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Abstract: An experiment was conducted to assess the influence of sheep breed and concentrate 
supplement level on proximate chemical composition and eating quality of mutton. At the end of 90 
days fattening, all sheep were slaughtered and 6 to 13 rib position of longissimus lumborum (LL) muscle 
was sampled for meat quality assessments. Higher a* (15.5±0.12), b* (12.9±0.15), and ultimate pH 
(5.8±0.03) values were recorded in LL muscle of Washera breed than Blackhead Ogaden (BHO) and 
Horro breeds. However, Washera sheep had lower L* (34.7±0.29) (P<0.001) than BHO sheep. Sheep 
consumed L2 diet produced mutton with higher intramuscular fat (IMF), lower moisture, and protein 
than those fed L1 diet. BHO sheep displayed lower protein and higher IMF than Horro and Washera 
sheep. Lower flavour and overall acceptability were recorded for BHO meat. In conclusion, the study 
revealed that meat of the three studied sheep breeds differ in nutritional and sensory quality attributes. 
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Introduction 
Sheep is important meat animal worldwide and its 
production and consumption spread across the globe. 
There are virtually no religious or cultural taboos 
towards eating of sheep meat, as a result sheep are 
readily available to societies in which eating beef, pork 
or other meat types is culturally forbidden. In some 
religions in addition to using lamb meat in regular diet, 
it is also valued and consumed for religious significance 
(Montossi et al., 2013). Sheep meat is one of the most 
liked and consumed meat in Ethiopia and its demand 
increased particular during traditional and religious 
festivities (Getachew and Mohamadou, 2014). 

Meat consumption, as a strategic source of protein in 
human diet is expected to grow substantially by the 
year 2050 around the world. The projected demand 
shows that sheep meats put at the fourth position after 
poultry, pig, and bovine meats in that order (FAO, 
2012). The rapid growth in demand for meat in the 
world provides a great opportunity for livestock 
resource-rich countries like Ethiopia. However, in 
recent years consumers are conscious about their health 
and the preference has been changing rapidly to 
consume quality meat. Research report indicated that 
41% of consumers in the European Union countries 
are prepared to pay more for high quality food. 
Furthermore, consumers of beef have been reported to 
be prepared to pay as much as two to three times more 
for quality (Lyford et al., 2010).The demand for quality 
meat by the consumers is an alarm for producers to 
focus on quality meat production in addition to 
increasing the volume of the product. Meat quality is 
defined by those traits the consumer perceives as 
desirable, which includes both nutritional and eating 

quality traits among others (Warner et al., 2010). 
Nutritional quality or perceived healthiness, especially 
in relation to the amount and type of fat (Wood et al., 
1999; 2008) is one of the quality trait emphasized by 
consumers. Eating quality of meat such as tenderness, 
juiciness, flavor, and colour are determinant in 
consumers’ initial and continued interest in meat 
consumption (Fishell et al., 1985; Wheeler et al., 1990) 
both of which are influenced by nutrition and genetic 
factors (Muchenje et al., 2009; Warner et al., 2010). 

Despite the numerical importance and diversity of 
sheep in Ethiopia (Galal, 1983; Solomon et al., 2007), 
characterization for meat quantity and quality attributes 
of indigenous sheep breeds have been minimal. So far 
documented information on chemical composition, 
eating quality and other meat quality traits of Ethiopian 
sheep are very few. On the other hand, Ethiopia is 
competing in the world market for exporting live sheep 
and meat to a number of Middle East countries 
(ESGPIP, 2011; AGP-LMD, 2013), which necessitates 
the supply of quality meat to the market demands. 
Therefore, to be competent at international markets, 
the meat quality of sheep breeds of the country should 
be evaluated and compared among breeds. This 
information should be made available for consumers to 
make an informed decision in purchasing meat and for 
producers and breeders to design management and 
breeding strategy for appropriate sheep improvement 
program in the country. The objective of the present 
study was, therefore, to evaluate chemical composition 
and eating quality of meat from three selected 
Ethiopian sheep breeds (Blackhead Ogaden (BHO), 
Horro, and Washera) with two levels of concentrate 
supplement.  



