all study regions. With statistically 

significant difference (x2 = 5.85) (p<0.05) the higher prevalence was observed in urban areas 13.6% 

(n=60) than in peri urban areas 8.2% (n=30) which was also the same for all regions. However there 
was no statistically significant difference (x2 = 0.516) (p>0.05) in Oromiya region and in SNNPR (x2 

= 5.85) (p>0.05) among the two farm locations (Table 9).  
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Table 9. Prevalence of clinical mastitis by farm location 
 

Region Farm location 
Clinical mastitis Total 

X2 p- value 
Negative positive  

Amhara Urban 115 (69.7%) 50(30.3%) 165(100.0%) 4.492 0.026 

 Peri urban 110(80.9%) 26(19.1%) 136(100.0%)   

 Total 225(74.8%) 76(25.2%) 301(100.0%)   

Oromia Urban 236(96.3%) 9(3.7%) 245(100.0%) 0.516 0.473 

 Peri urban 162(97.6%) 4(2.4%) 166(100.0%)   

 Total 398(96.8%) 13(3.2%) 411(100.0%)   

SNNPR Urban 31(96.9%) 1(3.1%) 32(100.0%) 2.021 0.155 

 Peri urban 64(100.0%) 0 64(100.0%)   

 Total 95(99.0%) 1(1.0%) 96(100.0%)   
Total Urban 382(86.4%) 60(13.6%) 442(100.0%) 5.85 0.016 

 Peri urban 336(91.8%) 30(8.2%) 366(100.0%)   

 Total 718 (88.9%) 90(11.2%) 808 (100.0%)   

 
Different factors considered as a risk for this study were evaluated against the occurrence of mastitis. 

However the statistical analysis revealed that breed of selected cow,  parity, tick infestation, teat 

lesion, milking mastitic cow last and manure removal had statistically significant (p<0.05) .05) effects 
on prevalence of mastitis (Table 10) our result coincides with the finding of Asamenew, et al., (2013). 

Nibret et al., (2011) for breed and parity while for teat lesion and tick infestation our finding coincides 

with Nibret et al., (2012), who in their study authenticated that these factors have a significant effect 

on the prevalence of mastitis.  
 

Table 10. Risk factor analysis for mastitis 
 

 Chi-Square df Sig. 

Intercept 0.000 0 . 

region 0.023 1 0.880 

Farm location 0.682 2 0.711 

Farming system 2.039 2 0.361 

Breed ofselected cow 10.292 1 0.001 

Cowage 18.697 11 0.067 

Parity 19.859 8 0.011 
Tick infestation 9.932 1 0.002 

Teat lesion 15.490 1 0.000 

Udder washing 3.328 1 0.068 

Drying after washing 0.036 1 0.851 

Use of the same towl 0.586 1 0.444 

Milking mastitic cow last 7.872 1 0.005 

Milking procedure 0.465 1 0.495 

Floor type 13.593 3 0.004 

Floor level 0.736 1 0.391 
Manure removal 6.035 2 0.049 

 

Conclusion and recommendation 
Dairy cows in all regions had both types of mastitis when these problems proofed by clinical 
examination and chemical test it was dominantly occurred in cross breed dairy cows than local 

endogenous cows and in urban areas than peri urban areas for which breed of selected cow, parity, 

tick infestation, teat lesion, milking mastitic cow last and manure removal had significant effect. 

Therefore awareness creation on prevention and control measures among the farmers is indispensable. 
In addition considering the possible significant economic losses that could be incurred by both clinical 

and subclinical mastitis, attention should be paid for further detailed investigation and control 

measures.   
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Assessment of Post-Harvest Loss of Milk and Milk Products and 
Traditional Mitigation Systems in Ethiopia 

Kassahun Melesse, Habtamu Abera, Tsedey Azeze, Alganesh Tola, Bilatu Agza, Firew Kassa, 

Shewangizaw Wolde, Adebabay Kebede, Tsadikan Zegeye, Daniel Seyoum, Adey Melesse, 

Tewodros Bimrew, Aemiro Kehaliw, Rahel Nebyu, Binyam Kassa, Terefe Taye 

Introduction   
The total livestock population of the country is estimated to be 56.7 million cattle, 29.3 million sheep, 
29.1 million goats, 2 million horse, 7.4 million donkey, 0.4 million mule, 1.2 million camel and 56.9 

million poultry. Out of the total cattle population, about 98.7 % are indigenous while hybrid and 

exotic breeds accounted for about 1.2% and 0.14%, respectively (CSA, 2014). Despite the existing 
high potential for dairy development due to huge livestock resources and vast climatic conditions, the 

performance of the dairy industry in Ethiopia has not been encouraging when evaluated even against 

the dairy performance of Eastern African countries. However, an increase in the global population 

coupled with the increasing demands for milk as an economic food and as an industrial raw food 
product has necessitated an increase in production by dairy farms (Habtamu et al., 2012). The demand 

in consumption of milk and milk product is steadily increasing in the country. Given the considerable 

potential for smallholder income and employment generation from high-value dairy products (Staal, 
2002), the development of the dairy sector, can significantly contribute to poverty alleviation and 

nutrition in the country.  

 
Milk spoilage is a major problem of the dairy sector in tropical countries. The high temperature 

coupled with absence of cooling facilities and adequate transportation means hasten the spoilage of 

the milk produced in this area (O’Mahoney and Peters, 1987). In Ethiopia the rural milk production 

system accounts for about 97% of the total milk production in the country where it is difficult to 
transport the raw milk to the market areas or to the processing plants due to poor infrastructure (Staal 

and Shapiro, 1996). Only about 5 % of the milk will be reached to the market areas and the rest of the 

milk is processed at the farm into different dairy products. A significant amount of milk is spoiled due 
to the absence of cold storage facility such as refrigeration. 

 

To mitigate post-harvest milk losses different methods have been practiced by small scale milk 
producing households. Milk processing is one of the mitigation systems used to minimize the loss of 

raw milk especially in areas where infrastructure is underdeveloped to sale raw milk. Assessment of 

the quality of traded milk and milk products has shown that value addition through small-scale 

processing is important for income generation and reduction of post-harvest losses (Lusato, 2006). 
Fumigation of milk handling equipments using different herbs is another alternative for minimizing 

post-harvest losses. On the other hand, adding plant materials directly to the milk products is also 

used by small scale milk producers and processors in order to alleviate the problem of milk and milk 
products spoilage before consumption. However, there are other means of post harvest milk loss 

mitigation systems which should be studied, documented and introduced to other parts of the country, 

hence, the proportion of milk spoiled due to several reasons is not studied well and documented in 

Ethiopia. Therefore, the objectives of the present study are to assess traditional production, handling 
and processing and estimation of postharvest loss of milk and traditional mitigation system in small-

scale dairying.  

 

Materials and Methods 
Study areas 
The study were  conducted in Ada’a, Lume, Debre Birhan, Fitche, Wolemera, Nekemte, Wolayita, 

Yirgalem, Jijiga, Mekele, Shashemene, Bahir Dar, and Hawassa districts of Ethiopia. These study 

areas were purposefully selected based on accessibility and presence of nearby research centers. Multi 
stage stratified random sampling method was employed to select locations within districts and 

households. Semi-structured questionnaire were used to interviews 849 milk producers (Ada’a (75), 

Lum (55), Debre Birhan (97), Fitche (102), Holeta (92), Nekemte (30), Wolayita (30), Yirgalem (29), 
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Jijiga (80), Mekele (73), Shashemende (85) Bahir Dar (76), and Hawassa (25)) focusing on different 

aspects of milk production and utilization, milk processing methods and handling of milk and milk 

products, milk spoilage problems and amount of milk spoiled due to different reasons, milk  
postharvest loss mitigation system, plant materials used for mitigate milk spoilage, prices of milk and 

butter and production, processing and marketing constraints. The questionnaire were prepared in 

English and tested in the pilot areas and necessary adjustments were made before actual data 

collection. Then the questionnaire was translated in local languages for easy administration. 
Enumerators were selected from the study areas and training was organized for one day to brief them 

on the ways of data collection. Then, formal surveys were conducted by interviewing the household 

heads of the selected milk producing households.  

 

Data analysis 
Descriptive statistics was employed for qualitative data using Statistical Procedures for Social 

Sciences (SPSS) version 20 (SPSS, 2011), for quantitative data the General Linear Model (GLM) of 

the Statistical Analysis System (SAS) was employed (SAS, 2004).  

 
Result and Discussion 
Household Characteristics 
The overall mean household size was 6.9±1.4 persons per household (Table 1) and it is lower than 
7.6±2.9 and 8.6±2.7 persons per household reported by Ike et al. (2005). High numbers of family size 

were identified in Debre Birhan (12.8), Bahir Dar (7.09), Hawassa (8.1) and Jijiga (7.3). The family 

size of Hawassa was slightly higher than previous report (7.1 persons per household) in the same area 
(Tegegne et al., 2013). However the average family size of Bahir Dar was 8.2 persons per household 

which was slightly higher than the report of Asaminew and Eyasu (2009). The overall mean value was 

still greater than the national estimated values of 5.1 (CACC, 2009) and 6.4 persons per household 

(Randall et al., 2008). High family is important in the dairying households for the contribution of 
labor for different dairy activities (Tegegne et al., 2013).  

The average age of respondents in the study locations was 43 years, and ranged from 39 years in 

Nekemte to 48 years in Bahir Dar implying that dairying is mainly done by people of productive age 
group. According to Mwambene et al., (2012), the involvement of active working age group is crucial 

for the sustainable development of the dairy sector. About 56.0 – 79.3% of households were headed 

by males and the rest by females. The educational level attained by the majority of the household 
heads was majorly falls between elementary and secondary school. It is known that the level of 

education of households can have an effect on the production and handling of milk and its products. 

The average proportion of illiterate was 17.8%, and higher in Wolayita (43.3%) and Jijiga (40%). 

Tegegne et al., (2013) reported that illiterate was higher in rural parts of Ethiopia when compared 
with urban and peri-urban areas in dairy production.  
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Table 1. Socio-economic characteristics of the households in the study areas 
 

Parameter Ada’a Lume 
Debre 
Birhan 

Fitche Holeta Nekemet Wolayita 
Bahar 
Dar 

Yirg 
alem 

Hawasa Tigray Jijiag Overall 

Education   

Degree & above 
(%) 

1.3 - 1.1 3.3 3.4 4.4 - - 3.4 8 2.5 - 3.4 

Diploma (%) 5.3 3.6 1.1 17.6 6.8 13.3 6.7 4.6 6.9 8 2.5 2.5 6.6 

Certificate (%) 13.3 9.1 12.9 2.2 1.1 4.4 3.3 - 3.4 4 0 3.8 5.2 

Secondary school 
(%) 

33.3 27.3 19.3 19.8 31.8 33.3 30.0 18.6 34.5 32 8.9 3.8 24.4 

Elementary school 
(%) 

30.7 40.0 34.1 25.3 29.5 28.9 16.7 39.5 27.6 16 36.7 11.2 28.0 

Read & Write (%) 8.0 7.3 29.5 12.1 13.6 - - 13.9 6.9 24 26.6 46.3 18.8 

Illiterate (%) 8.0 12.7 11.4 19.8 13.6 15.6 43.3 23.26 17.2 8 22.8 40 19.6 

Average family size 

Mean 5.8 5.7 12.8 5.1 5.8 5.4 6.8 7.1 6.8 8.1 5.7 7.3 6.9 

SE 0.23 0.29 6.76 0.33 0.21 0.34 2.63 2.86 0.36 0.60 0.204 1.5 1.4 

Age of respondents (years) 

Mean - - 43.05 46.23 45.01 39.53 44.77 48.46 42.76 42.80 43.67 34.4 43.1 

SE - - 0.88 1.84 1.42 2.2 2.71 2.60 2.52 1.61 1.26 2.7 2.9 

 

Division of Labor in Milk Handling, Processing and Marketing in Ethiopia 
According to the present study 66.3%, 76.3%, 67.2% and 64.3% of the respondents in study areas 

reported that milking, milk handling, processing and marketing were primarily handled by wives 
(Table 2). The present results agree with Minale and Yilkal (2015) who reported that in Chencha and 

Kucha districts of South Ethiopia women took highest position in processing of milk. Similar findings 

reported by Asaminew and Eyassu (2009) where highest share of milk processing is accountable to 
women (71.98%). In Bahir Dar area milking was primarily (64.3%) handled by Husbands and milk 

processing was the responsibility of wives (97.6%). Similarly in the rural highland dairy system of 

Fogera and Bure, most of the time (97%) milking is the responsibility of adult males followed by 
women, boys and hired labour (Tegegne et al., 2013). However, Alganesh (2002) reported that 

women exclusively do milking and processing of milk into different products and men never milk the 

cows in East Wollega zones. Nicholson et al. (1999) also reported that women or female household 

heads spent more than 70% of their time in processing dairy products. Similarly, in urban and peri-
urban of shashemen-Dilla milk shed milking is mainly handled by women (79.3%) followed by hired 

labour (9.3%), while the role of men and children is insignificant (Tegegne et al; 2013). Other earlier 

reports also indicated that milking is predominantly handled by household wives and/or adult female 
members of the family (Kedija et al., 2007; Sintayehu, 2008)   
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Table.2 Gender analysis (division of labor among family members) on milking, milk handling, processing and marketing 
 

Activity 
description 

Ada'
a 

(%) 

Jijig
a 

(%) 

Lum
e 

(%) 

Debre 
Birhan 

(%) 

Fitch
e 

(%) 

Welme
ra 

(%) 

Nekem
te 

(%) 

Wolayi
ta 

(%) 

Bahir Dar 
Zuria 

(%) 

Hawas
sa 

(%) 

Yirgale
m 

(%) 

Tigra
y 

(%) 

Over 
all 

(%) 

Milking 
             

Husband 6.7 7.5 20.0 45.6 30.8 35.9 8.5 0.0 64.3 4.0 - 75.9 27.2 

Wife 26.7 
96.
3 

36.4 89.9 59.2 78.9 72.3 100.0 38.1 88.0 93.1 16.5 66.3 

Both wife 
&husband 

22.7 1.9 9.1 - - - - 3.3 19.0 4.0 - 49.4 15.6 

Sons and 
daughters 

2.7 
31.
9 

- 30.0 10.0 37.1 19.2 70.0 2.4 4.0 6.9 17.7 21.1 

Milk handling 
             

Husband 9.3 7.5 14.5 15.0 - 45.0 14.9 43.3 31.0 8.0 - 17.7 20.6 

Wife 36.0 
96.
3 

36.4 91.0 - 78.7 70.0 90.0 95.2 76.0 89.7 79.5 76.3 

Husband and 

wife 
16.0 0.0 12.7 - - - - 40.0 11.9 4.0 20.7 29.1 16.8 

Sons and 
daughters 

6.7 
23.
8 

12.7 43.8 - 46.1 31.1 66.7 14.3 20.0 3.4 5.1 24.9 

Milk processing 
             

Husband 2.7 0.0 3.6 7.9 - 9.0 6.4 0.0 21.3 - - 12.7 15.5 

Wife 46.7 
96.

3 
41.8 71.9 - 55.1 80.9 90.0 97.6 - 3.4 88.6 67.2 

Husband and 
wife  

38.
8           

38.8 

Sons and 

daughters 
6.7 - 16.4 51.7 - 27.8 23.4 73.3 7.1 84.0 100.0 12.7 40.3 

Marketing 
             

Husband 14.7 0.0 12.7 40.5 - 50.6 21.3 10.0 31.0 8.0 - 54.4 24.3 

Wife 26.7 
96.
3 

27.3 68.5 - 68.5 76.6 90.0 45.2 72.0 79.3 57.1 64.3 

Both wife 

&husband 
12.0 0.0 16.4 - - - - 10.0 26.2 4.0 - 15.2 12.0 

Sons and 
daughters 

8.0 
28.
2 

7.3 48.3 - 69.7 23.4 56.7 11.9 4.0 
 

5.1 26.3 

 

Colostrum and its utilization 
Majority of respondents were reported that colostrum is utilized for calves (Table 3). In the current 

study 80.4% of respondents provide colostrum for calves. The amount of colostrum provided to 

calves at birth significantly influences pre-pubertal growth rate. Colostrum ingestion in ruminants is 

the way to get maternal antibodies (Bogin et al., 1993; Lombardi et al., 1996). Calves start suckling 
soon after birth, and the absorption of immunoglobulin (Ig) lasts up to 24 hours (www.ajas.info.)  

 In the study areas of Debere Birhan (29.21%), Hawassa (24%) and Yirgalem (27.6%) colostrums was 

used for human consumption next to calve feeding. In addition to providing colostrums for calves and 
human consumption, colostrums was also feed for pet animals and used for processing in Ada’a, 

Lume and Tigray. In Tigray (75.9%) of colostrums is equally used for calves and for human 

consumption. Colostrum is utilized 95.7% for calves and 2.1 % for human consumption, however, 
95.7 % of respondents were reported do not sale colostrum, alone and even mixing with other and 

processing in Nekemte areas. This indicates that smallholder know the importance of colostrum as 

calf feed. However, most respondents stated that days of colostrum feeding are often determined by 

the status of the cow. If the dam calves for first time, the dam will not be milked for 7-8 days and if 
the dam calves more than one time, the dam will not be milked for 1-3 days. In wolayita area about 

60% of respondents did not milk the cow for more than 5 days (Figure 1). 
 



 

141 

 

Table 3. Major purpose of colostrum (% of respondents) 
 

Purpose 
Ada’a 
(N = 
75) 

Lume 
(N = 
55) 

Debre 
Birhan(97) 

Welmera 
(N= 90) 

Nekemte 
(N = 30) 

Bahir 
Dar 
Zuria 
(N=76) 

Hawassa 
(N=25) 

Yirgalem 
(N=29) 

Tigray 
(N=42) 

Over 
all 

Used for 
calves 

65.3 78.2 98.89 100 95.7 81 80 100 24.1 80.4 

Human 
consumption 

5.3 1.8 29.21  2.1 19 24 27.6  15.6 

Pet animals 6.7 7.3 - -  - - - 1.26 5.1 
Used for 
calves and 
processing 

14.7 3.6 - -  - - -  9.2 

Used for 
calves and 
human 
consumption 

9.3 9.1 - -  - - - 75.9 31.4 

 

 

Figure 1. Days of colostrum milk not used by households 

 
 

Milk and Milk Product Utilization 
The utilization of milk for different purposes in the dairying households is presented in Table 4. 
According to the current study, about 1 liter of fresh whole milk per day was used for home 

consumption and 2.25 liter of milk used per day for calf rearing. Even though Ethiopia has the largest 

inventory of milk producing animals, (cattle, sheep, goats and camels), per capita consumption of 
milk is low compared to neboughring countries such as with Kenya with fewer livestock and Sudan 

(Land O’Lakes, 2010). The average fresh whole milk consumption per week of Nekemte, Hawassa, 

Bahair Dar, Deber Birhan and Tigary were 8.2, 15.7, 8.7, 7 and 8.9 litter, respectively. The present 

results indicated that consumption of fresh whole milk were different from place to place in Ethiopia 
and depend on number milking cows, level of milk production, and household economics status. 

Alganesh (2002) reported that consumption of any of the dairy products generally depends on number 

of milking cows and wealth status of the farm family. Other milk and milk products consumed per 
week are fermented milk, butter milk, cottage cheese, butter and whey in the amount of 1.9, 2.2, 1.5, 

0.97 and 0.47 kg, respectively. Fermented milk, butter and cottage cheese consumptions are higher in 

Bahir Dar, Hawassa and Nekemte. 
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Table 4. Amount of milk and milk products consumed by the household by location (Mean±SE) 
 

Study areas Milk used 
per day for 
calf rearing 

(Lit) 

Fresh 
whole milk 
consumed 
per week 

(Lit) 

Fermented 
milk 

consumed 
per week 

(Lit) 

Butter milk 
consumed 
per week 

(Lit) 

Cottage 
cheese 

consumed 
per week 

(Kg) 

Butter 
consumed 
per week 

(Kg) 

Whey 
consumed 
per week 

(Kg) 

Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE 

Ada’a (N = 75) 3.4 1.2 4.8 0.7 2.7 0.7 1.9 0.8 1.4 0.1 0.4 0.0 1.8 0.1 

Lume (N = 55) 2.5 1.2 5.2 0.5 4.7 0.3 4.6 0.9 4.0 0.3 1.1 0.3 1.9 0.8 

Debre Birhan (97) 2.3 0.2 7.0 0.6 2.2 0.3 0.9 0.2 1.2 0.2 0.1 0.0 0.6 0.2 

Fitche (N= 102) 2.4 0.2 2.4 0.2 1.1 0.4 0.2 0.2 0.7 0.2 0.3 0.1 0.1 0.0 

Welmera (N= 90) 2.3 0.3 6.4 0.3 0.4 0.6 0.0 0.0 0.2 0.1 0.3 0.1 0.1 0.0 

Nekemte (N = 30) 1.9 0.2 8.2 2.1 6.5 1.1 4.8 1.1 4.1 0.9 2.2 0.9 7.0 1.2 

Wolayita (N = 30) 1.7 0.2 4.7 0.3 1.0 0.1 2.3 0.8 3.0 0.7 0.4 0.0 1.5 1.1 

Bahir Dar (N=76) 1.3 0.1 8.7 0.5 3.8 0.4 4.9 0.6 1.9 0.7 0.6 0.1 - - 
Hawassa (N=25) 2.7 0.5 15.7 2.5 8.6 1.6 0.0 0.0 7.0 0.9 10.0 2.3 - - 

Yirgalem (N=29) 0.8 0.1 4.3 0.2 10.9 2.1 0.1 0.0 0.0 0.0 9.5 1.6 - - 

Tigray (N=42) 3.3 0.2 8.9 0.8 1.0 0.1 2.5 0.3 1.2 0.1 0.2 0.0 2.7 0.3 

Over all 2.3 0.6 6.9 0.5 3.9 0.2 2.0 0.2 2.2 0.5 2.3 0.3 1.4 0.5 

 

Materials used for milking and milk fermentation 
Milk handling equipments and the proportion of dairying households used the equipments is presented 

in Figure 2. The majority of respondents (70%) used plastic bucket for milking while clay pot were 

used for milking (18.3%) and stainless steel (5%). Zelalem Yilam (2010) reported that 81% and 3.4% 
of the respondents from ten dairy potential areas in the Ethiopia highlands used plastic jars and 

stainless equipment’s, respectively, while 6.6% of them used clay pot. Other study also reported that 

72.2% of the respondents in Mid Rift Valley area of the country used plastic bucket and 17.0% 

metallic equipment for milking purpose (Fikernehe et al., 2012). Tegegn et al., (2013) reported that in 
the rural highland production system of Bure and Fogera areas most farmers used gourds for milking 

and in the urban dairy production system most dairy farmers (92%) used plastic utensils. Abebe et al., 

(2013) reported that almost all of milk producing households used plasic jar for milking, while 92% 
used clay pot for storage of milk until the desired volume is collected for processing. Similarly, 

Wondu (2007) reported that 88% of small-scale producers in Southern Ethiopia used traditional clay 

pot for fermentation and butter-making. According to Abebe et al., (2013) clay pot keeps milk well at 
the prevailing high ambient temperature as compared to plastic containers. On the other hand, Minale 

and Yilkal, (2015) indicated the majority (92.5%) and  (97%) of the milk producing households in 

Chencha and Kucha districts of Southern Ethiopia  used clay pot for storage of milk to extract butter. 

Likewise, Sintayehu et al., (2008) reported the majority (92%) of urban producers used plastic milk 
utensils and about 43.3% of the rural producers used clay pot and plastics, while few (12.5%) farmers 

used locally made grass utensils. According to the same author the majority (96.5%) of dairy 

producers used traditional churning material made from clay pot while the rest used wooden, ‘Qil and 
metal. Abebe et al., (2013) reported that equipment used for milking, processing and storage 

determines the quality of milk and milk products. 
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Figure 2. Materials used for milking purpose 

 
Figure 3 shows materials used for fermentation purpose in the studied areas. For milk fermentation 
purpose 46.3% of producers used plastic bucket and 43.7% of producers used clay pot. Other 

producers in the study areas used stainless steel (5.8%) and “Qil” (10.8%) for milk fermentation. In 

contrary to this study, According to Shewangizaw and Addisu (2014) report materials used for milk 
and milk fermentation was primarily clay pot and secondly plastic bucket. Yitaye (2008) also reported 

that majority of the peri-urban producers used gourd (69%) and the rest (48%) used clay pot utensils. 

