
Open Journal of Animal Sciences, 2020, 10, 48-63 
https://www.scirp.org/journal/ojas 

ISSN Online: 2161-7627 
ISSN Print: 2161-7597 

 

DOI: 10.4236/ojas.2020.101005  Dec. 23, 2019 48 Open Journal of Animal Sciences 
 

 
 
 

Comparative Slaughter Performance and Meat 
Quality of Rutana, Gumuz and Washera Sheep 
of Ethiopia Supplemented with Different Levels 
of Concentrate 

Anteneh Worku1*, Mengistu Urge2, Getachew Animut3, Getnet Asefa4 

1Department of Animal Sciences, Debre Markos University, Debre Markos, Ethiopia 
2School of Animal and Range Sciences, Haramaya University, Dire Dawa, Ethiopia 
3Agriculture Transformation Agency, Addis Ababa, Ethiopia 
4Ethiopian Institute of Agricultural Research, Addis Ababa, Ethiopia 

 
 
 

Abstract 
A study was conducted to compare the carcass yield and meat quality of Ru-
tana, Gumuz and Washera sheep of Ethiopia under two concentrate supple-
ment levels (CSL), low (300 g/day) and high (450 g/day). The supplement 
contains 45% wheat bran, 26% maize grain and 29% Noug cake. A total of 36 
sheep (12 from each genotype) were used in 3 × 2 factorial treatment ar-
rangement (3 genotypes and 2 CSL) which was used in a completely rando-
mized block design. Hay was fed ad libitum at a rate of 20% refusal. After the 
completion of 90 days fattening period, all sheep were slaughtered and meat 
sample from longissimus dorsi muscle of each animal was taken for sensory 
evaluation and instrumental measurement of tenderness and for color, pH, 
and chemical composition analysis. Slaughter body weight (SBW) (26.0 vs. 
24.1 kg), hot carcass weight (HCW) (11.3 vs. 9.7 kg), dressing percentage 
(DP) on SBW (43.4% vs. 40.1%) and EBW basis (53.6% vs. 50.9%), and rib 
eye-muscle (REM) were higher for the high than low CSL. Rutana sheep had 
heavier HCW (11.9 kg) than Gumuz (10.1 kg) and Washera (9.4 kg) sheep. 
DP on EBW basis was higher for Rutana (54.7) than Washera sheep (48.1), 
while the value for Gumuz (50.9) was similar with both genotypes. Meat from 
high supplemented sheep had higher fat (9.7% vs. 8.8%), tenderness, juici-
ness, flavor and lower shear forces than the low level of supplementation. 
Most sensory parameters measured were in the order of Rutana > Gumuz > 
Washera sheep. It is concluded that Rutana sheep were relatively more suita-
ble than Gumuz and Washera sheep for production of better carcass yield. 
The potential of Washera sheep to produce more carcass yield relative to their 
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HCW, SBW and EBW was comparable with that of Gumuz sheep. 
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1. Introduction 

Ethiopia is believed to be one of the major gateways for domestic sheep migra-
tion from Asia into Africa [1]. With 31.30 million sheep [2] and 14 traditional 
populations [3], there are highly diversified indigenous sheep types which are 
parallel to the diversity in ecology [4]. In Ethiopia major groups are classified 
into four namely; short fat-tailed sheep, long fat-tailed, fat-rumped sheep, 
thin-tailed sheep [5]. Gumuz and Rutana sheep breeds are categorized under the 
thin-tailed sheep whereas Washera sheep is categorized under short fat-tailed 
sheep [5]. The three breeds are found in Amhara and Benishangul-Gumz Re-
gional States [3] [6]. Washera sheep has fast growth rate under harsh circums-
tances [7]. Gumuz breed is the most preferred breed because of its adaptation to 
hot climate, faster growth and higher prolificacy [8]. Rutana is a desert sheep in 
the Sudan and is kept mainly for meat production, and is preferred in the border 
markets in western Ethiopia for export due to its higher growth potential and big 
size [6] [9].  