Shashie et al.                                                              East African Journal of Veterinary and Animal Sciences 2 (2): 99-106 

100 

Materials and Methods 
Study Site 
The study was conducted at goat farm of Haramaya 
University, Ethiopia, which is located at 9°25’ N 
latitude and 42° 2’ E longitude. The area lies at an 
altitude of 1950 meters above sea level and receives 790 
mm total average annual rainfall of bimodal type 
(Mishra et al., 2004). It has an average temperature of 
16ºC with mean maximum and minimum annual 
temperatures of 24.02 and 9.73 ºC, respectively. 
 
Animal Management and Experimental Design 
All animal handling practices followed the international 
guiding principles listed by the Council for 
International Organizations of Medical Sciences and 
the International Council for Laboratory Animal 
Science (2012).Three sheep breeds, BHO, Horro, and 
Washera, 16 animals from each breed were purchased 
from local markets where each breed is found and 
transported to Haramaya University to be used for the 
experiment. The animals were male, intact and yearling 
with similar body condition and having initial body 
weight of 21.3±1.5 kg (mean ± SD). Age of the animals 
was determined by their dentition and information 
obtained from the owners. Animals were ear tagged for 
identification and quarantined for 21 days. During this 
time, they were vaccinated for ovine pasteurellosis 
(2ml/sheep), injected with Ivermectin (l ml/sheep) and 
de-wormed with Albendazole (300mg) against endo-
parasites, and sprayed with Diazinine (1 ml/liter of 
water) for ecto-parasites. At the end of the quarantine, 
each sheep was weighed and placed in an individual 
pen with 134.8 × 78 cm dimension equipped with feed 
troughs and water buckets.  

The experiment was arranged in a 2 x 3 (2 
concentrate levels and 3 breeds) in a factorial treatment 
arrangement in a completely randomized block design. 
Sheep from each genotype were blocked in to eight 
blocks of two animals from each breed (total six sheep 
in a block) based on their initial body weight. In each 
block the two CSL were randomly assigned within a 
breed. The two CSL were 1% and 1.75% of body 
weight of each sheep, designated as L1 and L2, 
respectively and was provided into two equal 
proportions at 0800 and 1600 hours. The concentrate 
comprised of wheat bran (44%), noug seed cake (29%), 
maize grain (26%) and salt (1%) on DM basis, and the 
chemical composition of the feeds used is shown in 
Table 1. Natural pasture hay was used as a basal diet. It 
was provided chopped and ad libitum with about 20% 
refusal rate. Clean water was available to the animals all 
times throughout the experiment. At the end of the 
feeding experiment, all sheep were slaughtered at 
Haramaya University slaughterhouse by severing the 
jugular vein and the carotid arteries.  
 
Ultimate pH and Meat Colour Determination  
At 24 hour postmortem, ultimate pH (pHu) was 
measured using penetrating glass electrode of a 
portable pH-meter (meat pH meter-HI99163, HANAN 

instrument) from the longissimus lumborum (LL) muscle 
at 12-13th rip position. The probe was calibrated with 
pH 4 and 7 standard buffer solutions. Before and after 
each reading, the electrode pointer was thoroughly 
cleaned with distilled water and cotton towel. 
Measurements were made in triplicate for each animal 
and the mean was used for analysis.  

At the end of pH measurement, meat samples were 
taken from 6 to 13 rip positions of LL muscles from 
left and right side carcass of all sheep. The cut meat 
samples, after trimming the external fat, were exposed 
to air for 30 minutes for colour estimation. Colour was 
determined by the three fundamental colour 
coordinates L*, a*, and b*. The L* measures lightness 
and is a measure of light reflected (100 = white; 0 = 
black); a* measures positive red, negative green and b* 
measures positive yellow, negative blue (Muchenje et al., 
2009). Measurements were taken from three locations 
of individual steaks using digital colour meter (Mini 
scanEZ-MSEZ147, Hunter Lab) and the mean was 
used for analysis. The machine was calibrated before 
and after taking measurements using the black and 
white standard colour samples provided for this 
purpose. Then after, samples taken from left and right 
side of the carcass were vacuum-packed separately 
using a vacuum packing machine (Food saver model 
V2860-1BAGSEALER, P.R.C.) in oxygen-
impermeable film to avoid desiccation and oxidation, 
and kept in a refrigerator at -20 ºC until used for 
subsequent quality determination (AMSA, 2015). 
 