Similarly Fikirnehe et al, (2012) also reported that traditional equipments such as clay pot, gourd and 

“Qil” were used for milking, processing, storing and fermentation. The same author revealed that in 
addition to traditional equipments about 31.5% (9.45% in rural verses 22.0% in peri-urban system) 

and 12.0% (3.2% in rural verses 8.8% in peri-urban system) farmers were using plastic and metallic 

equipments for the storage or fermentation of milk.  

 

 

Figure 3. Materials used for milk fermentation purpose 

Milk products preservation and shelf life  
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The overall mean duration of milk fermentation/souring before churning were 3.24±1.4. Similar 
trends reported in semi-arid Borana plateau of Ethiopia where milking is typically stored to produce 

fermented milk for five days (Alganesh, 2002). In this study the majority of interviewees (82.6%) rub 

their milking equipments for washing and flavoring their milk containers. After washing the milk 
containers, 78% of the respondents undergo the practice of fumigation (Figure 4).  

 

Figure 3. Practice of fumigation and cleaning of milk utensils  

 
The reasons for practicing fumigations were for improving flavor (49.7%), increasing shelf life 

(29.9%) and both flavor improvement and shelf life extension (36.1%) (Figure 5). The finding of the 

current study was in line with the report of Fikernehe et al. (2012) which stated that the respondents 
smoke milking utensils to give the product good flavor and aroma and to increase shelf life of the 

milk and Tesfaye (2007) reported that nearly all inhabitants of Metema district were smoked milk 

vessels as a traditional preservative method to improve the taste and quality of milk and milk 

products.One of the major factors affecting the quality of dairy products is related to adequately 
performing milking procedures and cleanness of milking utensils (Gonfa et al., 2001). Tegegne et al. 

(2013) reported that in urban and peri-urban dairy system (Shashemene–Dilla milkshed), the majority 

(70%) of the producers clean milk utensils with cold or hot water followed by smoking with different 
aromatic plants like Woira (Olea Africana) and Tid (Juniperous Procera) and only about 23% of the 

producers in the urban and peri-urban system clean milk utensils with water and detergents. However 

cleaning plants differ from place to place and even from household to household based on preferences 
(Lema, 2004). The present result is in agreement with study of this report that Olea Africana was the 

most frequently used plant for smoking milk vessels followed by Juniperous Procera. This result also 

agreed with the result of Sintayehu et al (2008) who reported milking utensils were smoked with 

different aroma producing plants like Olea Africana and Juniperous Procera in the same study area. 
Reasons for smoking milk containers using different parts of various plant species by the respondents 

were similar to earlier reports in Ethiopia (Lema, 2004 and Tegegne et al., 2013).  
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Figure 4. Reason for fumigation practice  

 
Cooling mechanism of milk and milk products  
The type of cooling mechanism used for milking in the study areas are 26.9% refrigerator, 19.6%  

putting in cold water container and 11.3% by putting in cold sand water (Table 5). Better cooling 

facility was recorded in Ada’a (51%), Lume (61.8%) and Hawassa (56%) districts which may be 

because of the areas are peri-urban. The microbial load of milk is a major factor in determining its 
quality. It indicates the hygienic level exercised during milking, that is, cleanliness of the milking 

utensils, condition of storage, manner of transport as well as the cleanliness of the udder of the 

individual animal (Spreer, 1998; Gandiya, 2001). In this assessment, however, it was noticed that 
most of the respondents put the containers in cold water (51.2%) and put wet cloth on the milk 

equipment in order to cool (39.4%) the milk in Jijiga district as the area is hot. This implies there is no 

cooling facility in this area due to the domination of pastoralists and agro-pastoralists.  
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Table 5. Type of cooling mechanism for milk and milk products    

Study areas 
Refrigeration 

Putting in cold water 
container/flowing/ 

Putting in cold sand  water 

N % N % N % 
Ada'a 42 56.0 6 8.0 1 1.3 

Lume 34 61.8 2 3.6 1 1.8 

Fitche - - 1 1.7 - - 

Welmera 2 4.88 28 68.3 - - 

Nekemte 12 25.5 1 2.1 1 2.1 

Wolaita 5 16.7 5 16.7 0 0 

Bahir Dar 7 21.2 - - - - 

Hawassa 13 56 - - - - 

Yirgalem 1 3.4 5 17.2 - - 
Tigray 3 4.3 - - - - 

Jijiga 15 18.8 63 39.4 82 51.3 

Over all 134 26.9 111 19.6 85 11.3 

 

Milk and milk products transportation and marketing 
Although it is not well developed system, marketing of raw milk was not a major problem for the 

studied districts as these areas are located in the peri-urban areas where there are high demand for 

milk and milk products and some of the studied areas are close to the capital city of the country and 
where there are a number of milk processing plants. The main marketing place or niche for milk sale 

in this study was to cooperatives (40.6%) and processors (21.2%) (Table 6). In the studied areas 

formal marketing system was dominated except the rural areas and other parts of the country that are 
far from major cities. This was also indicated by Brokken and Senait (1992) and Felleke (2003). In 

Jijiga area majority (65%) of milk sell was to kiosk while in Dire Dawa it was to retailers (small milk 

shops). The other milk out lets were cafeterias, restaurants, hotels, collectors, individual consumers 

and directly to processors.  
 

The result shows that there are better numbers of cooperatives existing in Ada’a, Fitche, Welemera 

and Behardar where the marketing niche becomes very high in these areas. The study of Fikernehe et 
al. (2012) in Lume district shows that 17 % of milk is sold to cooperatives which are the same with 

the current study. Similar study in Hawassa indicated that large amount of milk supply to hotels, 

restaurants, large retailers and insignificant amount of milk to neighbors (Haile et al., 2012). 

Similarly, a study in Bure in Ahmara region showed that 40% of the milk from urban and per-urban 
producers is sold to cooperative (Tegegne et al; 2013). Recently private businesses have begun 

collecting, processing, packing and distributing milk and other dairy products. Muriuki et al. (2001) 

also agreed that the proportion of total production being marketed through the formal markets is small 
(Muriuki et. al 2001). 

 

The present study is in agreement with the previous studies that reported formal market was limited to 
urban and peri-urban areas where collection of milk is possible (Belete, 2006, Sintayehu et al, 2008, 

Adebabay, 2009, and Bilatu et al., 2013). The findings of Geleti et al. (2014) is also in line with these 

reports who reported there is no formal milk marketing system in Nekemte and Bako milk shed areas 

of western Ethiopia. Traditional/informal milk markets have played a key role in dairy development in 
Ethiopia controlling over 90 % of marketed milk in the country (Seifu and  Doluschitz, 2014). 
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Table 6. Major points of milk sale (Market Niche) 
 

Market Niche 
Farm gate Kiosk Cooperative Collectors Processors Hotels 

N % N % N % N % N % N % 

Ada’a (N = 75) 4 5.3 3 4.0 51 68.0 2 2.7 5 6.7 - - 

Lume (N = 55) 3 5.5 - - 17 30.9 17 30.9 4 7.3 - - 

Debre Birhan (97) - - 10 11.11 32 35.56 8 8.89 19 21.11 - - 

Fitche (N= 102) - - - - 50 55.56 16 17.76 1 4.5 - - 

Welmera (N= 90) - - 14 15.56 58 64.44 1 4.5 2 9 1 4.5 

Nekemte (N = 30) 10 23.1 10 21.3 - - - - - - 7 14.9 

Wolayita (N = 30) 3 10 2 6.7 5 16.7 - - 5 16.7 - - 

Bahir Dar (N=76) 11 28.21 - - 24 61.54 - - - - 4 10.26 

Hawassa (N=25) 12 48 4 16 - - - - - - 1 4 

Yirgalem (N=29) 3 10.3 4 13.8 1 3.4 1 3.4 - - 2 6.9 

Tigray (N=42) 19 24.1 5 6.3 28 35.4 - - - - 16 20.3 

Jijiga 7 4.4 52 65 55 34.4 13 16.3 133 83.2 - - 

Over all 72 17.7 104 17.8 321 40.6 178 12.1 41 21.2 31 10.1 

 

Milk delivery time after milking 
The overall mean of milk delivery time to market after milking were 17.9 and 33.5 minutes for 
morning and evening milking, respectively. It took slightly longer time to deliver the evening milk. 

Twice a day milking was practiced in almost all of the households in the studied districts as in many 

parts of the country (Melesse et al., 2014). On average, both morning and evening milk was delivered 

within 35 minutes after milking to collectors, processors, cooperatives or consumers (Table 7). The 
time taken to deliver milk to the market niche was relatively lower when compared to other areas of 

the country as these districts are located in the peri-urban areas where infrastructure and marketing 

structures are relatively well developed (Melesse et al.,2014). For instance, the average estimated time 
to milk deliveries from farm to the major point of milk in Jijiga were 38 and 41 minutes in morning 

and evening, respectively. In most of the studied areas it was found that the evening milk was not 

collected on the day of milking. it was collected the next day morning. Similarly, Zelalem et al., 

(2011) reported that in some parts of the country such as Holeta, Selale and Debrebirhan the evening 
milk is collected the next day morning (Zalelam et al., 2011).  

 
Table 7. Milk delivery time in (minutes) 
 

Study town 
Morning Milk Evening Milk 

  N Mean SD N Mean SD 

Ada’a 67 29.18 15.49 66 28.56 9.31 

Lume 43 31.73 21.63 42 30.27 11.15 

Debre Birhan 22 12.5 6.86 - - - 

Fitche 9 3.22 1.09 - - - 

Welmera 2 5.03 1.04 - - - 

Nekemte 26 2.9 0.30 - - - 

Wolayita 30 0.59 0.16 - - - 

Bahir Dar 42 38.27 14.96 - - - 

Jijiga 40 38 16.90 40 41.8 17.8 

Over all 281 17.9 3.40 148 33.5 13.1 

 

Milk and butter price 
There was variation in the price of milk over locations and among seasons of the year (Figure 5). The 

milk prices were high from March to May of the years in Fitche, Nekemte, Hawassa, Welmera and 
Tigray. This might be related to the high demand for milk and its derivatives after the long fasting 

season in the Orthodox Christian religion followers. The price of milk reached its lowest level in 

January and February when the big fasting season in the Ethiopian Orthodox religion falls (Melesse et 
al., 2014). As it is indicated in many literatures (Mohammed et al., 2004, Sintayehu, 2008, UNIDO, 

2009, and Zelalem et al., 2011) fasting season is the main challenge for milk marketing and during 

this time milk producer’s sale their milk with relatively lower price.  
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Figure 5. Milk prices over the year (2010/2011) over locations 
 

The trend of butter price was similar to that of raw milk in both districts. Like that of milk the average 

price of butter varied throughout the years (Figure 6). The prices of butter were ranges from 69-202 

birr/kg during a year previous to the study time (in 2010/11). The butter prices were high from 

January to June of the years in Deber Birhan, Fitche, Nekemte, Wolayita, Hawassa, Yirgalem and 
Tigray while in Ada’a, Lume and Bahir Dar the butter prices almost similar throughout the years. This 

implies that the butter prices in areas determined by availability, market demand and proximity to the 

major cities where there is high demand for milk and milk products over the year. In contrary to the 
present result Melesse et al., (2014) reported that   price of butter was low during the big fasting 

period (January, February, and March) and high between November and December. The authors 

revealed that  during the rainy season the price was relatively lower because of the higher milk yield 
that is associated with the availability of better quality feed resources and green feed supplements. 

Similarly, Alganesh (2002) reported that butter price fluctuation mainly depend on feed availability 

which affects the milk yield in East Wollega area. Tegegne et al., (2013) revealed prices of dairy 

products fluctuated and influenced by a number of drivers such as season, distance and access to 
markets, fasting periods, festival and holidays, origin of the products and production system. Factors 

affecting the prices of milk and dairy products included season, fasting and non-fasting days and 

accesses to urban cities (Kassahun Melese, 2008 cited by Abebe et al., 2013). Similarly, Sintayehu et 
al., (2008) indicated that the primary selling outlet of milk is direct sell to consumers and price of 

dairy commodities are determined by different factors such as season, access to market/distance from 

towns, fasting and non-fasting days, festivals and holidays, level of supply vs. purchasing ability of 
the urban dwellers, and quality and sources of dairy products.  
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Figure 6. Butter prices over the year (2010/2011) over locations 

The mean milk and butter prices indicated in the present study were higher than the previous studies 

in different parts of the country due to the ever increasing inflation rate and associated cost of 

production that changes through time to time. Zewdie (2010) revealed the prices of butter in Sebeta, 
Ziway, Deber Berhan and Jimma to be 75, 66, 61 and 60 birr/kg, respectively during dry season. 

Belete (2006) reported 24 Birr, Sintayehu (2008) 25.00-50.00 Birr, Adebabay (2009) 39.08 Birr and 

Teshager et al. (2013) 60.99 Birr for a Kg of butter. Similarly, Kedija (2007), Woldemichael (2008), 
Sintayehu (2008) and Adebabay (2009) estimated the price for a liter of milk as 2.54-2.71 Birr, 2.33-

3.00 Birr, 2.00-4.00 birr and 4.00 birr, respectively. Previous report indicated the price of milk in 

Nekemte ranged between 0.5 and 3 birr/litter (Habtamu et al., 2012). Similarly,  price average of fresh 
milk for 1 liter of milk was 2.50 and 2.80 for Addis Alem dairy cooperative and Abay Zuria dairy 

cooperative respectively (Asaminew and Eyassu, 2009). Currently consumption of dairy products is 

increasing globally which driven by the growing evidence and awareness that dairy products can 

provide essential nutrients and other health benefits (McGill et al., 2008; Warr et al., 2008; Boniface 
and Wendy, 2012 and Bilatu et al., 2012). In Ethiopia several reports indicated that the demand and 

consumption of milk and milk product is steadily increasing.  

 

Milk and Milk product utilization and estimated postharvest loss  
The highest post harvest loss of milk was recorded in Jijiga area (14.1%) and the lowest in Tigray 
(0.22%) with overall post harvest loss of 5.14% in the studied areas (Table 8). The estimations assume 

only milk that is rejected from sale and milk dumped due to different reasons as post harvest loss. Post 

harvest loss of milk in Debre Birhan, Holeta, Wolayita and Tigray areas (ranged from 0.22% to 
1.77%) were insignificant when compared to other areas (ranged from 3.31% to 14.01%) considered 

in the present study. The post harvest loss in this study was far below for the Sub Saharan Africa 

which is about 40% (www.fao.org) which estimated postharvest loss of milk and its derivatives from 
milking to consumption. However in the present study estimated postharvest loss only from milking 

to milk delivery to collectors and processors. 

 

http://www.fao.org/
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Table 8. Milk and Milk product utilization and postharvest loss of milk in the household 
 

Milk 
utilization 

in the 
househol

d 

Ada’
a 

Lum
e 

Debr
e 

Birha
n 

Fitch
e 

Holet
a 

Nekem
te 

Wolayi
ta 

Bahi
r 

Dar 

Hawas
sa 

 

Yirgale
m 

 

Tigra
y 

Jijig
a 

Ove
r all 

Mea
n 

Mea
n 

Mea
n 

Mea
n 

Mea
n 

Mea
n 

Mean Mean 
Mea

n 
Mean Mean 

Mea
n 

Mea
n 

 

Weekly 
milk 
productio
n (Lit) 

151.
3 

117.
6 

92.7 
148.

2 
93.9 88.2 21 96.7 23.7 31.9 91.7 42.1 83.3 

Amount of 
milk sold 
per week 
(Lit) 

129.
4 

84.4 65.2 
131.

5 
80.4 26 84 30.5 6.3 12.3 73.1 19.9 61.9 

Amount of 
milk 
consume
d per 
week (Lit) 

6.4 7 7 8.8 6.4 8.2 6.9 6.67 17.4 14.07 9 11.7 9.1 

Amount of 
milk 
rejected 
from sale 
per week 
(Lit) 

5.6 9.22 0.5 6 0.2 4 0.23 5.95 1.2 1 0.2 4.7 3.2 

Amount of 
milk 
dumped 
per week 
(Lit) 

0.16 2 0.5 1.5 0.1 0 0.13 5.6 0.88 0.5 0 1.2 1.0 

Amount of 
milk 
donated 
to 
neighbors 
per week 
(Lit) 

1.2 4 0.1 0 0.2 10.3 0 0.41 6.2 6.8 0.3 1.7 2.6 

Amount of 
milk 
processe
d per 
week (Lit) 

8.7 11 14.2 3 3.1 14.1 5.07 
15.2

9 
0 0 9.8 2.9 7.3 

Amount of 
fermented 
milk 
churned 
at a time 
(Lit) 

6.4 7.5 14.2 3 3.1 10.5 2 8.21 1.64 21.5 7.2 0.1 7.1 
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Amount of 
butter 
produced 
per week 
(Kg) 

0.59 8.4 1.08 0.82 0.89 2 1.7 0.73 0.69 1.18 0.7 42.1 5.1 

Amount of 
Ayib/cotta
ge 
cheese 
produced 
per week 
(Kg) 

151.
3 

117.
6 

92.7 
148.

2 
93.9 88.2 21 96.7 23.7 31.9 91.7 42.1 83.3 

Estimated 
Milk post 
harvest 
loss per 
week (%) 

3.81 9.54 1.08 5.06 0.32 4.54 1.71 
11.9

4 
8.78 4.70 0.22 

14.0
1 

5.14 

 

Causes of postharvest loss of milk 
The milk and milk production system of the country and the region is being dominantly smallholder. 
Table 9 summarizes the result of causes of post harvest loss in the study areas. The overall result 

indicated that the major  causes for the postharvest loss were lack of teat dip solution after milking 

(85%), lack of cooling after milking (80%), lack of separate clean milking place (75%)  and also not 
check abnormal appearance of the milk prior to milking (73.2%). Other related reasons for the causes 

are not drying teat well (72%), not checking udder before milking (71%), not following proper order 

of milking (58%) and also spoilage problem (5.7%). According to FAO (2001) most postharvest loss 

of milk and milk product are associated with poor handling, contamination, poor level of technology 
applied in the conservation of milk to extend its shelf life and lack of market. On the other hand dairy 

processing in the country is basically limited to smallholder level and hygienic qualities of products 

are generally poor (Zelalem and Faye 2006). According to these authors, about 52% of smallholder 
producers and 58% of large-scale producers used common towel to clean the udder or they did not 

used at all. Above all they did not use clean water to clean the udder and other milk utensils. The type 

and quality of milking utensils used as well as methods and frequency of cleaning milking utensils 
affect the quality of milk and its products (Sintayehu et al., 2008). 
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Table 9. Major causes of post-harvest loss of milk  

Cause/Problem Ada’a Lume Debre Birhan Fitche Welmera Wolayita Hawassa Yirgalem Tigray Overall 

 
N % N % N % N % N % N % N % N % N % N % 

Spoilage problem 10.0 13.3 12.0 21.8 - - - - - - 9.0 30.0 4.0 16.0 5.0 17.2 - - 40.0 19.7 

Don’t cool the milk after milking 58.0 77.3 13.0 23.6 89.0 100.0 85.0 94.4 84.0 98.8 - - 25.0 100.0 27.0 93.1 53.0 71.6 434.0 82.4 

Don’t use teat dip solution after 
milking 

1.0 1.3 4.0 7.3 89.0 100.0 88.0 98.9 86.0 100.0 - - 24.0 96.0 29.0 100.0 74.0 100.0 395.0 75.4 

Don’t check udder and fore milk 51.0 68.0 35.0 63.6 89.0 100.0 55.0 61.1 84.0 97.7 - - 24.0 96.0 29.0 100.0 30.0 39.5 397.0 78.2 

Don’t  check abnormal 
appearance of milk 

62.0 82.7 44.0 80.0 87.0 97.8 89.0 98.9 85.0 98.8 - - 0.0 0.0 29.0 100.0 54.0 71.1 450.0 78.7 

Don’t dry teats thoroughly 57.0 76.0 44.0 80.0 89.0 100.0 59.0 65.6 86.0 100.0 2.0 6.7 22.0 88.0 26.0 89.7 41.0 53.9 426.0 73.3 

Absence of separate clean 
milking place 

36.0 48.0 31.0 56.4 89.0 100.0 77.0 77.0 86.0 100.0 - - 22.0 88.0 26.0 89.7 52.0 68.4 419.0 78.4 

Improper order of milking 58.0 77.3 40.0 72.7 89.0 100.0 54.0 60.0 86.0 100.0 5.0 16.7 0.0 0.0 27.0 93.1 29.0 38.2 388.0 62.0 

 

 

Table 10. Major possible reasons for milk spoilage problem 

Reason 
Ada’a Lume 

Debre 
Birhan 

Fitche Welmera Nekemte Wolayita Bahir Dar 
Hawassa 
 

Yirgalem 
 

Tigray Jijiga Overall 

N % N % N % N % N % N % N % N % N % N % N % N % N % 

Poor milk 
handling 
practices 

10 13.3 10 18.2 1 1.2 79 96.3 2 2.4 42 89.4 12 40 19 73.08 7 28 19 65.5 59 78.9 108 67.6 368 47.8 

Long distance 
to market 

1 1.3 12 21.8 6 13.6 12 27.3 26 59.1 9 19.1 2 6.7 - - 3 12 0 0 13 17.6 16 10.0 100 17.1 

Use of 
inappropriate 
containers 

8 10.7 14 25.5 24 24.7 45 46.4 28 29.8 24 51.1 2 6.7 1 3.85 0 0 4 13.8 10 13.3 19 11.9 179 19.8 

Lack of cooling 
facilities 

1 1.3 6 10.9 36 40.4 51 57.3 2 2.2 20 42.6 1 3.3 1 3.85 3 12 3 10.3 31 41.3 145 90.7 300 26.3 

Cleaning 
problem 

12 16.0 9 16.4 5 16.7 25 27.77 - - - - 5 16.7   2 8 3 10.3 - - 90 56.4 151 21.0 

Lack of 
technical 
knowledge 

- - - - 6 10.2 41 69.5 12 20.3 13 27.7 - - 1 3.85 4 16 3 10.3 24 32.4 - - 104 23.8 

Lack of market - - - - 6 13.6 12 27.3 26 28.89 9 19.1 - - - - 6 24 - - 4 5.3 - - 63 19.7 
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Reason for milk spoilage problem 
The major possible reason of milk spoilage in study areas were poor milk handling practices (47.8%), 
contamination (33%), lack of cooling facilities (26.3%), and lack of technical knowledge (23.8%), 

respectively (Table 10). The problem of milk spoilage varied from place to place. For example in 

Jijiga area the spoilage of milk was due to  lack of cooling facilities (90.7%), poor milk handling 
practices (67.6%) and lack of technical knowledge (56.4%). Similarly, Diriba et al., (2014) confirmed 

that absence of peri-urban dairy producers and marketing cooperatives, lack of adequate market 

information; lack of cold storage facilities; repeated interruption of electric power and marketing of 
adulterated dairy products were the major possible reasons for milk spoilage problem.  

Milk disposal period 
The respondents reported that milk loss due to mastitis was high. Then again they indicated that 
infected udder is treated traditionally, veterinary services and both. The disposal period of milk from 

infected udder varies throughout the study areas. The mean disposal period of milk from infected 

udder was about six days in both districts ranging from 0 to 60 days (Table 11).  