Carcass and non-carcass components are the slaughtering results of animals 
[10]. There is performance difference in carcass characteristic and meat quality 
of sheep as documented in a comparative study conducted in Ethiopian sheep 
and goat. The carcass weight for Black head Ogaden, Horro and Washera sheep 
was 9.7 kg, 11.7 kg and 10.5 kg, respectively recorded for comparative study of 
sheep in Ethiopia [11]. Dereje et al. [12] reported that the carcass weight for Bati, 
Hararghe highland goat, Short-eared Somali goat were 7.8 kg, 8.3 kg, 7.2 kg, re-
spectively. Generally, the average carcass weight of Ethiopian sheep and goats is 
relatively low, which could be because of poor genetic performance, poor animal 
husbandry practices, or a combination [13]. Generally, comparative research 
work dealing with breed characterization for meat production potential and 
other production traits for sheep is limited. Future research on breed characte-
rization by exploiting their maximum potential under various feeding manage-
ment is needed [11]. The comparative performance evaluation of Rutana, Gu-
muz and Washera sheep breeds of Ethiopia at feedlot with supplementation of 
concentrates appears to be lacking. Thus, the objectives of the study were 
evaluating the difference in carcass and non-carcass characteristics, and meat 
quality of Rutana, Gumuz and Washera sheep kept under two levels of concen-
trate supplementation. 
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2. Materials and Methods 
2.1. Experimental Animal Management and Treatments 

The study was conducted at Burie campus of Debre-Markos University, Ethiopia 
located at latitude of 10˚42'N and longitude of 37˚4'E. The altitude of the area is 
2091 meter above sea level, annual rainfall is 1500 mm and the mean tempera-
ture is 22˚C [14]. A total of 36 intact male sheep of three genotypes, Rutana, 
Gumuz and Washera of about 8 - 10 months of ages, 12 from each genotybe 
were purchased from local markets where each breed is found. The age was es-
timated by asking the owners and checking the pattern of eruption of the incisor 
teeth of the sheep [15]. Animals were quarantined for 3 weeks during which 
time they were vaccinated for ovine pasteurellosis and sheep pox. Animals were 
also injected with Ivermectin as a broad spectrum treatment against internal and 
external parasites, and de-warmed with Albendazole mainly against the adult 
stages of internal parasites. At the end of the quarantine, each sheep was weighed 
and placed in an individual pen and acclimated to the environment and experi-
mental condition for 2 weeks, which was followed by 90 days of feeding trial and 
10 days of digestibility trial. 

Experimental treatments were arranged in a three by two factorial arrange-
ment in a completely randomized block design. There were three genotypes 
(Rutana, Washera and Gumuz sheep) and two levels of concentrate supplemen-
tation (300 and 450 g DM/day/head of concentrate mix). Animals within 
genotype were blocked based on their initial body weight and randomly assigned 
to one of concentrate supplementation levels each consisting six animals. The 
experiment feeds consisted of mixed sward natural pasture hay as a basal diet 
and concentrate mix as a supplement. The hay was manually chopped to about 
2.5 cm sizes and fed ad libitum ensuring a refusal of 20% with the amount of-
fered being adjusted once every 3rd day. The concentrate mix consists of 45% 
wheat bran, 26% maize grain and 29% Noug seed cake, and was formulated to 
have about 22.3% CP to fulfill the requirements of growing lambs [16]. The 
chemical composition of the concentrate mix and the hay is given in Table 1. 
The concentrate was offered twice a day in two equal portions at 0800 and 1600 
hours. Clean water and salt lick were available all the time. 

 
Table 1. Chemical composition (% for DM and % DM for others) of experimental feeds. 

Dietary ingredients DM OM CP NDF ADF 

Hay 93.1 90.1 7.9 80.2 43.1 

Concentrate mix 91.9 91.9 21.0 36.2 15.9 

Maize grain 88.1 98.2 7.9 25.2 7.9 

Wheat bran 90.7 89.8 17.9 45.1 14.4 

Noug seed cake 91.6 91.8 31.9 32.6 27.4 

DM = Dry matter; OM = Organic matter; CP = Crude protein; NDF = Neutral detergent fiber; ADF = Acid 
detergent fiber; Concentrate Mix = Wheat bran (45%), maize grain (26%) and Noug seed cake (29%). 
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2.2. Animal Slaughter and Carcass Measurements  