Proximate Chemical Analysis  
Pre-weighted muscles from the left sides were dried at 
55oC for 72 hours for ease of grinding. After recording 
partial dry matter (PDM), the meat samples were grind 
to pass 1 mm sieve screen and stored in air tight plastic 
bags and put at 4 oC pending chemical analysis. From 
partially dried ground samples, 3 g was weighed into a 
pre-weighed crucible dish and then dried overnight at 
105°C in a forced draft oven for determination of dry 
matter. Then the moisture content was determined by 
subtracting hundred from the dry matter. Ash was 
determined by burning the samples dried during 
moisture determination by incinerating in a muffle 
furnace at 600oC for 12 h, cooled in desiccators and the 
incinerated sample (ash) weighed and the ash content 
was expressed as percentage of the weight of ash to 
weight of dried sample. Nitrogen (N) was analyzed by 
Kjeldahl method (AOAC, 1990) and CP was 
determined as N x 6.25. Crude fat was extracted using 
Soxhlet apparatus where a 2 g sample was extracted 
repeatedly for 6 hour by reflux with diethyl ether 
(boiling point of 34.5oC). After all the solvent 
evaporated, the weight of the flask along with the 
extracted oil was recorded. Crude fat content was 
calculated using the following formula and all analyses 
were run in duplicates. 

Crude fat  % =  
Flask  weight  after  extraction  − Flask  weight  before  extraction

Sample  weight
 * 100 
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Eating Quality 
The frozen muscles from the right sides were thawed at 
4 oC for 12 hours before being used. The samples were 
coded, wrapped individually in aluminum foil and 
roasted in pre-heated oven (for 15 minutes) at 125 oC 
for 45 minutes (Griffin et al., 1985). The cooked 
samples were cut into equal pieces by one person to 
make as uniform in size and shape as possible and 
wrapped again with the same aluminum foil and placed 
in a heater to keep it warm. 

Ten panelists (8 males and 2 females, 29-37 years 
old) from Haramaya University Food Science and Post-
harvest Technology Department staff were trained in 
the assessment procedure one day before the 
evaluation started. The panelists were served one 
sample at a time and asked to rate each sample. Water 
was served to the panelists to rinse their mouths after 
scoring each sample to minimize flavour carryover. The 
evaluators scored each sample on a nine point hedonic 
scale for flavor (like to dislike), tenderness (tender to 
tough), juiciness (juicy to dry), and overall acceptability 
(like to dislike). For flavour and overall acceptability (9 
= like extremely, 8 = like very much, 7 = like 
moderately, 6 = like slightly, 5 = neither like or dislike, 
4 = dislike slightly, 3 = dislike moderately, 2 =dislike 
very much and 1 = dislike extremely. For tenderness: 9 
= extremely tender, 8 = very much tender, 7 = 
moderately tender, 6 = slightly tender, 5 = neither 
tender nor tough, 4 = slightly tough, 3 = moderately 
tough, 2 = very much tough, 1 = extremely tough. For 
juiciness: 9 = extremely juicy, 8 = very much juicy, 7 = 
moderately juicy, 6 =slightly juicy, 5 = neither juicy nor 
dry, 4 = slightly dry, 3 = moderately dry, 2 =very much 

dry, 1 = extremely dry. Scores from 6 to 9 are 
considered acceptable (AMSA, 2015). The evaluation 
was completed within a day. 
 
Statistical Analysis  
Data were analyzed using General Linear Model 
procedures of SAS (SAS, 2008) according to a 2 x 3 
factorial arrangement with breed and diet as main 
effects in a Completely Randomized Block Design. 
Least squares means were separated by PROC GLM 
with the PDIFF option of SAS for treatments with 
significant effect at P<0.05 by employing Tukey’s 
multiple comparison procedure. Since breed by diet 
interaction effect was not significant for all parameters, 
least squares means with accompanying standard error 
of main effects were presented and discussed.  
 

Results 
Proximate Chemical Composition  
Average daily gain (ADG), cold carcass weight (CCW), 
protein, fat, and moisture contents were affected by 
breed and CSL (Table 2). The greatest (P<0.0001) 
ADG and CCW were recorded in Horro breed. Higher 
(P<0.0001) intramuscular fat (IMF) and lower moisture 
contents were recorded from BHO sheep meat than 
the meat obtained from Horro and Washera sheep. 
Meat protein ranked Horro>Washera>BHO 
(P<0.0001). The effect of breed on meat ash was not 
significant (P>0.05). The ADG, CCW, IMF, and ash 
concentration were higher, but moisture and protein 
concentration were lower for the group supplemented 
with L2 than L1 (P<0.0001). 