 
Table 11. Disposal period of milk from infected udder (days) 
 

Study town 
Disposal period (days) 

N Min Max Mean SD 

Ada’a 32 2.00 15.00 5.22 2.88 

Lume 17 2.00 15.00 5.03 3.18 

Nekemte 1 30 6.7 5.3 
 

Wolayita 30 0 7 1.2 0.3 

Bahir Dar 36 0 10 2.67 1.14 

Hawassa 10 1.00 60.00 18.80 2.25 

Yirgalem 7 5.00 21.00 8.57 2.59 

Tigray 28 1 8 4.11 0.45 

Jijiga 6 3 7 4.83 1.83 

Over all 167 4.9 16.6 6.2 2.7 

 

Table 12 shows the fate of milk from infected udder. About 32.5% of the respondents indicated that 

they dispose milk from infected teats, 19.5 % reported that they use to feed other animals, and about 
17.1% use for human consumption either after processing or without processing. These results agree 

with Melesse et al., (2014) reported milk from infected udder disposed in the majority of households 

and it could be used for animals, human consumption, processed into milk products or used for calves 
and pet animals in Lume and Ada’a districts. This might be due the producers’ technical knowledge  

in negative health effect of consuming milk from infected udder .The problem of udder infection is 

serious in many parts of the country. For instance, Lidet et al. (2013) reported 52.9% prevalence of 
udder infection (mastitis) in Areka area (Southern Ethiopia); Zenebe et al. (2013) reported 64.3% in 

Adigrat area (Northern Ethiopia), Mekbib et al. (2010) reported 71% in Holeta area (Central Ethiopia) 

and Abera et al. (2013) reported 46.7% in Adama area (South East Ethiopia).  
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Table 12. Fate of milk form infected udder  

Fate of milk from 
infected udder 

Ada’a Lume 
Debre 
Birhan 

Fitche Welmera Nekemte Wolayita Bahir Dar 
Hawass
a 
 

Yirgalem 
 

Tigray Jijiga Over all 

N % N % N % N % N % N % N % N % N % N % N % N % N % 

Dispose 
2
7 

36.0 18 32.7 20 22.5 1 1.1 9 10.1 26 55.3 5 16.7 19 70.3 9 
36.
0 

8 27.6 33 76.3 9 5.7 184 32.5 

Use for animals 
as feed 

5 6.7 2 3.6 26 29.2 - - 31 34.8 10 21.3 1 3.3 - - - - - - 6 12.0 72 45.0 153 19.5 

Use for human 
consumption 

1 1.3 - - 7 7.9 - - - - 2 4.3 8 26.7 3 11.1 2 8.0 - - 1 1.6 0 0 24 7.6 

Process at home 1 1.3 1 1.8 46 51.7 
4
6 

51.
7 

22 24.7 3 6.4 5 16.7 - - - - - - 1 1.6 0 0 125 17.3 

Use for  calves & 
pet animals 

6 8.0 4 7.3 1 1.1 7 7.8 1 1.1 - - 1 3.3 5 18.5 - - - - - - 0 0 25 5.9 

 

 

 

 Table 13. Amount of Forced consumption of milk over the year (2010/2011) over locations  

Months 
Ada’a Lume Debre Birhan Tigray Jijiga Overall 

N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD 

September 4 10.8 3.0 2 1.3 0.3 2 22.5 7.7 54 1.7 0.1 80 3.5 0.8 142 7.9 1.3 

October 3 12.3 4.4 2 1.3 0.2 - -  54 1.7 0.1 80 2.0 0.5 139 4.3 1.5 

November 3 8.3 2.9 2 1.3 0.3 5 84.4 24.0 54 1.6 0.1 80 1.8 0.2 144 19..5 7.4 

December 3 9.7 2.5 2 1.3 0.1 10 23.3 9.0 54 1.5 0.1 80 1.2 0.3 149 7.4 1.0 

January 3 10.3 2.7 2 1.3 0.3 9 9.0 2.0 54 1.6 0.1 80 1.1 0.3 148 4.7 1.6 
February 2 9.5 1.8 6 3.3 0.5 17 14.2 4.6 54 1.4 0.1 80 0.9 0.5 160 7.7 2.2 

March 2 9.5 1.3 5 4.4 014 19 25.6 8.0 54 1.3 0.3 80 2.5 0.2 162 9.2 3.9 

April 2 10.5 3.4 2 2.0 0.2 4 15.8 5.8 54 2.6 0.7 80 2.5 0.5 143 8.9 2.3 

May 2 10.5 3.7 2 2.0 0.2  - - 54 2.3 0.4 80 2.4 0.7 138 4.3 1.0 

June 3 9.7 2.7 2 1.3 0.5  - - 54 1.5 0.5 80 2.2 0.7 139 3.7 0.7 

July 2 10.5 3.4 3 4.8 1.7  - - 54 1.6 0.3 80 2.5 0.1 139 4.9 1.5 

August 4 9.0 2.2 4 4.1 1.1  - - 54 1.6 0.1 80 2.8 0.4 142 4.4 1.4 

Overall 33 10.1 4.1 34 2.4 0.9 66 27.8 9.9 648 0.3 0.0 960 2.1 0.7 1745 6.1 2.1 
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Forced consumption of milk 
There are times when milk that would otherwise be sold has to be consumed at the household because of 
lack of market and other problems. This type of consumption is considered as forced consumption and 

post-harvest loss as well (Melesse et al., 2014). The peak forced consumption recorded in November and 

the trend was almost similar in the rest of the months (Table 13). The lower forced to consumption  was 
in June, October, August and July when the price of milk  is higher due to high demand in some study 

areas. Forced consumption was high in March and July in Lume district. In March the market demand 

was low due to fasting reason and forced consumption could be high due to this fact. The exact reason is 
not clear why forced consumption was high in July. However, milk production was high during this time 

and milk producing households might not get market for all of the milk they produced and they could be 

obliged to consume the surplus milk. 
 

Milk production, processing, marketing and consumption constraints 
The major constraints pertaining to milk handling, processing and utilization as reported by the 

respondents in study areas are summarized in Table 14. Challenges and problems for dairying vary from 

one production system to another and/or from one location to another. However, in the country, milk 
production, handling, processing, consumption and marketing is traditional and constrained by multiple 

problems. The major milk production constraint in study areas were feed shortage (71.3%), 

unavailability of improved breeds (72.6%), lack of veterinary service (65%), poor quality feeds (64.9%) 

and low milk yield (55.7%). Similarly, Million et al., (2014) reported that poor production and 
reproduction potential of dairy associated with poor quality of feed, inefficient AI delivery system and 

poor conception rate. The author revealed that breed, quality and quantity of feed offered to the animals 

and diseases are the major cause of lower productions. The same author reported the reliable source of 
breeding animals in the country was important constraint affecting 95% of women and 94% of men 

headed households.  Belachew  (1998) and  Belachew and Jemberu (2003) as cited by Sintayehu et al. 

(2008) were reported lack of market-oriented production, lack of adequate information on livestock 

resources, lack or non-provision of transport, ineffectiveness and inadequate infrastructural and 
institutional set-ups, prevalence of diseases, illegal trade and inadequate market information  are major 

reasons for the poor performance of dairy sectors . 

 
Feed availability, lack of adequate dairy services, lack of marketing outlets, and poor roads and 

transportation systems are the major constraints of the dairy sector in three East African countries viz., 
Ethiopia, Kenya and Uganda (SNV, 2008). The problem of feed shortage is also reported by Geleti et al. 

(2014) and Galmessa et al. (2013) as one of the major factors that hinders urban and peri-urban dairy 

development in Oromia Region of western Ethiopia. Inadequate supply of quality feed is the major 

factor limiting dairy productivity in Ethiopia (SNV, 2008). Dairy farmers who use artificial insemination 
to breed their animals reported a major fertility problem in their dairy herds (Seifu, and Doluschitz, 

2014). They indicated a very high service to conception rate in their herd, the cause of which has not yet 

been identified. Inefficient breeding (Geleti et al., 2014) and inadequate AI service (Galmessa et al., 
2013) are among the problems that contribute to underdevelopment of the dairy sector in Western 

Ethiopia. 
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Table 14. Milk production, processing, marketing and consumption constraints 

 

Ada’a (%) Lume (%) Debre 
Birhan (%) 

Fitche (%) Holeta (%) Nekemte 
(%) 

Wolayita 
(%) 

Hawassa 
(%) 

 

Yirgalem 
(%) 

 

Tigray (%) Jijiga (%) Over all 
(%) 

Production constraints 

Low milk yield 12.0 18.2 75.0 43.3 52.3 61.7 86.7 32.0 96.6 38.0 96.6 55.7 

Poor quality of feeds 9.3 14.5 87.5 73.3 94.3 89.4 86.7 36.0 100.0 57.0 65.5 64.9 

Feed shortage 20.0 20.0 97.8 94.3 95.5 83.0 93.3 48.0 96.6 57.0 79.3 71.3 

Low price of milk 12.0 16.4 45.5 40.0 46.6 10.5 23.3 4.0 3.4 27.8 10.3 21.8 

Poor market 
infrastructure 

16.0 14.5 - - - 12.8 6.7 0.0 6.9 22.8 51.7 16.4 

Labor shortage 12.0 9.1 38.6 44.4 88.6 46.8 36.7 72.0 6.9 22.8 27.6 36.9 

Unavailability of breed - - 69.3 57.8 94.3 80.9 - - - 60.8 - 72.6 

Veterinary service - - 68.2 54.4 92.0 72.3 - - - 38.0 - 65.0 

Processing constraints 

Low milk yield 48.0 41.8 46.6 68.9 47.7 34.0 26.7 0.0 6.9 2.5 48.3 33.8 

Poor market 
infrastructure 

26.7 18.2 30.7 36.7 33.0 27.7 3.3 16.0 0.0 10.1 55.2 23.4 

Labor shortage 9.3 5.5 46.6 57.8 48.9 34.0 30.0 20.0 31.0 13.0 34.5 30.1 

Poor  milk quality 6.7 7.3 31.8 38.9 38.6 27.7 16.7 0.0 0.0 10.1 34.5 19.3 

Unavailability of small 
scale processing 
equipments 

34.7 10.9 - - - 55.3 60.0 24.0 24.1 45.6 68.9 40.4 

Low milk price 10.7 16.4 26.1 31.1 20.5 23.4 - - - 12.7 17.2 19.8 

Marketing constraints 

Low milk yield 20.0 27.2 60.2 63.3 90.9 40.4 33.3 32.0 3.4 - 68.9 44.0 

Low price of milk 62.7 30.9 94.3 73.3 85.2 44.7 50.0 48.0 0.0 51.9 37.9 52.6 

Poor market 
infrastructure 

45.3 52.7 58.0 54.4 93.2 55.3 50.0 32.0 89.7 33.3 75.9 58.2 

Labor shortage 10.7 14.5 12.5 45.6 85.2 38.3 10.0 8.0 3.4 8.9 34.5 24.7 

Low milk 
quality/rejection 

13.3 10.9 56.8 64.4 76.1 38.3 23.3 32.0 17.2 6.3 44.8 34.9 

Consumption constraints 

Low milk yield 17.3 61.8 - - - 48.9 30.0 20.0 27.6 49.4 27.6 35.3 

Income source 12.0 30.9 - - - - 13.3 28.0 65.5 - 68.9 36.4 

Low quality 13.3 7.3 - - - 25.5 10.0 - 6.9 6.3 17.2 10.8 

Culture/religious - - - - - - - - - 78.5  78.5 
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Recommendation and Conclusions  
In general, the dairy production system in study areas is among the vast potential livestock production 

systems, with high opportunities for economic development in regions and in the whole country as well. 
Though there is division of labour in the dairying households for milking, milk handling, processing and 

marketing the majority of the workload was primarily handled by wives. The results were indicated that 

consumption of fresh raw whole milk was different from place to place that depends on number milking 
cows, and the volume of milk produced. Milking, milk handling and processing was undertaken using 

traditional equipments and methods that influence the quality as well as safety of the product. Efforts 

have to take place to improve milking and milk handling as well as processing through awareness 
creation and utilization of standard utensils, equipments and methods.  Though each marketing segment 

especially of the informal marketing system had its own advantage delivery of milk to the formal 

marketing system should be encouraged through different incentive and support mechanisms. In addition 

quality based payments system has to be established in the major dairy belt areas of the country. 
Majority of dairying households were found to use different plant materials for the purpose of improving 

flavor and test of the product and thereby increasing the shelf life. However, the active ingredients of the 

plant materials and their role in improving test and flavor and also increasing shelf life has to be studied 
well and the result has to be promoted to an industry level.  

 

Different challenges are constraining the development of the dairy sector in the country. These includes 

inadequate feeding both in quality and quantity, shortage of AI service, poor veterinary services, poor 
housing and poor husbandry and management practices, unavailability of improved genotypes and poor 

genetic makeup of indigenous animals which actually reflected in low milk production.  

Therefore, strengthening the dairy extension services in the studied areas through enhancing the input 
provision system for dairy production like improved breeding, efficient  AI services, veterinary services, 

improved forage, developed infrastructure, financial services, capacity building services on milk 
production and handling, concentrate mix, cooperative and marketing are vital. 
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Introduction 
The Ethiopian dairy sector has passed through major structural changes for half a century which resulted 

from changes in government and their policies. Though there have been various initiatives in the dairy 

sector such as introduction of exotic and crossbreed dairy cattle, AI technology, feed and husbandry 
technologies and development of milk processing industries, the growth of the industry in terms of 

production is slow due to technical, institutional, policy and socio-economic constraints and ever 

increasing human population and associated diminishing grazing land (Wytze et al, 2012). On the other 
hand, the effort made to improve the existing traditional dairy technologies which has existed for 

centuries was insignificant. Therefore, milk producers in the country are still dependent on traditional 

technologies with inadequate knowledge and skill in the husbandry and management of dairy cattle. On 
the other hand smallholder dairy production system which is subsistence to the farming household is 

dominant in many parts of the country. Almost 98% of milk is produced under the smallholder condition 

(CSA, 2014). Commercial oriented dairy farms are located in the urban and peri-urban areas of the 

country however, their proportion is insignificant. If dairy technology is improved and developed, the 
dairy sector in Ethiopia can contribute significantly to poverty alleviation (Mohamed et al., 2004). 

Dairying plays an important role in providing regular income for farmers in different parts of the country 

through the sale of milk, animals and other by products. Recently, the sector registered a relatively better 
development than previous times (Wytze et al, 2012).  

Women take the lion’s share of the household work especially of dairy related activities in most parts of 
the country. According to the study conducted by Million et al., (2013) 54% of women are responsible 

for the majority of activities related to dairy production (feeding, milking, handling, processing and 

marketing). Another report by Kassahun and Jeilu (2013) further indicated that about 90% of the 

household work load is on females shoulder in Ada’a district with respect to dairy production. However 
women may not have control over the income generated from sale of milk and other dairy products. The 

role, challenges and constraints of female headed households (FHH) in the dairy production, handling, 

processing and marketing in comparison with male headed households (MHH) is not well studied in 
many parts of the country. Therefore, this, study aims at assessing and identifying challenges and 

constraints of female headed households in comparison with male headed households in dairy 

production, handling, processing and marketing in Ada’a and Welmera districts of Ethiopia.  

 

Methodology 
Description of study areas 
The study was conducted in two purposefully selected dairy potential districts, Ada’a and Welmera, 

located in East and West Showa Zone, Oromia National Regional State of Ethiopia, respectively.  

 
Ada’a district 
Ada’a district is found 47 kms southeast of Addis Ababa, the capital of Ethiopia. About 90% of the 
district belongs to the sub tropical agro-climatic zone having an altitude ranging from 1500 to over 2000 

masl. Meteorological data of Debre Zeit Agricultural Research Center indicate that the district receives 

an annual rainfall of 851 mm with annual minimum and maximum temperature of 11 and 29°C 
respectively. Though the district is most known for cereal crops (mainly tef and wheat) and legumes, 

livestock production is an integral part of the system. Cattle, small ruminant, poultry and equines are the 
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major livestock species kept with fast growing smallholder dairy production (IPMS, 2005). About 51% 
of the land in the district is cultivable, 6.4% covered with natural pasture, 7.4% forests and living area, 

and the remaining 34.8% is degraded or currently unusable.  

 
Welmera district 
Walmera is one of the districts or woredas in the Oromia Region of Ethiopia. Part of the Oromia Special 

Zone Surrounding Finfinne, it is bordered on the south by the Sebeta Hawas, on the west by West Shewa 
Zone, on the north by Mulo, on the northeast by the Sululta, and on the east by the city of Addis 

Ababa. The highest point in this woreda is Mount Wechacha (3191 meters), located in the southern part 

of the woreda. The rainfall pattern of the district is bimodal, with a short rainy period from February to 

April and a long rainy season from mid June to September. The annual temperature and rainfall ranges 
from 18°C to 24°C and 1000 to 1100 mm, respectively.  

 
Sampling procedure and data analysis 
The study was conducted using a semi structured questionnaire which was pre-tested in pilot area and 
adjusted before actual data collection. Enumerators were well trained after the necessary adjustment of 

the questionnaire to enable them to uderstand the questions. Ada’a district of East Shewa Zone and 

Welmera district of West Shoa Zone were selected for this study based on their potential dairy 

production and ease of access for data collection and monitoring activities. A total of 142 dairy 
housheolds (76 from Ada’a and 66 from Welmera) were randomly selected for this study. From this 

sample population 47 were FHHs (36 from Ada’a and 11 from Welmera) and 95were MHHs ( 44 from 

Ada’a and 51 from Welmera). To collect data face to face interview method was employed with females 
both in MHHs and FHHs. Data were entered, cleaned and analyzed  using Statstical Package for Social 

Sciences (SPSS) version 20 (SPSS, 2011).  

 

Results and Discussion 
Socioeconomic characteristics of households 
Table 1 shows the family size in the two studied districts. The mean family size and age of the household 

heads in male and female headed household groups were different between the household head groups 

within a district and between the two districts. The average family size (Mean ± SE) in the FHHs in 
Ada’a and Welmera district were 5.0 ± 0.4 and 4.8 ± 0.7 persons per household, respectively; whereas 

for the MHHs the figures were 5.7 ± 0.3 and 6.0 ± 0.3 persons for Ada’a and Welmera districts, 

respectively. The family size of both districts found in this study is less than the national average which 
is 6.4 persons per household (Randall et al., 2008).  

The average age of female household heads was higher than male household heads in both districts 
(Table 1). Majority of female household heads are either widowed or divorced and this contributed to the 

higher age as compared to male headed households who are living with their partners. The average age 

of the male household heads were 40 years in both districts. While the average age of female household 

heads were 53 and 42 years in Ada’a and Welmera districts, respectively. The age discrepancy between 
male and female household heads showed in this study agrees with the study conducted in Kenya, 

Rwanda and Uganda where the age of female headed households was significantly higher than that of 
male headed households (EADD, 2009).  
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Table 2. Family size and age of the mal and female household heads in the two woread  

District Parameters HHG N Min. Max. Mean S.E 

 
Ada’a 

Family size 
MHH 44 3 10 5.73 0.277 

FHH 36 2 10 5.00 0.359 

Age 
MHH 44 20 75 40.02 1.696 

FHH 36 26 75 53.81 2.171 

 
Welmera 

Family size 
MHH 51 1 11 6.02 0.307 

FHH 11 2 10 4.82 0.724 

Age 
MHH 51 4 65 39.71 1.599 

FHH 11 30 66 42.82 3.898 

HHG = Household head group        MHH = Male headed households   FHH = Female headed households S.E = Standard Error 

As showed in Figure 1 in Ada’a district almost all of the MHHs were married while 75% FHHs of the 

sample populations were widowed. Similarly in Welmera district about 98.0% of male household heads 

are married and 63.6% of women household heads are widowed. This difference is due to the nature of 

household structure which is found in most parts of the country. In the households where both husband 
and wife live together the household is represented by male. The women can represent the household in 
cases when the husband died or they are divorced/separated.  

  

Figure 1. Marital status of household heads in Ada’a and Welmera districts 

 
Household heads’ educational status of each district and household head groups is presented in Table.2. 
Female headed households had less access to education than male headed households in Ada’a and 

Welmera districts. About 66% of male headed households in Ada’a district had primary and below 

primary level of education. However, this figure in Welmera districts is 92.1%. The proportion of female 
household heads that had primary and below primary level of education in Ada’a and Welmera districts 

were, 83 and 100%, 55% of female household heads in Welmera district had no any formal education. 

Women have many responsibilities and workloads in their household. They spent many hours in 
managing household matters and do not have enough time to go to school (Aklilu, 2014; Aklilu et al, 

2014; Mohammed, 2014; Lemlem et al, 2010) . In contrary males have better access to education in most 

parts of the country as they are not engaged too much in household matters as compared to women. 

Similar finding was reported in Kenya, Rwanda and Uganda (EADD, 2009). The highest number of no 
formal education female household heads obtained in the present study may an evidence for low access 

of females for education in both study districts. 
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Table 2. Household heads educational status of male and female household heads in Ada’a and Welmera districts 
 

Group of the 
household head 

Education 
Level 

Ada’a Welmera 

N % N % 

 
 
MHH 

No formal education 8 18.2 24 47.1 

Read and write only 3 6.8 11 21.6 

Primary school 18 40.9 12 23.4 
Secondary school 13 29.5 4 7.9 

Diploma 2 4.5 - -* 

Total 44 100.0 51 100.0 

 
 
FHH 

No formal education 17 47.2 6 54.5 

Read and write only 2 5.6 2 18.2 

Primary school 11 30.6 3 27.3 

Secondary school 5 13.9 - - 

Diploma 1 2.8 - - 

 Total 36 100.0 11 100.0 

 

Agricultural production system and Management 
 
Major farm enterprise  
The major farm enterprises practiced by farmers in the study areas were investigated and the result is 

presented in Figure 2. As the result in the figure indicates, dairy based farming enterprise and food crop 
based farming enterprises were identified as a major source of livelihood in Ada’a and Welmera 

districts, respectively. Dairy production is found to be the major source of livelihood in Ada’a district 

which located in the greater Addis Ababa milkshed where famers can access dairy related inputs, 
services and market. In this system the majority of farmers were keep dairy cattle as source of household 

income from selling of milk and other dairy products to improve their livelihood. Particularly for the 

FHHs dairying played vital role in creating job opportunity and improving the households’ welfare. 

About 18.2% of the population out of the total MHHs in Ada’a district was found to be practicing food 
crops production as additional farm enterprise while only 2.8% of FHHs in the same district were 

engaged in food crops production. Dairying was indicated as the major income source in Ada’a district 

in a study conducted by Kassahun and Jeilu (2013). Dairying is not as important farm enterprise as food 
crops production for Welmera District of both MHHs and FHHs. About 70% of households in male and 

female headed households entirely engaged on food crop production. However, almost equal proportions 

of farming households (about 25% of the population out of the total sampled population) in the two 

groups of the households (MHH and FHH) dairying was practiced as additional source of livelihood. 
Therefore, the production system in Welmera district is more of mixed crop livestock system than that of 

Ada’a where urban dairying was the major source of livelihood.  

 

 

Figure 2. Major farm enterprises practiced by MHHs and FHHs in Ada’a and Welmera districts 
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Purposes of keeping dairy cattle 
The purpose of keeping dairy cattle in the studied households is summarized and presented in Table 3. 
Majority of the population out of the total dairy producers in both study areas were keeping dairy cattle 

as income source from selling of milk and other dairy products. Keeping dairy cattle for draught power 

and milk production for household consumption was insignificant.  In Ada’a district 93.2% of MHHs 
and 97.2% of FHHs kept dairy cattle for generating income from selling of milk and dairy products. The 

present result is in line with the report where dairying was the most important income source in the dairy 

producing households of Ada’a district (Kassahun and Jeilu, 2013). However, 4.5% and 2.3% MHHs in 

the same district were kept dairy cattle for milk production that can be consumed at the household level 
and draught power, respectively. In Welmera district 86.7% of MHHs and 81.8% of FHHs kept dairy 

cattle for income generation purpose. The present result agrees with the findings of Sintayehu et al., 

(2008) where the authors reported that the purpose of keeping cattle influenced by the type of production 
system. Haile et al., (2012) also reported that the major purpose of milk production in Hawassa areas 

was for selling and income generation.  