At the end of the feeding trial, sheep were fasted for 12 hours overnight with free 
access to water. Slaughter body weight (SBW) was then measured and all sheep 
were slaughtered to determine carcass characteristics. The blood was drained 
into a bucket and weighed. After removal of digestive tract and non-carcass 
components, hot carcass weight (HCW) was recorded including tail fat. Edible 
(heart, liver, kidney, blood, digestive organs, total fat) and non-edible (skin, 
head, feet, spleen, lungs, trachea, genitalia) non-carcass components were 
weighed separately and recorded. Digestive tract was weighed while full and 
empty. The weight of digesta was computed as the difference between full and 
empty digestive tract. The empty body weight (EBW) was determined as SBW 
less gut contents. Dressing percentage (DP) was calculated as (HCW/SBW) × 
100 and (HCW/EBW) × 100. Rib eye-muscle area (REM) was measured at the 
12/13th rib position of Longissimus dorsi muscle (LDM) using transparent paper. 
The left and right rib-eye muscle area were traced onto a square paper and the 
area of the squares that fell within the traced area was counted and those par-
tially fell outside was estimated. The average of the two sides was taken as the 
REM. Kidney, scrotal, pelvic, and heart fat weight measurements were taken us-
ing a balance of sensitivity 0.01 kg and summed up as a non-carcass fat.  

2.3. Sampling and Chemical Analysis of Feed and Meat Samples 

Feed and dietary ingredients were sampled weekly during the feeding trial and 
composited for chemical analysis. Samples were dried at 60˚C for 72 hours, and 
ground using laboratory mill to pass 1 mm screen. The samples were analyzed 
for dry matter (DM), nitrogen (N), ash [17], acid detergent fiber (ADF), and 
neutral detergent fiber (NDF) [18]. The CP was calculated as N*6.25.  

Meat samples were taken from areas of LDM at 10th to 13th rib positions, 
chopped and thoroughly mixed and frozen at −20˚C until partially dried. The 
frozen fresh samples were partially dried at 55˚C for 72 hours, packed in polye-
thylene bags and stored in a refrigerator at 4˚C pending proximate chemical 
analysis. About 2 g of partially dried samples were weighed into a pre-weighed 
crucible dish, and dried in an oven at 102˚C overnight to determine DM. Ashing 
was carried out at 600˚C for 6 hours. The rest of the sample materials were 
oven-dried, ground and stored in a refrigerator at 4˚C until required for analysis 
of protein and fat percentages. Total fat was extracted using Soxhlet apparatus 
for 6 hour with diethyl ether (boiling point of 34.5˚C) and the dried residue was 
weighed for fat content. Crude protein was determined according the method 
outlined by AOAC [17]. 

2.4. Meat pH and Color Measurements  

Meat samples taken from LDM for proximate analysis were used for color and 
pH measurements. The pH measurements were made 1 and 24 (ultimate) hours 
after slaughter using portable pH-meter (Meat PH meter-HI99163, HANAN in-
struments) having sharp penetrating electrode. The probe was cleaned with dis-
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tilled water and calibrated with pH 4.1 and 7.1 standard buffer solutions between 
sample measurements. For meat color measurements, the cut surface of frozen 
samples at 4˚C was freshly exposed on flat surface of white background and al-
lowed to bloom for about 30 - 45 minutes at ambient temperature. Then, meat 
color parameters i.e., CIE L*a*b* values (L* = lightness, a* = redness and b* = 
yellowness) were obtained using the digital colorimeter (HunterLab MiniScan 
EZ, Serial No. MsEZ1547, 45/0˚ illumination/viewing system, D65 light source, 
and 10˚ observer angle) calibrated with black and white standardized calibration 
plates between sample measurements [19]. Three random readings at different 
locations per sample were taken and averaged. 

2.5. Sensory Evaluation of Meat  

Meat samples taken from LDM muscle were evaluated for tenderness, juiciness, 
flavor and overall acceptability by semi trained twelve panelists following the 
standard procedure [20]. The samples were cut into pieces and wrapped indivi-
dually in aluminum foil and roasted in an oven at 125˚C for 45 minutes. Then, 
the roasted samples were cut into uniform bite-size pieces and kept in food 
warmers until evaluated by panelists. Pieces from each sample per breed were 
provided to panelists randomly in such a way that everyone got sample from 
each breed and muscle type. The panelists independently rated the tasted sam-
ples on a nine-point hedonic scale for Tenderness from Extremely Tender = 7 to 
Extremely Tough = 1; Juiciness from Extremely Juicy = 7 to Extremely Dry = 1; 
Flavor from Extremely Desirable = 7 to Extremely Poor = 1, and General Accep-
tability from Extremely Liked = 7 to Extremely Dislike = 1.  

