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higher for Kuroiler (324.2 g) and Sasso-R (306.1 g), intermediate in Koekoek

(204.4 g) and low in Horro (152.4 g) breed. The relative proportion of breast
and drumstick (% slaughter weight) were lower in Koekoek and Sasso-R (17.3
and 8.9) breeds, respectively. Abdominal fat weight (13.7 g and 1.02%) was
lowest in Horro. Sasso-R showed higher percent edible offal weight (13.4%)
than Horro breed (11.4%). The DM content in breast and thigh meat was
higher for Horro breed than the rest. The CP content in the breast and thigh
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meat was lower for the Kuroiler and Koekoek breeds, respectively. Higher EE
in the thigh meat was recorded for Sasso-R (8.9%), whereas, EE content in the
breast meat was similar (3.4% - 3.7%) among the breeds. Flavor, tenderness,
juiciness and general acceptability of breast and thigh meat were not affected
by breed. The highest net return was observed in the Kuroiler breed. Based on
the results obtained, it is suggested that the Kuroiler breed can be used for
cockerel meat production in Ethiopia where intensive broiler production is
not well developed.
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1. Introduction

The per capita consumptions of chicken meat and egg (kg/person/year) in Ethi-
opia is 0.66 and 0.36 which is equivalent to 73931 and 52161 tonnes of national
production, respectively [1]. Meat and egg consumption figures are much lower
than the report for Uganda (0.97 and 5.1). Similarly, the annual growth rate of
chicken meat and egg production per year between 2014 and 2018 in Ethiopia
(1.5% and 2.2%) is lower than the growth recorded by neighboring Kenya (2.9%
and 5.3%) [1] [2]. The low total production as well as the production per person
per year shows the need to increase the supply of poultry meat and egg. In Ethi-
opia, three types of chicken namely indigenous, hybrid and commercial exotic
are kept for meat and egg production with a total estimated population of about
56.1 million [3] mainly comprising indigenous breeds. The adaptability of indi-
genous chickens to low-input management systems enables them to fulfill their
role in providing nutrition and income to the rural households. However, they
have limited genetic capacity for egg and meat production when compared to
exotic breeds. Indigenous birds reared under backyard system attain a body
weight of 714.4 and 865.5 g at 16 and 18 weeks of age, respectively [4] and pro-
duce 66.5 eggs per bird per year [5]. The low production potential of local chick-
ens has resulted in the demand for birds with better productivity and suitability
to the village production environment. However, the shortage of adequate
supply of locally available productive strains or breeds has been an obstacle to
boost production in developing countries. Chicken stocks developed by global
operation breeding companies are less fit to the common backyard production
system. Some companies have recently developed dual purpose chickens that
combine higher meat and egg production and better adaptability [6] [7]. The
Ethiopian Agricultural Research Institutes and private sector in the country
came up with improved and crossbred chicken genotypes such as Horro and
Sasso-RIR [5] [8].

Over the years, various exotic breeds of chickens have been introduced to im-

prove productivity. However, improvement options built on imported genetic
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material (chicken genotype) may not be sustainable. Therefore, the production
of improved stocks locally, remains the only way to build a strong and viable
poultry sector in Ethiopia. To address this challenge, efforts were made by Afri-
can Chicken Genetic Gain (ACGG) to improve the supply of improved breeds in
Africa, mainly dual-purpose breeds. The use of dual-purpose chicken breeds will
offer an opportunity to utilize males for meat production in areas where inten-
sive broiler production is not well developed. Moreover, the management of
egg-type male chickens is easier than broilers particularly in rural areas where
modern rearing facilities and high quality poultry feeds are not available. How-
ever, to effectively utilize the special features of the breeds, there is a need to im-
prove the production environment.

The major economic traits in chicken used for meat production includes body
weight, growth rate, carcass traits, chemical composition and sensory attributes
of meat. Several factors including breed have been shown to affect these traits in
poultry [9] [10] [11]. However, performance evaluation studies of indigenous
and tropical adapted exotic dual purpose breeds under similar on-station man-
agement are scanty. Therefore, the present experiment was initiated to assess
growth performance, carcass characteristic, chemical composition and sensory
attribute of meat in Horro, Koekoek, Kuroiler and Sasso-R crossbred cockerels
raised from 8 - 16 weeks of age under intensive management systems with opti-

mum feeding, housing, biosecurity and health measures in Ethiopia.

2. Materials and Methods
2.1. Study Site, Breeds and Management of Birds

The study was conducted at Haramaya University poultry farm, Ethiopia. The
farm is located at 42°3'E longitude, 4°26'N latitude and at an altitude of 1980
meter above sea level. Three exotic (Koekoek, Kuroiler and Sasso-R) and one in-
digenous (Horro) chicken breeds were used for this study. The breeds were
identified by the African Chicken Genetic Gain (ACGG) project for genetic im-
provement in Ethiopia. The breeds were selected based on their suitability in low
input tropical poultry production systems [6]. The Koekoek is a noncommercial
composite breed developed in South Africa through crossing White leghorn,
Black Australorp and Bared Plymouth Rock breeds [12]. The Kuroiler is a hybrid
chicken developed by a commercial breeding company in India (Kegg farm) for
village production [6]. The Sasso-RIR is F1 crossbreed chicken (Sasso hen and
RIR cocks) by Ethio-chicken private company in Ethiopia [8]. The Horro is a
local chicken breed that has been selected for about seven generations to im-
prove survival and productivity [5].

All birds in each breed were received as straight run day old chicks from the
hatchery at Debre Zeit Agricultural Research Center. Since the sex differentia-
tion of day-old chicks was not possible, mixed sex rearing were followed during
the brooding period (0 - 8 weeks). After sex separation, a total of 360 cockerels

from the four breeds (90 birds each) were transferred to the male grower’s pens
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and used for the experiment. Birds in each breed were randomly divided into
three groups (replication) and assigned to a deep litter pen. Poultry houses and
equipment (drinkers and feeders) were properly cleaned and disinfected before
the placement of cockerels. Birds were fed the same grower diet which contained
maize grain (55%), wheat short (17%), soybean meal (10%), peanut seed cake
(10%), Noug seed cake (6%), lime stone (1%), vitamin premix (0.7) and salt
(0.3%). All birds received fresh and clean drinking water at all times. All the ex-
perimental birds were vaccinated against Newcastle at day 63 and 112, Fowl pox
at day 72 and Typhoid at day 84. Routine bio-security measures were taken
throughout the experimental period.

