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This study was carried out to investigate the effects of dietary replacment of fish meal (FM) with poultry 
by-product meal (PBM) at 0, 25, 50, 75 and 100% using 360 one day-old Arian broiler chicken. The mean 
weight gain, feed intake and feed conversion ratio were significantly decreased in the birds fed on diets 
containing greater levels of PBM as compared to the control birds during 1 to 21 days of age (P<0.01). 
Replacement of FM at different levels with PBM significantly affected serum concentrations of urea and 
uric acid (P<0.05). The serum concentrations of urea and uric acid were lower in the birds that received 
100%-PBM containing diets. The mean nitrogen content of litter was similar among the experimental 
diets, while the moisture content of litter tended to be lower for the birds fed on diets containing 25% 
PBM as compared to the other birds (P<0.10). Litter pH was similar among the dietary. Treating the litter 
samples by alum significantly decreased their pH values (P<0.01). The results suggest that, substitution 
of FM with PBM at different levels had no impact on nitrogen contents of litter.  
 
Key words: Nitrogen excretion, broiler chicken, poultry by-product meal.  

 
 
INTRODUCTION 
 
Litter management in poultry production, as a means to 
reduce ammonia emission, has received increasing 
attention in modern poultry houses. It is well documented 
that high concentrations of ammonia in poultry houses 
have detrimental effects on the productive performance 
and health of the birds (Koerkamp, 1994; Al Homidan et 
al., 2003; Ritz et al., 2004). Moreover, concerns have 
arisen with regard to ammonia emission from poultry litter 
as it may contribute to acidic precipitations (Apsimon et 
al., 1987). Van der Hoek, 1998 Atmospheric ammonia 
plays an important role in such precipitations. It has been 
reported that livestock wastes are the dominant source of 
ammonia emission in Europe, which is increased by 50% 

during 1950 to 1980 (Apsimon et al., 1987; Van 
Aerdenne et al., 2001).  

Ammonia volatilization from poultry houses is mainly 
due to microbial break down of nitrogenous compounds 
of litter, predominantly uric acid, by uricase (Kimberly et 
al., 2008; Schefferle, 2008). Different approaches have 
been implemented to reduce ammonia emission from 
poultry houses. Among the others, dietary manipulations 
and litter treatments are effective means to control 
ammonia emission at poultry houses level. Litter treat-
ments include ammonia-reducing strategies which provide 
a better in-house environment for birds (Khosravinia, 
2006; Choi et al., 2008). Dietary manipulations have the 
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potential to reduce the manure production and nutrients 
excretion by improving the efficiency of feed utilization in 
poultry. Therefore, such dietary manipulations may 

decrease the production of precursors necessary for gas-
eous as well as odorants emissions (Blair et al., 1999). 

The reduction in mass of nutrient input and modification 
of nutrient form are two feeding strategies for reducing 
ammonia emission from poultry houses. The former, 
reduces the ammonia emission by lowering the dietary   
concentrations of nutrients which are involved in the pro-
duction of ammonia, such as dietary protein without having 
any detrimental effects on birds performance (Angel et 
al., 2006; Applegate et al., 2008). While, the latter 
reduces the nutrients emissions by altering the chemical 
forms of the nutrients being excreted from birds. Acidi-
fication of diets (Keshavarz, 1991; Koerkamp, 1994; Wu 
et al., 2007) and dietary inclusion of feed additives (such 
as urease inhibitors) (Amon et al., 1995) are among the 
approaches which are considered to reduce the emission 
of nutrients by converting them to non-volatile forms. 

It is also possible to reduce nitrogen excretion and 
ammonia emission form poultry houses by including die-
tary protein sources with higher biological values. There-
fore, the current study investigates the effects of dietary 
replacement of fish meal with poultry by-product meal on 
blood urea and uric acid and certain physic-chemical 
characteristics of litter in broiler chickens.  
 
 

MATERIALS AND METHODS 
 

Experimental diets 
 

Poultry by-product meal (PBM) was manufactured using heads, 
legs and spent carcasses without inclusion of viscera. Pre-cooked 
material was hydrolyzed under pressurized steam, de-oiled, dried 
and ground using a hammer mill. The material was then blended 
and sampled for further chemical analyses. The samples were 
analyzed for dry matter, crude protein, ether extract, ash, calcium 
and phosphorus (AOAC, 1980). Metabolizable energy corrected for 
nitrogen (MEn) was estimated using the prediction equation from 
NRC (1994): 
 
MEn (kcal/kg) = (31.02 × crude protein %) + (74.23 × ether extract 

%). 
 
The chemical compositions of the PBM used in the current study 
were reported by Khosravinia and Mohamadzadeh (2006). Experi-
mental diets were prepared by substituting fish meal (FM) by PBM 
at the levels of 0, 25, 50, 75 and 100%. All experimental diets were 
formulated to be iso-caloric and iso-proteinous (Table 1). The diets 
were offered to the birds for ad libitum consumption.  
 