 
Table 1. Experimental diets and their chemical composition (% for DM and % DM for others) 

Diets DM OM CP NDF  ADF 

Hay 89.7 92.7 7.9 79.4 50.2 
Concentrate mix 88.8 94.5 19.2 39.9 12.8 
Maize grain 86.9 98.6 8.4 29 4.2 
Wheat bran 87.9 94.5 15.5 52.9 13.9 
Noug seed cake 90.7 94.1 36.2 29.4 15.6 

DM= Dry matter; OM= Organic matter; CP= Crude protein; NDF= Neutral detergent fiber; ADF= Acid detergent fiber; 
Concentrate mix composed of wheat bran (44%), noug seed cake (29%), maize (26%), and salt (1%). 
 
Table 2. Chemical composition of the longissimus lumborum muscle from three Ethiopian fat tailed hair sheep breeds 
supplemented with two levels of concentrate 

Traits  
Sheep Breeds (B)     CSL   P- value 

BHO H W SEM   L1 L2 SEM   CSL B CSL x B 

ADG (g/d) 49.2b 59.8a 43.3c 1.19 
 

44.2b 57.3a 0.98 
 

<.0001 <.0001 0.3903 
CCW (kg) 9.5c 11.5a 10.1b 0.11 

 
10b 10.7a 0.09 

 
<.0001 <.0001 0.2568 

Protein (% DM) 20.7c 21.9a 21.1b 0.14 
 

21.5a 21b 0.11 
 

0.023 <.0001 0.5468 
Fat (% DM) 10.9a 9.8b 9.9b 0.16 

 
9.2b 11.2a 0.13 

 
<.0001 <.0001 0.6059 

Ash (% DM) 5.5 5.6 5.5 0.05 
 

5.4b 5.6a 0.04 
 

0.0322 0.5664 0.4715 
Moisture (%) 72.1b 73.5a 73.8a 0.20   74a 72.3b 0.16   <.0001 <.0001 0.09766 
a,b,c Within genotype and CSL in the same row, means with different superscript letter differ significantly (P<0.05); BHO= Blackhead 
Ogaden; H= Horro; W= Washera; L1= Hay + 1% of body weight C; L2= Hay +1.75% of body weight C; C= Concentrate; CSL= 
Concentrate supplement level; SEM = Standard error of mean; CCW= Cold carcass weight; ADG= Average daily gain; Moisture (%)= 
100 - Meat dry matter. 
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Meat Color and Ultimate pH  
The effect of CSL was not significant (P>0.05) on 
color coordinates (L*, a*, b*) and ultimate pH 
indicating glycogen reserve was enough at both 
supplements level for postmortem glycolysis. However, 
the effect of breed was significant (P<0.05) on both 
parameters (Table 3). The meat obtained from BHO 
sheep was lighter (L*) (P<0.001) than the meat 
obtained from the two breeds. The higher (P<0.001) 
redness (a*) and ultimate pH values were recorded in 
meat of Washera sheep as compared to the other two 
breeds. The yellowness (b*) of Washera sheep meat 
was greater (P<0.05) than Horro, while the value for 
BHO was similar (P>0.05) with the two genotypes. 
 

Eating Quality  
Breed has significant (P<0.0001) effect on all the eating 
quality traits (Table 4), while dietary effects were 
statistically similar for flavor and overall acceptability 
scores, but diet effect varied in meat tenderness and 
juiciness parameters. The most tender, more desirable 
flavour, and more over all acceptable meat by sensory 
panel was obtained from Horro sheep indicating meat 
from Horro breed is more preferred than the rest of 
the breeds. However, Juiciness score was lower 
(P<0.0001) than BHO but similar to Washera breed. 
The meat obtained from L2 supplemented sheep was 
juicier and tender than those consumed L1 supplement. 
On the other hand, the effect of CSL was not apparent 
on meat flavor and overall acceptability scores. 