2.6. Warner-Bratzler Shear Force Test to Determining  
Tenderness of Meat Samples  

The steaks were prepared according to procedures develop earlier [21]. Each 
batch of aged samples was thawed for 24 hours at room temperature (24˚C - 
25˚C) for steaks preparation. The Warner-Bratzler shear force method was used 
to determine objective tenderness [20]. The steak was allowed to cool down to 
room temperature prior for about an hour to evaluate instrumental tenderness 
using WBSF. After cooling, the steak was cut across the long axis putting the 
knife tip on heavy connective tissue side (dorsal) and handle of knife on ventral 
side in order to expose the fiber direction. Six cores were removed parallel with 
the muscle fibers. It was critical that the muscle fibers run parallel with the core 
so that the shear was across the grain. The WBSF device was used to shear each 
core. The shear was across the middle (center) on each core. The peak values of 
WBSF were recorded in N (Newton) for each core. The values for the seven 
cores were averaged for the determination of a single value for each steak. 

2.7. Statistical Analysis  

Data were analyzed using the general linear model GLM procedure of SAS [22]. 
Adjusted Tukey test was used to locate the significant differences between means 
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when F-test declare significance at p < 0.05. The statistical model used was: Yijkl 
= μ + Bi + Sj + Ck + (B × C)jk + eijkl. Where: Yijkl = the response variable; μ = over-
all mean; Bi = effect of block; Sj = effect of genotype; Ck = effect of concentrate 
level; (B × C)jk = interaction between genotype and concentrate level, and eijkl = 
random error. Since interaction between genotype and supplement level for all 
attributes evaluated were not statistically significant (p > 0.05), only means for 
main effects were presented and discussed. 

3. Result  
3.1. Carcass Weight and Dressing Percentages  

Rutana sheep had higher (p < 0.05) SBW, EBW, HCW and REM area than the 
other two breeds (Table 2). Gumuz sheep had higher EBW (p < 0.05) but similar 
(p > 0.05) SBW, HCW and REM area as compared to Washera sheep. Dressing 
percentage both in SBW and EBW bass was higher (p < 0.05) for Rutana than 
Washera sheep, while the values for Gumuz sheep were comparable with both 
sheep breeds. All carcass parameters indicated in Table 2 were significantly in-
creased (p < 0.05) by the higher level of concentrate supplementation.  

3.2. Edible and Non-Edible Offal Components  

Effects of genotype and concentrate level on edible and non-edible carcass were 
significant for some parameters only (Table 3 and Table 4). Liver, empty gut, 
heart fat and total edible offal were consistently higher (p < 0.05) for Rutana com-
pared to Washera sheep. These same parameters and total non carcass fat were 
greater (p < 0.05) for the high level of concentrate supplemented group. Among  
 
Table 2. Carcass yield and dressing percentages of Gumuz (GU), Rutana (RU) and 
Washera (WA) sheep fed grass hay basal diet supplemented with two levels of concen-
trate mix. 

Variables 
Genotype (G) Concentrate level (C) p-value 

GU RU WA SEM Low High SEM G C G × C 

Carcass weight (kg)       

SBW 24.7b 26.5a 23.8b 0.44 24.1b 26.0a 0.36 0.0009 0.0011 0.2694 

EBW 20.0b 22.0a 19.0c 0.49 19.2b 21.1a 0.40 0.0037 0.0380 0.2091 

HCW 10.1b 11.9a 9.4b 0.29 9.7b 11.3a 0.23 <0.0001 <0.0001 0.3193 

Dressing percentage on the basis of       

EBW 50.9ab 54.7a 48.1b 0.84 48.8b 53.6a 0.69 0.0446 0.0283 0.0774 

SBW 40.9ab 45.1a 39.3b 0.68 40.1b 43.4a 0.56 0.0066 0.0264 0.2137 

REM (cm2) 9.4b 9.9a 9.3b 0.03 9.2b 9.9a 0.03 <0.0001 <0.0001 0.5303 

a-cMeans with different superscript letter within genotype and concentrate level categories in a row differ (p 
< 0.05); SBW = Slaughter body weight; EBW = Empty body weight; HCW = Hot carcass weight; DP = 
Dressing percentage; REM = Rib eye muscle area; Concentrate mix (CM) = Wheat bran (45%), maize grain 
(26%) and Noug seed cake (29%); Low = 300 g/d CM; High = 450 g/d CM; SEM = Standard error of the 
mean. 
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Table 3. Edible offal components of Gumuz (GU), Rutana (RU) and Washera (WA) 
sheep fed grass hay basal diet supplemented with two levels of concentrate mix. 