 

Experimental flock and data collection 

 
Three hundred and sixty one-day old straight run Arian chicks were 
randomly allocated to 30 pens (at density of 0.09 m

2
/bird) furnished 

with wood shavings as litter in an open system partially controlled 
house. Each of five experimental diets was offered to six pens of 12 
chicks each. Data on weight gain and feed intake were recorded at 

days 1 to 21 and 21 to 42 of experiment. All birds were slaughtered 
to evaluate the carcass related traits at day 42. At the same time, 
approximately  200 g of  litter samples were taken from the top layer  

 
 
 
 
of 50 mm depth at 10 predetermined locations in each pen. The 
litter sample from each pen was then thoroughly mixed and two sub 
samples of 50 g were taken in which litter moisture and litter pH 
was determined, respectively. The sub sample considered for pH 
measurement was further divided in two parts while one part was 
cautiously mixed with aluminium sulfate [alum,

 
Al2 (SO4)3·14H2O] 

(10 g/ kg) and the other part remained intact. The nitrogen content 
of litter samples was measured at day 42 according to AOAC 
(1999). The pH of litter samples were determined with (0.1 percent, 
w/w) and without blending with alum.  
 
 
Statistical analysis 

 
Considering each pen as an experimental unit, data pertained were 
subjected to one-way analysis of variance using GLM procedure of 
SAS

® 
(SAS institute, 1998). The statistical model consisted of the 

fixed effect of experimental diets. Differences between treatments 
were analysed by a Duncan's multiple range test. For all statistical 
analysis, significance was declared at P<0.05. The difference bet-
ween alum treated and non-treated litter samples were examined 
using t-test. Prior to statistical analysis, percentage data were sub-

jected to arc sine transformation.  
 
 
RESULTS 
 

The effects of FM with PBM on common economic para-
meters of the birds are presented in Table 2 and are dis-
cussed in detail by Khosravinia and Mohamadzadeh 
(2006). Briefly, weight gain, feed intake and feed conver-
sion ratio were significantly decreased in birds fed on 
diets containing greater levels of PBM during 1 to 21 
days of age (P<0.01). No significant differences were 
demonstrated in all productive performance indicators as 
well as carcass weight, carcass yield and mortality per-
centage during 22 to 42 and 1 to 42 days for the birds fed 
on diets differing for PBM/FM inclusion level (Table 2; 
P>0.05). 

There were significant differences between the experi-
mental diets with regard to serum urea and uric acid con-
centrations (Table 3). Full substitution of FM with PBM 
significantly decreased the serum concentrations of urea 
and uric acid in the treated birds as compared to the 
control birds. The birds fed on diets in which 25% of FM 
was replaced with PBM had the lowest litter nitrogen con-
tent among the experimental treatments (Table 4; P < 
0.05). The birds fed on diets containing 100% PBM instead 
of FM experienced the wettest litter (19.2%, Table 4). 
Dietary substitution of FM by PBM at the level of 25% 
significantly lowered the litter nitrogen content as well as 
litter moisture (Table 4; P<0.05). The experiment-tal diets 
had no significant effect on the litter pH (Table 4; P > 
0.05). Addition of 10 g/kg alum into the litter samples sig-
nificantly lowered the pH value of the samples (Table 4). 
 
 

DISCUSSION   
 

Inclusion of PBM in starter diets caused significant decrease 
in productive performance of the birds (Table 2). Silva et 
al. (2002) reported the same results when PBM was
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Table 1. Ingredient and chemical composition of the experimental diets. 
 

Ingredient (%) 
PBP

1
 (%) in starter diets (1 - 21 days)  PBP (%) in grower diets (22 - 42 days) 

0 25 50 75 100  0 25 50 75 100 

Yellow maize 60.0 60.4 61.6 62.3 63.2  61.5 62.9 63.6 64.0 63.9 

Soybean meal 22.0 22.4 22.4 22.6 23.0  18.4 18.8 19.4 19.5 19.6 

Wheat 6.05 5.50 4.35 3.55 2.55  10.0 8.10 7.20 6.65 6.90 

Wheat bran 0.00 0.00 0.00 0.00 0.00  0.85 0.90 0.60 0.95 0.80 

Fish meal 8.00 6.00 4.00 2.00 0.00  5.00 3.75 2.50 1.25 0.00 

PBP meal 0.00 2.00 4.00 6.00 8.00  0.00 1.25 2.50 3.75 5.00 

Fat  1.00 1.00 1.00 1.00 1.00  1.00 1.00 1.00 1.00 1.00 

Bone meal 1.50 1.35 1.35 1.35 1.25  1.50 0.50 1.50 1.17 1.17 

CaCo3 0.60 0.55 0.45 0.35 0.30  0.80 0.80 0.80 0.77 0.60 

Salt (NaCl) 0.25 0.20 0.15 0.15 0.15  0.20 0.15 0.15 0.20 0.22 

V+MM
2
 0.50 0.50 0.50 0.50 0.50  0.50 0.50 0.50 0.50 0.50 

DL-Methionine 0.10 0.00 0.10 0.10 0.15  0.15 0.15 0.15 0.15 0.15 

L-Lysine 0.15 0.10 0.10 0.20 0.10  0.10 0.10 0.10 0.10 0.15 

Vitamin C 0.10 0.10 0.10 0.10 0.10  0.00 0.00 0.00 0.00 0.00 

            