 
Table 3. Purpose of keeping dairy cattle by MHHs and FHHs  in Ada’a and Welmera districts 
 

Group of the 
household head 

 
Purpose 

Ada’a Welmera 

N % N % 

MHH 

Draught power 1 2.3 3 10.0 

Milk production for household 
consumption 

2 4.5 1 3.3 

Milk production for income 
generation 

41 93.2 26 86.7 

Total 44 100.0 30 100.0 

FHH 

Draught power 1 2.8 2 18.2 

Milk production for income 
generation 

35 97.2 9 81.8 

Total 36 100.0 11 100.0 

 

Practice of farm data record keeping 
Record keeping is an important activity in the dairy farm that helps in decision making with regard to 
farm management aspects. Result of farm record keeping practice is presented in Figure 3. Record 

keeping is not common in more than half of the respondents both in female and male headed households. 

The situation is more aggravated in female headed households where more than 80% of the household 

heads do not keep any type of farm record. This might be due to lack of awareness on record keeping 
and their poor access to formal education to keep farm records. On the other hand due to the work load 

they have at their households they may not have enough time to keep record. Male headed households 

were better in keeping farm records than that of female headed households even if the record keeping 
practice is not regular. Many past research results indicated that record keeping is the major problem in 

the country and most farmers do not keep record. For instance Tadele and Nibret (2014) reported that 

only 18.2% of farmers were keep farm records in the Northern Part of the country. On the other hand 
Sintayehu et al., (2008) reported that about 79 and 94% of the urban and mixed crop–livestock 

producers, respectively, did not have any record keeping schemes in the Southern part of the country. 
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Figure 3. Practice of farm record keeping in Ada’a and Welmera districts 

Division of labour in dairy production activities 
 
Husbandry and management and milking  
Various household members have different responsibilities for different dairy farm operations and dairy 

herd management. This information is important in terms of targeting training and extension service 

provision activities to different household members based on their responsibilities in dairy farm 

operations and management. Women are responsible in most of the activities in relation to dairying as 
compared to other family members. They found to play active role in husbandry and management, 

milking, handling of milk and its derivatives, processing and marketing.  

The division of labor in the sampled dairying households is presented in Table 4. In the male headed 
households of both districts husbandry and management of dairy animals was undertaken mainly by 

male household heads (50% in Ada’a and 57% in Welmera). Likewise, in female headed households the 

husbandry and management activity was mainly performed by female household heads (64% in Ada’a 
and 36% in Welmera). Daughters were found to be played important role in husbandry and management 

activity in Welmera district where in 27% of female headed households daughters had this responsibility. 

In both districts and group of household heads milking was mainly performed by female household 

members. In all cases in about 50% of households milking was the responsibility of wives or female 
household heads. Daughters had great share of milking responsibility as compared to sons and husbands 

in both districts except in the male headed households of Ada’a.  

 
Table 4. Labor division for dairying activity in MHHs and FHHs of Ada’a and Welmera districts  
 

Activities 
type 

Group of the 
household head 

Family member 
Ada’a Welmera 

N % N % 

 
 
 
Who is responsible for 
husbandry & 
management? 

 
 
MHH 

Husband 22 50 27 57.4 

Wife 11 25 13 27.7 
Hired persons 11 25 1 2.1 

Sons - - 6 12.8 

Total 44 100 47 100 

 
 
FHH 

Wife 23 63.9 4 36.4 

Daughter 3 8.3 3 27.2 

Sons 2 5.6 2 18.2 

Hired persons 8 22.2 2 18.2 
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Total 36 100 11 100 

       

 
 
 
 
Who is responsible for 
milking? 

 
 
MHH 

Husband 8 18.2 3 8.1 

Wife 23 52.3 19 51.4 

Daughter - - 13 35.1 

Sons 2 4.5 1 2.7 

Hired persons 11 25 1 2.7 

Total 40 100 37 100 

 
 
FHH 

Wife 20 55.6 6 54.5 
Daughter 5 13.9 4 36.4 

Sons 2 5.6 1 9.1 

Hired persons 9 25 - - 

Total 36 100 11 100 

       

 
 
 
Who is responsible for milk 
handling and transporting? 

 
 
MHH 

Husband 13 30.2 4 11.8 

Wife 12 27.9 25 73.5 

Daughter 5 11.6 4 11.8 

Sons 3 7 1 2.9 

Hired persons 10 23.3 - - 

Total 43 100 34 100 

 
 
FHH 

Wife 17 47.2 4 36.4 

Daughter 9 25.0 4 36.4 

Sons 5 13.9 1 9 

Hired persons 5 13.9 2 18.2 

Total 36 100 11 100 

 
Though women had greater share of responsibility, almost all family members were found to be 

responsible for handling and transporting of milk. The milk was handled and transported either to the 

processing plant or market mostly by women family household members in both study areas. About 30% 

of husbands and 27.9% of wives were responsible for handling and transporting in the male headed 
households of Ada’a district. However, in the same type of households 73.5% of wives were undertaken 

handling and transporting activity in Welmera district. In about 75% of female headed households in 

Ada’a and 72.8% female headed households in Welmera handling and transporting is mainly performed 
by female household members (female household heads or daughters).  

 

Milk processing 
Except in female headed households of Welmera districts milk processing was not major farm activity in 

the majority of dairying households both in Ada’a and Welmera districts (Table 5). Majority of milk 
producing households were found to sell the milk produced at the household in raw form. Out of the total 

male headed households only 20.5% in Ada’a and 30% in Welmera were processing milk to other 

products. In those households where milk processing is practiced, processing is done almost entirely by 

women household members. In about 100% and 93.3% of male headed households in Ada’a and 
Welmera districts and in almost all of the female headed households of both districts processing is done 

by women household members.  
 
Table 5. Milk Processing and responsible person in MHHs and FHHs of Ada’a and Welmera districts 
 

 
Activities 
type 
 

 
Group of the 
household head 

 
 
Variable 

Districts 

 
Ada’a 

 
Welmera 

 
 
 
 
 
Milk processing 

 
 
Yes/No 

N % N % 

    

    

 
MHH 

Yes 9 20.5 15 29.4 

No 35 79.5 36 70.6 

     

Total 44 100 51 100 
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FHH 

Yes 4 11.1 7 63.6 

No 32 88.9 4 36.4 

Total 36 100 11 100 

 
 
 
Who is responsible 
for processing? 

 
MHH 
 

Family member     

Wife 7 63.6 12 80.0 

Daughter 2 36.4 2 13.3 

Hired persons - - 1 6.7 

Total 9 100 15 100 

FHH 

Wife 3 75 6 85.7 

Daughter 1 25 1 14.3 

Hired persons - - - - 
Total 4 100 7 100 

 
From the present study it can be seen that how much women household members in the dairying 
household are shouldering the responsibility of different production, processing and marketing activities 

besides their usual household matters. It is thus vital to consider these household members in training 

and extension service in order to bring an impact in dairy sector especially of small scale dairy farming.  

  

Marketing of milk 
Livestock and livestock products are an important means of income generation for households in the 

farming community of Ethiopia. Cash earned from dairy product marketing plays a crucial role in 

covering small proportion of the daily expenditure of the households. Based on this fact the dairy 
products marketing situations of the study areas were also addressed in this study. According to the 

present survey, the result revealed that production of milk for income generation purpose was found to 

be important reason for dairy production. About 93.2% of male headed households and 94.4% of female 
headed households in Ada’a selling of milk was common (Table 6). However, 66.7% male headed 

households and 63.6% female headed households in Welmera district were found to sale their milk. In 

the rest of the households the milk produced was either processed or consumed as raw. The low 

proportion of both male and female headed households in Welmera district that were involved in milk 
marketing might be due to the low access to market due to different reasons and the financial advantage 

they had in the marketing of processed milk products. This result clearly shows that better access for 

marketing of raw milk in Ada’a district than that of Welmera. This is due to the presence of strong dairy 
cooperative and milk processing plants as compared to Welmera district.  The present result is in 

agreement with the report of Sintayehu et al., (2008) where they reported majority of milk producers in 

urban production system produce milk to sell whereas in the mixed crop-livestock production system 
milk is processed into other dairy products. 
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Table 6. Marketing of milk in MHHs and FHHs in Ada’a and Welmera districts 
 

 
Milk Marketing 

Group of the 
household head 

Yes/No 
Ada’a Welmera 
N % N % 

 
Do you sell Milk 

 
MHH 

Yes 41 93.2 34 66.7 
No 3 6.8 17 33.3 
Total 44 100 51 100 

FHH 
Yes 34 94.4 7 63.6 
No 2 5.6 4 36.4 
Total 36 100 11 100 

 
 
 
 
 
Who is 
responsible for 
selling of milk? 

 
MHH 

 

Family member    

Husband 9 22 2 5.9 
Wife 26 63.4 26 76.5 
Daughter - - 6 17.6 
Hired persons 6 14.6 - - 
Total 41 100 34 100 

FHH 

Wife 26 76.5 5 71.4 
Daughter 4 11.7 2 28.6 
Sons 2 5.9 - - 
Hired persons 2 5.9   

  Total 26 76.5 5 71.4 

 
Generally, women were more responsible than men in the overall aspects of dairy production, 

management, milking, handling and processing and marketing. This idea is supported by previous 

research works conducted in Ada’a district by Million et al., (2013) and Kassahun and Jeilu (2013) 
where the authors indicated that majority of activities related to dairy production were performed by 
women.  

Mode of transport and distance of the dairy product to the market 

Walking was the major mode of transport to deliver milk to its marketing niche. The result of mode of 

transport and distance of marketing niche is presented in Table 7. About 90.2% of male headed 
households and 94.7% of female headed households in Ada’a district were delivered their milk to their 

buyers by walking on their foot. The distance to the marketing niche was less than two kms for 93% of 

male headed households and 88% of female headed households in the same district. Walking was also 
the major mode of transport for 87.5% and 100% of male and female headed households in Welmera 

district, respectively. About 62.5% and 71.4% of male and female headed households had to travel by 

their foot less than two kms to deliver their milk to their marketing niche in Welmera district, 

respectively. Kassahun et al., (2014) reported that it took on average 30 minutes to deliver milk to the 
marketing niche in Ada’a and Lume districts of Ethiopia. Therefore, it may take about 30 minutes to 

reach to the delivery point in the present studied districts. The studied districts are urban and peri-urban 

areas where the milk can be delivered within short distance otherwise in the rural parts of the country the 
distance to the market place is quite longer than the present findings.  Using cart as a mode of transport 

to deliver milk was insignificant in both districts.  

 
Table 7. Mode of transport and distance to the market in MHHs and FHHs in Ada’a and Welmera Districts 
 

 
 

Group of the 
household head 

Mode of 
transport 

Ada’a Welmera 

N % N % 

 
 
What mode of 
transport is used 

 
MHH 

Walk 37 90.2 28 87.5 
Cart 4 9.8 4 12.5 
Total 41 100.0 32 100.0 

 
Walk 13 92.9 11 100.0 
Cart 1 7.1 - - 



 

170 
 

by man to deliver? FHH Total 14 100.0 11 100.0 

 
 
 
 
How far the dairy 
product  market 

Distance in Km     

 
MHH 

<2 
2-5 
> 5 

39 
3 
- 

92.9 
7.1 
- 

15 
7 
2 

62.5 
29.2 
8.3 

Total 42 100.0 24 100.00 

 
FHH 

<2 
2-5 
> 5 

30 
4 
- 

88.2 
11.8 
- 

5 
- 
2 

71.4 
- 
28.6 

Total 34 100.0 7 100 

 
Main buyers and market outlets of dairy products  
Marketing segments and time of payment for raw milk is presented in Table 8. In Ada’a district of the 
total respondents 25% of male headed households and 32.4% of female headed households delivered 

their milk to their cooperatives. However, about 42.5% of male headed households and 32.4% female 

headed households delivered the raw milk to processors. The relatively higher proportion of respondents 

who delivered milk to processors might be due to the reliability of the market and the relatively higher 
price of milk the producers earn from processors as reported by Kassahun et al, (2014). In contrary to 

Ada’a district, in Welmera the major marketing segment for raw milk are neighbors where 60.4% of 

male headed households and 55.6% of female headed households sold their milk directly to their 
neighbors. Delivering milk to neighbors has financial advantage as compared to processors and 

cooperatives as indicated by respondents. The problem of selling milk to neighbors is not reliable due to 

many reasons especially of fasting period. On the other hand there is no strong cooperative in Welmera 

districts as that of Ada’a which have many members and collect milk in a sustainable way. Therefore, 
producers obliged to sell their milk to their neighbors. About 22% of both male and female headed 

households responded that they delivered milk to their respective cooperatives. Individual milk 

collectors were also important marketing segment in Welmera district where 16.7% of male headed 
households and 22.2% of female headed households delivered their daily milk to this marketing 

segment.   Similar types of marketing segments were reported in other areas of the country (Yisehak, 

2008). 
 

About 77.3% of male headed dairying households in Ada’a district received the payment for the raw 

milk delivered to different marketing segments every two weeks; however 85.3% of female headed 

households received the payment every week. This clearly indicates how much female headed 
households are financially weak as compared to male headed ones to wait the payment for extended 

time. Female headed households need the payment to cover the costs related to dairy farm inputs and 

other household expenditures. In Welmera the proportion of male headed dairying households who 
received the payment for raw milk delivered to different marketing segments every week and every two 

weeks were 52.9% and 44.1%, respectively. In the female headed households of the same district the 

proportion of households who received the payment every week was 62.5%.  

 
Table 8. Marketing segment and time of payment in MHHs and FHHs of Ada’a and Welmera districts 
 

 
Questions 

Group of the 
household 
head 

Marketing segment 

District 

Ada’a Welmera 

N % N % 

 
 
 
 
What  is  the main market 
outlet 

 
 
MHH 
` 

Neighbor 7 17.5 29 60.4 

Individual 6 15.0 8 16.7 

Cooperative 10 25.0 11 22.9 

Processor 17 42.5 - - 

Total 37 100 48 100 

 
 

Neighbor 9 26.5 5 55.6 

Individual 3 8.7 2 22.2 
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Control over income from sale of milk  
The farmers’ response on control of income from sale of milk between male and female headed 
households in both study areas is presented in Table 9. Control of income from sale of milk is a critical 

factor in household member’s ability to use livestock products for their empowerment and improvement 

of family welfare.  

 
There were differences in the proportion of households where women received money comparing male 

and female headed households in both study areas (Table, 9). In male headed households of Ada’a and 

Welmera woredas, the proportion of households where women exclusively received money from the sale 
of milk were 38.6% and 64.9%, respectively. The proportions of households in Ada’a and Welmera 

districts where husbands control the income from the sale of milk were 22.0% and 21.6%, respectively. 

Though the workload of dairying activity in the majority of the present studied households were on the 

shoulder of women, they did not have much control over the income from this activity. The payment was 
received either by husband or wife in 34.1% and 13.5% of male headed households of Ada’a and 

Welmera districts, respectively.  

 
Table 9. Control over income from sale of milk in MHHs and FHHs in Ada’a and Welmera districts  

 

Dairy Cooperatives  
Cooperatives play vital role in collection and marketing of milk in reliable and sustainable way. Very 

few cooperatives assist their members in input and service supply such as feed, veterinary and AI 

services. According to the farmers’ perceptions and responses on the purpose of dairy cooperative 
between male and female headed households in the two studied districts is presented in Figure 4. 

According to the survey result majority of respondents both in male and female headed households of 

Ada’a district indicated that the main purpose of dairy cooperative was for milk collection and 
processing. In Welmera district dairy cooperatives were established solely for milk collection and sale 

purpose. Many other reports indicated that the purpose of dairy cooperatives are mainly milk collection 

FHH 
 

Cooperative 11 32.4 2 22.2 

Processor 11 32.4 - - 

Total 33 100 9 100 

When is the payment done? 
 

 Time of payment     

 
 
MHH 
` 

Immediately 1 2.3 - - 

After 1 week - - 18 52.9 

After 2 weeks 34 77.3 15 44.1 

After a month 6 13.6 1 2.9 

Total 41 93.2 34 100.0 

 
 
FHH 
 

Immediately 2 5.9 - - 

After 1 week 29 85.3 5 62.5 

After 2 weeks - - 3 37.5 

After a month 3 8.8 - - 

Total 34 100.0 8 100.0 

Group of the 
household head 

Household member 
Ada’a Welmera 
N % N % 

 
 
MHH 

Husband 9 22.0 8 21.6 
Wife 17 38.6 24 64.9 
Both 15 34.1 5 13.5 
Total 41 100.0 37 100.0 

 
FHH 

Husband - - - - 
Wife 34 100.0 9 100.0 
Both - - - - 
Total 34 100.0 9 100.0 
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and selling in raw form or processing in to butter, fermented milk and cottage type cheese using small 
scale technologies (Adebabay, 2009, Almaz, 2008, Asaminew and Eyassu, 2009, Embaye, 2010, 

Francesconi, G. N.; Ruben, R., 2012, Sintayehu et al., 2008).  

 

 

Figure 4. Purpose of dairy cooperatives in Ada’a and Welmera districts 

 
Member ship and willingness to formulate women dairy cooperative 
Membership to cooperatives, willingness to form a women group and representation of the household in 

the cooperative is presented in Table 10. In Ada’a male headed households had higher proportions 

(47.7%) of households that were registered in a dairy co-operative than female headed households 
(38.9%). Higher proportions of households (52.3% of male headed households and 61.1% of female 

headed households) in the same district were not member of any dairy cooperative. This might be due to 

the presence of good market access for the raw milk in different marketing segments. In Welmera district 
about 48.8% of male headed households and 60% of female headed households were members of dairy 

cooperatives. However, the proportions of male and female headed households in Welmera who are not 

member of any dairy cooperative were 51.2% and 40%, respectively.  Respondents were asked about 
their willingness to form women dairy group if they were not a member of a dairy cooperative. This is a 

critical factor towards their empowerment and economic well-being and this can help women get 

ownership and control over productive assets, individually and collectively. About 60.9% and 54.5% of 

male headed households were willing to for women dairy group in Ada’a and Welmera districts, 
respectively. The proportions of households from female headed households of Ada’a and Welmera 

districts who were willing to form women dairy group were 59.1% and 50%. The main reason for not 

willing to form women group were time constraint, lack of awareness and presence of market for raw 
milk.  

 
Out of the respondents who were members of a dairy cooperative about 57.1% and 38.1% of male 

headed households were represented by husbands in Ada’a and Welmera districts, respectively. The 

proportions of male headed households who represented by wives in Ada’a and Welmera districts were 

42.9% and 61.9%, respectively. In female headed households of both districts the representation was 
mainly by wives except in few cases by sons. Significant proportions of households in male headed 

households were represented by husbands in both districts even if the dairy activities were dominated by 

female household members. This is related to the social structure of the community where husbands 
normally represent the household in many social gatherings.  
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Table 10. Membership, willingness to form women dairy group and household representation in MHHs and FHHs in Ada’a and Welmera 
districts 

Questions 
Group of the 
household head 

Membership 
Ada’a Welmera 

N % N % 

 
 
Are you a member of a dairy 
cooperative? 

 
MHH 

Yes 21 47.7 21 48.8 

No 23 52.3 22 51.2 

Total 44 100.0 43 100.0 

 
FHH 

Yes 14 38.9 6 60.0 

No 22 61.1 4 40.0 

Total 36 100.0 10 100.0 

 
If you are not a member of a 
cooperative, are you willing to form 
a women group? 

 
MHH 

Yes 14 60.9 12 54.5 

No 9 39.1 10 45.5 

Total 23 100.0 22 100.0 

 
FHH 

Yes 13 59.1 2 50.0 

No 9 40.9 2 50.0 

Total 22 100.0 4 100.0 

 
Who represent the HH on major 
decisions as a member of a 
cooperative? 
 

 
MHH 

Myself 
Husband 

9 
12 

42.9 
57.1 

13 
8 

61.9 
38.1 

Total 21 100.0 21 100.0 

 
FHH 

Myself 
Son 

13 
1 

92.9 
7.1 

5 
1 

83.3 
16.7 

Total 14 100.0 6 100.0 

 

Willingness to have improved small scale milk processing technologies  
Improved technology is very important to make the farming enterprise more market oriented and 

profitable. This can help to fetch better price for the milk products especially during seasons where milk 

price is reduced especially during fasting periods. Because farmers can easily convert the raw milk into 
longer shelf life products such as butter. The result of farmers’ willingness to have small scale milk 

processing technologies is presented in Figure 5. According to the survey result majority of farmers 

(90.9% male headed and 86.1% female headed households in Ada’a and 60.5% male headed households 

and 72.7% female headed households in Welmera district) were found to be willing to have small scale 
milk processing technologies.  

 

 

Figure 5. Willingness to have milk processing equipment in MHHs and FHHs in Ada’a and Welmera districts 

 
Most important production, processing and market constraints 
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Production constraints 
Dairy producers were asked to give their perspectives on most important constraints affecting their dairy 
farm operations or production and their responses are summarized in Table 11. According to the 

respondents, different constraints were mentioned for production segment. The ever increasing price of 

feed was the most important bottleneck for dairy production in Ada’a district which is reflected by 

56.8% of male headed households and 47.2% of female headed households. Feed shortage was also 
critical problem for 15.9% of male headed households and 27.8% of female headed households in Ada’a 

district. In Welmera the major production constraints were poor quality of feed (27.5%) and feed 

shortage (29.4%) in male headed households. In female headed households poor quality of feed was the 
most critical production constraint. Feed shortage, unavailability of improved breeds and disease were 

also significant problems. Similar constraints were mentioned as challenges for milk production in other 

parts of the country by other scholars (Adebabay, 2009, Asaminew and Eyassu, 2009, Kedija, 2007, 
Sintayehu et al., 2008).  

 
Table 6 Production problems in MHHs and FHHs in Ada’a and Welmera districts 

Group of the 
household head 

 
Constraint 

Ada’a Welmera 

N % N % 

 
 
 
 
MHH 

Poor quality of feed 3 6.8 14 27.5 

Feed shortage 7 15.9 15 29.4 

Labor shortage 1 2.3 3 5.9 

Unavailability of breeds 5 11.4 8 15.7 

Disease/health problem 3 6.8 7 13.7 

High price of feed 25 56.8 4 7.8 

Total 44 100.0 51 100 

 
 
 
FHH 

Poor quality of feed 1 2.8 4 36.4 

Feed shortage 10 27.8 2 18.2 

Labor shortage 1 2.8 1 9.1 
Unavailability of breeds 4 11.1 2 18.2 

Disease/health problem 3 8.3 2 18.2 

High price of feed 17 47.2 - - 

Total 36 100.0 11 100 

 
Marketing Constraints 
The major constraints in milk marketing identified by the producers in the male and female headed 

households of Ada’a and Welmera districts are presented in Table 12. The major constraints in milk 

marketing faced by producers between the districts and household groups were not different. According 
to the survey result low price of milk is the most critical challenge in the marketing segment for about 

79.5% male headed and 80.6% female headed households in Ada’a district. In Welmera district low 

price of milk and low milk yield were the major challenges in marketing of milk for 29.4% and 21.6% of 

male headed households. Low milk was the most important marketing challenge in female headed 
households of the same district. Low price of milk and low milk yield were mentioned as major 

challenges in female headed households of both studied districts. This might be related to the low 

bargaining power of women during marketing and keeping of low productive or local breed cattle. On 
the other hand it might be difficult to afford the higher price of feed and provide to their animals to 

produce more milk. Lack of skill on modern dairy management and husbandry could be mentions as 

reason for low production of milk in this regard. Lemma et al. (2005) reported that insufficient amount 
of milk production per household was the most important factors that hindered milk marketing. 
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Table 7. Marketing problems in MHHs and FHHs in Ada’a and Welmera districts 
 

Group of the 
Household  head 

 
Constraint 

Ada’a Welmera 

N % N % 

 
 
MHH 

Low milk yield 2 4.5 11 21.6 

Low price of milk 35 79.5 15 29.4 

Poor milk quality/rejection 2 4.5 4 7.8 

Poor market infrastructure 1 2.3  0.0 

Price fluctuation 2 4.5 7 13.7 

No bargaining power 1 2.3 9 17.6 

Delay in payment 1 2.3 5 9.8 

Total 44 100.0 51 100.0 

 
 
FHH 

Low milk yield 6 16.7 5 45.5 

Low price of milk 29 80.6 3 27.3 

Unavailability of small-scale milk processing 
equipments 

1 2.8 3 27.3 

Total 36 100.0 11 100.0 

 
Processing Constraints 
Table 13 summarizes the result of processing constraints in Ada’a and Welmera districts of Ethiopia. In 

the male headed households of Ada’a district unavailability of small scale processing equipments and 
time constraint were the major processing challenges for 41.2% and 11.8% of households, respectively. 