2.2. Measurements

Feed consumption for each day was recorded as the difference between the
amount of feed offered and refusals. Total feed consumption (TFC) and daily
feed consumption (DFC) per bird on pen basis was determined for the entire
experimental period. Total feed consumption was calculated by dividing feed
consumption by average number of birds in each replicate. The DFC was deter-
mined by dividing total feed consumption by the number of experimental days.
Body weight (BW) of birds in each pen was recorded at 8, 10, 12, 14 and 16
weeks of age on individual basis. The average BW was calculated by dividing to-
tal body weight in each pen by the number of birds. Body weight changes
(BWC), average daily gain (ADG) and feed conversion ratio (FCR) were deter-
mined for the entire experimental period. Body weight change was calculated as
the difference between the final and initial BW. The ADG was calculated as
BWC divided by the number of experimental days. Feed conversion ratio was
calculated as the amount of feed consumed divided by body weight gain. Mor-
tality was registered as it occurred and general health status was monitored
throughout the experiment. Percent mortality was calculated for the entire expe-
rimental period as the proportion of birds that died to the number of birds at the
beginning of the experiment multiplied by 100.

Carcass traits were evaluated at the end of 16 weeks using seven birds ran-
domly selected per pen that is a total of 28 per treatment. Selected birds from
each replication were deprived off feed overnight and slaughtered. Birds were
placed in a bleeding cone and killed by severing the neck with a sharp knife.
The birds were weighed 120 second after neck cutting and after hand
de-feathering to determine blood weight (BW) and feather weight (FW) by
difference, respectively. The dressed carcass weight (DCW) was determined
after bleeding, defeathering and removal of head and shank. Eviscerated car-
cass weight (ECW) was determined after the removal of nonedible viscera. The
eviscerated carcasses were then cut into six parts namely, breast, thigh, drums-
tick, wings, neck and back to determine their weight. The edible offal which in-
cludes liver, heart, gizzard and skin were weighed. Fat around the proventriculus

and gizzard and against the abdominal wall and the cloacae were collected and
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weighed. The proportion of dressed and eviscerated carcass, carcass cut parts,
edible offal and non-edible offal were expressed as percentage of body weight at
slaughter.

Chemical analysis (moisture, crude protein, ether extract, and ash contents)
and determination of meat quality attributes (tenderness, juiciness, flavor and
general acceptability) of both breast and thigh meat were conducted at the uni-
versity laboratories. The proximate compositions were determined in duplicate
according to the Association of Official Analytical Chemists procedure [13].
Sensory evaluation of roasted meat was carried out by 8 panelist using a 7-point
scale score card in which the highest score of 7 being extremely tender, juicy, de-
sirable and liked and the least score of 1 is extremely tough, dry, undesirable and
unlikable.

Partial budget analysis was performed to evaluate the profitability of raising
different breeds of cockerels for meat production by considering the main cost
components of production such as feed, vaccine and labor. To calculate the feed
cost for each breed, the proportion of ingredients included in the diet and the
costs of feed ingredients were used. Vaccination cost was calculated by multip-
lying the number of vaccines per bird by price of a single dose. Total labor cost
was divided by the number of birds to determine labor cost per bird. Total re-
turn (TR) was obtained by multiplying the average meat yield (weight of carcass
parts and edible offal) by the current price of poultry carcass in the supermarket.
The difference in TR and total variable cost was considered as net (NR) in the

analysis. The calculation was done according to [14].

2.3. Statistical Analysis

Data were analyzed using the General Linear Models (GLM) procedure of SAS
9.4 software [15] with the model containing breeds as dependent variable. The
means for breeds showing significant difference in the analysis of variance were
compared by Tukey Kramer Test. The means were considered significant at P <
0.05 for all analyses. The following model was used to analyze the data obtained
in this study.

Yij =u+B, +&

where: Y = individual observation; 4 = Over all mean effect; B; = effect of the

i breed (1 - 4; Improved local chicken, Koekoek, Kuroiler and Sasso-R); & =

random error.

3. Results

3.1. Body Weight, Body Weight Change and Average Daily Gain
The result revealed significant (P < 0.01) effect of breed on body weight (BW),
body weight change (BWC) and average daily gain (ADG) of birds (Table 1).

Significantly heavier BW at 8, 10, 12, 14 and 16 weeks of age was recorded in the
Kuroiler breed followed by Sasso-R, whereas Koekoek and Horro exhibited
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Table 1. Body weight, body weight change and average daily gain of different male
chicken breeds from 8 - 16 weeks of age.

Breed
Trait SEM P-value
Ho Ko Ku Sa-R
BW8 g 565.5° 604.5° 1042.5° 800.1° 27.14 i
BWI10g 777.2¢ 798.5¢ 1437.8° 1112.4° 29.80 ok
BWIi2g 1014.2¢ 1070.9¢ 1843.8° 1492.5° 30.94 i
BWl4g 1221.2¢ 1420.2¢ 2301.1° 1845.4° 35.90 ok
BWI16¢g 1416.3¢ 1734.4 2730.9° 2136.6° 44.54 ok
BWC (g/bird) 808.9¢ 1078.8° 1621.8° 1205.0° 23.32 ol
ADG (g/bird) 14.4¢ 19.3¢ 28.9° 21.5° 0.41 ok

*bodMeans with different superscript letter in a row are significantly different from each other (p < 0.001);
ADG = average daily gain; BW = body weight; BWC = body weight change; Ho = Horro; Ko = Koekoek; Ku
= Kuroiler; Sa-R = Sasso and Rhode Island Red crossbred; SEM = standard error of the mean.

the lowest. Body weights at 8, 10 and 12 weeks were similar between Horro and
Koekoek, whereas at 14 and 16 weeks Koekoek breed was significantly heavier
than Horro. Greater BWC and ADG (P < 0.05) were recorded in the Kuroiler,
while the lowest was observed in Horro breed. The mean BWC and ADG of
Sasso-R crossbred chicken were significantly (P < 0.05) higher than that of Koe-
koek and Horro breeds.