Calculated nutrient composition (%) 

ME (kcal/kg) 3001 3001 3001 3001 3001  3001 3001 3001 3001 3001 

Crude protein 21.50 21.50 21.42 21.41 21.4  18.70 18.70 18.70 18.70 18.70 

Crude fiber 3.10 3.10 3.10 3.10 3.10  3.10 3.10 3.10 3.10 3.10 

Available Ca 0.91 0.90 0.91 0.93 0.93  0.90 0.94 0.97 0.90 0.87 

Available P 0.44 0.42 0.42 0.41 0.38  0.38 0.38 0.39 0.35 0.35 

Lysine 1.20 1.20 1.20 1.20 1.20  1.05 1.03 1.01 1.00 1.00 

Methionine 0.53 0.41 0.48 0.46 0.49  0.51 0.49 0.48 0.47 0.45 

Met.+ Cyst. 0.81 0.70 0.80 0.77 0.79  0.76 0.75 0.75 0.74 0.73 
 
1
Poultry by products; 

2
Vitamin + mineral mixture: supplied mg/kg diet. 

 
 

 

included at 50 and 100% level in maize-soybean meal 
practical diets. The lower performance of the birds fed on 
PBM in the early ages may have been due to its lower 
digestibility of this protein source as compared to fish 
meal. This can be demonstrated by the higher nitrogen 
excretion (in terms of litter N% in this study) and poorer 
metabolizability of nitrogen in the birds fed with PBM 
containing diets as reported by Silva et al. (2002) and 
Kirkpinar et al. (2004).  

There are evidences which suggest that dietary mani-
pulation through incorporation of perfect combinations of 
different protein sources into broiler diets is a useful 
means to reduce litter nitrogen content and subsequently 
ammonia emission from poultry houses (Ferguson et al., 
1998). The results of the current study showed that the 
source of dietary protein has a remarkable effect on 
blood concentrations of uric acid and urea (Table 3). 
Such effects are expected to be reflected in the nitrogen 
(N) content of faeces and litter. However, litter samples 
did not differ in nitrogen content and no consistent trend 
in nitrogen content of litter were observed for increased 
substitution levels of FM with PBM. Nonetheless, the 
nitrogen content was numerically lower for the litter 
samples which were collected from the pens pertaining to 

the birds fed with diets in which FM was replaced with 
PBM by 25% (Table 4). As confirmed by Silva et al. 
(2002), this implies that inclusion of perfect combination 
of different protein sources in broiler diets might be a 
useful means to reduce litter nitrogen content and sub-
sequently ammonia emission from poultry houses. The 
mean litter moisture and pH at day 42 was not signi-
ficantly affected by dietary inclusion of PBM inclusion 
(P>0.05). However, litter samples from the pens assigned 
to the birds fed on control diets (containing no PBM) 
tended to be higher as compared to those fed with 25% 
PBM-included diets (P<0.1; Table 4). Due to high 
ambient temperatures, the values recorded for litter mois-
ture were generally low in the current study. There is a 
well known association between litter pH and ammonia 
emission from litter (Fergusen et al., 1998). Higher nitro-
gen content in litter provides uerolytic bacteria with a 
precursor which results in a higher level of NH3 and 
consequently a higher pH value.      

Dietary inclusion of protein sources with greater biolo-
gical value lead to greater nitrogen retention and subse-
quently resulted in higher growth rates in birds. Moreover, 
it would be expected that dietary inclusion of a protein 
source with a higher biological value causes a lower serum
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Table 2. Effect (mean ± S.E.) of substituting fish meal with poultry by-product on weight gain, feed intake, feed conversion 
ratio, carcass weight (CW), carcass yield (CY) and morality (Mor.) of broiler chickens.  

 

Parameter 
Level of substituting fish meal with Poultry by -product (%) PBP 

effect 0 25 50 75 100 

Weight gain (g) 

1-21d 462.9±7.19
a
 437.4±6.39

b
 439.1±8.27

b
 435.1±9.65

b
 427.5±5.21

b
 * 

22-42d 1200.3±24.51 1176.3±22.45 1191.1±25.87 1211.6±19.97 1212.6±30.11 NS 

1-42d 1663.2±28.51 1613.7±24.01 1630.1±32.88 1647.3±18.47 1640.6±33.41 NS 

       

Feed intake (g) 

1-21d 944.3±19.11
a
 903.5±7.69

a
 846.3±22.74

b
 836.3±11.97

b
 829.5±23.36

b
 *** 

22-42 2698.0±105.2 2475.7±54.7 2600.3±122.3 2703.3±73.6 2535.7±83.9 NS 

1-42d 3642.3±122.3 3379.2±53.0 3446.7±132.9 3539.7±72.6 3365.2±99.4 NS 

       

Feed conversion ratio (feed intake : weight gain) 