In the female headed households of the same district unavailability of small scale processing equipments 

and low milk yield that is not enough for processing were major challenges of processing for 52.9% and 
35.4% of households, respectively. Unavailability of small scale processing equipments and low milk 

yield were also found to be major processing challenges for 35.3% and 21.6% of female headed 

households and 36.4% and 27.3% of male headed households in Welmera, respectively. The available 

milk processing technologies in most parts of the study areas were traditional and were not preferred by 
the milk producing households as they are time consuming and labor intensive. Moreover, the yield 

obtained from such technologies is not attractive and make profitable. On the other hand the amount of 

milk collected from each household was not enough for processing. Therefore, farmers prefer to sell the 
raw milk directly. In very few cases such as during different festivities milk usually processed into butter 

and cottage type cheese in the majority of dairying households.  

 
Table 13. Processing problems in MHHs and FHHs in Ada’a and Welmera districts 

Group of the 
household head 

Constraint 
Ada’a Welmera 

N % N % 

 
 
 
 
MHH 

Low milk yield 4 7.8 11 21.6 

Labor shortage 4 7.8 2 3.9 

Unavailability of small-scale milk 
processing equipments 

21 41.2 18 35.3 

Lack of skill 3 5.9 5 9.8 

Time constraint 6 11.8 2 3.9 

Price fluctuation 3 5.9 9 17.6 

Unavailability of milk handling 
equipments 

3 5.9 4 7.8 

Total 44 86.3 51 100.0 

 
 
FHH 

Low milk yield 12 35.4 3 27.3 

Unavailability of small scale milk 
processing equipments 

18 52.9 4 36.4 

Lack of skill 2 5.9 2 18.2 

Time constraint 1 2.9  0.0 

Unavailability of milk handling 
equipments 

1 2.9 2 18.2 

Total 34 100.0 11 100.0 
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Access to Training  
Training can play enormous role in the overall improvement of farm productivity through building the 

capacity and knowledge of dairy producers. Dairying households were asked about their access to 
training for the last few years and the result is presented in Figure 6. Male headed households had better 

access to training on many aspects of diary production and farm management as compared to female 

headed households. About 86.4% and 74.5% of male headed households had access to training in Ada’a 
and Welmera districts, respectively. However, only 30.6% and 36.4% of female headed households had 

access to training on dairy production and farm management aspects in Ada’a and Welmera districts, 

respectively. As indicated above female were shouldered many responsibilities with regard to dairying 

activities but they did not have good access to training.  

 

 

Figure  6. Access to training in MHHs and FHHs in Ada’a and Welmera districts 

 

Conclusion and Recommendation 
Dairying was found the major farm enterprise in Ada’a district. The contribution of dairying for the 
household livelihood can be significantly increased through improvement in husbandry and management 

of dairy animals. Dairying would play pivotal role in the household nutrition and income generation 

through increased milk production through the application of modern knowledge and skill. The purpose 
of keeping dairy cattle in both districts was income generation through the sale of milk and other farm 

byproducts. However, at present dairy households in both districts are not benefited from the sector due 

to low productivity of animals and associated challenges and constraints in the production, processing 

and marketing of milk. Record keeping is not common in more than half of the respondents both in 
female and male headed households. The situation is more aggravated in female headed households. 

This is mainly due to the poor access to education for the female headed households. Record keeping has 

to give due attention in future planning of development projects as it is the first step that help in decision 
making with regard to dairy sector.  

 

Women were more responsible than men in the overall aspects of dairy production, management, 
milking, handling and processing and marketing. However, it was found that they did not have equal 

access to training on many aspects of dairy. Therefore, they should be considered in the training and 

extension aspects. The major limiting factors for production, processing and market constraint can be 

alleviated by providing appropriate training and full packaged technologies for enhancing utilization of 
available feed resources, improved animal health and reproductive management to ensure increased milk 

production throughout the year. But all these need interventions to develop infrastructure for input 
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supply, capacity development and training to enhance the skills of farmers in dairy production, 
processing and marketing. 
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Introduction 

Food systems in developing countries are not always as well organized and developed as in the 

industrialized world. Moreover, problems of growing population, urbanization, lack of resources to deal 

with pre- and post- harvest losses in food, and problems of environmental and food hygiene mean that 

food systems in developing countries continue to be stressed, adversely affecting quality and safety of 
food supplies. People in developing countries are therefore exposed to a wide range of potential food 
quality and safety risks.  

Food standards are rules of measurement established by regulation or authority (Reardon et al., 2001) 

and they are enforced by governments, food companies and retailers. Their aim is not only to assure the 

confidence of consumers in the food systems (from farm  to  table),  but  also  to increase  the  
information  available  to  the  final  consumer  enabling  them  to make  informed  decision  concerning  

the  food  they  purchase. As a result of the general public interest having better understanding on the 

type of food to buy or consume; the food standards are paramount importance in the country. There are 

three different types of standards:  namely process, product and information (Caswell, 2003), but in most 
case of food processing and marketing regulations they used a combination of the three food standards. 

Process standards specify how the product should be produced; a product standard requires that the final 

product should have  specific  features;  and  last,  information  standards  are  concerned  with  labeling  
and  other communications that go with the product.  

 Most of milk produced in Ethiopia comes from smallholder dairy production system. Earlier reports 
indicate that hygienic production and handling in this production system is sub standard (Yilma, 2006). 

The bacterial qualities of smallholder milk and milk products were reported to be poor as compared to 

international standards. For instance, milk sampled from dairy producers in the central Ethiopia had total 

aerobic mesophilic, Enterobacteriaceae and coliform bacteria counts of 8.2, 5.7 and 5.1 log cfu mL-1; 
and Ayib (Ethiopian cottage cheese) 8.4, 4.6 and 4.6 log cfu g-1, respectively (Yilma, et al, 2006). Some 

research works also reported the isolation of pathogenic species such as Salmonella (Bagni et al., 1998; 

Ashenafi, 2002), Mycobacterium bovis (Getaneh and Lemma, 1987) and Listeria monocytogenes 
(Ashenafi, 2002) from milk samples; and Bacillus cereus and Staphylococcus aureus from Ayib samples 
(Ashenafi, 1990) in different parts of the country.  

Though they are not implemented properly, Ethiopian standard authority has developed national dairy 

standards. The awareness and knowledge of available standards for dairy production, processing, 

handling and marketing is not well developed. The gap of knowledge on national dairy standards is not 

well studied and sensitization works are also not well undertaken. Understanding the available standards 
in the dairy sector could help producers and various actors in the dairy value chain to producer and 

utilize the safe and wholesome dairy products. A well developed animal agriculture in general and the 

dairy industry in particular has to be in focus in order to respond the growing demand of dairy products 
in the country owing to the rapidly increasing population size with a growing urban population. To this 

effect, all parts of possible entry points for intervention across the milk value chain need to be identified; 

from cow to consumer. Knowledge gap of dairy product consumers’ and their perception are important 

bottlenecks affecting production and consumption of standardized dairy products. 
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Objectives: 
To assess knowledge gap and factors affecting consumption of dairy products in selected districts of 

Ethiopia 
To study constraints affecting production to consumption of standardized milk products 

To evaluate the safety of milk and milk products from farm to table and create awareness among various 
stakeholders in the dairy value chain 

 
Materials and Methods 
 
Study areas 
The study conducted in 13 purposively selected dairy potential districts located in five national regional 

states of Ethiopia; Oromia, Amhara, Tigray, Southern Nation and Nationality Peoples (SNNP), and Afar 

regions. Ada’a, Lume, Nekemte, Fitche, Welmera, shahsemen and Kofale from Oromia Regional State, 

Dale/Yirgalem, Hawassa, and Wolayita from SNNP, Mekelle and Mekelle zurea from Tigry Regional 
Stae, Debre Birhan and Bahr dar zurea from Amhara Regional Sate, and Fafan and Hadow from Somalia 

were the selected districts to conduct the study.  

 

Sampling Procedure 
A multi stage sampling procedures were employed to select sample regional state, district, village and 
households. Dairy potential areas and farmers were purposively selected. Thirteen districts were selected 

strategically to represent different agro ecologies from the five regional states based on dairy potential, 

altitude, land use system, district's situation in representing the region, ethnic group and socio-cultural 
settings. A total of 790 households were selected nationally for the study. 

 

Data Collection Procedure  
Both qualitative and quantitative data were collected using multiple subject formal survey by pre-tested, 

structured questionnaire. Key informant interviews of zonal and districts’ administrative bureaus and 

secondary information were also used to assess consumers’ habit of dairy product consumption, their 
knowledge, preference and associated constraints in purchasing and consumption of the products. Data 

were collected on the household characteristics, milk production and utilization, knowledge of 

producers, processors, marketers and consumers on standards and safety of milk and milk products, milk 
processing methods and handling, risk factors associated with production, transportation and 

consumption, Traditional standards used by local producers, retailers and consumers, status of 

standardized dairy products consumption, challenges in maintaining and consuming standardized dairy 
food, consumer view and preference were also collected.  

 
Data analysis 
Descriptive statistics was employed for qualitative and quantitative data sets using Statistical Package for 

Social Sciences (SPSS) software, version 20 (SPSS, 2011). 
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Results and Discussions 
 
Socio-economic characteristics 

Sex and marital status of respondents 
Figure 1 shows the proportion of sex of respondents in the study areas of the country. About 68% of 

respondents were male and the rest (32%) were female. The proportion of female respondents in all 
cases was lower than that of male respondents. This might be due to the domination of male' headed 

household in the country.  

 

Figure 2. Sex of respondents 

As shown in Table 1 about 68.6% of respondents were married while the rest 11.4%, 10.8% and 9.09% 

of respondents were single, widowed and divorced, respectively.  

 

Family size and age of respondents 
The average family size and age of respondents is presented in Table 2. The average family size was 

6.14 ± 0.32 persons per household. Similarly, the mean age of respondents of the same area was 43.75 ± 
1.84 years. The average family size reported in this study is higher than national average (4.8) reported 

by CSA (CSA, 2012) and Agza et al., (2013) who reported 4.7 persons per household. Kassahun et al. 

(2014) also reported lower average family sizes in the central part of the country (5.83 + 0.23 persons 

per household in Ada’a district and 5.63 + 0.29 persons per household in Lume district). However, the 
present average family size is in agreement with the report of Kassahun (2008) who reported average 

family size of 6.2 persons/HH.  

 

Table 8. Marital Status of the respondents (%) 
 

Districts N Married Single Widow/er Divorced 

Ada’a 75 85.3 8 5.3 1.4 

Lume 55 78.4 4.6 9.4 7.6 

Debre Birhan 97 29.6 20.2 28 22.2 

Fitche 102 38.1 10.4 22.5 29 

Holeta 92 33.4 19.8 28.6 18.2 

Nekemte 30 86.4 11.4 0 2.2 

Mekelle 31 74.2 16.1 6.5 3.2 
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Mekelle Zurea 42 76.2 11.9 4.8 7.1 

Wolayita 30 96.7 0 3.3 0 

Hawassa 25 88 12 0 0 

Over all 579 68.63 11.44 10.84 9.09 

 
Table 9. The average family size and age of respondents 

 
District 

 
N 

Family size (Number) 
Age of respondents 
(years) 

Mean SE Mean SE 

Ada’a 75 5.83 0.23 44.39 1.66 

Lume 55 5.65 0.29 48.21 2.73 

Debre Birhan 97 6.2 0.22 42.31 1.11 

Fitche 102 5.65 0.25 44.83 1.13 

Holeta 92 5.79 0.21 45.01 1.42 

Nekemte 30 5.4 0.34 39.53 2.2 

Mekelle 31 5.71 0.31 41.64 1.8 

Mekelle Zurea 42 5.64 0.28 45 1.8 

Wolayita 30 6.8 0.47 44.77 2.3 

Hawassa 25 8.1 0.6 42.8 1.61 

Yirgalem 29 6.79 0.36 42.75 2.52 

Over all 608 6.14 0.32 43.75 1.84 

 

Education level 
Education plays an important role in adoption of new technologies and believed to improve readiness of 

a head to accept new ideas and innovations. The present study indicated that 2%, 5.7%, 6.1%, 25.5%, 

27.7%, 14.0% and 19.0% respondents were degree, diploma, certificate, secondary school, elementary 
school, read and write and illiterate, respectively (Table 3). This indicated that majority of the 

respondent (81%) were literate and they were expected to have better skills and better access to 

information and ability to process information (Berhanu et al., 2013). Of course the majority were 
literate, the level was significantly varies from farmer to farmer. Very few dairy farmers were degree 

(2%) and diploma (5.7%) in the present study was inconsistent with the reports of Belay et al. 2012, who 

indicated that the majority (35.5%) of dairy farmers were educated at diploma level in Jimma town was 
might be due to dairy farmers in urban areas have better access to education than rural areas of Ethiopia.  

 
Table 10. Education status of the farmers in the study areas (%). 
 

District N 
Degre
e and 
above 

Diploma Certificate 
Secondary 
school 

Elementary 
school 

Read 
and write 

Illiterate Total 

Ada’a 75 1.4 5.3 13.3 33.3 30.7 8.0 8.0 100 

Lume 55 0.0 3.6 9.1 27.3 40.0 7.3 12.7 100 

Debre 
Birhan 

97 2.3 4.4 5.6 27.0 16.6 23.1 21.0 100 

Fitche 102 2.7 9.3 10.1 27.2 17.2 18.4 15.1 100 

Holeta 92 2.5 6.1 9.2 34.2 23.3 14.6 10.1 100 

Nekemte 30 4.4 13.4 4.4 33.3 28.9 0.0 15.6 100 
Mekelle 31 0.0 0.0 0.0 9.7 45.2 16.1 29.0 100 

Mekelle 
Zurea 

42 4.8 2.4 0.0 7.1 31.0 38.1 16.6 100 

Wolayita 30 0.0 6.7 3.3 30.0 16.7 0.0 43.3 100 

Over all 641 2.0 5.7 6.1 25.5 27.7 14.0 19.0 100 
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Livelihood income source  
Dairy cattle owners of the sampled households in the study areas generate income from different 

sources. However, relative importance of different livelihoods income sources were significantly 

different. Out of the total population 13.2%, 14.5%, 6.9%, 39% and 26.4% of respondents livelihood 

income sources were employed, unemployed, retired, self employed and farmers, respectively (Table 4). 
Thus, for most of the respondents dairying was only taken as a secondary or side occupation for 

generating additional income for the household. The survey results revealed that dairying create job 

opportunities (self employment) for majority (39%) of respondents though it was significantly different 
from district to district within the country. This might be due to differences in income from different 

sources, availability of crop land, and availability of high yielding animals and education level of 

respondents (Sintayehu et al., 2008 and Berhanu et al., 2013).  

 
Table 11. Livelihood source of the farmers in the study areas (%).  
 

Districts N Employed Un employed Retired Self employed Farmer Total 
Ada’a 75 10.5 9.5 7.7 71.0 1.3 100 
Lume 55 5.6 9.3 9.3 75.8 0.0 100 
Debre 
Birhan 

97 18.5 20.5 20.6 28.8 11.6 100 

Fitche 102 16.7 11.2 3.1 34.4 34.6 100 
Holeta 92 14.8 42.4 11.5 4.1 27.2 100 
Nekemte 30 4.4 37.8 6.7 51.1 0.0 100 
Mekelle 31 24.4 0.0 2.9 40.1 32.6 100 
Mekelle 
Zurea 

42 14.3 0.0 0.0 45.5 40.2 100 

Wolayita 30 10.0 0.0 0.0 0.0 90.0 100 
Over all 641 13.2 14.52 6.9 39.0 26.39 100 

 

Dairy Producers Knowledge 

Milking practices 
Milking practice is one of the most important criteria for hygienic milk production. All important 

practices performed before, during and after milking are summarized in table 5. Wash teats with a warm 

sanitizing solution, dry teats thoroughly, using of individual clean towel, use of teat dip solution after 
milking, cool milk immediately after milking, using of hot water to wash milk equipment were the main 

activates during milking identified by the farmer in the study areas. However, only very few and specific 

activities were practice in the current study areas (Table 5). Consistent with the present study, Zelalem 

and Faye (2006) reported that dairy processing in the country is basically limited to smallholder level 
and hygienic qualities of products are generally poor. The same authors also reported that about 52% of 

smallholder producers and 58% of large-scale producers used common towel to clean the udder and 45% 

did not treat milk before consumption which was in close agreement with the present findings.  Contrary 
to the present findings, Zelalem and Faye (2006) reported that all producers do not use clean water to 

clean the udder and other milk utensils.  

 
Majority of dairy farmers have practiced hand wash, udder wash, check abnormal appearances in milk, 

use of clean water, cutting nails often, no smoking and drinking alcohol, avoid spitting and wetting 

hands by use of milk to facilitate milk letdown was might be due to the skill and knowledge of farmers 

were improved by agricultural extension services (Lerman, 2014) and rich experience regarding 
opportunities and challenges of dairy production, processing and marketing (Berhanu et al., 2013). 

 

Milk from infected udder and contaminated milk 
Udder infection problem was found to be apparent in all study districts and significant amount of milk 

was lost due to this problem. According to Bilatu et al. (2013) milk from infected udder mostly disposed 



 

184 
 

and sometimes used for animals, human consumption, processed in to milk products or used for calves 
and pet animals. In this study of the total 55 % of the respondents indicated that they do not use milk 

from udder treated cows (Figure 2). The rest 45 % of milk producing households used milk from 

infected udder for human consumption purpose showing that producers’ need awareness/training about 

the negative health effect of consuming milk from infected udder.  
 

The problem of udder infection is serious in many parts of the country. For instance, Lidet et al. (2013) 

reported 52.9% prevalence of udder infection (mastitis) in Areka area (Southern Ethiopia); Zenebe et al. 
(2014) reported 64.3% in Adigrat area (Northern Ethiopia), Mekbib et al. (2010) reported 71% in Holeta 

area (Central Ethiopia) and Abera et al. (2013) reported 46.7% in Adama area (South East Ethiopia). The 

overall average result also indicated that about half of the respondents care about milk contamination 
with the animal feed during milking. In general it can be said that the concern of milk contamination 

issue is less sensitive in rural districts.  
Table 12. Milking practices in different parts of Ethiopia 

 
Parameters 

(%) 

Districts Over 
all 

 Ada Lu Wola Nek Sh Ko BDZ Me MKZ Yi HW FA HA % 

Hand wash 98.7 96.4 93.3 55.4 98 97.6 81.3 73.3 57.5 95 95.6 93 87.5 86.7 

Udder wash (with 
water only ) 

88 81.8 76.7 52.1 84 82.9 57.2 66.7 50 91 75.6 35 27.5 67.6 

Wash teats with a 
warm sanitizing 
solution 

13.3 29.1 43.3 37.2 52 53.7 - - - 4.8 33.3 2.5 0 29.9 

Dry teats thoroughly 76 80 43.3 38 72 53.7 31.5 40 42.5 43 42.2 10 5 45.5 

Use individual clean 
towel 

53.3 61.8 6.7 24 71 58.5 10 71 78.6 9.5 44.4 7.5 0 40.5 

Use collective towel 25.3 18.2 36.7 32.2 71 61 14.5 12.9 11.9 31 35.6 28 17.5 31.7 

Check udder and 
foremilk for 
mastitis/udder 
inflammation 

68 63.6 63.3 47.1 86 97.6 37.8 23.3 30 29 62.2 43 40 54.4 

Check for abnormal 
appearances in milk 

82.7 80 60 45.5 91 92.7 50.7 83.9 88.1 - 62.2 55 57.5 72.6 

Use of clean water 98.7 87.3 80 53.7 96 82.9 75.7 50 52.5 83 93.3 58 55 74.1 

Use of teat dip 
solutions after 
milking 

1.3 7.3 10 25.6 6.8 7.3 - - - 2.4 6.7 7.5 0 8.3 

Cool milk 
immediately after 
milking 

22.7 23.6 50 42.1 23 31.7 33.8 30 20 69 51.5 35 42.5 30.3 

Milker must cover 
hair 

80 78.2 40 83.5 65 43.2 11.1 100 100 48 46.7 93 100 57 

Cutting nails often 92 85.5 46.7 86.8 100 92.3 62.5 100 95.2 81 68.9 98 95 70.7 

No Smoking 88 87.3 76.7 87.6 89 73.2 - 100 100 86 80 98 100 72.3 

No Drinking alcohol 89.3 81.8 63.3 87.6 93 73.2 58.7 100 100 76 86.7 100 100 70.9 

Avoid spitting 81.3 76.4 50 90.9 84 55 34.9 100 100 50 84.4 93 87.5 64.3 

Wetting hands by 
use of milk to 
facilitate milk 
letdown 

50.7 69.1 70 78.5 77 63.4 52.4 93.5 85.7 38 48.9 75 90 56.3 
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Use hot water to 
wash milk equipment 

78.7 69.1 
 

60.3 
  

17.1 53.3 40 52 68.9 75 90 35.2 

Ada= Ada’a, Lu=Lume, Wola= Wolayita , Nek=Nekemte, Sh= Shashamane, Ko=Kofale, BDZ=Bahir Dar Zuria, MK=Mekelle, MKZ=Mekelle zurea, Yi=Yirgalem, 
HW=Hawassa, FA= Fafan, HA= Hadow. 

 

 

Figure 3. Milk from infected udder and contaminated milk 

Producers’ knowledge on different dairy standards  
Milk producers were asked about their knowledge on different standard parameters in order to assess and 

evaluate their knowledge on these parameters and the result is summarized in Table 6. Knowledge on the 

standards is used to produce and consume quality and safe milk products and this eventually guarantee 

consumers’ health. The knowledge of producers was found to be different in different parts of the 
country. Except basic knowledge on what to do during milk production, most producers in many parts of 

the country did not have enough knowledge on standards and related issues. Only 34.1% of the total 

respondents knew about the standard issues on milk and milk products. Only 11.7% knew that Ethiopia 
have functional dairy standards. The proportion of respondents who knew hazard consequent after using 

substandard dairy products, presence of traditional standards for milk products, and hazard analysis 

critical control point (HACCP) were 25.7%, 37.6% and 7.2%, respectively. Producers found in Ada’a, 
Mekele, Yirgalem and Hawassa area had better knowledge about standard issues as compared to other 

areas of the country considered in this assessment. Similarly producers in Ada’a, Lume, Mekele, Fiche 

and Debre Birhan area had better knowledge on hazards consequent of using substandard dairy products. 