3.2. Feed Consumption, Feed Conversion Ratio
and Morality of birds

The dry matter, crude protein, ether extract, total ash, crude fiber, nitrogen free
extract and calculated ME kcal/kg of the grower diet were 91.7, 17.3, 4.8, 5.8, 4.9,
58.8 and 2821.1, respectively. Crude protein and ME content of the diet are
within the recommended range for growers [16]. The Kuroiler exhibited high (P
< 0.01) total feed consumption and daily feed consumption followed by Sasso-R,
Koekoek and Horro. Feed conversion ratio of Horro was significantly higher
than all the other breeds followed by Kuroiler, whereas Sasso-R and Koekoek
breeds recorded the lowest value. Feed conversion ratio of Horro was signifi-
cantly higher than all the other breeds followed by Kuroiler, whereas Sasso-R
and Koekoek breeds recorded the lowest value. The highest (P < 0.05) mortality
rate was recorded in Kuroiler and Koekoek, while the lowest rate was in Sasso-R
crossbred chicken. The rate of mortality in Horro breed was similar with the
other three breeds (Table 2).

3.3. Slaughter and Dressed Carcass Weight

Slaughter weight and dressed carcass weight were high (P < 0.05) in Kuroiler
followed by Sasso-R and Koekoek while Horro recorded lower value for these
parameters (Table 3). Percent feather weight was high (P < 0.05) in Sasso-R than

in Kuroiler, whereas Horro, Koekoek and Kuroiler did not differ in percent
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Table 2. Total and daily feed consumption feed conversion ratio and mortality of differ-
ent male chicken breeds from 8 - 16 weeks of age.

Breed
Trait SEM P-value
Ho Ko Ku Sa-R
TFC (g/bird) 4406.2¢ 5445.1¢ 7133.8° 5901.5" 84.55 b
DFC(g/bird) 78.7¢ 97.2¢ 127.4° 105.4° 1.52 el
FCR 5.46% 5.05° 4.40¢ 4.90° 0.09 b
Mortality (%) 4.48® 8.89° 9.86° 2.30° 1.32 *

sbodMeans with different super script letter in a row are significantly different (**when P < 0.001; *when P
< 0.05); DEC = daily feed consumption; FCR = feed conversion ratio; SEM = standard error of the mean;
TFC = total feed consumption; PM = percentage mortality; Ho = Horro; Ko = Koekoek; Ku = Kuroiler;
Sa-R = Sasso and Rhode Island Red crossbred.

Table 3. Slaughter weight, dressed weight and percentage of different male chicken breeds
slaughtered at 16 weeks of age.

Breed
Trait SEM P-value
Ho Ko Ku Sa-R
SW (g) 1334.5¢ 1689.3¢ 2716.3° 2285.6° 3291 ok
BL (% SW) 4.8 49 4.8 45 0.19 NS
FR (% SW) 6.9 7.1% 6.5° 8.0° 0.32 *
H (% SW) 3.3® 3.8 3.2 2.8 0.13 ok
S (% SW) 4.5° 5.1° 4.5° 4.0 0.10 i
DL! (% SW) 19.5% 20.9* 19.0° 19.3 0.38 i
DC (g) 1074.5¢ 1337.0° 2201.0° 1844.8° 2.74 bl
DC (% SW) 80.5% 79.1° 81.0° 80.7% 0.38 hd

sbedMeans within a row with different superscript letters are significantly different; *** = P < 0.001; ** =P <
0.01; NS = non-significant; BL = blood; DC = dressed carcass = SW-BL-FR-H-S; DL'; Dressing loss (BL +
FR + H + S); FR = feather; H = head; S = shank; SEM = standard error of the mean; SW = slaughter weight;
Ho = improved Horro; Ko = Koekoek; Ku = Kuroiler; Sa-R = Sasso and Rhode Island Red crossbred.

feather weight. Koekoek has high (P < 0.05) percent shank weight than the rest.
Horro and Kuroiler recorded similar, but greater (P < 0.05) percent shank
weight than Sasso-R. The relative weight of total processing loss (blood + feather
+ neck + shank) in the Koekoek breed was significantly high than Kuroiler and
Sasso-R, but similar (P > 0.05) with Horro. Lower (P < 0.05) percent dressed car-
cass weight was obtained from Koekoek chicken than Sasso-R and Kuroiler, while

the Horro has similar value with all of the other breeds.

3.4. Eviscerated Carcass and Edible Offal Weight

The Kuroiler breed exhibited the highest (P < 0.05) eviscerated carcass weight,
followed by Sasso-R and Koekoek (Table 4). The lowest result is for Horro
breed. The highest (P < 0.05) total viscera weight and total edible offal weight
were recorded in the Kuroiler and Sasso-R cockerels, followed by Koekoek,

whereas the lowest result was recorded for Horro males. The average weight of
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Table 4. Eviscerated carcass and edible offal weight and percent of different male chicken
breeds slaughtered at 16 weeks of age.

Breed
Trait SEM P-value
Ho Ko Ku Sa-R

TV (g) 102.2¢ 126.7° 197.1° 198.9° 5.38 orx
TV (% BW) 7.7° 7.5° 7.2° 8.7 0.24 had
SEC (g) 972.3¢  1210.3¢ 2003.9° 1645.9° 24.9 ok
SEC (% BW) 72.8% 71.6° 73.8° 72.0° 0.40 had
EC (g) 890.8¢ 1077.0¢ 1797.4% 1463.4° 22,5 kil
EC (% BW) 66.7° 63.7° 66.2° 64.0° 042 ok
Liver (g) 31.5° 37.2° 52.3 58.1% 2.16 kil
Liver (% BW) 2.4 2.2° 1.9° 2.5 0.09 ok
Heart (g) 6.9° 8.1° 14.4* 11.9° 0.80 ok
Heart (% BW) 0.52 0.48 0.53 0.52 0.04 NS
Gizzard (g) 29.4¢ 48.3° 58.1° 52.1% 2.42 ok
Gizzard (% BW) 2.2° 2.9 2.1° 2.3% 0.11 kil
Skin (g) 84.5° 110.8° 199.5° 184.0° 10.06 bt
Skin (% BW) 6.3 6.6 7.4 8.0° 0.41 *
EO (g) 152.4°  204.4° 324.2° 306.1° 11.06 il
EO (% BW) 11.4° 12.1%® 11.9% 13.4° 0.44 *
AF (g) 13.7¢ 39.6° 81.7° 60.4% 6.09 bt