1-21d 2.040±0.037
ab

 2.065±0.034
a
 1.927±0.054b

c
 1.922±0.027

c
 1.940±0.050

c
 *** 

22-42d 2.247±0.109 2.104±0.037 2.183±0.084 2.231±0.087 2.091±0.072 NS 

1-42d 2.189±0.089 2.094±0.026 2.115±0.072 2.148±0.063 2.052±0.064 NS 

CW (g) 1254.6±6.84 1202.5±49.40 1201.9±20.49 1229.1±15.82 1217.6±31.09 NS 

CY (%) 73.72±1.06 72.81±1.93 72.62±0.54 72.92±0.58 72.47±1.14 NS 

Mor. (%) 6.94±2.5 5.55±1.75 8.33±2.15 7.50±3.56 6.94±2.56 NS 
 
A-C

Means with in a row with no common superscript differ significantly (P<0.05). *P<0.05, **P<0.01, ***P<0.001, NS, non 
significant. 

 
 

 
Table 3. Effects of experimental treatments on 

serum urea and uric concentrations of birds. 
 

R. level
1
 (%) 

Serum (mg/dl) 

Urea Uric acid 

0 3.25± 0.22
ab

 3.16± 0.31
ab

 

25 3.55± 0.21
a
 4.15± 0.73

a
 

50 3.67± 0.26 
a
 3.68± 0.37

a
 

75 3.25± 0.18
ab

 3.22± 0.27
ab

 

100 2.83± 0.17
c
 2.63± 0.27

b
 

SEM
2
 0.006 0.032 

 P > F 

R.  level
1
 (%) 0.0464 0.0325 

 
1
R. level: Replacement level of fish meal with poultry 

by-products.
 2

Standard error of means.
 a-c 

Means 
within a column with no common superscript differ 
significantly (P<0.05). 

 
 
 

concentrations of urea and uric acid concentrations as 
compared to those with lower biological values (Hevia 
and Clifford, 1977). Therefore, urea and more decisively 
uric acid can be used as influential criteria to assess the 
bio-availability of a protein source alone or in combination 
with different protein sources for broilers. Indeed, our 
data supported such an idea. The birds fed on diets con-
taining 100% FM showed higher weight gain as com-
pared to the other birds at days 1 to 21. Many studies 
reported that, manipulation of protein sources in poultry 

diets can alter the nitrogen content of litter and thereby 
ammonia emission (Hai and Blaha, 2000; McGrath et al., 
2005). In most of such studies, dietary inclusion of either 
protein sources with high biological values or synthetic 
amino acids were the main policy (Angel et al., 2006; 
Richert and Sutton, 2006).  

Inclusion of 10 g/kg alum in litter samples significantly 
decreased the litter pH in all treatments (Table 4; 
P<0.05). The pH lowering effect of alum in poultry litter 
was also confirmed by Do et al. (2005). The prominent 
advantage of alum-reduced pH is lowered microbial 
activity. Therefore, alum is an effective chemical 
treatment in

 
reducing ammonia (NH3) emissions and 

solubility of certain nutrients in poultry litter (Smith et al., 
2001). 
 
 
Conclusion 
 
In conclusion, the results of current study suggest that 
FM can be totally replaced by PBM in broiler diets without 
increasing the nitrogen content of the litter. It is possible 
that the slight differences in blood uric acid and urea of 
the birds fed the different experimental diets were reflec-
ted as faecal nitrogen so that little differences were 
observed in nitrogen content of litter among the Experi- 
mental treatments. It is also possible that the immediate 
initiation of huge urolytic activity of litter microbes oblite-
rated faecal nitrogen resulting in almost similar nitrogen 
content in the litter. 
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Table 4. Effects of experimental treatments on litter nitrogen, litter moisture and litter pH. 
 

R. level
1
 (%) Litter N (%) Litter moisture (%) Litter* pH (-alum) Litter* pH(+alum) 

0 1.77± 0.06
ab

 17.57 ± 1.13
ab

 6.07±0.1
a
 4.99±0.1

a
 

25 1.70± 0.04
b
 15.17± 0.64

b
 6.08±0.1

a
 4.81±0.2

a
 

50 1.79± 0.06
a
 16.90± 1.19

ab
 6.02±0.2

a
 5.06±0.1

a
 

75 1.76± 0.06
ab

 16.80± 0.65
ab

 6.02±0.1
a
 4.88±0.1

a
 

100 1.75± 0.04
ab

 19.23± 1.12
a
 6.23±0.1

a
 4.82±0.2

a
 

SEM
2
 0.047 0.047 0.055 0.066 

 P > F 

R.  level
1
 0.8106 0.0920 0.7819 0.7227 

 
1
R. level: Replacement level of fish meal with poultry by-products.

 2
Standard error for pooled means.

 a-c
Means within 

a column with no common superscript differ significantly (P<0.05). *The difference between pH +alum and pH -alum 