Edible offal (kg) 
Genotype (G) Concentrate level (C) p-value 

GU RU WA SEM Low High SEM G C G × C 

Kidney 0.06 0.05 0.05 0.007 0.05 0.06 0.005 0.48 0.51 0.70 

Liver 0.39ab 0.41a 0.37b 0.010 0.38b 0.41a 0.008 0.04 0.03 0.06 

Heart 0.07 0.08 0.07 0.005 0.07 0.08 0.005 0.61 0.59 0.36 

Blood 1.64 1.66 1.55 0.05 1.66 1.57 0.04 0.36 0.23 0.09 

GIT empty 1.32b 1.41a 1.31b 0.02 1.29b 1.40a 0.01 0.01 <0.001 0.05 

Head & tongue 1.48 1.48 1.47 0.003 1.47 1.48 0.003 0.05 0.28 0.31 

Heart fat 0.06b 0.09a 0.05b 0.008 0.05a 0.08b 0.007 0.02 0.001 0.34 

Kidney fat 0.06 0.05 0.05 0.005 0.06 0.05 0.004 0.38 0.53 0.87 

Tail 0.07 0.08 0.07 0.007 0.06 0.08 0.006 0.31 0.12 0.88 

Omental fat 0.38 0.40 0.32 0.08 0.27 0.46 0.06 0.75 0.05 0.23 

TNCF 0.58 0.63 0.50 0.08 0.45b 0.69a 0.07 0.59 0.02 0.26 

TEO 5.58ab 5.76a 5.36b 0.10 5.42b 5.71a 0.08 0.04 0.02 0.15 

a,bMeans with different superscript letter within genotype and concentrate level categories in a row differ (p 
< 0.05); GIT=gastro intestinal tract; TNCF = Total non carcass fat; TEO = Total edible offal; Concentrate 
mix (CM) = Wheat bran (45%), maize grain (26%) and Noug seed cake (29%); Low = 300 g/d CM; High = 
450 g/d CM; SEM = Standard error of the mean. 
 
Table 4. Non-edible offal components of Gumuz (GU), Rutana (RU) and Washera (WA) 
sheep fed grass hay basal diet supplemented with two levels of concentrate mix. 

Non-edible offal 
(kg) 

Genotype (G) Concentrate level (C) p-value 

GU RU WA SEM Low High SEM B C B × C 

Lung 0.33 0.34 0.32 0.009 0.32 0.34 0.007 0.24 0.12 0.36 

Testicle 0.19 0.18 0.22 0.03 0.1 0.2 0.02 0.529 0.05 0.24 

Penis 0.03a 0.03a 0.02b 0.001 0.02b 0.03a 0.001 <0.0001 0.005 0.66 

Spleen 0.01b 0.02a 0.01c 0.002 0.01b 0.02a 0.001 <0.0001 0.002 0.74 

Esophagus 0.024 0.023 0.022 0.007 0.023 0.024 0.006 0.74 0.67 0.17 

Skin & leg 3.2a 3.4b 3.1b 0.02 3.0b 3.5a 0.02 <0.0001 <0.0001 0.13 

Trachea 0.102 0.105 0.104 0.003 0.101 0.106 0.003 0.75 0.10 0.69 

Gut content 4.39 4.36 4.06 0.12 4.1 4.3 0.10 0.14 0.10 0.54 

TENO 8.37a 8.55a 7.99b 0.13 7.91b 8.69a 0.10 0.019 <0.0001 0.83 

a-cMeans with different superscript letter within genotype and concentrate level categories in a row differ (p 
< 0.05); TENO=Total none-edible offal; Concentrate mix (CM) = Wheat bran (45%), maize grain (26%) 
and Noug seed cake (29%); Low = 300 g/d CM; High = 450 g/d CM; SEM = Standard error of the mean. 

 
the non-edible offal spleen, penis, skin and legs, and total non-edible offal were 
significantly affected by genotype and concentrate level (p < 0.01). Total 
non-edible offal was lower for Washer than the other breeds, while the high level 
of concentrate supplementation resulted in higher non-edible offal components 
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for those that showed significant effect. 

3.3. Chemical Composition of Meat 

The moisture content of the meat was higher and that of the CP content was 
lower (p < 0.05) for Washera compared to the other two sheep breeds that had 
similar values (Table 5). The fat and ash content of the meat was unaffected (p > 
0.05) by genotype. The effect of concentrate level was significant (p < 0.05) only 
for fat content, the vale being higher for the high level of concentrate supple-
mentation.  