sbedMeans within a row with different superscript letters are significantly different; *** = P < 0.001; ** =P <
0.01; * = P < 0.05); AF = Abdominal fat; EC' = Eviscerated carcass with giblet; EO = Edible offal (TG +
skin); NS = Non significant; SEM = Standard error of the mean; TG = (Heart + Liver + Gizzard); TV =
Total viscera (Lung + Wind pipe + Kidney + Spleen + Tests + Gall bladder + Digestive tract); Ho = Horro;
Ko = Koekoek; Ku = Kuroiler; Sa-R = Sasso and Rhode Island Red crossbred.

liver, heart and skin were significantly (P < 0.05) higher in Sasso-R and Kuroiler
than Horro and Koekoek. Abdominal fat and gizzard weights were highest (P <
0.05) for Kuroiler and lowest (P < 0.05) in Horro. The average percent evisce-
rated carcass weight of Horro was similar with Kuroiler, but significantly higher
than Koekoek and Sasso-R. The Horro and Sasso-R showed similar (P > 0.05),
but higher (P < 0.05) percent liver weight than Kuroiler and Koekoek. The aver-
age percent gizzard weight of Koekoek was significantly (P < 0.05) higher than
the other treatments. The average percent gizzard weight of Koekoek was signif-
icantly higher than the rest treatments. Percent skin and edible offal in the Sas-
so-R was similar (P > 0.05) with Kuroiler and Koekoek, but higher (P < 0.05)
than Horro. The Horro breed showed significantly (P < 0.05) lower percent ab-

dominal fat weight than all of the other treatments.

3.5. Weight and Percent Carcass Parts

The Kuroiler breed recorded the highest thigh weight, drumstick weight, wing
weight, neck weight and total carcass weight, while the lowest value was obtained

for Horro breed (Table 5). Sasso-R breed recorded significantly higher values
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Table 5. Weight and percent carcass parts of the different male chicken breeds slaugh-
tered at 16 weeks of age.

Breed
Trait SEM P-value
Ho Ko Ku Sa-R
Breast (g) 276.4° 292.5° 541.7° 439.0° 7.95 bt
Breast (% SW) 20.7° 17.3¢ 19.9% 19.2° 0.31 ok
Thighs (g) 155.34 186.1° 303.1° 238.7° 6.78 ok
Thighs (% SW) 11.6 11.0 11.2 10.4 0.31 NS
Drumstick (g) 128.5¢ 173.2¢ 274.8° 203.5° 4.34 ok
Drumstick (% SW)  9.6° 10.2° 10.1° 8.9 0.17 il
Leg (g) 283.8¢  359.2°¢ 577.9° 4422 8.79 oex
Leg (% SW) 21.3* 21.3% 21.3% 19.4° 0.37 i
Back (g) 108.1¢ 140.4¢ 245.6 190.1° 8.75 o
Back (% SW) 8.1 8.3 9.0 8.3 0.37 NS
Rear (g) 391.9¢ 499.7° 823.5° 632.3 13.5 ok
Rear (% SW) 29.4% 29.6 30.3° 27.7° 0.44 ok
Wing (g) 51.8¢ 73.0¢ 95.3 82.8" 2.26 o0k
Wing (% SW) 3.9 4.3 3.5° 3.6° 0.10 *
Neck (g) 69.34 83.2¢ 124.3 107.3° 1.62 kil
Neck (% SW ) 5.2° 4.9® 4.6° 4.7% 0.08 had
TCP (g) 791.4¢ 948.3¢ 1580.9° 1261.3° 21.62 kil
TCP (% SW ) 59.3% 56.1% 58.2% 55.2¢ 0.62 had

sbcdMeans within a row with different superscript letters are significantly different; *** = P < 0.001; ** = P <
0.01, * = P < 0.05; NS = Non significant; SEM = Standard error of the mean; Leg' (Thigh + Drumstick);
Rear” (Thigh + Drusmstic + Back); TCC = Total carcass part (Breast + Thigh + Drumstick + Wing + Neck
+ Back); Ho = Horro; Ko = Koekoek; Ku = Kuroiler; Sa-R = Sasso and Rhode Island Red crossbred.

than Koekoek in these parameters. Breast and back weight were higher (P < 0.01)
in Kuroiler, moderate in Sasso-R, and low and similar between Horro and Koe-
koek breeds. Percent breast weight was significantly higher in Horro than Koe-
koek and Sasso-R, but the value for Horro was similar with Kuroiler. Lower (P <
0.05) percent drumstick weight was obtained in the Sasso-R crossbred chicken
than the other breeds. The Horro breed has significantly higher percent wing
weight than Sasso-R and Kuroiler, but similar (P > 0.05) value with that of Koe-
koek. The average percent neck weight of Koekoek was significantly higher than
Kuroiler and Sasso-R and Horro. The Kuroiler and Horro had similar (p > 0.05),
but higher percent total carcass part weight than Sasso-R.

3.6. Chemical Composition and Sensory Attributes of Meat

The proximate chemical composition and sensory attributes of two main com-
mercial cuts (breast and thigh) is shown in Table 6. Breasts meat from Horro
and Kuroiler breed contained lower percentage of moisture and crude protein

(CP) than all of the other breeds, respectively. However, ether extract (EE) and
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Table 6. Chemical composition and sensory attributes of breast and thigh meat of the
different chicken breeds slaughtered at 16 weeks of age.