was significant ( t̂ =-13.62, P<0.05). 
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This study was carried out to generate information on some productive and reproductive performance 
of Kereyu Sanga cattle in their home tract. The data was collected through questionnaire from 114 
Kereyu Sanga cattle owners. Fifty four third parity lactating Kereyu Sanga cows were randomly selected 
for milk yield measurement. According to the respondents, the mean age at puberty, age at first calving, 
lactation length and calving interval for Kereyu Sanga cows were 47.5, 54.1, 8.5 and 18 months, 
respectively, with associated lifetime calf crop production of 7.1 and reproductive lifespan of 13.2 year. 
The overall fertility rate of Kereyu Sanga cows was 55.4%. The mean reported age at puberty and 
reproductive life span for Kereyu Sanga bulls were 49 months and 9.2 years, respectively. The mean 
reported daily and lactation milk yield of Kereyu sanga cows were 1.8 and 463.1 L, respectively, 
whereas the mean measured third parity daily and lactation milk yield were 2 and 543 L, respectively. 
The reported variations both in some productive and reproductive performance and the observed 
variations in measured milk yield among the individual animals under such harsh environment indicate 
the possibility of improving the performance of this adapted Sanga breed through selection in their 
home tract so as to enhance their contribution towards poverty alleviation.  
 
Key words: Cattle, fertility, Kereyu Sanga breed, lactation, milk yield, reproduction.  

 
 
INTRODUCTION 
 
In the semi-arid area of Africa where livestock support 
livelihoods for the majority of the population, indigenous 
livestock breeds form the backbone of livestock pro-
duction because of their ability to survive and reproduce 
under stressful tropical environments. Native livestock 
breeds are often regarded as unproductive. What is 
generally meant, however, is that such animals have low 
levels of output. Productivity implies some relationship 
between inputs and outputs whereas production is merely 
an output function. The cattle industry, in particular as 
producer of meat and milk, is very poor as evidenced by 
the annual growth rate of 1.8% for milk and 2.8% for 

meat (ILCA, 1993) which is far below the recommended 
average growth rate of 4.0% that is needed to meet the 
demand of the growing human population (Winrock Inter-
national, 1992). 

Indigenous livestock breeds whose adaptive traits 
permit survival and reproduction under the harsh climatic, 
nutritional and management conditions typically asso-
ciated with resource-poor livestock keepers have been 
shown to outperform crossbreeds under such circum-
stances (Ayalew et al., 2003).  

The Kereyu (Synonym: Doba as it is named and called 
by the Kereyu people) breed derives its name from 
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Figure 1. Map of east Shoa zone and Fentalle district.   

 
 
 

Kereyu people who maintain the breed in the Fentalle 
district of east Shoa zone of Oromia, which is the major 
natural breeding tract of the breed. The breed is well-
adapted to the extremely harsh condition of the area, 
where milk production plays a considerable role in the 
traditional economy of pastoral and agro-pastoral com-
munities. They also serve as a source of draught power 
for the neighboring districts as well as beef.  

The great advantages of the indigenous livestock of 
Ethiopia are their adaptation to the stressful environ-
ments and their ability to produce any output at all. The 
majority of the information that is available on indigenous 
cattle in Ethiopia is from on-station evaluation. Informa-
tion on productive and reproductive performance of 
Kereyu cattle is scanty. Hence, this study was carried out 
to evaluate some reproductive and productive perfor-
mance of Kereyu Sanga breed in their breeding tract.  

 
 

MATERIALS AND METHODS 

 
Study area  

 
Pastoralism and agro-pastoralism are the main livelihood systems 
in the area. Major crops in the district (in order of importance) are 

maize, tomatoes, onions and teff (Fentalle District Rural 
Development Office, Personal communication). Fentalle district is 
located in east Shoa zone of Oromia, southern part of the northern 
Rift Valley of Ethiopia (Figure 1). The area falls within an altitude 
range of 800-1100 masl. However, there are high peaks on the 
Fentalle Mountain from which the district derives its name, reaching 
up to 2007 masl (Abule, 2004). The study area is found at a 
distance of about 200 km from the capital city of Ethiopia, Addis 

Ababa, on the way to Harar. It is affected by recurrent droughts due 
to disrupted rainfall patterns. 

The total land area of the district is 1170 km
2
 (CSA, 2000).  The 

study district falls in a semi-arid zone, and receives an annual 
rainfall ranging from 400 to 700 mm. Temperature ranges from 29 
to 38°C. Agro-ecologically, the district falls in hot to warm moist 
lowlands. Fentalle district lies in one of the most geologically active 
areas of the world (Abule, 2004).  

 
 
Sampling technique 

 
To help determine the sampling frame, exploratory discussions 
were held with the experts of the rural and agricultural development 
office, with the representative of the pastoral community of the 
district and with the elderly Kereyu Sanga cattle owners to identify 
major production systems, concentration of Kereyu Sanga breed 

and cattle production constraints in the district. Currently, in Fentalle 
district there are 20 peasant associations (2 urban and 18 rural) of 
which 55.6 and 44.4% are agro-pastoral and pastoral, respectively.  

Fentalle 

The total land area of the district is 1170 km2 (CSA, 2000).  The study district falls in a semi-arid 

zone, and receives an annual rainfall ranging from 400 to 700 mm. Temperature ranges from 29 to 

380C. Agro-ecologically, the district falls in hot to warm moist lowlands. Fentalle district lies in one of 

the most geologically active areas of the world (Abule, 2004).  
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Table 1. Summary of reported indicative reproductive performance for sample female cattle population by production systems. 
 