Over all, the knowledge level of producers assessed in the present study was not satisfactory to improve 
the quality as well as the safety aspects of milk and its derivatives. Efforts need to put in place to 

upgrade the current level of producers’ knowledge through different ways such as trainings, 

communication materials and different popularization events.  
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Table 13 Knowledge about different standards dairy products and HACCP 
 

 
 
 
District 

 
 
N 

Parameters (%) 

International 
Standard 

Ethiopia  
standards 

Hazard by 
using 
substandard 

Production 
standards 

Traditional 
standard 

HACCP 

Ada’a 75 42.7 5.3 53.3 72.0 33.3 8.0 

Lume 55 36.4 12.7 43.6 58.2 52.7 10.9 

Debre Birhan 97 33.0 7.2 15.5 NA NA NA 

Fitche 102 29.4 3.9 25.7 NA NA NA 

Nekemite 30 43.8 38.8 6.7 48.9 2.1 18.2 

Wolayita 30 20.0 0.0 10.0 16.7 53.3 3.3 

Shashemene 44 13.6 6.8 NA 54.5 NA 4.5 

Kofele 41 7.3 7.3 NA 58.5 NA 2.9 

Bahirdar  
area 

76 14.5 1.3 5.3 NA NA 2.6 

Mekele 31 46.7 16.1 29.0 73.3 46.7 NA 

Mekele area 42 62.5 29.3 56.1 60.0 62.5 2.6 

Yirgalem 29 57.8 11.2 17.2 27.6 20.7 6.9 

Hawassa 25 36.0 12.0 20.0 28.0 12.0 12.0 

Fafen 40 NA NA NA 55.0 45.2 NA 

Hadow 40 NA NA NA 32.5 47.5 NA 

Overall 757 34.13 11.68 25.67 48.77 37.60 7.19 

 
Producers’ knowledge in purchasing standardized dairy products 
Consumers or producers need to have basic knowledge and information on parameters to be considered 
while purchasing of milk products from different market segments. This will create competitive market 

and availability of better quality and safe milk products targeted to end users. Without the presence of 

this understanding it might be very difficult to guarantee the health of the consumers. Consumers need to 
know what to check during purchasing of milk products from markets, however, only 17% of 

respondents had basic knowledge about what to check during purchasing of labeled and/or standardized 

milk products (Table 7). Only 26.7% of the respondents were consider labeling while purchasing milk 

products. The proportion of consumers/producers who check expiry date during purchasing of 
standardized milk products were insignificant (21.8%). The consumption of locally produced and 

imported milk products was concentrated in the central part and major cities of the country. However, 

the overall, proportion of consumers of both locally produced and imported milk products were not 
greater than 35%.  

Table 14. Producers’ knowledge on purchasing of standardized milk products  
 

 
District 

 
N 

Packed products 
label check 

Consider 
label 

Compositional 
labels 

Expiry 
date 

Ada’a 75 32.0 36.0 16.0 49.3 
Lume 55 25.5 20.0 12.7 40.0 
Debre Birhan 97 NA 37.1 NA 37.1 
Fitche 102 NA 26.5 NA 19.4 
Nekemite 30 51.1 47.1 29.7 59.6 
Wolayita 30 6.7 76.7 3.3 3.3 
Shashemene 44 9.1 9.1 4.5 9.1 
Kofele 41 2.4 NA NA 2.4 
Bahirdar  area 76 5.6 13.6 NA 25.0 
Mekele 31 6.9 6.9 NA 3.6 
Mekele area 42 NA NA NA 10.3 
Yirgalem 29 NA 4.8 NA 2.4 
Hawassa 25 62.2 12.0 16.0 55.6 
Overall 677 17.0 26.7 10.2 21.8 
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Producers’ safety concern when they buy from producers 
Milk producers in different part of the country were interviewed about their concern about the quality of 

milk when they purchased from other producers (Figure 3). The overall proportion of respondents who 

were not concerned at all, somewhat unconcerned, indifferent, somewhat concerned and very concerned 

were 27.3%, 16.9%, 7.3%, 23.1% and 25.5%, respectively. As indicated by (Yilma et al., 2011) the milk 
and milk products that are produced and marketed in the country generally have microbial limits that is 

higher than the acceptable limits. Alehegne (2004) also reported higher number of coliform counts in 

milk samples taken from the central part of the country. However, according to the present result the 
proportions of respondents who were concerned and very concerned were very low. This shows that the 

low level of consumers/producers knowledge on the quality and safety aspect of milk products obtained 

from different sources. 
  

 

Figure 4. Concern about safety of milk and milk products when purchasing from producers 

 
Producers’ safety concern when they buy from open markets 
About 439 respondents were reacted for the question regarding concern of purchasing milk and milk 

products from open markets and the result is presented in Figure 4. The overall proportion of 

respondents who were not concerned at all, somewhat unconcerned, indifferent, somewhat concerned 
and very concerned were 22.5%, 13.2%, 12.3%, 20.0% and 31.9%, respectively. The result indicated 

that producers were not much concerned about the quality and safety issues of milk and milk products 

when they purchase these items from open markets. Producers found in Welmera (64.4%), Nekemte 

(46.8%) and Shashemene (57.1%) were much better concerned about the safety and quality issues when 
they purchase milk and milk products from open markets than producers of other areas considered in the 

present study. Past research result indicated that the presence of higher microbial counts in milk products 

(whole milk, ergo, skim milk, butter, arera, and ayib) sampled from 10 dairy potential areas in the 
country (Yilma, 2010). Wondu (2007) also reported higher coliform counts in the butter samples taken 

from open markets in Awassa. High levels of toxic metals (Cd and Pb) beyond the acceptable limit 

which can be a potential health concern for consumers was reported by Dawd et al., (2012) in 32 milk 
whole cow milk samples from dairy farms of Akaki-kality, Bole, Kolfe- keraniyo, and Yeka subcities in 

Addis Ababa. 



 

188 
 

 

Figure 5. Concern about safety of dairy products when purchasing from open markets 

 
Availability of Traditional Standards for Dairy Products 
About 55, 39, 40 and 34 % of the household had traditional standards when they sell and buy raw milk, 
butter, fermented milk and cottage type cheese, respectively (Table 8). Ethiopian Quality and Standards 

Authority had developed milk and dairy products standards in the year 2001. These standards were then 

revised in 2005 to be harmonized with the Common Market for Eastern and Southern Africa accepted 

Standards. However, the households in the current study area did not know about these standards. 
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Table 15. Availability of traditional standards for milk and milk products 
 

Districts Milk Butter 
Fermented milk 
(Ergo) 

Cottage type cheese 
(Ayib) 

Ada’a 
N 35.0 38.0 37.0 36.0 

% 46.7 50.7 49.3 48.0 

Lume 
N 33.0 30.0 30.0 30.0 

% 60.0 54.5 54.5 54.5 

Wolayita 
N 26.0 23.0 19.0 22.0 

% 86.7 76.7 63.3 73.3 

Nekemte 
N 70.0 69.0 65.0 65.0 

% 57.9 57.0 53.7 53.7 

Shashemane 
N 10.0 11.0 7.0 7.0 

% 31.2 32.4 20.6 20.6 

Bahir Dar Zuria 
N 2.0 2.0 2.0 2.0 
% 3.7 3.7 - - 

Mekelle 
N 46.7 46.7 46.7 - 

% 62.5 62.5 62.5 - 

Mekelle zurya 
N 55.7 55.7 55.7 - 

% 46.7 46.7 46.7 - 

Yirgalem 
N 7.0 6.0 4.0 - 

% 16.7 14.3 9.5 - 

Hawassa 
N 30.0 20.0 20.0 7.0 

% 66.7 44.4 44.4 15.6 

Fafan 
N 74.0 22.0 16.0 4.0 
% 92.5 27.5 20.0 5.0 

Hadow 
N 68.0 20.0 13.0 2.0 

% 85.0 25.0 16.3 2.5 

 
Over all 

N 457.0 344.0 313.0 173.0 

% 54.7 38.5 40.1 34.2 

 
Utilization of standardized milk products  
The framers’ response on the utilization of standardized milk products of local as well as imported milk 

in the study areas are summarized in Table 9. The table result indicted that 80.7 and 77.7% of the 
respondents were not utilized standardized milk products of local and imported. Though, the farmers 

awareness of the consumer about labeling of dairy product was very strong and has much information on 

it (Table 8), the utilization of standardized milk products were very low. This might be due to very low 
income source and the idea supported by Land (2010) as an individual’s income rise, the expenditures on 

dairy products also rises in proportionally. However, between the study areas there was a significant 

difference in utilizing standardized milk products of local as well as imported. In the case of Lume, 
Hawassa, Bahir Dar Zuria and Nekemte districts 44, 29.1, 21.5 and 66.7 % of the total respondents were 

utilized standardized milk products of local one. Similarly, 17.33, 44.4 and 80.0% in Bahir Dar Zuria, 

Hawassa and Fafan districts respondents were utilized standardized milk products of imported ones. 

 

 

 

 



 

190 
 

Table 16. Utilization of standardized dairy products 
 

Districts   Locally produced  milk products Imported milk products 

Yes  No  Yes  No  

Ada’a N 33.0 41.0 3.0 72.0 

% 44.0 54.7 4.0 96.0 

Lume N 16.0 38.0 4.0 50.0 

% 29.1 69.1 7.3 90.9 

Debre Birhan N 0.0 0.0 0.0 0.0 

% 0.0 0.0 0.0 0.0 

Fitche N 0.0 0.0 0.0 0.0 

% 0.0 0.0 0.0 0.0 

Welmera  N 0.0 0.0 0.0 0.0 

% 0.0 0.0 0.0 0.0 

Wolayita N 1.0 29.0 4.0 26.0 

% 3.3 96.7 13.3 86.7 

Nekemte N 26.0 94.0 18.0 102 

% 21.5 77.7 14.9 84.3 

Shashamane  N 3.0 36.0 2.0 42.0 

% 7.7 92.3 4.5 95.5 

Kofale  N 1.0 38.0 1.0 39.0 

% 2.6 97.4 2.5 97.5 

  N 0.0 0.0 13.0 62.0 

Bahir Dar Zuria  % 0.0 0.0 17.33 82.67 

Mekelle N 0.0 31.0 2.0 28.0 

% 0.0 100.0 6.7 93.3 

Mekelle zurea N 0.0 42.0 2.0 38.0 

% 0.0 100.0 5.0 95.6 

Yirgalem N 3.0 39.0 0.0 42.0 

% 7.1 92.9 0.0 100.0 

Hawassa   N 30.0 15.0 20.0 25.0 

% 66.7 33.3 44.4 55.6 

Fafan   N 2.0 78.0 64.0 16.0 

% 2.5 97.5 80.0 20.0 

Hadow N 0.0 0.0 40.0 40.0 

% 0.0 0.0 50.0 50.0 

Over all N 115.0 481.0 173.0 582.0 

% 19.3 80.7 22.3 77.7 

 
Consumer perception of quality and safety 
Consumers’ perceptions of dairy product quality are complex and differ across countries (Francesconi et 

al., 2010 and Boniface and Umberger, 2012). In Australia, consumers perceive whole milk to be of lower 

quality than other types of milk (Bus and Worsley, 2003). Hatirli et al. (2004) reported that in Turkey, 
households’ choice of fluid milk sources is influenced by the number of children living in the household 

and education levels of the respondent. A similar study of Taiwanese consumers who purchased greater 

amounts of fluid milk had higher levels of household incomes than consumers who purchased mostly 
yoghurt drinks (Hsu and Lin, 2006). A study in U.S showed that low fat milk consumption is positively 

related to age, education level and income (Robb and Abdel-Ghany, 2007). The current assessment study 

of consumers indicated that price was the most important influencing factor to consume dairy products 

than quality and safety parameters. Price, appearance, hygiene of premises and utensils, adulteration and 
labeling were the five most important parameters got consumers’ attention when they purchase dairy 

products in a market.  
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According to the respondents, cleanliness level of the milking utensils, condition of storage, manner of 
transport as well as the cleanliness and healthiness of the udder of the individual animal were the major 

factors affecting milk quality. Importance of labeling the dairy product(labeling importance of dairy 

product…. Consumers were asked whether they agree that it is necessary to provide extra safe milk with 

a special label distinguished from the regular one and Table 10 summarized their openion in this regard. 
About 61% of the populations in the study areas were agreed that labeling of dairy product is necessary 

to provide the extra safe milk which distinguishes it from the other products.  

 
Table 17. Labeling information on packed milk and milk products 
 

  
Level of Agreement 

Districts 
 

Disagree Agree Strongly agree Indifferent 

Ada’a 
N 5.0 38.0 30.0 2.0 

% 6.7 50.7 40.0 2.7 

Lume N 2.0 32.0 19.0 2.0 

 
% 3.6 58.2 34.5 3.6 

Debre Birhan N 1.0 74.0 4.0 10.0 

 
% 1.12 83.15 4.49 11.24 

Fitche N 0.0 0.0 0.0 0.0 

 
% 0.0 0.0 0.0 0.0 

Welmera N 3.0 48.0 34.0 2.0 

 
% 3.15 55.17 39.08 2.3 

Wolayita N 3.0 14.0 12.0 1.0 

 
% 10.0 46.7 40.0 3.3 

Nekemte N 1.0 30.0 14.0 0.0 

 
% 2.1 63.8 29.8 0.0 

Shashamane 
N 4.0 17.0 17.0 3.0 

% 9.8 41.5 41.5 7.3 

Kofale 
N 4.0 17.0 9.0 10.0 

% 10.0 42.5 22.5 25.0 

Bahir Dar Zuria 
N 2.0 19.0 4.0 0.0 

% 8.0 76.0 16.0 0.0 

Mekelle 
N 4.0 20.0 3.0 3.0 

% 13.3 66.7 10.0 10.0 

Mekelle zurea 
N 0.0 23.0 8.0 0.0 

% 0.0 74.2 25.8 0.0 

Yirgalem 
N 4.0 25.0 - 0.0 

% 13.8 86.2 - 0.0 

Hawassa 
N 1.0 13.0 8.0 0.0 

% 4.5 59.1 36.4 0.0 

Fafan 
N 0.0 43.0 7.0 16.0 

% 0.0 53.8 8.8 20.0 

Hadow 
N 0.0 27.0 4.0 21.0 

% 0.0 33.8 5.0 26.3 

Over all 
N 34.0 440.0 173.0 70.0 

% 4.74 61.36 24.12 9.76 

 
To examine consumers’ evaluation criteria of packed dairy products, they were asked what labeling 
information was very important and the survey result revealed that in Fafen (53.8%), Ada'a (50%), 
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Nekemte (49.6%) and Lume (40.4%) districts expiry date was the main criteria (Table 11). Whereas, 
more than 90 % of the households in Wolayita, Shashemene, Mekele and Yirgalem districts did not 

consider any labeling information when they buy packed dairy products. The overall average proportion 

of respondents who considered expiry date, nutritional composition and labeling information was 24.7%, 

11.5% and 16.5% respectively, indicating that consumer knowledge in the area is at infant stage. 

 
Table 18. Labeling information in purchasing packed dairy products 

Parameter 
(%) 

Ada’a Lume Wolayita Nekemte shashamane Mekelle 
Mekelle 
zurea 

Yirgalem Fafan 
Over 
all 

Expiry date 50.0 40.4 3.3 49.6 9.1 3.6 10.3 2.4 53.8 24.7 

Composition 15.8 11.5 3.3 29.6 8.7 - - - 0.0 11.5 

Labeling 36.8 19.2 0.0 47.1 8.7 6.9 - 4.8 8.8 16.5 

 
In developing countries like Ethiopia, where production of milk and various milk products takes place 
under poor production and processing practices, the safety of dairy products with respect to food-borne 

diseases is a great concern. Milk picks up many bacteria from the time it leaves the teat of the cow until 

it reaches to the table for consumption or further processing. About 71% of interviewed household 
agreed that milk must be produced in hygienic manner and nearly 36 % and 41 % of the respondents’ 

believed that milk and milk products can have chemical and microbial hazards respectively (Table 12). 

Only 12 % of respondents had information about hazard analysis critical control point (HACCP) system. 

About 77 % of respondents knew cooling was useful to keep milk fresh and about 68 % concerned on 
the source of incoming raw material in milk processing.  
 
Table 19. Consumer safety perception of dairy products 
 

 
 
Parameters (%) 

   
Districts 

    
 
Overall 

Ada’a Lume 
Bahir 
Dar 
Zuria 

Mekelle 
Mekelle 
zurea 

Yirgalem 
 

Hawassa 

Know milk and milk 
products can have 
chemical hazards 

58.7 40.4 1.8 70.9 40.5 19 22.2 36.2 

Know milk and milk 
products can have 
microbiological hazards 

53.3 43.6 1.7 83.87 59.2 14.3 33.3 41.3 

Know about HACCPP 25.3 30.9 1.75 - 2.6 7.1 4.4 12.0 

Know that milk must be 
produced in a hygienic 
manner 

93.3 89.1 71.6 58.1 55.0 69 62.2 71.2 

Know that the source of 
incoming raw materials 
must be considered 

90.7 81.8 53.7 - - 40.5 71.1 67.6 

Know cooling is useful to 
keep milk fresh 

86.7 74.5 - 93.3 92.5 47.6 66.7 76.9 

 

Refrigeration temperature 
The temperature of refrigeration while storing milk and milk products were recorded during the survey 

and it is summarized in Table 13. The minimum and maximum refrigeration temperatures were 00C and 
70C, respectively. The overall mean of refrigeration temperature in eight areas of the country was 3.09± 

1.37 0C. Unavailability of electricity was the major problem in few areas of the studied locations where 

respondents complained about the short shelf life of milk and milk products. On the other hand more 
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than 75% of the respondents in areas where electricity was available did not have knowledge on the 
temperature of refrigerator to store their milk and other food ingredients. They usually store food items 

on the temperature that was previously adjusted. Significant proportion of households did not know 

where and how to adjust the temperature.  

 
  

Table 20. Refrigeration temperature  

 
Districts 

 
N 

Min Max Mean SD 

0C 0C 0C  

Ada’a 33 1 4 2.83 1.08 

Lume 27 0 4 2.04 1.16 

Nekemte 8 0 6 2.62 1.5 

Bahir Dar Zuria 4 1 5 2.5 1.73 
Mekelle  10 2 5 3.8 0.32 

Mekelle Zurea 5 2 7 5.2 1.1 

Hawassa 25 0 6 3.12 1.94 

Yirgalem 15 0 7 2.6 2.13 

Over all 127 0 7 3.09 1.37 

 
Vulnerable family members to dairy borne food illness 
Table 14 summarizes the consumers’ response on the most vulnerable family members to dairy borne 

food illness in the study areas. It is any illness related to food ingestion; gastrointestinal tract symptoms 

are the most common clinical manifestations of food borne illnesses. According to the survey result 
primarily babies (0-3 years), pregnant woman and Children (4-12 years) were the most vulnerable group 

affected by food borne illness. This result is in line with the report of Anderson et al (2001). About 69%, 

15% and 15% of the respondents indicated that babies, pregnant woman and Children were the most 

vulnerable family members to dairy borne food illness respectively. Most vulnerability of babies is in 
agreement with Shewangizaw Wolde and Adisu Jimma (2014) and Bilatu et al. (2013). In the current 

study, however, in Kofale, Mekelle, Mekelle zurea and Yirgalem districts significant number of pregnant 

woman and Children had dairy borne food illness. In the case of Kofale and Mekelle districts dairy borne 
food illness were equally important for babies (0-3 years) and Children (4-12 years).    
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Table 21. Most vulnerable family members to dairy borne food illness                                                                                                    

Districts  Vulnerable family member 

Babies (0-3 years) Pregnant woman Children (4-12 years) 

Ada’a 
N 49.0 1.0 1.0 

% 65.3 1.3 1.3 

Lume 
N 29.0 1.0 2.0 

% 52.7 1.8 3.6 

Wolayita 
N 15.0 1.0 4.0 

% 50.0 3.3 13.3 

Nekemte 
N 44.0 19.0 17.0 

% 93.6 40.4 36.2 

Kofale 
N 22.0 4.0 2.0 

% 100.0 80.0 100 

Mekelle 
N 18.0 2.0 2.0 

% 100.0 67.7 100 

Mekelle zurea 
N 32.0 16.0 11.0 

% 97.0 48.5 33.3 

Yirgalem 
N 18.0 18.0 16.0 

% 62.1 62.1 55.2 

Hawassa 
N 22.0 5.0 9.0 

% 88.0 20.0 36.0 

Fafan 
N 63.0 6.0 11.0 

% 79.3 6.9 13.8 

Hadow 
N 69.0 8.0 3.0 

% 86.2 10.3 3.4 

Debre Birhan 
N 0.0 0.0 0.0 

% 0.0 0.0 0.0 

Fitche 
N 0.0 0.0 0.0 

% 0.0 0.0 0.0 

Welmera 
N 0.0 0.0 0.0 

% 0.0 0.0 0.0 

Over all 
N 423.0 92.0 94.0 

% 69.45 15.1 15.43 

 

 
Level of milk contamination  
Perception about danger of different sources of contamination of milk in the study areas are presented in 
Table 15. The perception about danger of different sources of milk contamination, consumers responded 

less dangerous, not dangerous, somewhat dangerous, dangerous, very dangerous were 6.2, 11.2, 9.9, 34.9 

and 38.5%, respectively. In the case of Wolayita district, 30 % and 43.3 % population indicated that milk 

contamination effects were not dangerous at all and less dangerous respectively, showing the level of 
understanding is very low in this area.  
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Table 22. Perception about danger of different sources of contamination of milk in the study areas 

Districts  Perception 

 Not 
dangerous at 

all 

Less 
dangerous 

Somewhat 
dangerous 

Dangerous Very 
dangerous 

Ada’a 
N 2.0 8.0 2.0 30.0 33.0 

% 2.7 10.7 2.7 40.0 44.0 

Lume 
N 3.0 7.0 6.0 18.0 21.0 

% 5.5 12.7 10.9 32.7 38.2 

Debre Birhan 
N 2.0 20.0 27.0 37.0 1.0 

% 2.3. 22.9 31.03 42.53 1.15 

Welmera 
N 0.0 1.0 1.0 37.0 46.0 

% 0.0 1.18 1.18 43.53 54.1 

Wolayita 
N 9.0 13.0 4.0 2.0 2.0 

% 30.0 43.3 13.3 6.7 6.7 

Nekemte 
N 0.0 1.0 2.0 16.0 26.0 

% 0.0 2.1 4.3 34 55.3 

Shashamane 
N 12.0 8.0 2.0 6.0 12.0 

% 30.0 20.0 5.0 15 30.0 

Kofale 
N 7.0 5.0 3.0 5.0 9.0 

% 24.1 17.2 10.3 17.2 31.0 

Bahir Dar 
Zuria 

N 0.0 1.0 1.0 4.0 18.0 

 
% 0.0 4.7 4.7 0.0 0.0 

Mekelle 
N 2.0 3.0 2.0 16.0 7.0 

% 6.7 10.0 6.7 53.3 23.3 

Mekelle zurea 
N 4.0 2.0 5.0 18.0 4.0 

% 12.1 6.1 15.2 54.5 12.1 

Yirgalem 
N 4.0 3.0 1.0 14.0 7.0 

% 13.8 10.3 3.4 48.3 24.1 

Hawassa 
N - 2.0 1.0 2.0 15.0 

% - 10.0 5.0 10.0 75.0 

Fafan 
N 0.0 6.0 10.0 22.0 42.0 

% 0.0 7.5 12.5 27.5 52.5 

Hadow 
N 1.0 3.0 7.0 26.0 43.0 

% 1.3 3.8 8.8 32.5 53.8 

Over all 
N 46.0 83.0 74.0 253.0 286.0 

% 6.2 11.2 9.97 34.9 38.5 

 
Major problems in consuming standardized milk products 
The interviewed respondents identified major problems in consuming standardized dairy products. 