3.4. Color and pH Measures of Meat 

Average meat color parameters were 37.11 for lightness, 11.8 for redness and 
11.14 for yellowness with mean ultimate pH of 5.55. Meat from Rutana sheep 
had higher lightness and lower redness and yellowness (p < 0.05) than Washera 
sheep. Gumuz sheep had similar (p > 0.05) meat color parameters with Rutana, 
but Gumuz sheep differs from Washera only in redness (Table 6). The pH taken 
one hour after slaughter was higher but ultimate pH was lower (p < 0.05) for 
Rutana sheep as compared to the other breeds. Level of concentrate supplemen-
tation did not impact (p > 0.05) the color and pH of meat. 

3.5. Sensory Evaluation and Shear Force Measurement of Meat  

There were significant (p < 0.01) variations among the genotypes and between 
the concentrate levels in all sensory and shear force parameters measured (Table 
7). Washera had the lowest value in all parameters, while Gumuz had only lower 
value than Rutana in flavor and overall acceptability (p < 0.05). Sensory values 
with exception of shear force were higher (p < 0.05) for high level of concentrate 
supplemented group.  

4. Discussion  
4.1. Carcass Weight and Dressing Percentage  

Results of this study highlighted a significant impact of both sheep genotype and  
 
Table 5. Proximate composition (%) of muscle of Gumuz (GU), Rutana (RU) and Washera 
(WA) sheep fed grass hay basal diet supplemented with two levels of concentrate mix. 

 Genotype (G) Concentrate level (C) p-value 

Parameters GU RU WA SEM Low High SEM G C G × C 

Moisture 72.8b 72.3b 73.2a 0.22 72.9 72.8 0.17 0.005 0.879 0.53 

CP 20.1a 20.8a 19.6b 0.39 19.7 20.6 0.32 0.01 0.09 0.68 

Fat 10.3 8.8 8.6 0.36 8.8b 9.7a 0.29 0.08 0.04 0.48 

Ash 5.8 5.8 5.7 0.03 5.8 5.8 0.02 0.64 0.77 0.05 

a,bMeans with different superscript letter within genotype and concentrate level categories in a row differ (p 
< 0.05); CP = Crude protein; Concentrate mix (CM) = Wheat bran (45%), maize grain (26%) and Noug 
seed cake (29%); Low = 300 g/d CM; High = 450 g/d CM; SEM = Standard error of the mean. 
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Table 6. Color and pH measures of muscle of Gumuz (GU), Rutana (RU) and Washera 
(WA) sheep fed grass hay basal diet supplemented with two levels of concentrate mix. 

 Genotype (G) Concentrate level (C) p-value 

Parameters GU RU WA SEM Low High SEM G C G × C 

Meat color 
   

  
  

 
  

L* 34.9ab 36.4a 34.2b 0.61 36.2 38.0 0.49 0.049 0.086 0.589 

a* 11.22b 11.17b 13.02a 0.32 11.6 11.9 0.26 0.0006 0.57 0.948 

b* 11.01ab 10.66b 11.75a 0.30 10.9 11.3 0.24 0.0487 0.22 0.074 

Meat pH 
   

  
  

 
  

pH1 7.01b 6.79b 7.88a 0.26 7.05 7.40 0.21 0.018 0.26 0.254 

pH24 5.60a 5.41b 5.70a 0.03 5.53 5.59 0.02 <0.0001 0.43 0.142 

a,bMeans with different superscript letter within genotype and concentrate level categories in a row differ (p 
< 0.05); L* = lightness index, a* = redness index; b* = yellowness index; pH1 = pH measure taken one hour 
after slaughter; pH24 = pH measure taken 24 hours after slaughter; Concentrate mix (CM) = Wheat bran 
(45%), maize grain (26%) and Noug seed cake (29%); Low = 300 g/d CM; High = 450 g/d CM; SEM = 
Standard error of the mean. 

 
Table 7. Sensory and Shear force measures of muscle of Gumuz (GU), Rutana (RU) and 
Washera (WA) sheep fed grass hay basal diet supplemented with two levels of concen-
trate mix. 