Breed
Trait SEM P-value
Ho Ko Ku Sa-R
Breast muscle

MO (%) 73.0° 73.9% 73.8% 73.9% 0.13 *
CP (%) 24.6° 22.3b% 21.5° 23.4%® 0.25 had
EE (%) 3.4 3.6 3.7 3.4 0.07 NS
TA (%) 1.5 1.5 1.3 1.3 0.07 NS
Tenderness 4.88 5.50 5.38 5.63 0.53 NS
Juiciness 4.00 5.63 4.75 4.75 0.50 NS
Flavor 5.88 6.13 5.50 6.00 0.40 NS
General acceptability 5.50 5.75 5.63 6.13 0.36 NS

Thigh muscle

MO (%) 71.9° 72.8% 72.7% 72.8% 0.13 *

CP (%) 20.3% 18.4%® 17.4° 18.1® 0.43 *

EE (%) 5.6 6.9 7.0 8.9° 0.22 had
TA (%) 1.5% 1.3° 1.3° 1.0¢ 0.03 kil
Tenderness 4.00 3.67 5.11 5.33 0.52 NS
Juiciness 4.78 5.33 5.11 6.11 0.43 NS
Flavor 5.00 5.67 5.56 6.00 0.51 NS
General acceptability 5.33 4.89 5.78 6.11 0.48 NS

*»<Means within a row with different superscript letters are significantly different; *** = P < 0.001; * = P <
0.001; NS = Non Significant; SEM = Standard error of the mean; MO = Moisture; CP = Crude protein; EE =
Ether extract; TA = Total ash; Ho = Horro; Ko = Koekoek; Ku = Kuroiler; Sa-R = Sasso and Rhode Island
Red crossbred.

total ash (TA) content of breast meat were similar among breeds. Thigh meat
from Koekoek, Kuroiler and Sasso-R breed contained higher moisture and EE
than that of Horro breeds. The Horro breed also had higher CP content of thigh
meat than Kuroiler. However, CP content of thigh meat in the Koekoek, Kuroi-
ler and Sasso-R breeds were similar. Total ash content of thigh meat is highest in
Horro, intermediate in Koekoek and Kuroiler, lowest in Sasso-R. The overall
comparison of nutrient content between breast and thigh meat revealed that all
of the breeds contained higher moisture and CP, but lower EE in the breast than
thigh meat. There was higher percentage of TA in breast meat than thigh in
Koekoek, whereas it is not different among Horro, Kuroiler and Sasso-R in both
the breast and thigh meat. The flavor, tenderness, juiciness and general accepta-
bility of breast and thigh meat were not affected by breed of chicken.

3.7. Economic Analysis

Feed cost per bird, total variable cost (TVC), total return (TR) and net return
(NR) was higher in Kuroiler breed followed by Sasso-R and Horro (Table 7).
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Table 7. Economics of rearing cockerels of egg-type chicken breeds for meat production
from 8 - 16 weeks of age under intensive management.

Breed
Cost and revenue SEM  P-value
Ho Ko Ku Sa-R

Feed consumption (kg/Bird) 4.44 5.4 7.1° 5.9 0.09 bt
Feed cost (Birr/kg) 12.5 12.5 12.5 12.5 0.00 NS
Feed cost (Birr/bird) 55.1¢ 68.1¢ 89.2° 73.8° 1.18 bt
Vaccine cost (Birr /bird) 1.68 1.68 1.68 1.68 0.00 NS
Labor cost (Birr /bird) 8.68 8.68 8.68 8.68 0.00 NS
Total variable cost (Birr) 65.4¢ 78.7¢ 84.1° 99.5° 1.18 ok
Meat yield (kg)/Bird 0.97 1.2 2.0 1.6 0.13 oex
Price of 1 kg meat (Birr) 150.0 150.0 150.0 150.0 0.00 NS
Live cockerels sale (Birr/bird)  150.0 150.0 150.0 150.0 0.00 NS
TR (Birr) 146.0¢  181.0° 300.5° 247.0° 2.09 kil
NR (Birr) 80.6¢ 102.3¢ 201.0° 162.9° 2.15 bt

sbodMeans within a row with different superscript letters are significantly different; *** = P < 0.001; NS =
Non significant; SEM = Standard error of the mean; Ho = Horro; Ko = Koekoek; Ku = Kuroiler; Sa-R =
Sasso and Rhode Island Red crossbred; Birr = Ethiopian currency; TR = Total return; NR = Net return.

However, vaccine cost and labor cost per birds was similar (p > 0.05) among the
breeds.

4. Discussion
4.1. Body Weight, Body Weight Change and Average Daily Gain

The result of the present study shows the existence of large variation in body
weight among the different genetic groups where the Kuroiler breed exhibited
better result than Sasso-R, Koekoek and Horro breeds. The result is consistent
with body weight reported for dual-purpose chickens reared for meat produc-
tion [17] [7] [18]. The higher body weight of Kuroiler than others is attributed to
the genetic potential of the breed as a commercial strain. The breed is developed
by selection and strain crossing by Kegg farms, India [6] and reference [19]
noted that body weight of male chickens at 11 week of age has increased from
924.7 g to 1443.6 g through selection.

The average body weight of Kuroiler, Sasso-R and Koekoek chickens was low-
er than the report for Vanaraja chicken at 8, 12 and 16 weeks of age [20]. The
genetic potential and the use of meat-type strains to develop the Vanaraja
chicken might be responsible for the higher body weight of the breed than the
result in the current study. However, Kuroiler and Sasso-R achieved higher BW
than reported by [17] for three male dual -purpose chickens at 8, 12, 14 and 16
weeks of age. The combined effect of breed and the feeding management could
be the reasons for the variation in body weight among different strains of birds.

The mean body weight of Koekoek at 14 and 16 weeks of age was higher than
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that the reported by [21], but lower than obtained by [18] for the same breed
managed under similar conditions. This suggests that apart from the inherited
breed difference, environmental factors such as feeding and management condi-
tions are critical factors influencing body weight of chickens [7] [22]. The aver-
age body weight of local Horro was lower than recorded for CARI Nirbheek
male chickens at 10, 12 and 16 weeks of age [23]. However, the breed recorded
higher result than the report for indigenous breeds from Uganda at 10, 12, 14
and 16 weeks of age [22]. This could be due to the mass selective breeding that
has been undertaken to improve the performance of the breed for generations
[5].