About 23 % of the household had access standardized dairy products such as packed low fat, pasteurized 

milk, yoghurt and table butter in their localities and only 19 % were experienced in purchasing one or 
more of these products. Lack of awareness (48.6%), economic problem (40.4%) and supply problem 

(26.9%) are the three most important bottle necks negatively influencing the consumption of 

standardized dairy products in the country (Table 16).  
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Table 23. Major problems affecting the consumption of dairy products 
 

 
 
Parameter 

Districts  
Over 
all 

Ada’a Lume Wolayita Nekemte Shashamane Kofale Mekelle 
Mekelle 
zurea 

Yirgalem Fafan 

Supply 
problem 11.8 23.1 36.7 36.4 28.1 5.6 41.9 31.0 54.8 0.0 26.9 

Lack of 
awareness 39.5 44.2 80.0 47.1 47.1 5.6 64.5 76.2 69.0 12.5 48.6 

Economic 
problem 27.6 40.4 56.7 37.1 43.2 5.3 54.8 66.7 64.3 7.5 40.4 

Cultural 
taboo 0.0 3.8 93.3 17.4 5.4 - 3.2 9.5 2.4 0.0 15.0 

Religious 
taboo 7.9 9.6 0.0 19.0 5.4 - - - 2.4 0.0 6.3 

Health 
Problem 0.0 3.8 

  
- - 19.4 16.7 2.4 

 
8.5 

 

Conclusion and Recommendation 
Although the current assessment result does not provide a clear picture of dairy product production and 
consumption, can be used as baseline information for further studies in Ethiopia. The study clearly 

showed that price was the most important factor than safety and quality attributes to determine 

household consumption level and choice of product, and therefore attention has to be given to explore 

use of low-cost production and processing alternatives that can be afforded by most households. Though 
knowledge of the consumers in the study areas cannot be underestimated, awareness on dairy product 

handling, public health hazards of raw milk and post-pasteurized contamination, necessary labeling 

information on packed products, and quality standards of dairy products, need to be enhanced. 
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Safety and Quality of Raw and Pasteurized Cow Milk Produced and 
Marketed in Addis Ababa, Oromia, Southern and Amhara Regional 

States 
 

Alganesh Tola, Kassahun Melesse, Tsedey Azeze, Mekonnen Tilahun, Shewangizaw Woldie, Bilatu Agza 

 

Introduction 
 

The safety of dairy products with respect to food born diseases is of great concern around the world. This 
is especially true in developing countries where production and handling of milk and various milk 

products takes place under unsanitary conditions (Mogossie A., 1990). Safety of food is a basic 

requirement of food quality that implies absence or acceptable and safe levels of contaminants, 

adulterants, naturally occurring toxins or any other substance that may make food injurious to health on 
an acute or chronic basis. Food quality can be considered as a complex characteristic of food that 

determines its value or acceptability to consumers.  

 
If there are no control measures to manage potential microbiological hazards, raw milk and milk 

products made from raw contaminated milk can present a high level of risk to public health and safety. 

Before pasteurization was introduced, dairy products including drinking milk were frequently implicated 
in many different food-borne illness outbreaks. In addition to pasteurization, milk production, transport 

and dairy processing businesses are required to control potential associated food safety hazards by 

implementing documented food safety programs.  

 
Most of milk produced in Ethiopia comes from smallholder dairy production systems where hygienic 

production and handling are known to be sub standard. Accordingly, the bacterial qualities of 

smallholder milk and milk products were reported to be poor as compared to international standards 
(Zelalem et al, 2007). Numerous epidemiological reports have implicated non-heat treated raw-milk 

products are the major factors responsible for illnesses caused by food-borne pathogens. Cross-

contamination with pathogenic microorganisms can gain access to milk either by fecal contamination or 

by direct secretion from the udder into milk (El-Ziney and Al-Turki, 2007). Furthermore, contamination 
occurs during transportation, storage and marketing of milk under an inappropriate temperature without 

proper cooling. Under any of these conditions, microorganisms get into the milk and exponentially 

multiply (Semereab & Molla, 2001). In Ethiopia, the awareness and knowledge of available standards 
for dairy production, processing, handling and marketing is not well developed. The knowledge on 

national dairy standards is not well publicized and sensitization mechanisms were furthermore not 

soundly undertaken. Nowadays,  public  health  concerns  associated  with  microbial  food  safety and 
quality  has  arisen in Ethiopia  due to globalization and increased modernization of the society. Thus, 

assessing the safety status of pasteurized and whole milk products in broader perspective is necessary in 

order to device and implement corrective measures. Therefore, this study was designed to evaluate the 

safety and quality of milk and milk products from farm to table along the value chain in major milk 
sheds of the country. 

 
Methodology 
 
Description of the study areas 
The study was carried out in selected sites of Oromia, Amhara, Southern Nations, Nationalities and 

People’s Regional States and the Addis Ababa Adminstrative region.The sites selected in the Oromia 
region were the peri-urban areas of the central highlands of Walmera, Addis Alem, Fiche, and Bishoftu 

areas. These areas were selected because they take the lion's share in terms of their milk production 

potential and contribution to Addis Ababa milk market. The Oromia national regional state lies in the 
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central part of the country with larger protrusions towards the south and west directions. It has an 
estimated total area of area of 353, 690 km2 (OPEDB, 2000).  

 

The high dairy potential sites selected from the Amhara region were Bahir Dar and Debre-Birhan areas. 

The Amhara national regional state is located in the North West part of the country which is found 
between 90-130 45” North latitude and 350-400 30”East longitude. The total area is estimated to be 170, 

752 km2.  

 
The dairy potential areas selected for carrying out the study from the Southern Nations, Nationalities and 

People’s Regional State were Hawassa, Wolyita and Yirgalem areas. The Southern Nations, 

Nationalities and People’s Regional State (SNNPRS), is found 275 km south of the capital Addis Ababa 
along Addis Ababa– Moyale highway. It has an altitude of 1750 masl, and is located at 6o 83’ to 7o 17’ 

N and 38o 24’ to 38o 72’ E. It has an annual average rainfall of 955 mm with mean annual temperature 

of 20o C (SNNPRS–RSA. 2006). 

 
The fourth region selected for sample collection for raw and pasteurized milk was the Addis Ababa 

region, the capital city of the country which is situated in the central highlands. In the Addis Ababa 

region, different brands of pasteurized milk sample were collected from supermarkets. Because, such 
products are mainly found in Addis Ababa market as a result of urbanization and variety of consumers. 

In the rural set up, the consumption and use of traditinally produced dairy products is common. But use 

of standardized dairy products is not known in the system. Besides, raw milk samples were collected 
from emerging milk shops found in different parts of Addis Ababa.  

The four regional locations were selected for the study based on their vast potential for dairy production 

and they also represent the major milk shed areas of the country.  

 
Value chain actors involved in the study 
The value chain actors from which milk samples were collected were majorly smallholder milk 

producers (n=373), available milk collectors (n=89), consumers (n=116) and dairy cooperatives (4), milk 
shops (n=31) and supermarkets (n= 32). Different brands of pasteurized milk were collected from 

different supermarkets in Addis Ababa. In the Addis Ababa milk shed raw milk shops were another 

actors considered. 

 
Sampling and Data collection   
Purposive random sampling technique was used to collect milk samples for the entire experiment. 

Samples of raw whole milk and pasteurized milk were aseptically collected from the selected sites. The 
samples collected from Addis Ababa (milk shops and supermarkets), Debre-Ziet, Bahir Dar and 

Wolayita sites were used only for the analysis of physico- chemical components. Whereas, the samples 

collected from Walmera, Fiche, Addis Alem, Debre Birhan were used to analyze the chemical and 

microbial properties. But samples collected from Hawassa and Yirgalem were used for assessment of all 
properties (physicochemical and microbial properties except titratable acidity and Entrobacteriaceae 

count). 

 
Sample collection, transport and analysis for physico-chemical properties 
The samples collected from Debre-Ziet, Bahir Dar, Hawassa, Wolyita, Yirgalem and Bahir Dar and 

Addis Ababa areas were analyzed for their physicochemical properties using Mestro Eco ultrasonic milk 
Analyzer. The rest of the samples analyzed for their chemical properties using standard methods. Before 

analyzing the milk samples the milk analyzer was calibrated using calibration buffers recommended by 

the manufacturer of the analyzer. About 10 ml of raw and pasteurized milk samples were aseptically 
collected. Fat, Protein, Lactose and SNF contents were the major compositional parameters analyzed 

using the analyzer. Density and added water were also analyzed during the analysis of milk samples. 

After collection, samples of raw and pasteurized milk were kept in an ice box and brought to the 

laboratory within 2 hours time. The milk samples were analyzed in duplicate and the average results 
were summarized. 



 

200 
 

Generally, a total of 645 raw and pasteurized milk samples were taken from producers (373), collectors 
(89), cooperatives (4), consumers (116), milk shops (31) and super markets (32). The type and number 

of samples taken from different parts of the country and value chain actors is presented in the following 

table.  

 
Table 1. Types and number of samples collected from different locations in Addis Ababa and three 
               national regional states of Ethiopia 
 

Value chain 
actors 

Raw whole milk  PM Total 
BD Wolayita DZ Walmera AAL AA Fiche DB Hawassa Yirgalem AA  

Producer 84 36 30 24 25 - 29 29 56 60 - 373 

Collector 6 25 58 - - - - - - - - 89 

Cooperatives 4 - - - - - - - - - - 4 

Consumers - - - - - - - - 56 60 - 116 

Milk shops - - - - - 31 - - - - - 31 

Supermarkets - - - - - - - -  - 32 32 

Total 94 61 88 24 25 31 29 29 112 120 32 645 

BD= Bahir Dar, DZ= Debre-Zeit, AAL= Addis Alem, AA= Addis ababa, DB= Debre- Birhan and PM= pasteurized 
packed milk. Note for Hawassa and Yirgalem the number of samples in the table only refer to the chemical analysis 

 
Sample collection, transport and analysis of chemical and microbial properties 
Samples were collected from smallholder producers of Walmera (n=24), Addis Alem(n=25), Fiche 

(n=29), Debre Birhan (n=29) for the analysis of the chemical components and microbial quality tests. 
The samples collected from these locations were analyzed using standard methods. 200ml of whole milk 

samples were aseptically collected from and kept in an ice box and transported within 1-4 hours for 

analysis depending on the sites of collection to Holeta Agricultural Research Center dairy research 
laboratory. Similarly, samples were collected from Awassa (n=29) and Yirgalem(n=29) producers 

following the same sampling procedure and transported to the dairy technology laboratory of Hawassa 

University for the analysis of total aerobic mesophilic bacteria and total coliforms. Similar standard 
procedures as in Holeta were used in the Hawassa university dairy laboratory for the laboratory analysis 

of total coliforms and total bacterial counts for Hwassa and Yirgalem samples 

 
Chemical Composition  
Those samples collected from Walmera/Holeta, Addis Alem, Debre- Birhan and Fiche areas were 

analyzed using the following standard methods. 

 
Determination of fat content 

Gerber method was used to determine the milk fat content. Milk samples were kept at 37
0

C for 30 

minutes in a water bath to maintain the milk to normal body temperature of the cow. Ten ml of 

concentrated sulphuric acid was pipetted into a butyrometer. Then 11 ml of milk was added using milk 

pipette into a butyrometer having the sulphuric acid, and then one ml of amyl alcohol was added. The 
butyrometer stopper was put on and the sample was shaken and inverted several times until all the milk 

was digested by the acid. Then the butyrometer was placed in a water bath at 65
0

C for five minutes. The 

sample was placed in a Gerber centrifuge for four minutes at 1100 rpm (rotations per minute). Finally, 

the sample was placed in to water bath for 5 minutes at 65 
0 

C and fat percentage was read from the 

butyrometer. The average of duplicate readings was computed and recorded (O’Connor C.B. 1994).  

 

Determination of protein content 
Formaldehyde titration method was used to determine the total protein content. Ten ml of milk was added into a 

beaker. Then, 0.5 ml of 0.5 percent phenolphthalein indicator and 0.4 ml of 0.4 percent Potassium Oxalate was 

added into the milk. Then, the sample was titrated with 0.1N Sodium Hydroxide solution. The titration was 

continued until pink color becomes intense (O’Connor C.B., 1994). Finally, the burette reading was recorded. The 

reading was multiplied by a factor 1.74 (Foley et al., 1974).  
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Determination of total solids 
To determine the total solids, three grams of milk sample was pipette in a pre-weighed and dried 
duplicate of crucibles. The crucibles were placed on a boiling water bath for 30 minutes. The samples 

were kept at 102
0

C ± 2°Cfor 24 hours. Then, the dried samples were taken out of the oven and placed in 

a desiccator to cool and weighed. Again, the samples were dried in the oven for 1 hour as before. Cooled 

and reweighed. The drying was repeated until the difference in weight between two successive weighing 

was not more than 1 mg (O’Connor C. B. 1994).  
Then the total solids was calculated as  

M2–M0  x 100 

      M1 

Where:  M0 = the mass in grams, of the crucible 

M1 = the mass in grams of the test portion 

M2 = the mass in grams of dried crucible and test portion 

Solids- not –fat 

The solids not fat (SNF %) was determined by subtracting the percent fat from total solids (O’Mahoney, 

1988).  

 
Determination of ash content 
The total ash was determined gravimetrically by igniting the dried milk samples used for total solids 

determination in a muffle furnace in which the temperature was slowly raised to 550
0

C. The sample was 

ignited until carbon (black color) disappears or until the ash residue becomes white (H. Michael W. and 
Joseph F. Frank 2004).  

 

Determination of lactose 
To determine percent lactose of the whole milk percent fat, protein and ash were subtracted from the 

total solids content.  

% Lactose =Percent total solids-(% fat+ % protein+ % total ash).  

 
Microbiological analysis 
Aerobic mesophilic plate count  
Homogenized samples were serially diluted by adding 1ml of milk into 9ml of peptone water. One ml of 
the sample from a chosen dilution was placed on the petri dish with pour plated plate count agar (20 ml) 

allowed to solidify for 15min and incubated for 48 +2 hr at 35°C. Finally, the colonies were counted 

manually. The plate counts were calculated by multiplying the count on the dish by 10
n

, in which n 

stands for the number of consecutive dilutions of the original sample (FAO, 1997). 

 
Total Coliform count 
Samples were decimally diluted and plated with Violet Red Bile Agar (VRBA) into Petri dishes for 
enumeration of total coliforms bacteria as coliforms colony forming units per ml. Plates were incubated 

at 24±2 hours of incubation at 32 ± 1oC. One ml of milk sample was serially diluted as 1: 10
5 

using 

peptone water transferred into sterile petri -dishes. VRBA agar (15 ml) having temperature of 45
0

c was 

added to the milk sample mixed thoroughly and allowed to solidify for 5-10 minutes. The mixture was 

then overlaid with a plating agar to inhibit surface colony formation and incubated at 37
0

C for 24 hours. 

Counts were made manually. Finally, the plate counts were calculated by multiplying the count on the 

dish by 10
n

, in which n stands for the number of consecutive dilutions of the original sample (H. Michael 

W. and Joseph F. Frank 2004)).  
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Entrobacteriaceae  
Homogenized milk samples were serially diluted by adding 1ml of milk into 9ml of peptone water to 

yield a dilution that gave 15-100 cfu/ml of diluted sample. The plate was placed on a flat leveled surface. 
Violet red bile glucose agar (VRBGA) medium was used to enumerate Entrobacteriaceae. Pour plating 

technique was used. Plates were incubated aerobically for 24 hours at 37°C and inspected for purple-red 

colonies surrounded by a purplish circle of light/halo. Finally, the colonies were counted manually. The 

plate counts were calculated by multiplying the count on the dish by 10
n

, in which n stands for the 

number of consecutive dilutions of the original sample (H. Michael W. and Joseph F. Frank, 2004; ILSI, 

2011).  

 
Titratable acidity 
Ten ml of milk was pipetted into a beaker, and then 3-5 drops of 0.5% phenolphthalein indicator was 

added. Then the sample was titrated with 0.1N NaOH until pink color persists. Acidity was expressed as 

percentage of lactic acid (O’Connor C. B. 1995). Then % lactic acid was determined as follows.  

 
Lactic acid (%) =   ml N/10 alkali/NaOHx 0.009 x 100 

                                           ml of sample 

 

Data Analysis 
Data were entered, cleaned and analyzed using Statstical Package for Social Sciences (SPSS) 

version 16 (SPSS, 2011). The results of milk composition, physical properties and microbial 

analysis were analyzed using mean procedures of the SAS (Statistical Analysis System) (2009). 

Means were calculated for chemical composition, physical properties and bacteriological tests 

separately for locations, brands of milk and value chain actors. The General Linear Model 

(GLM) procedure for least square analysis of variance in SAS (2009) was utilized. A fixed 

effect model was used to estimate the effects of locations, brands of milk and value chain actors 

for studied parameters. Mean comparison was done using DMRT (Duncan’s multiple range test) 

for those variables whose F values appeared to be statistically significant. Differences were 

considered to be significant when p ≤0.001, and p ≤0.05. Possible interactions were also 

computed between the different factors considered. Total aerobic mesophilic bacteria, 

Entrobacteriaceae and total coliform counts were transformed to log 10 before statistical 

analysis.  
 

Results and Discussion 
 
Chemical composition of raw and pasteurized cow milk  
Fat  
The current result of fat content showed highly significant (P<0.001) difference between different brands 
of milk, milk collected from different value chain actors across locations (Table 2). However, interaction 

among the collections and brands of milk had no significant difference. On the other hand, there were 

highly significant differences (P<0.001) for the collections along the value chain. The fat content of milk 
samples collected from Bahirdar and Hawassa producers revealed highly significant (P<0.001) 

differences from all those milk samples collected from the Addis Ababa milk shed. Reversely, the fat 

content of milk samples from brand 7 was low compared to the other milk brands. This difference might 

be due to fat skimming off and fat standardization as opposed to the whole milk that is directly marketed 
by small scale producers. According to the standard set by the Ethiopian standard authority for 

pasteurized liquid milk the fat content for pasteurized fluid milk should range between 0.5- 1.5 % (ESA, 

2008). Hence, all the pasteurized milk samples collected and analyzed during the current study fulfill the 
required standard.  



 

203 

 

The overall mean fat percentage in this study is 3.9. This is greater than the average cow milk fat 
revealed by O’Connor C.B.1995. On the other hand, the average fat percentage obtained in the current 

study is lower than findings of Teshome Gemechu et al 2015 who reported an average fat content of 4.28 

percent for milk samples collected from dairy cooperatives milk collection centers, hotels, small 

shops/kiosks and small scale milk producers. Another study by G. Dehninet et al., (2013) revealed 
higher average fat content of 5.22 percent from milk samples collected from smallholder producers in 

Oromia and Amhara regions . A probable reason for such lower average fat percent compared to the 

other findings is that most of the samples collected for the current study were collected from smallholder 
producers who were in the peri-urban set up who keep one or more crossbred cows whose milk fat 
content is lower than that of pure indigenous cows. 

According to the Ethiopian standard authority the minimum percent fat for whole milk by mass should 

not be less than 3.5 percent (ESA, 2009). Hence, the average fat percent (3.97) of the current study 

fulfills the recommended range even though it is below average for the local breeds.  

 
Protein 
Protein content of milk collected from different brands, value chain actors and locations showed highly 

(P<0.001) significant differences. The protein content of milk samples collected during different rounds 

also varied across the value chain actors. However, the protein content for different rounds/collections 
did not vary for different brands. The average protein content obtained from this study was 3.02 percent. 

This result was lower than the protein content reported  by several authors as 3.48 %, 3.46±0.04 %, 3.31 

% and 3.42 by AbdElrahman et al. (2009), Fikirneh et al. 2012, Alganesh et al. (2007)  and Tekle 
michael (2012), from milk samples collected from local  cows, cross bred cows, local Horro cows and 

dairy farms in Dire Dawa, respectively. According to an on-station study report by Zelalem et al (2003,) 

a higher overall mean protein content of 3.17 percent was reported for indigenous Boran cows. Different 

factors such as breed of the cow and stage of lactation might have affected the protein content of milk 
samples from the current study. According to Ethiopian standards authority, the minimum % by mass 

percent protein content of whole milk is 3.20 (ESA, 2008). Hence, the average protein content for the 

current study is slightly below the recommended standard.  

 
Total solids 
The total solids content of milk samples obtained during the current study showed highly significant 

differences (P<0.001) for brands of milk, value chain actors and locations. The result also revealed 

highly significant (P<0.005) difference among rounds along the value chains. But the collections did not 
show significant differences for the different brands. The overall total solids content of milk obtained 

during the present study is 12.23 percent. The average total solids content in this study was lower than 

average (13.4 percent) total solids obtained from similar study conducted in Shashamane town on milk 
obtained from dairy cooperative collection centers, small scale milk producers, kiosks and hotels 

(Teshome Gemechu et al., 2015). Another similar study conducted on smallholder milk samples from 

Horro cows in East Wollega by Alganesh et al (2007) showed higher total solids content of 14.31 
percent. According to the standards set by the Ethiopian standard Authority, the minimum average 

percent by mass total solids content of unprocessed whole cow milk should not be less than 12.8 percent. 

Therefore, the current average total solids content of milk is less than the minimum requirement. The 

present result is again less than the average cow milk total solids of 12.7 percent recommended by 
O'Connor C. B. 1994). This might be due to adulteration by water or other solid materials.  

 

Ash 
The ash content of raw whole and pasteurized milk samples in this study revealed that there is no 

significant difference between brands, locations and collections. However, the ash content significantly 
differed for the different value chain actors at P< 0.001. The overall mean of the ash content of milk 

samples in the present study is 0.60 percent. Nevertheless, this result is lower than the average cow milk 

ash content of 0.7 percent suggested by O’Connor C.B. (1994). Another associated study by Teshome G 
et al (2015) revealed a high average ash content of 0.74 percent for whole milk collected from different 

value chain actors. Besides, the results of ash content for the pasteurized milk in the current study also 
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indicated very low ash percentages. But different literature suggest that the ash content of cow milk 
normally remains constant even though it is affected by feeding, breed of lactating animal and stage of 

lactation.  

 
Lactose 
The lactose content of the raw and pasteurized milk samples collected from different locations 

across the value chains and brands did not differ significantly for the two collections. But, the 

lactose content differed significantly (P<0.005) for different collections across the value chain. 

The overall average of lactose content in this study showed 4.73 percent. According to the 

European Union Quality standards for unprocessed whole milk the lactose content should not be 

less than 4.2 percent (Tamime, 2009). Conversely, O’ConnorC.B (1994) recommended the 

normal range of cow milk lactose content as 4.7 to 4.9%.  

So, the lactose content of milk in the present study is sufficient as it full fills the standard 

requirement. 

 
Solids not fat 
The solids not fat content of the whole and pasteurized cow milk samples collected from producers, 
consumers, milk shops varied significantly among different brands, locations and value chain actors at 

P<0.001. But, the collection value chain interaction and that of collection brand interaction did not vary 

significantly. The average SNF content of milk samples for the present study proved to be 8.29 percent. 