 Genotype (G) Concentrate level (C) p-value 

Parameters GU RU WA SEM Low High SEM G C G × C 

Tenderness 6.70a 6.76a 6.61b 0.02 6.56b 6.81a 0.02 0.0008 <0.0001 0.08 

Juiciness 6.79a 6.81a 6.68b 0.02 6.65b 6.88a 0.01 0.0019 <0.0001 0.19 

Flavour 6.78b 6.84a 6.61c 0.02 6.63b 6.89a 0.01 <0.0001 <0.0001 0.18 

OA 6.81b 6.88a 6.68c 0.01 6.68b 6.90a 0.01 <0.0001 <0.0001 0.31 

SRF (N/cm2) 29.05a 27.32b 31.34a 0.99 30.51a 27.96b 0.81 0.0294 0.0363 0.61 

a-cMeans with different superscript letter within genotype and concentrate level categories in a row differ (p 
< 0.05); SRF = shear force; OA = Overall acceptability; Concentrate mix (CM) = Wheat bran (45%), maize 
grain (26%) and Noug seed cake (29%); Low = 300 g/d CM; High = 450 g/d CM; SEM = Standard error of 
the mean. 

 
level of supplementation on carcass yield and dressing percentage. Similar ob-
servation has been documented in a comparative study conducted in Ethiopian 
sheep [11] and goat genotypes [12]. Improvement in carcass yield and dressing 
percentage of indigenous sheep with increasing level of supplementation as in 
the case of the current study is well documented [7] [23] and is a function of in-
creased supply of nutrients for muscle development. This is supported by greater 
rib-eye muscle area of the high concentrate level supplemented group in this 
study, as rib-eye muscle area is mostly used as a tool to indicate the proportion 
of carcass muscling [24]. Various studies showed that supplementation had a 
significant and positive effect on the rib-eye muscle area [11] [25], which is in 
line with the result of this study. 

In the current study Rutana sheep showed a better potential in carcass yield 
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and dressing percentages, although the latter was not significantly different from 
Gumuz sheep. Devendra et al. [26] described dressing percentage as the propor-
tion of carcass weight to body weight, a parameter that helps to assess meat 
productivity of animals. Nutrition influence dressing percentage through varia-
tion in weight of gut contents and variation in actual carcass weights [27]. The 
reason for variation in dressing percentage between Rutana and Washera sheep 
in the present study appeared to be due greater differences in HCW as compared 
to differences in SBW or EBW between the two breeds. Conversely, similar pro-
portional increase in HCW to that of increase in SBW or EBW in Gumuz and 
Rutana sheep might have resulted to comparable dressing percentage values of 
Gumuz with Rutana sheep. Dressing percentage expressed as percentage of 
shrunk and empty body weight in the current study averaged 41.7% and 52.1%, 
respectively, which was comparable to the average of 43% and 52% reported for 
Washera sheep [28].  

4.2. Edible and Non-Offal Components 

In Ethiopia carcass offal components are categorized into edible and non-edible 
based on the tradition and eating habit of the people in different parts of the 
country. In general, most edible and non-edible offal components was not sig-
nificantly impacted by genotype and/or level of concentrate supplementation, as 
such tissues are of early maturing being little impacted by differences in nutri-
tional status and growth rate of the animals. Those that were significantly af-
fected such as the liver, GIT and heart fat appeared to be the ones that can be af-
fected by nutritional status of the animal and consequently by differences in 
growth rate of genotypes [29]. The increase in liver weight with high concentrate 
supplementation and differences among genotypes in liver weight might be re-
lated to the storage of reserve carbohydrates such as glycogen when animals are 
fed with energy dense diets [30], and might be associated with difference in body 
mass among genotypes that proportionately increase the size of the liver [29]. 
According to Wester et al. [31] large amounts of digesta present in the GIT 
would result to net tissue growth presumably to accommodate for the increased 
requirement for digestion, which might have been the reason for the observed 
differences among genotypes and between concentrate levels in GIT weight in 
the current study. Differences in the weight of penis, spleen, skin and leg among 
genotypes and between concentrate levels appeared to be a result of a propor-
tional increase in such components as EBW increases [32]. 

4.3. Chemical Composition of Meat 

Meat quality can be evaluated through its content of protein, fat, water and ash 
[33]. The high moisture and low protein content of Washera sheep as compared 
to the other genotypes noted in this study could be associated with variations in 
tissue development as a result of differences in stage of physiological maturity 
[34]. Despite the expected inverse relationship of moisture and fat content, the 
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latter however fail to differ significantly among genotypes. On the other hand 
sheep on the high concentrate diet recorded higher meat fat content, as dietary 
levels of concentrate have a positive effect on fat content of the carcass [35]. In-
creased concentrate intake is associated with the production of more ruminal 
propionate and/or higher glucose in the small intestine from non-degradable 
starch [36] which stimulates insulin production and consequently lipogenesis 
[37]. Ash content in the current study was not affected by genotype and concen-
trate level, which is in line with the study of Dereje et al. [12] that reported simi-
lar ash content for Bati, Hararghe highland, and Short-eared Somali goats fed 
different concentrate levels.  