Production system Variable Mean SD Minimum Maximum CV (%) 

Pastoral (n=38) 

Age at puberty (month) 41.7 7.63 24 60 18.3 

Age at first calving (month) 50.7 7.07 42 72 13.9 

*LTCP ( number) 7 1.57 4 10 22.3 

Calving interval (month) 18 3.00 12 24 16.7 

Reproductive lifespan (year) 11 2.40 7 16 21.7 
       

Agro-pastoral (n=76) 

Age at puberty (month) 47.7 7.71 30 60 16.2 

Age at first calving (month) 55.8 9.13 42 84 16.4 

*LTCP ( number) 7.0 1.91 3 11 27.2 

Calving interval (month) 18 3.43 12 24 19.0 

Reproductive lifespan (year) 14.3 4.13 5 23 28.9 
       

Overall 

Age at puberty (month) 45.7 8.16 24 60 17.9 

Age at first calving (month) 54.1 8.81 42 84 16.3 

*LTCP ( number) 7.1 1.79 3 11 25.6 

Calving interval (month) 18.0 3.28 12 24 18.2 

Reproductive lifespan (year) 13.2 3.95 5 23 29.9 
 

 *LTCP = Lifetime calf crop production. 
 
 
 

Based on the outcome of the discussions, a total of three peasant 
associations (PAs), one from pastoral and two from agro pastoral 
production systems were purposively selected for the study. From 
each site 19 Kereyu Sanga cattle owners were randomly selected 
for administration of semi-structured questionnaire. Fifty four lacta-
ting Kereyu Sanga cows were randomly selected for milk yield 
measurement to estimate the daily and lactation milk yield of the 
sample animals and to verify what has been reported by the res-
pondents. All the selected lactating cows were in their third parity at 
different lactation stages (early, mid and late). Each lactation stage 
comprised 18 milking cows.   
 
 

Method of data collection  
 

In each sampling site, the selected cattle owners were briefed 
about the importance and objectives of the study before the com-
mencement of the actual data collection. Data was collected by six 
trained enumerators through the designed and pre-tested semi-
structured questionnaires from 114 randomly selected households 
under close supervision of the researcher. The milk yield of the 54 
selected cows was measured using plastic measuring cylinder (with 
the measuring capacity of 1000 ml) twice a day, morning and 
evening, from each lactation stage (early, mid and late lactation). 
The period the milk yield measured was dry season.    
 
 

Data management and analysis  
 

The data collected from the field through questionnaire and milk 

yield measurements and secondary sources were entered into 
computer using Excel software. SAS (1999) was employed to ana-
lyze the data using descriptive statistics, including summary statis-
tics, correlations and frequency counts.  
 
 

RESULTS AND DISCUSSION 
 

Purposes of keeping Kereyu cattle 
 

In both pastoral and agro-pastoral systems Kereyu cattle 
are kept for multipurpose functions. Milk (98.2%), source 

of income (97.4%), dowry payment (80.7%), breeding 
(78.1%), meat (57%), hide (55.3%) and saving (52.6%) 
were among the frequently reported reasons for which 
Kereyu cattle are kept in the study areas.  Similar results 
were reported earlier by Mukasa-Mugerwa et al. (1989) 
and Rege et al. (2001) in Ethiopia and Kenya, respec-
tively. In developing countries, especially in low input 
smallholder production systems, the most valuable live-
stock attributes are often those that successfully guaran-
tee multifunctionality, flexibility and resilience in order to 
deal with variable environmental conditions.   
 
 

Reproductive performance  
 

The average reported age at sexual maturity for Kereyu 
female and male cattle were 45.7 (Table 1) and 49 (Table 
4) months, respectively, which are longer than the recent 
on-farm survey report for indigenous cattle breeds. 
Workneh and Rowlands (2004) reported the overall mean 
sexual maturity of 39.6 months for female and 39.9 
months for male of indigenous cattle of Oromia Regional 
State. The same authors reported the mean age at sex-
ual maturity of 41.7 for female and 42.5 months for male 
in pastoral production system and 43.3 months for female 
and 45.6 months for males in agro pastoral production 
system. Zewdu (2004) reported age at sexual maturity of 
55.6, 57 and 55.7 months for Semien, Wegera and 
Mahibere-Sillasie breeding bulls which are slightly longer 
than the reported age at sexual maturity for Kereyu 
breeding bulls. 

The overall reported mean age at first calving (AFC) for 
Kereyu breeding females was 54.1 months. Similar age 
was reported for some indigenous cattle types by 
different authors. Takele (2005) reported 54.1 months for
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Table 2. Correlation matrix of reported reproductive traits in female cattle population sample.  
 

Parameter AAP AFC LTCP CI RLP 

AAP  0.81 (<0.0001) 0.02 (0.8550) 0.21 (0.0267) 0.34 (0.0002) 

AFC   0.02 (0.8005) 0.25 (0.0080) 0.28 (0.0021) 

LTCP    0.02 (0.8372) 0.39 (<0.0001) 

CI     0.25 (0.0071) 

RLP      
 

AAP = Age at puberty, AFC = age at first calving, LTCP = lifetime calf crop production,  CI = calving 

interval, RLP = reproductive lifespan. 
 