The average SNF content of milk samples obtained from the current study is less than 8.7, 8.96 percents 
of SNF content of milk from raw milk samples described by Bille et al (2009) and Janstova et al (2010), 

respectively. The minimum SNF percent set by European Quality Standards for unprocessed whole milk 

is 8.5 percent (Tamime, 2009). Consequently, the average SNF obtained during this study is lower than 
the standard. This might be due to the presence of pasteurized milk samples that might have pulled down 

the overall average of SNF of the current result. 
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Table 1. Mean values± SD for the chemical components of milk collected along the value chain from supermarkets, milk shops, small scale 
milk producers, cooperatives, collectors and consumers  in central highlands, Bahir Dar areas and Southern  Ethiopia  (n= 651) 
 
 

Location 

Variable 

Brand ** ** ** NS ** ** 

Location ** ** ** NS ** ** 

Value chain 
actor 

** ** ** ** NS ** 

Round/collecti
ons 

NS NS NS NS NS NS 

Collections*V
CA 

** ** * NS * NS 

Collections*Br
and 

NS NS NS NS NS NS 

Addis Ababa 

Overall mean 
Fat (%) Protein %) TS (%) Ash (%) Lactose (%) SNF (%) 
3.97 3.02 12.23 0.60 4.73 8.29 

Milk shops 
(N=31) 

3.09±1.11ab 2.79±0.43ab 
10.63±1.86
b 

0.45±0.19 4.31±0.67b 
7.54±1.1
6 

1 (N=4) 2.10±0.0b 2.68±0.06c 9.16±0.15b 0.27±0.01 4.12±0.09b 
7.11±0.1
6 

2 (N=4) 2.24±0.15b 2.33±0.02c 8.67±0.40b 0.29±0.02 3.73±0.03bc 
6.23±0.0
4 

3 (N=4) 3.05±0.47b 2.86±0.02b 
10.79±0.57
b 

0.44±0.08 4.15±0.02b 
7.74±0.1
1 

4 (N=2) 3.10±0.0b 2.68±0.03b 
10.37±0.08
b 

0.44±0.01 4.15±0.04b 
7.27±0.0
8 

5 (N=4) 2.85± 0.06b 2.57±0.15c 9.80±0.39b 0.40±0.01 3.98±0.23bc 
6.95±0.3
8 

6 (N=4) 2.20 ±0.12b 2.39±0.18c 8.58±0.33b 0.29±0.01 3.71±0.27bc 
6.38±0.4
4 

7 (N=2) 1.55± 0.49c 2.69±0.01b 8.59±0.56b 0.29±0.01 4.17±0.05b 
7.04±0.0
6 

8 (N=2) 2.30± 0.0b 2.23±0.03c 8.28±0.10c 0.29±0.01 3.46±0.03bc 
5.98±0.0
9 

9 (N=2) 2.95± 0.07b 2.58±0.02c 9.93±0.11b 0.42±0.01 3.99±0.05bc 
6.98±0.0
4 

10 (N=2) 2.15± 0.07b 2.6±0.03c 9.06±0.01b 0.28±0.0 4.86±0.02b 
6.91±0.0
8 

11 (N=2) 2.5±0.0b 2.16±0.01c 8.34±0.03c 0.33±0.01 3.36±0.02c 
5.84±0.0
3 

Addis Alem 
Producer(N=2
5) 

3.48±0.53ab 3.19±0.42ab 
12.52±1.26
ab 

0.66±0.13 5.22±0.86ab 
8.68±1.0
6 

BahirDar 

Collector 
(N=6) 

3.92±0.53ab 3.07±0.15ab 
12.32±0.69
ab 

0.59±0.39 4.88±0.12b 
8.41±0.0
7 

Cooperative(N
=4) 

3.43±0.54ab 3.06±0.05ab 
11.81±0.54
ab 

0.48±0.39 4.79±0.33b 
8.37±0.2
0 

Producer 
(N=84) 

5.09±1.44a 3.12±0.37ab 
13.78±1.80
a 

0.69±0.20 4.76±0.25b 
8.61±0.3
7 

D/Birhan 
Whole milk 
(N=29) 

3.62±0.61ab 3.12±0.37ab 
13.17±1.89
a 

0.66±0.21 6.93±1.61a 
9.74±1.6
9 

Debre Zeit 

Collector(N=5
3) 

3.29±0.65ab 3.13±0.23ab 
11.71±1.01
ab 

0.49±0.11 4.82±0.36b 
8.47±0.6
2 

Producers(N=
35) 

4.12±1.55ab 3.02±0.28ab 
12.52±1.69
ab 

0.61±0.21 4.71±0.43b 
8.32±0.7
0 

Fiche 
Producer(N=2
9) 

3.95±0.53ab 3.05±0.35ab 
11.02±3.41
ab 

0.53±0.42 3.42±1.52bc 
7.53±2.4
9 

Hawassa Producer(N=5 5.16 ±1.36a 3.07±0.24ab 14.14±1.87 0.73±0.19 4.94±0.73b 8.64±0.7
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Means followed by different superscript letters within a column are significantly different (P<0.05). TS= Total solids, SNF= 
Solids not-fat, 

 N= number of observations, NS= not significant, **= highly significant difference. Rounds/collections refer to the frequency of 
milk collection 

 

Physical properties of raw and pasteurized cow milk 
 
Specific gravity 
The specific gravity of the milk samples showed highly significantly (P<0.001) difference for the two 
consecutive collections, the value chain actors and the locations. But, the specific gravity did not vary 

significantly among different brands, the interaction of the two rounds/ collections for the different 

brands and value chains (Table 3). The overall average specific gravity of the milk samples collected 

from supermarkets, collectors, cooperatives and smallholder producers in the current study showed 
1.021g/ml.  

 

Based on the fact that milk has a heavier weight or density, the specific gravity of normal milk ranges 
from 1.026–1.032 g/ml at 200c compared to water (1.000 g/ml). When milk is adulterated with water or 

other solids are added, the density either decreases if water is added or increases if solids are added. If 

milk fat or cream is added to milk, the density/specific gravity decreases (O’Connor C.B. 1994; Lore, 

T.A., et al 2006). Another normal milk specific gravity standard set by the European Union is from 
1.027 -1.035 g per ml with a mean value of 1.032 g per ml (Tamime, 2009). Different on-farm studies by 

Alganesh et al (2007), Zelalem and Ledin (2001) and Teshome Gemechu et al. (2015) revealed relatively 

higher specific gravities of 1.030, 1.030 and 1.030 from samples collected from smallholder producers in 
Bila Sayo and Guto Wayu districts of East Wollega, central highlands of Ethiopia and dairy cooperatives 

collection centers, hotels, kiosks and small shops of Shashamane town, respectively. The overall average 

specific gravity of milk obtained in the present study is by far below the standard. This simply indicates 
the increasing trend of adulteration practices probably by water in order to increase the volume of milk 

to get more benefits.  

 
Milk temperature  
The milk temperature did not vary significantly for the locations and brands of milk samples. It did not 

also vary either for the interactions of rounds/collections and brands and the value chains. But, the milk 

temperature significantly varied for the two round collections at (P<0.001). The overall average milk 
temperature in the current study is 20.67oc. Similar study conducted in Shashamane on dairy cooperative 

collection centers, kiosks, small shops and Hotels also evidenced an average high temperature of 22.830c 

(Teshome Gemechu et al, 2015). Under normal condition, milk should be cooled to 40C immediately 
after milking or it should be transported to a market point within 3 hours after milking. Cooling milk will 

slow down the growth of spoilage bacteria and prolong the shelf life of milk (Lore, T.A. et al, 2006). 

6) a 0 

Consumer(N=
56) 

3.27±1.23ab 3.07±0.55ab 
11.41±2.48
ab 

0.49±0.24 4.63±0.79b 
8.40±1.3
7 

Walmara 
Producer(N=2
4) 

3.54±0.67ab 2.84±0.28ab 
12.25±1.24
ab 

0.66±0.10 4.86±0.90b 
8.10±1.5
1 

Wolyita 

Collector 
(N=25) 

4.15±1.72ab 2.41±0.48c 
10.61±2.51
b 

0.50±0.31 4.23±1.12b 
6.73±1.3
0 

Producer(N=3
4) 

3.61±0.78ab 3.05±0.19ab 
11.93±1.12
ab 

0.55±0.14 4.73±0.28b 
8.32±0.5
1 

Yirgalem 

Producer 
(N=60) 

4.64±1.39ab 3.22 ±0.24a 
12.89±1.87
ab 

0.64±0.17 4.89±0.37b 
8.85±1.1
9 

Consumer(N=
60) 

4.23±1.88ab 3.22 ±0.24ab 
12.65±3.50
ab 

0.53±0.23 4.98±0.94b 
7.83±2.0
4 
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Inadequate cooling increases bacterial counts by allowing a better environment for bacterial growth 
during storage (Reinemann et al  2005).  

 

Freezing point 
The freezing points of milk samples collected during different  rounds and from different value chain 

actors (supermarkets, milk shops, cooperatives smallholder producers and collectors) showed highly 

significant difference at P<0.001. But, none of the interactions showed significant differences for the 
collections, locations, brands of milk and value chains. The overall average freezing point for the milk 

samples in this study is 0.0260C. According to the Ethiopian Standards Authority for raw whole milk, the 

freezing point of milk should range between - 0.525 to -0.550 0C. The American standard for freezing 

point of milk was set as -0.512 to -0.550 0C (H. Douglas Goff, 1995). Thus, the current finding merely 
indicates the average freezing point does not comply with either standards. This is possibly due to 

adulteration of milk different points to increase its quantity. Another possible reason is that under 

feeding of milking cows can increase freezing point (H. Douglas Goff, 1995).  

  
Added water/Adulteration 
The adulteration/ added water had highly significant (P<0.001) difference for collections, value chain 
actors and brands for different locations. But, none of the interactions showed significant differences for 

the collections, brands of milk and value chains across locations. The overall average water added to the 

milk samples in the present study is 2.45 percent. Another study showed addition of water to raw milk 
had positive significant effect on freezing point and total coliform counts in the study conducted on raw 

milk quality under a smallholder production system in selected areas of Amhara and Oromia National 

regional states by G. Dehinenet et al (2013). The same author revealed a lower adulteration rate of 

smallholder produces milk by 1.19 percent of water. For similar reason in other East African countries, a 
reference guide for training and certification of small scale traders in Eastern Africa by Kurwijila L. et 

al., 2006 recommended that the value chain actors should demand unadulterated milk from suppliers to 

minimize adulteration.  
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Table  3. Mean values± SD for the physical properties of milk collected from along the value chain from supermarkets, milk shops, and small 
scale milk producers, cooperatives, collectors and  consumers  in central highlands, Bahir Dar areas and southern Ethiopia  (n=543) 

Location Variable 

Addis Ababa 

 
Location 

Specific gravity 
(g/ml) 

MT (0C) 
Freezing 
point(0C) 

Water added 
(%) 

** NS ** ** 

Round/collection ** ** ** ** 

Value chain actor ** NS NS ** 

Brands of milk NS NS NS ** 

Round*VCA NS NS NS NS 

Round*Brand NS NS NS NS 

Overall mean 1.021 20.67 0.026 2.45 

1 (N=4) 1.025±0.00 15.95±0.82 -0.469±0.011 9.93±2.16 
2 (N=4) 1.021±0.00 10.38± 4.30 -0.404±0.003 22.25± 0.60 

3 (N=4) 1.026±0.00 16.08±1.21 -0.510±0.006 1.95±1.07 

4 (N=2) 1.024±0.00 14.75±0.21 -0.475±0.006 8.65±1.06 

5 (N=4) 1.023±0.001 10.70±3.84 -0.453±0.028 12.93±5.36 

6 (N=4) 1.022±0.002 11.45±3.29 -0.416±0.032 20.00±6.16 

7 (N=2) 1.025±0.00 7.05±0.64 -0.467±0.001 10.20±0.28 

8 (N=2) 1.020±0.00 10.35±0.21 -0.387±0.006 25.65±1.20 

9 (N=2) 1.023±0.00 15.15±0.92 -0.455±0.004 12.60±0.71 

10 (N=2) 1.024±0.00 15.85±0.07 -0.454±0.006 12.70±1.13 

11 (N=2) 1.020±0.00 17.20±0.14 -0.376±0.002 27.80±0.42 
Whole milk from shop (N=30) 1.025±0.004 14.18±1.33 -0.497±0.085 -0.50±0.08 

BahirDar Collector (N=6) 1.028±0.00 19.30±1.03 -0.557±0.005 -0.19±0.29 

 Cooperative(N=4) 1.028±0.00 16.33±5.24 -0.553±0.015 -0.55±0.02 

 Producer (N=84) 1.027±0.002 16.98±2.71 -0.567±0.030 2.00±0.14 

Debre Zeit Collector(N=53) 1.029±0.002 21.61±1.41 -0.565±0.049 -0.56±0.05 

 Producers(N=35) 1.027±0.003 21.86±1.86 -0.548±0.052 -0.55±0.05 

Hawassa Producer(N=60) 1.018±0.01 25.25±0.96 0.560±0.084 0.57±1.37 

 Consumer(N=60) 1.008±0.001 21.12±3.20 0.547±0.098 6.57±11.85 

Wolayita Collector(N=25) 1.021±0.005 22.69±1.20 -0.432±0.094 -0.43±0.09 
 Producer(N=34) 1.028±0.002 21.94±1.95 -0.438±0.342 -0.44±0.34 

Yirgalem Producer (N=60) 1.019±0.010 23.37 ±1.35 0.595±0.054 0.06±0.40 

 Consumer(N=59) 1.008±0.002 22.88 ±1.94 1.195±4.892 5.52±11.14 

MT= milk temperature,   N= number of observations, NS= not significant, **= highly significant difference 

 
Trends of water addition to milk across milk value chains 
As indicated in Figure 1 there is an increasing trend of milk adulteration as the milk goes through 

marketing from producers to the consumers along the value chain. In the Awasssa and Yirgalem milk 

value chain, the water added at producer level is minimum but at the consumer level the water added has 
increased. But, in these two locations as the other value chain actors such as milk shops and collectors 

were not considered, it is difficult to judge where the adulteration has taken place. Adultration problem 

is minimum in Bahir Dar, Wolayita and Debre Ziet areas and milk shops in the Addis Ababa.  But, an 

increased trend of adulteration was observed in pasteurized milk collected from supermarkets found in  
Addis Ababa that went as high as about 15 percent.  
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Figure 1. Water added/milk adulteration trends in different locations in the study areas 

 

 

Prod= producer, cons= consumer, coll= collector, mks= milk shops, sprm= supermarkets, Yir= Yirgalem, HAW= Hawassa, BHR= Bahir Der, 
Wol= Wolayita, DZB= Debre- Ziet, ADA= Addis Ababa 

 
The tendency of water addition and specific gravity of pasteurized milk from supermarkets in 

Addis Ababa   is shown in (Figure 2). As it can be seen from the figure adulteration is very 

minimal in milk samples obtained from two brandes. But, a maximum water adulteration of 

about 2-28 percent is reached for milk samples collected from different local brands of milk. 

The milk specific gravity is also lower than minimum requirement for all brands as the addition 

of water can reduce the specific gravity of milk. These trends generally indicate a need to 

monitor and control the quality through periodic tests of milk at different levels from production 

to consumption is compulsory.  
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SPG=specific gravity and Wtr= warer added 

Figure 2. Water addition to milk and specific gravity pasteurized milk samples in Addis Ababa 

Microbial quality of raw cow milk 

Titratable acidity 

The titratable acidity of milk samples in the current study revealed highly significant (P<0.001) 

difference among milk samples collected from different locations (Table 4). Milk samples collected from 
smallholder producers of Walmera showed highly significant (P<0.001) differences from those milk 

samples collected from smallholder producers of Fiche, Debre Birhan and Addis Alem areas. This 

probably indicates that the milk samples from Walmera small holder producers were held at room 

temperature for long time under poor hygienic situation before sampling. The production of acid in milk 
is normally termed as souring and the sour taste of milk is due to lactic acid production. The percentage 

of acid present in milk is a rough indication of its age and the manner in which it has been handled. 

Normal fresh milk has an apparent acidity of  0.14 to 0.16 percent (O’Connor C. B. 1994). The overall 
average of titratable acidity of raw milk in the current study is 0.33 percent. Another study by 

Mulugojjam Adugnaa et al (2013) revealed a titratable acidity of 0.166 - 0.42 in the study on quality and 

safety of camel milk along the value chain in Eastern Ethiopia. Asaminew and Eyassu (2011) also 

reported a titratable acidity for milk samples collected from individual farmers with (0.23 ± 0.01%) and 
dairy cooperatives (0.28 ± 0.01% lactic acid) in Bahir Dar District. Hence, the current result is in 

agreement with the previous findings. But, the current average exceeded the normal range. This might be 

due to bacterial growth and multiplication during transportation of milk and longer storage of the milk 
before sale. Inappropriate cooling also results in higher bacterial growth which increases the titratable 

acidity. 

 
Total Aerobic Mesophilic Bacterial (TAMB) count 
The total aerobic mesophilic bacteria (AMBC) of milk obtained from smallholders at different locations 

showed (P<0.001) highly significant difference. The total aerobic mesophilic bacteria enumerated from 
samples collected from Fiche (6.97±0.35 log 10 cfu/ml), Yirgalem (8.47±0.16 log 10 cfu/ml) and 

Walmera/Holeta (11.26±0.36 log 10 cfu/ml) differed significantly (P<0.001) from those counts from 

other places. The overall mean aerobic mesophilic bacteria enumerated in the current study is 8.2 log10 

cfu/ ml. According to the Ethiopian standards Authority (2009) good quality milk should not contain a 
total bacterial count of more than 0 - 200,000 cfu/ml. Another report on four locations revealed total 
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aerobic bacterial counts (TABC) of 4.78x104 to 8.29x106lo cfu/ml with an average value of 
6.88±0.46log10 cfu/ml. Another report also showed a total aerobic bacterial count of 3.85x102 to 7.79 

x106 log cfu/ml at Sululta and 6.86x105 to 7.88x106 at Holeta, respectively  for milk samples obtained 

from dairy cooperative union and retail shops (Amistu Kuma et al 2015). However, lower total aerobic 

bacterial count was obtained from Sebeta retail shop with the mean± SD of 6.7±0.694 log cfu/ml.  
In the same study, the mean value of total aerobic bacterial count obtained from informal merchant at 

Sululta and Holeta was 8.07±0.834log 10 cfu/ml and 7.45±0.264 log 10 cfu/ml (Amistu Kuma et al, 

2015). The higher total aerobic mesophilic bacterial count observed in the current report may be 
explained in terms of initial contamination of milk samples either from milking cows from exterior of 

udder, body, mastitic milk, milkers, unhygienic milking areas and milk container  and post milking 

handling. This shows that the sanitary conditions under which the sampled milk has been produced and 
handled were generally substandard. The total bacterial count is also a good indicator for monitoring the 

sanitary conditions practiced during production, collection and handling of raw milk.  

 

Total coli-form counts 
The total coliform bacteria enumeration of milk samples collected from smallholders showed highly 

(P<0.001) significant difference across all locations. The total coli-forms enumerated from samples 

collected from Addis Alem (0.89±0.44 log 10 cfu/ml) and Walmera/Holeta (1.03±0.55 log 10 cfu/ml) 
did not significantly differ from each other. Similarily, there were no significant difference among the 

total coliform counts of milk samples collected from smallholders from Hawassa (2.34±0.31 log 10 

cfu/ml) and Yirgalem (3.40±0.20 log 10 cfu/ml). The total coliform counts from Debr-Birhan (7.58±0.40 
log 10 cfu/ml) as highest compared to the total coliform bacterial counts obtained from Addis Alem 

(0.89±0.44 log10 cfu/ml). This might be attributable to the relatively longer time elapsed to collect and 

transport samples from Debre- Birhan to Holeta dairy technology research laboratory for analysis even 

though the sample was held in an icebox. The overall mean total coli-form bacteria enumerated in the 
recent study are 3.47 log 10 cfu/ ml. According to the Ethiopian standards Authority (2009) good quality 

milk should not contain a total coli-form bacterial count of more than 0 – 1000 cfu/ml. Similar study 

conducted by Amistu Kuma et al (2015) on the assessment of raw milk microbial quality at different 
critical points of Oromia to milk retail centers in Addis Ababa indicated a higher mean range of coliform 

bacterial counts of 5.42±1.735 to 5.78±0.985 log 10 cfu/ml for samples collected from farmer and retail 

shop of Sebeta site. Different reports by Mulugojjam  Adugna et al (2013), El-Ziney and Al-Turki 
(2007) and Omer and Eltinay (2008) showed an overall mean coliform bacterial counts of 2.9 log10 cfu 

/ml, 1.4 log10 cfu /ml and 2.83 log10 cfu/ ml for camel milk quality and safety in Eastern Ethiopia, 

camel milk produced in Saudi Arabia and in the United Arab Emirates, respectively. Another report by 

Asaminew T. and Eyasu Siefu (2011) also revealed higher coliform count of 4.49 log 10 cfu/ml for milk 
samples collected from farmers and dairy cooperatives in Bahr Dar Zuria and Mecha districts of 

Amhara, Ethiopia. Therefore, the overall mean of total coliform bacteria in the recent report is by far 

greater than tolerable range. The higher total coliform bacterial counts observed in this study may be due 
to the initial contamination of milk samples during milking either from poor personal hygiene and, the 

udder and body of cows, the milking environment and milk containers. It also indicates the probability of 

contamination of fecal origin because one source of these organisms is the intestinal tract of warm 

blooded animals (H. Michael and J.F. Frank, 2004). There is also a high risk of getting pathogenic 
bacteria of public health hazards from the genera Escherichia, Klebsiella, Enterobacter,Serratia, and 

Citrobacter collectively called the Coliform bacilli (Adil M. A. et al ., 2011).  

 
Entrobacteriaceae count  
The Entrobacteriaceae enumeration of milk samples collected from smallholders demonstrated highly 

(P<0.001) significant difference across all locations. The Entrobacteriaceae enumerated from samples 
collected from Addis Alem (11.59±0.37 log 10 cfu/ml), Debre-Birhan (11.32±0.35 log 10 cfu/ml) and 

Walmera/Holeta (10.38±0.38 log 10 cfu/ml) did not significantly vary from each other. However, a 

highest Entrobacteriaceae count of 12.72±0.35 log 10 cfu/ml that was significantly different (P<0.001) 
from all other locations was enumerated the samples collected from Fiche areas (12.72±0.35 log 10 

cfu/ml). The overall average of Entrobacteriaceae in the present study was 11.36 log 10 cfu /ml. Another 

report on the review of Ethiopian dairy revealed a lower count of Entrobacteriaceae of 5.49 log 10 
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cfu/ml (Zelalem Y., et al, 2011). The higher count in the present study could be related to the 
substandard hygienic conditions practiced during production and subsequent handling. Generally, 

Entrobacteriaceae are indicator bacteria that are used to provide evidence of poor hygiene, inadequate 

processing or post-process contamination of foods. They are often chosen because they are relatively 

quick and simple to detect. Their absence in food provides a degree of assurance that the hygiene and 
food manufacturing process has been carried out appropriately, where as their presence usually indicates 
a potential problem or failure in the process has occurred ((ILSI, 2011).  

Table 4. Mean values ± SD for the microbial quality of milk collected from producers in the central  highlands and Southern part of Ethiopia 
(n= 274) 

Locations Variable 

Titratable acidity 
(% LA) 

Total aerobic 
mesophilic count 
(Log10 cfu /ml) 

Total coli 
forms 

Log 10 cfu/ml 

Entrobacteriaceae 
(Log 10 cfu /ml) 

Overall mean 0.33 8.20 3.47 11.36 

Location ** ** ** ** 

Addis Alem (N=25) 0.16±0.02b 7.92±0.35bc 0.89±0.44d 11.59±0.37b 

D/Birhan (N=29) 0.25±0.02b 7.11±0.33cd 7.58±0.40a 11.32±0.35bc 

Fiche (N=29) 0.22±0.02b 6.97±0.35d 5.03±0.41b 12.72±0.35a 

Hawassa (N=112) - 7.51±0.26cd 2.34±0.31c - 

Walmara (N=24) 0.44±0.02a 11.26±0.36a 1.03±0.55d 10.38±0.38c 

Yirgalem (N=107) - 8.47±0.16b 3.40±0.20c - 
Means followed by different superscript letters within a column are significantly different (P<0.05). LA=lactic acid, cfu/ml= colony forming units/ 
mililiter, N= number of observations, NS= not significant, **= highly significant difference. Log10= Logarithms of10 

 
Conclusion and recommendation 
Most of the results of the chemical composition of milk samples in the current study were within the 
range of the standards set by the Ethiopian standard Authority (ESA) except the ash and SNF contents. 

But, the physical properties and microbial quality of the milk samples across different locations were 

beyond the normal standard ranges set by the ESA and/or the European standards. The quality 

deterioration in the system has been aggravated due to the pre-dominant informal raw milk trade, 
adulteration to increase volume of milk for sales, lack of post harvest handling. Weak monitoring and 

quality control systems by  governmental regulatory bodies. Generally, there is no fundamental 

compliance with SOPs (standard operating procedures).  
 

Remedial actions have to be in place through demanding of safe and quality milk from suppliers across 

the value chain. Moreover, the responsible regulatory government bodies need to address the safety and 

quality of raw and pasteurized milk through awareness creation through trainings on the SOPS for value 
chain actors and other stakeholders. On top of this, the current finding is a warning sign for the urgent 

need to strengthen monitoring and control mechanisms of quality and safety of milk. This could be 

followed by periodic laboratory tests of some important quality and safety parameters across the milk 
value chain. Offering license in quality certification schemes for producers, traders and processors is 

another critical measure to be considered. Moreover, a more detailed laboratory analytical investigation 

focusing on milk from farm to table across the value chain is recommended. 
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