The higher average daily gain (ADG) of Kuroiler in this study is in agreement
with earlier studies [17] [18]), which could be ascribed to the genetic selection to
improve growth rate of the breed/strain. The average daily gain of Kuroiler, Sas-
so-R and Koekoek was lower than that reported by [7] for Ross PM3, Sasso 51
and Lohmann Dual, but higher than for Belgian Malines, Schweizerhuhn and
Lohmann Brown breeds. Male Kuroiler chickens achieved comparable weight
gains (28.9 g/day) with that of ISA 657 slow-growing broiler (26 to 34 g/day)
reared for meat production from hatching to 84 days of age [14]. The average
daily gain reported by [17] for male chickens from Rhode Island Red, Black
Australorp and Barred Plymouth Rock breeds were lower than the result for
Kuroiler, Koekoek and Sasso-R, but slightly higher than for Horro. The result
recorded by Horro, Koekoek and Sasso-R were higher than that reported by [24]
for the breeds managed under semi-scavenging condition suggesting that the
semi-scavenging condition might have not allowed the full genetic expression of
the breeds. However, the result recorded by Koekoek and Horro were lower than
that reported by Packard [25].

Body weight and average daily weight gain are considered as a good measure
of growth in meat type birds. Poultry production with dual-purpose lines has
become common in low-input family production system in Ethiopia. These
types of chicken appear to be ideal for such production system, where the fe-
males are used for egg production and the males for meat production. The final
body weight of Kuroiler, Sasso-R and Koekoek are comparable to that of 8 weeks
old broilers despite the longer growing period required to attain similar gain.
Thus, raising the male chickens for meat production will increase total produc-

tion and provide extra cash income to producers.

4.2. Feed Consumption, Feed Conversion Ratio and Mortality

The existence of significant differences in feed intake among breeds of chickens
reared for meat production has been reported in several studies [11] [18]. Higher
result for Kuroiler goes along with higher growth performance exhibited by the
breed. The Kuroiler breed gained 100.5%, 53.3% and 34.5% more weight than
Horro, Koekoek and Sasso-R, respectively. It is well known that the variation in

growth rate will affect the mechanisms of feed intake and nutrient utilization in
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meat type birds. Likewise, [26] reported a higher degree of relationship between
growth performance and the amount of feed consumed by Broiler strains. The
Kuroiler breed consumed less feed per day than reported by [27] for Giriraja
male chicken reared up to 12 weeks of age, but more feed than that reported by
[28] for three broiler strains. The amount of feed consumed by Koekoek, Sas-
so-R and Horro was lower than the average daily feed intake reported by [17] for
Cornish cross male, but higher than dual-purpose male chickens.

Feed conversion ratio (FCR) is the most common method used to evaluate ef-
ficiency in poultry production. The best FCR in the current study was observed
in the Kuroiler male. The breed grew faster (28.9 g/day) with a final weight that
was 1.9 times heavier than the indigenous Horro. This is in agreement with [7]
who reported that Ross PM3 commercial broilers grew faster, consumed more
feed and converted feed into gain more efficiently compared with dual-purpose
chickens and slow-growing broilers. Greater efficiency in the Kuroiler male
could be attributed to the continuous selection carried out to develop the breed.
Many genetic studies have shown that feed conversion ratio in poultry could be
improved through selection. Mass selection in traditional Belgian chicken breed
over four generations has improved FCR from 5.97 to 3.64 [19]. Thus, feed con-
version ratio remains an important criterion in selection programs, because feed
costs represent the greatest expense for meat production. Therefore, the reduc-
tion of FCR through selection has a major impact on the profitability of meat
production.

The FCR value of the Kuroiler breed in the current study was higher than that
reported by [25] who found FCR ranging from 3.58 - 3.88 for Australorp,
New-Hampshire, Koekoek and Naked-Neck dual-purpose male chickens. How-
ever, the breed achieved lower FCR than that reported by [22] and [28] for male
Kuroiler chickens. The reason for such discrepancies might be due to the differ-
ences in the compositions of diets used and/or management procedures followed
in the three studies. The average FCR of Koekoek breed was higher than the
finding of [18] for male chickens of the same breed reared for meat production
up to 16 weeks of age, but lowers than that reported by [29] for Koekoek cock-
erels fed control diet. A study by [26] observed a higher degree of relationship
between body weight and daily gain, and FCR in broiler strains. Similar FCR be-
tween Sasso-R and Koekoek, despite the higher feed consumption in the former
breed, suggests that the two breeds used the feed with the same degree of efficien-
cy. The mean FCR of Horro male chickens was much lower than that reported for
indigenous chickens from Nigeria managed under similar condition [28].

Mortality always represents a major economic loss in poultry production en-
terprise. The lowest mortality was observed in Sasso-R than Kuroiler and Koe-
koek. The result is in agreement with previous studies that found difference in
mortality among different breeds/strains of chicken managed under similar con-
dition [28]. The mean percentage mortality of birds was lower than the 15%
standard set for the industry during the rearing period (9 - 20 weeks) in a tropi-
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cal climate [30].

4.3. Slaughter Weight and Dressed Carcass

Several authors have reported the existence of breed/genotype difference in
slaughter weight of chickens. The higher slaughter weight of Kuroiler males than
birds from other breeds may be attributed to the fast growth rate and weight
gain of the breed. Similarly, [26] reported higher slaughter weight in birds hav-
ing higher average daily gain. The average slaughter weight of Kuroiler, Sasso-R
and Koekoek breed was lower than the value reported by [18] for Novo color egg
type male chickens, but higher than the value for Dominant Sussex. Likewise,
[26] reported lower slaughter for Belgian Malines and Schweizerhuhn male
chickens than the result in the current study. The Horro breed exhibited higher
body weight at slaughter than the findings of [31] for dominant black and Yaffa
brown cockerels.