 
Table 3. Color and ultimate pH of the longissimus lumborum muscle from three Ethiopian fat tailed hair sheep breeds 
supplemented with two concentrate levels 

Variables 
Sheep Breeds (B)     CSL P- value 

BHO H W SEM   L1 L2 SEM   CSL B CSL x B 

L* 36.6a 35.1b 34.7b 0.29 
 

35.2 35.7 0.24 
 

0.1406 0.0002 0.151 
a* 14.8b 14.8b 15.5a 0.12 

 
14.9 15.1 0.09 

 
0.2218 0.0002 0.0774 

b* 12.7ab 12.3b 12.9a 0.15 
 

12.6 12.6 0.12 
 

0.8057 0.0355 0.094 
pH(ult) 5.7b 5.7b 5.8a 0.03   5.76 5.77 0.02   0.8306 0.0327 0.8417 
a, b Within genotype and CSL in the same row, means with different superscript letter differ significantly (P<0.05); BHO= Blackhead 
Ogaden; H= Horro; W= Washera; L1 = Hay + 1% of body weight C; L2= Hay +1.75% of body weight C; C= Concentrate; CSL= 
Concentrate supplement level; SEM= Standard error of mean; pH (ult)= pH after 24 hours postmortem. L*, a*, and b* are color 
coordinates and measures light, red, and yellow colors, respectively. 
 
Table 4. Eating quality parameters of the longissimus lumborum muscle from three Ethiopian fat tailed hair sheep breeds 
supplemented with two levels of concentrate 

Parameters 
Sheep Breeds (B)     CSL P- value 

BHO H W SEM   L1 L2 SEM   CSL B CSL x B 

Tenderness 6.8b 7.2a 6.5c 0.06 
 

6.6b 7.1a 0.05 
 

<.0001 <.0001 0.5103 
Juiciness 6.7a 6.4b 6.3b 0.05 

 
6.2b 6.7a 0.04 

 
<.0001 <.0001 0.5103 

Flavor 6.5c 6.9a 6.7b 0.05 
 

6.74 6.78 0.04 
 

0.4512 <.0001 0.4938 
Overall acceptability 6.5c 7.1a 6.8b 0.04   6.8 6.78 0.03   0.3872 <.0001 0.0901 
a,b,cWithin genotype and CSL in the same row, means with different superscript letter differ significantly (P<0.05); BHO= Blackhead 
Ogaden; H= Horro; W= Washera; L1= hay + 1% of body weight C; L2= Hay +1.75% of body weight C; C = Concentrate composed 
of wheat bran (44%), noug seed cake (29%), maize (26%), and salt (1%); CSL= Concentrate supplement level; SEM= Standard error 
of mean. 

 

Discussion  
Proximate Quality 
Variation in chemical fat concentration among breeds 
in the present study may reflect variation in 
physiological maturity, which in turn affect conversion 
of dietary energy into fatty tissue (Lawrie and Ledward, 
2006).This may be attributed to the fact that genotypes 
alter the activity of lipogenic enzymes in sheep muscle 
such as Δ-desaturase and can influence the amount and 
composition of deposited fatty acid (Vacca et al., 2008). 
Intramuscular fat accretion is heritable and its 
heritability is estimated at 0.48 (Mortimer et al., 2014). 
The presence of variation in chemical fat among 
different breeds of sheep has been reported earlier by 
Komprda et al. (2012) and Barkawi et al. (2009). On the 
other hand, the higher IMF recorded from meat of L2 
supplemented sheep than from L1 could be associated 

to increased concentrate intake from the higher offer 
that enhance the production of higher levels of 
propionate from ruminal fermentation and/or higher 
glucose absorption in the small intestine from non-
degradable starch (Schoonmaker et al., 2010). This 
would, in turn, promote insulin production thereby 
stimulate lipogenesis (Schoonmaker et al., 2003). The 
IMF values obtained for the present sheep breeds is 
lower than that of 11.13 to 15.01% reported from 
longissimus dorssi muscle of Iranian lambs in various fat 
tail and carcass weight classes (Abbas et al., 2013) but 
was within the range of 5.4 to 11.5% chemical fat 
reported for castrated red Massi sheep (Safari et al., 
2011). It is noted in a number of literature that 
intramuscular fat content is a key determinant of eating 
quality parameters such as flavour, juiciness, 
tenderness, and visual characteristics of meat (Hopkins 
et al., 2006; Pethick et al., 2007; Muchenje et al., 2009; 
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Jacob and Pethick, 2014). Hopkins et al. (2006) 
reported minimum requirement for ether extractable 
fat to be 5% in order to achieve acceptable consumer 
satisfaction for lamb ‘red meat’ cuts used for grilling. 
The lower meat moisture recorded from BHO breed 
meat than the rest of the breed as well as meat from L2 
fed sheep in the present study was due to the higher 
IMF contents as the two are inversely related 
(Tshabalala et al., 2003). 