4.4. Color and pH Measures of Meat  

Color is one of the important quality characteristics of fresh meat [38]. It can be 
measured numerically using a colorimeter or subjectively [39]. The higher meat 
lightness (L*) of Rutana than Washera sheep noted in this study could be a result 
of differences in muscle myoglobin content that could be observed among 
breeds [40]. The average meat lightness of Washera sheep of the present study 
was lower than the value of 37.2 reported for Black head Ogaden sheep of Ethi-
opia [41] and greater than value of 32.2 reported for Arsi-Bale and Afar sheep 
lambs [41]. In the current study the value of meat color coordinates (L* and a*) 
for all breeds were higher than the acceptable threshold values for lightness of 
≥34 and redness (a*) of ≥9.5 established by consumer evaluations of fresh lamb 
meat [42].   

The ultimate meat pH values obtained from this study were within the inter-
national acceptable range of meat pH (5.5 - 5.9) for export/import market, indi-
cating the glycogen levels in the muscle of the meat was high enough to develop 
optimum level of lactic acid causing a fall in pH and thereby improving the shelf 
life of the meat [43]. Therefore, the current study showed that animals were in 
good physical condition with sufficient glycogen reserve at slaughter. The out-
come of the current study are greater than previous finding [11] who reported 
the pH values within the range of 5.7 - 5.8 for comparative study conducted in 
Ethiopia sheep when the pH measurement was made 24 h after slaughter. In the 
present study they were a significant impact on genotype than concentrate level. 
The breed effect on meat pH in the present study might be attributed to changes 
in the muscle glycogen reserve at slaughter which is inversely related to the ulti-
mate pH [44].  

4.5. Sensory Evaluation and Shear Force Measurement of Meat 

Quality of sheep meat is directly related to its sensory characteristics, such as 
tenderness, juiciness, taste, and odor [45], and the overall acceptability is highly 
correlated with flavor and tenderness [46]. The current finding showed a signif-
icant impact of both sheep genotype and level of concentrate supplementation 
on sensory characteristics. Previous studies also highlighted genotypes effect [40] 
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and effect of level of concentrate feeding [47] on sensory eating quality of lamb 
meat. The average value of flavour and juiciness of the current study were higher 
than the value for flavour (3.33) and juiciness (3.47) noted for sheep in Zanzibar 
[48]. The differences in juiciness could be related primarily to the ability of mus-
cles to hold water during cooking [49], and that of tenderness could be due to 
differences in the size of muscle fiber [50]. Differences in sensory quality of meat 
with level of concentrate supplementation noted in this study could be due to 
the fact that animal that grow and mature on a high energy diet can have im-
proved tenderness, juiciness and flavour [39]. Generally, the eating quality scores 
given by the sensory panelist for all breeds and supplementation level were 
within the acceptable range of 6 to 9 set by AMSA [21].  

The average shear force value of the current study was comparable to the 
finding of 29.83 N/cm2 [51]. In contrast Hamdu [41] reported 26.71 N/cm2 for 
Zanzibar sheep. Generally the sheer force value of less than 49 N/cm2 is consi-
dered and acknowledged as tender [49]. Likewise Hopkins et al. [52] Shear force 
value of above 27 N/cm2 has been recommended for Mutton to satisfy the con-
sumers’ acceptance. The lower shear force value for higher supplement level is 
related with higher fat content of the meat [53]. 

5. Conclusion 

This study demonstrated the effect of genotype and concentrate feeding levels on 
slaughter performance and meat quality of Rutana, Gumuz and Washera sheep 
breed of Ethiopia. Among the genotypes considered in this study, Rutana sheep 
were more suitable for production of high carcass yield. Washera sheep are ca-
pable of producing comparable carcass yield with Gumuz sheep despite they 
have lower slaughter and dressing percentage. The present study demonstrates 
that there are differences in chemical composition and quality attributes of meat 
among genotypes. Generally, there existed a significant breed variation in most 
parameters considered in this study, which can be an opportunity to select 
breeds for various use and production objectives. 
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