 
 

Table 3. Summary of some indicative reproductive performance for male cattle population sample. 
 

Production system Variable* Mean SD Min Max CV (%) 

Pastoral (n=38) 

AAP (month) 47.5 6.60 30 60 13.9 

RLP (year) 8.3 1.63 5 13 19.6 

AAC (year) 5.8 0.97 4 7 16.8 

Agro-pastoral (n=76) 

AAP (month) 49.7 6.32 30 60 12.7 

RLP (year) 9.6 2.59 5 14 26.9 

AAC (year) 5.2 1.16 2 8 22.1 

Overall (n=114) 

AAP (month) 49.0 6.47 30 60 13.2 

RLP (year) 9.2 2.39 5 14 26.0 

AAC (year) 5.4 1.12 2 8 20.7 
 

* AAP = Age at puberty, RLP= reproductive lifespan, AAC = age at castration. 
 
 
 

Sheko breed whereas, Dereje (2005) reported 53.1 
months for Raya-Sanga cattle. Similarly, Zewdu (2004) 
reported 54.7 and 53.4 months of age at first calving for 
Wegera and Fogera cattle, respectively. Mekonnen and 
Goshu (1987) and Enyew (1992) reported a lot shorter 
AFC on-station of 32.8 and 38.8 months for Arsi and 
Fogera cattle, respectively. Mekonnen (1994) and Kassa 
and Arnason (1986) reported average age at first calving 
of 41.5 and 45.2 months, respectively for Borana cattle.  

The longer average age at first calving reported for 
Kereyu cattle might be associated with scarcity of feed 
and shortage of water for the long dry season of the year 
in the study area. Regardless of the breed, the associa-
tion of feed availability with attaining age at first calving 
for heifers was reported (Kiwuwa et al., 1983). 

The average calving interval for Kereyu cattle was 18 
months (Table 3), which was longer than what had been 
reported by Takele (2005) for Sheko cows (15.6 month) 
and by Dereje (2005) for Wello highland zebu cattle (16 
months) but slightly lower than Raya Sanga cattle (19 
month). Zewdu (2004) reported similar calving interval for 
Wegera (17.5 month) and Fogera (17.3 month) cattle 
whereas longer calving interval for Semien (22.4 month) 
cattle. The range calving interval estimates for Kereyu 
cattle (12-24 months) was within the range of the earlier 
estimates of calving intervals for Ethiopian zebu cattle of 
12.2 to 26.6 months (Mukasa-Mugerwa and Azage, 1991). 
The mean reported reproductive lifespan of Kereyu bree-
ding female was 13.2 years with associated lifetime calf 

crop production of 7.1. These values are slightly lower 
than what has been reported by Takele (2005) for Sheko 
breed.  

The analysis of the correlation matrix (Table 2) indi-
cates that most of the reported fertility traits considered in 
this study showed from low to high positivecorrelations. 
The strongest relationship was between age at puberty 
and age at first calving (r = 0.81, P<0.0001). Age at pu-
berty was positively correlated with the reproductive life-
span of the animal (r = 0.34, P = 0.0002) indicating that 
reducing age at first calving would increase the reproduc-
tive lifespan of a cow. Lifetime calf crop production was 
positively correlated with the reproductive lifespan of the 
animal (r =0.39, P<0.0001) indicating the possibility of 
improving both fertility traits through improved manage-
ment (feeding, health care or breeding). Fertility mea-
sures were reported to be closely related to each other 
(Kadarmideen et al., 2000). However, the correlation of 
lifetime calf crop production with the rest of the fertility 
traits considered in this study was found to be very mini-
mal. This might be due to the small sample size, size of 
the variance (Table 1) and some unexplained factors. 

Age at puberty and age at first calving were slightly 
shorter in pastoral area than in agro-pastoral probably 
due to their proximity to the bordering rangelands and 
their grazing areas are relatively better than that of the 
agro-pastoral. The mean reported reproductive lifespan 
of Kereyu breeding bulls was 9.2 year which is longer 
than the reported value (6.5 year) for Sheko breeding
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Table 4. Summary of first, second and third parity lactation milk yield as reported by sample households. 
 

Parity Variable Mean SD Min Max CV (%) 

First 

Lactation length (month) 8.2 2.34 3 12 28.4 

Lactation daily milk yield (liter) 1.4 0.53 0.4 3 39.2 

Lactation milk yield (liter) 329.4 161.53 90 900 49.0 

Second 

Lactation length (month) 8.6 2.24 4 12 26.2 

Lactation daily milk yield (liter) 1.9 0.63 0.6 3.3 33.0 

Lactation milk yield (liter) 490.9 217.72 84.0 1089 44.3 

Third 

Lactation length (month) 8.8 2.26 4 12 25.7 

Lactation daily milk yield (liter) 2.2 0.69 0.5 3.8 31.9 

Lactation milk yield (liter) 569.0 246.34 144 1260 43.3 

Overall 

Lactation length (month) 8.53 2.25 3.7 12 26.3 

Lactation daily milk yield (liter) 1.8 0.54 0.5 3.3 30.1 

Lactation milk yield (liter) 463.1 189.72 108 1070 40.9 
 
 
 

bulls (Takele, 2005) and mean age at castration of 
Kereyu male animals was 5.4 year that is almost similar 
to the reported value (5.7) for Sheko male animals.  
 