The differences in meat protein value among breeds 
might reflect variation in lean tissue development due 
to variation in stage of physiological maturity. Lean 
meat is mainly composed of muscle fibers and muscle 
proteins are the components of it (Lawrie and 
Ledward, 2006). The higher protein in meat of L1 
concentrate fed sheep could be due to lower dietary 
energy intake as a result lean tissue is developed instead 
of fatty tissue. Lean and fat tissue requires different 
amounts of energy to lay down (Warriss, 2000). In line 
with the present study, Safari et al. (2011) reported 
higher protein content in meat of low energy 
supplemented red Massi sheep than from the higher 
concentrate group. The ash content recorded in the 
present study is within the range of 4.08 to 6.15% 
reported for Iranian lambs (Abbas et al., 2013) and 4.7-
5.8% for red Massi sheep (Safari et al., 2011). The 
similar ash content among breeds of sheep in the 
present study might be associated with age similarity. 
 
Color and Meat pH 

Meat color is considered as important factor affecting 
consumer acceptance, purchasing decisions, and 
satisfaction of meat products as it is visual measure of 
freshness and quality (Muchenje et al., 2009; Dorgival et 
al., 2016). The reason for variation in luminosity (L*) 
between BHO and the other two breeds could be due 
to the higher IMF content in meat of BHO breed. 
Baublits et al. (2004) reported that higher levels of IMF 
increase meat brightness. Similarly, the review work of 
Muir et al. (1998) indicated that increased luminosity is 
associated with increased marbling scores in grain-fed 
cattle. Likewise, meat from L2 fed group tended to 
have higher magnitude of bright color than L1 due to 
higher IMF in L2 fed sheep meat. The differences in 
redness (a*) of meat among breeds may be due to 
variation in myoglobin concentration (Muchenje et al., 
2009). Although meat myoglobin content was not 
assessed in the current study, literatures show that its 
content is influenced by breed (Dorgival et al., 2016). 
Myoglobin is the major pigment in meat, accounting 
for 50 to 80% of the total pigment or meat color 
(Kerry et al., 2002), which justifies the variation among 
the present breed in this parameter. Yellowness (b*) 
differences in sheep genotype observed in the present 
study appears to be in line with significant variation 
noted between Texel lambs, and Dorper and Charollais 
(Partida et al., 2012). 

Meat color variables for the three breeds are above 
the acceptable threshold values for lightness (34 (L*)) 
and redness (9.5 (a*)) values established by consumer 

evaluations of fresh lamb meat (Khliji et al., 2010). The 
average values reported for L* and a* were lower, the 
b* value was higher than those reported by Souza et al. 
(2016) and Santos-siliva et al. (2002) for various sheep 
breeds. The lower L* and a* values as compared to the 
two studies might be due to higher yellowness value 
recorded in the present study and due to age and breed 
variation of the animals in the various studies. 
Muchenje et al. (2009) in their review article noted that 
the darker lean (low L*) values may be attributed to 
increased myoglobin, decreased muscle glycogen, or 
both, and the yellow fat. 

The muscle of a living animal has a pH of 7.1. Good 
quality meat usually has a pH of 5.4–5.7 (Lawrie and 
Ledward, 2006).The extent to which pH is lowered 
after slaughter depends on the amount of glycogen in 
the muscle prior to the animal’s death. The average 
ultimate pH of 5.77 for all sheep after completion of 
glycolysis (24 hour postmortem) in the present study is 
within the quality range. Lack of dietary effect on pH 
values, indicates the two CSL could provide sufficient 
pre-slaughter muscle glycogen reserve that has similar 
potential for pH decline in muscles postmortem. These 
results are in agreement with the observation made for 
Corriedale and Texel ×Corriedale (Carmen et al., 2014) 
fed increasing levels of whole rice meal supplement to 
straw based diets. However, Olfaz et al. (2005) recorded 
meat pH difference in Karayaka growing rams fed high 
energy diets compared with lambs on low energy diet. 
The breed effect on meat pH in the present study 
might be attributed to variation in muscle glycogen 
reserve at slaughter which is inversely related to the 
ultimate pH. Similar to the present study significant 
breed effect was reported between Santa Ines sheep 
and its cross with Dorper (Souza et al., 2016). 
 