Body weight at slaughter is an important economic trait that determines mar-
ket value of meat type birds. The majority of chicken meat for human consump-
tion in developing countries is largely derived from cockerels of egg-producing
breeds and spent hens, mainly indigenous chickens. This is because; meat pro-
duction from broilers is not well developed. Despite the slow growth rate and
the extended rearing period required to reach slaughter weight, cockerels of
dual-purpose chicken attain comparable body weight with that of broilers
(1487.8 g - 1750.4 g) at 42 days of age [32]. Dressed weight is another important
economic trait in meat type birds next to body weight at slaughter. Greater
dressed carcass weight recorded by Kuroiler breed was expected because of the
high body weight of the breed at slaughter. The higher result of the Kuroiler
breed in the current study agree with earlier study by [33] who observe higher
value in chickens with heavier body weight at slaughter.

The average dressed weight recorded in the present study was lower than the
report by [34] in four chicken genotypes, but higher than the value for Domi-
nant Sussex male chicken [18]. Lower percent dressed carcass of Koekoek than
Kuroiler and Sasso-R in the current study was in line with [7] who noted higher
result for Lohmann Dual, Belgian Malines, Schweizerhuhn compared to Loh-
mann Brown male chickens. The Kuroiler and Sasso-R, and Koekoek and Horro
recorded similar dressed carcass percentage despite their difference in body
weight at slaughter. This could be due to relatively higher dressing loss of Sas-
so-R (19.3) than Kuroiler and Koekoek (20.9%) than Horro breeds. The result
recorded by the Kuroiler, Sasso-R and Horro were lower than the value ob-
tained in four chicken genotypes [34]. However, all the breeds in the current
study achieved higher result than that reported for slower-growing broilers and

dual-purpose chicken [7].

4.4, Eviscerated Carcass and Edible Offal

Higher semi-eviscerated and eviscerated carcass weight recorded by Kuroiler
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breed was in agreement with [34] who obtained higher result in crosses com-
pared with pure lines. The higher value for Kuroiler chickens is due to the higher
body weight of the breed at slaughter. Positive phenotypic correlation was re-
ported by [35] between live weight and eviscerated weight (r = 0.98) in Arbor
Acre broiler chicken. The average semi-eviscerated and eviscerated weight rec-
orded was lower than the result reported for two crossbred chicken genotypes
[34]. However, Kuroiler, Sasso-R and Koekoek recorded higher eviscerated car-
cass weight than Dahlem Red chicken [36]. The eviscerated carcass weight exhi-
bited by Horro was higher than the result reported for dominant black and Yaffa
brown cockerels [31]. The observation by [34] reported percent semi eviscerated
weight to range 81.9 - 82.6, which is higher than the value obtained in the
present study. The average percentage eviscerated weight of Kuroiler and Horro
is lower the 69.1% reported for male Bresse-Gauloise by [37], but comparable to
the 66.6% reported for male and female Bresse-Gauloise by [38]. The higher
eviscerated weight observed in meat type chicken determines the potential of the
genotype for meat production. Thus, average percent eviscerated carcass ob-
tained in the present study could be regarded as satisfactory for meat produc-
tion.

Edible offal which includes gizzard, heart, liver and skin are important com-
ponent of chicken meat. The higher liver, heart, gizzard, skin and total edible
offal weight exhibited by the Kuroiler than that of Horro and Koekoek was in
line with the finding of earlier reports on egg type dual purpose male chicken
and synthetic breeds [17] [18] [39]. The genetic correlation between body weight
and the weight of internal organs is responsible for the higher liver, heart, giz-
zard and skin weight recorded by the Kuroiler breed. Likewise, [11] reported
higher liver, heart and gizzard weight in chickens with heavy body weight. Simi-
lar liver, heart, skin and total edible offal weight in the Kuroiler and Sasso-R,
despite the higher body weight in the former breed is difficult to explain. The
average heart, liver and gizzard weight of Kuroiler in the current study was lower
than the result reported by [11] for Color synthetic male line chickens with a
slaughter weight of 2271.3 g. However, heart weight and gizzard weight were
comparable with the result reported by [17] for Red Ranger and Barred Ply-
mouth Rock chickens, respectively. This implies that Kuroiler exhibited compa-
rable yield of edible offal with dual-purpose chickens. Low liver and heart, but
high gizzard weights were exhibited by Horro breed when compared with Naked
Neck male chicken with comparable body weight [40]. Edible offal is included in
the edible portion of chicken meat by most Ethiopian consumers. Thus, higher
weight in the carcass from Sasso-R and Kuroiler breed will increase the total
meat harvested per bird.

The proportion of liver weight was higher in the carcass from Horro and Sas-
so-R breed, while the Koekoek breed exhibited higher percentage gizzard weight.
Reference [18] reported higher percent liver weight in Dominant Sussex than

Dominant Red Barred, Novogen Brown and Novogen Color, while higher per-
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centage gizzard weight for Dominant Sussex than Novogen Color breeds. Simi-
larly, reference [41] obtained higher percentage liver and gizzard weight in pure
Bresse-Gauloise than Bresse-Gauloise x New Hampshire crosses. Selection for
growth rate will affect the degree of maturity at slaughter and this in turn will
affect the relative weight of different organs at any given age [42]. Reference [43]
reported variation in liver, heart and gizzard weight percentage between slow
growing unselected Wuding and intensively selected fast growing Daweishan
chickens.

The mean liver weight percentage of Sasso-R and Horro were higher, while
that of Koekoek and Kuroiler were within the range reported for male chickens
of commercial layers and experimental crosses [18]. However, the result re-
ported by [41] for pure Bresse-Gauloise male chickens is within the range for
Sasso-R and Horro breeds. The greater proportion of liver in Sasso-R, though
not significant, suggests a more important function of the liver during growth
compared to the other organs for the breed. The proportion of gizzard weight
reported by [41] for pure Bresse-Gauloise male chickens slaughtered between
18-19 weeks of age was comparable with Koekoek, but higher than the other
three breed in the current study. However, the proportion of gizzard weight in
the current study is within the range reported by [44] in four genetic groups.
Percent heart weight of the four genetic groups in the current study were lower
than [41], but within the range reported by [44] in four genetic groups. The
higher abdominal fat weight and percentage in the exotic breeds than indigenous
Horro is attributed to correlation of the trait with selection for rapid growth and
high live weight. Abdominal fat weight of Kuroiler breed was lower than the re-
sult reported by [34] in four chicken genotypes with comparable body weight.
Abdominal fat weight percent recorded is within the acceptable 3% range for

broiler chickens.