 

Milk production and lactation performance of Kereyu 
cattle 
 

The mean reported first, second and third parity daily and 

lactation milk yield of Kereyu cattle (Table 4) were 1.4 
and 329 L; 1.9 and 491 L and 2.2 and 569 L, respec-
tively, with the overall mean daily and lactation milk yield 
of 1.8 and 463 L, respectively. The reported (1.8 liters)  
mean daily milk yield for Kereyu cattle was higher than 
the recent report from extensive livestock breed survey 
done in Oromia Regional State with overall average daily 
milk yield of 1.4 L (Workneh and Rowlands, 2004) and 
the earlier report (CSA, 1995) for the national overall 
average of 1.17 L per day. Dereje (2005) reported similar 
on-farm daily milk yield of 1.8 and 1.9 L per day for Raya 
Sanga and Wello highland zebu cattle, respectively. 
However, this average value was slightly lower than the 
reported figure (2.3 L) for Sheko breed (Takele, 2005). 

The mean reported first, second and third lactation 
lengths for Kereyu cattle were 8.2, 8.6 and 8.8 months, 
respectively, with the overall mean lactation length of 
8.53 months. Dereje (2005) reported similar mean lacta-
tion length for Wello highland zebu cattle (8.6 months) 
and longer lactation length for Raya Sanga cattle (11 
months). Zewdu (2004) reported mean lactation length of 
8.7 months for Fogera cattle for the second parity, which 
was similar to the present report for Kereyu cattle for si-
milar parity. The mean on-farm first and second lactation 
length reported by Zewdu (2004) for Semien and Wegera 
cattle breeds were 4.6 and 7.5 months, respectively that 
were shorter than the present finding for Kereyu cattle.  

In general, however, the present result of lactation 
length of Kereyu cattle was longer than the earlier report 
for national average of 6.33 months (CSA, 1995). Lacta-
tion length has a genetic basis and is a major limiting 

factor of milk production in the tropics (Rege et al., 2001). 
There was a gradually increasing trend in the reported 
mean daily and lactation milk yield from the first to the 
third parity. Tadele et al. (2005) reported a similar increa-
sing trend for Simmental x Borana crossbred cows under 
on-farm conditions. Individual variations were observed 
both for reproductive and productive traits considered in 
this study. These types of variations provide a solid basis 
for genetic improvement through selection.  
 
 

Measured third parity lactation milk yield from 
sample population 
 

Even though, the time of data collection was during the 
long dry season, the overall mean measured third parity 
daily and lactation milk yield was 2 and 543 L, respec-
tively, as indicated in Table 5. This result was based on a 
single day, morning and evening, milk yield measure-
ments from each lactation stage to verify what had been 
reported by the respondents through questionnaire. 
Accordingly, the result of the measured milk yield was 
similar to what had been reported by the respondents. 
This indicates the soundness of information generated 
from the respondents through questionnaire. High varia-
tion both in daily and lactation milk yield was observed 
(Table 5) as in the case of the reported one indicating the 
possibility of improving the performance of Kereyu cattle 
type through selection from within the existing breed. 
 
 

Conclusions and recommendations 
 

Kereyu cattle breed has both regional and national impor-
tance. They are kept for multipurpose functions. It has 
been practically observed during the study period that 
Kereyu people, who maintain the breed, mostly rely on 
milk production for their diet. The observed productive 
and reproductive performance of Kereyu cattle type is 
satisfactory under the prevailing stressful and very chal-
lenging environment, where the ability to survive under
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Table 5. Measured third parity daily and lactation milk yield from sample population. 
 

Variable N* Mean (L) SD Min Max CV (%) 

Early daily milk yield (1-3 month) 18 2.6 0.86 1.2 3.8 33.2 

Mid daily milk yield (4- 6 month) 18 2.1 0.82 1.2 4 39.8 

Late daily milk yield (7-9 month) 18 1.4 0.79 0.5 3.5 55.9 

Overall daily milk yield 54 2.0 0.41 1.2 2.6 20.1 

Lactation milk yield  543 109.14 324 702 20.1 
 

* N = Number of milking cows per lactation stage. 
 
 
 

natural calamities (drought, climatic extremes, feed and 
water shortage) is necessarily more important than high 
production. The observed variations in quantitative traits 
among the sample populations in both sexes coupled 
with their adaptive traits, which they acquired through 
generations, would indeed justify the need for designing 
breed improvement programme for Kereyu Sanga cattle. 
Such a plan can fully exploit their genetic potential and 
thereby enhance their contribution in improving the nutri-
tional status of the cattle owners and improving their role 
towards attaining the national development goals.   
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