Eating Quality 
Tenderness can be attributed to a person’s perception 
of meat such as softness to tongue, less resistance to 
tooth pressure and adhesion (Muir et al., 1998; Ford et 
al., 2012). In the present study, significantly higher 
tenderness score given for meat from L2 supplemented 
sheep was because of greater IMF content (Savell and 
Cross, 1988). According to the authors, fat is lower in 
density than heat-denatured protein in cooked meat, 
and as the fat percentage increases, the overall density 
of the meat decreases. Therefore, as bulk density 
decreases within a given bite of meat, the meat seems 
tenderer. The authors further explained that IMF is 
mainly triglycerides stored in adipose cells of the 
muscle and when meat is cooked, triglycerides melt and 
bathe the muscle fibers. As the meat is chewed, the 
muscle fibers slide more easily resulting in an increased 
perception of tenderness. However, the causes of 
tenderness variation are extremely complex and not 
fully understood. Breed, nutrition, carcass weight, and 
rate of growth are also some of the factors that 
attribute to tenderness variation (Muir et al., 1998; 
Thompson et al., 2006; Muchenje et al., 2009).The 
influence of genotype on tenderness variation can be 
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due to variations in glycolytic rate driven through 
differences in muscle fiber type among genotypes 
(Thompson et al., 2006). Some breeds have a finer 
muscle grain related to the macroscopically visible 
muscle fiber bundles which is favored by consumers 
(Albrecht et al., 2006). In the present study the highest 
tenderness score given for Horro meat despite 
significantly lower IMF might be related to breed, 
carcass weight, and rate of growth. The influence of 
breed on sheep meat tenderness and other eating 
quality attributes have been reported by many 
researchers (Arsenos et al., 2002; Teixeira et al., 2005; 
Ekiza et al., 2009).  

The improvement in juiciness as IMF increases for 
BHO meat as well as meat from L2 supplemented 
sheep supports the hypothesis that during initial 
chewing, fat is released which stimulates secretion of 
salivary glands. Fat is softer than muscle, and lubricates 
muscle fibres and make people to perceive the meat is 
juicier and tenderer. Fat provides protection against the 
negative effects of over-cooking or high heat on 
protein denaturation. Meat proteins are involved in 
binding water in the muscle fiber. Water-holding 
capacity is a factor that determines the juiciness of meat 
(Muchenje et al., 2009). As meat is cooked, proteins 
denature and lose some of their ability to bind water. 
Fat can act to insulate the transfer of heat or slow 
down the heat transfer so that protein denaturation is 
less severe and less moisture is lost during cooking and 
consequently, juiciness improve (Savell and Cross, 
1988; Warriss, 2000). 

Flavor is one of the most important sensory 
attributes for the overall acceptance of sheep meat 
(Wood et al., 2003; Warner et al., 2010). Ping et al. 
(2008) reported that the degree of marbling of the 
muscle is significantly related to flavor intensity, and 
meat with a desirable flavor tended to have higher 
levels of IMF and more intense marbling. The flavor of 
mutton in particular has been attributed to the 
carbonyl, or other polar compounds found in sheep fat 
(Channon et al., 2003). Sulphur compounds and 
branched chain fatty acids are also responsible for 
sheep meat flavor. In the present study, breeds 
difference in sensory panel scoring for flavor might be 
related to variation in flavor providing compounds in 
their meat. In line to the present study, Young et al. 
(1993) and Fisher et al. (2000) observed significant 
flavor difference in sheep breeds. On the other hand, 
lack of significant variation between concentrate 
supplement levels for flavor could be due to the fact 
that differences in CSL were not large enough to elicit 
significant effect in flavor forming precursors and in 
turn flavor change. Generally the eating quality scores 
given by the sensory panelist for all breeds fall within 
the acceptable range set by AMSA (2015). 
 

Conclusion  
The present sheep breeds produced meat with medium 
to high fat content. This allows the choice of breed to 
satisfy the various consumer preferences and market 

niche. Furthermore, variation exists among the breeds 
in meat sensory quality attributes. Accordingly, the 
most tender, more desirable flavor, and more over all 
acceptable meat by sensory panel was obtained from 
Horro sheep indicating meat from Horro breed is most 
preferred compared to Blackhead Ogaden and Washera 
sheep breeds, but the sensory scores for all breeds fall 
within the acceptable range. Nevertheless, meat from 
BHO sheep have lowest score for flavor and overall 
acceptability but had highest IMF content compared 
with Horro and Washera breeds meat. Supplementing 
concentrate at the rate of 1 and 1.75% body weight 
provided meat with acceptable fat content, meat color, 
pH, and overall acceptable sensory traits. 
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