4.5. Weight and Percent Carcass Parts

The weight of breast, thigh, drumstick, wing, neck and back followed a similar
pattern as body weight at slaughter. The result is consistent with earlier reports
for egg type male chickens [39] [36]. The explanation for the higher value in
Kuroiler is the genetic association between slaughter weight and weight of indi-
vidual carcass parts. Slaughter weight has significant (P < 0.01) positive pheno-
typic correlation with breast weight (r = 0.89), thigh weight (r = 0.95), back
weight (r = 0.96) and drumstick weight (r = 0.92) in broiler chicken [35]. In ad-
dition, reference [45] reported higher breast, wing, neck and back weight in
chickens with heavier slaughter weight.

Breast, thigh and drumstick are the most valuable carcass part in broilers and
dual-purpose chickens kept for meat production. The average breast and thigh
weight for Kuroiler breed is lower than that reported by [9] for Cobb broiler
strain with slightly higher slaughter weight. However, the breed recorded higher

breast and leg weight than four chicken genotypes with comparable slaughter
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weight [34] and higher breast weight than synthetic broiler lines [11] and Mar-
shall Broiler chickens [9]. These implies that Kuroiler as a dual purpose breed
exhibited comparable breast meat with commercial broiler chickens and syn-
thetic broiler lines. Breast, thigh and drumstick weight exhibited by Sasso-R and
Koekoek was higher than the result for Dahlem Red chicken [36]. The Horro
breed recorded higher breast, neck, drumstick and thigh weight, but lower wing
weight than the result for Naked Neck male chicken with comparable body
weight [40]. The breed also recorded comparable breast weight with those of
other studies involving indigenous chickens from Uganda [22].

The difference in the proportion of breast, drumstick, wing and neck among
breeds in the current study is in line with earlier studies [7] [18] [25]. The rela-
tive weight of carcass part can be affected by a number of factors including ge-
netic make-up. The breast weight percentage was lowest for the Koekoek males
leading to a higher proportion of less valuable parts (wings and neck). The pro-
portion of breast in the carcasses from Horro and Kuroiler breeds was lower
than that reported by [18] for Novo Brown male chickens and by [45] for Shri-
nidhi and Vanaraja chicken, but higher than the results obtained in four chicken
genotypes with comparable slaughter body weight [34]. The Koekoek and Horro
recorded the highest wing and neck weight percentage, respectively indicating a
higher proportion of less valuable carcass in the two breeds. However, the aver-
age wing and neck weight in the carcass of Koekoek and Horro breed (4.3% and
5.2%, respectively) is within the range reported by [18] for egg type male chick-
ens. Generally, the slow growth rate and extended rearing period required to
reach slaughter weight did not affect the proportion of valuable parts in the car-

cass of male chickens.

4.6. Chemical Composition and Sensory Attribute of Meat

The difference found among breed on moisture and crude protein (CP) content
of breast meat is in line with the observation by [46] who reported low moisture
and high CP in Polverara genetic group compared with two commercial broiler
chickens. The slow growth rate of the breed might be responsible for the low
moisture and high CP content of the meat. Reference [7] reported high moisture
and low CP content (g/kg) in fast-growing commercial broilers (Ross PM3) than
traditional dual-purpose breeds (Belgian Malines and Schweizerhuhn). The var-
iation in biochemical processes involved in metabolism between fast and slow
growing birds may affect the composition of meat. The values of moisture and
CP content of breast meat was within the range reported by [46] for egg-type
male growing chickens, white-mini broilers and commercial broilers. However,
reference [47] reported higher moisture content of 74.0 for thigh meat of male birds
from four chicken genotypes. The high ether extract (EE) content of thigh muscle
from Sasso-R breed is consistent with that reported by [7] who noted higher EE
content for broilers (Ross PM3 and Sasso 51) than traditional dual-purpose breeds.

However the result is lower than the EE content of thigh meat reported for three
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commercial chickens [48]. The low EE and high CP content of breast and thigh
meat from indigenous Horro is an important observation with regard to meat
quality.

Sensory evaluation is a useful tool for quality assessment of the various foods,
including meat. The absence of significant difference on sensory attribute (fla-
vor, tenderness, juiciness and general acceptability) of breast and thigh meat was
in accordance with earlier investigations by [10]. Reference [49] reported similar
juiciness, flavor and general acceptability of cockerel meat from three chicken
breeds. The similarity in sensory score among the different genotypes despite the
variation in nutrient content could be due to the capacity of the panelists to dis-
criminate meat from different breeds. Although not significant, breast and thigh
meat from the Sasso-R breed received higher score for tenderness, flavor and
general acceptability which could be an attribute of higher EE content of the

meat.

4.7. Economic Analysis

The Kuroiler male had higher total return (TR) and net return (NR), followed by
Sasso-R, then Koekoek and the least in Horro. The reason for the higher result in
the Kuroiler could be the higher growth rate and body weight at slaughter
achieved by the breed. Meat bird with higher body weight at slaughter will result
in higher meat yield. These results were supported by [41] who reported higher
profit in birds with fast growth rate. In the present study the cost of housing,
equipment and birds were not considered in determining net return. When the
cost of housing and equipment, medication and birds are fully determined in
dual-purpose chicken the estimated net return per birds will decline by 11.4, 10.0
and 2.7%, respectively [50].

5. Conclusion

Breed has significant effect on most of the parameters studied. The Kuroiler
breed was superior in body weight and body weight change, average daily gain,
feed consumption and feed conversion ratio and meat yield as compared to the
other breeds of cockerels. The Kuroiler breed had higher weight of most carcass
components and returned greater profit. Sasso-R has also greater performance
than Koekoek and Horro. Therefore, the greater growth performance and car-
cass traits of Kuroiler and Sasso-R crossbred chickens could be harnessed for
meat production in Ethiopia where intensive broiler production is not well de-
veloped. The average BW of the three exotic breed at 16 weeks of age was higher
than the marketable size of 1500 g for dual purpose chickens warranting the

need to sell the cockerels at earlier age.

6. Limitations of the Study

Since sex differentiation at hatching was not possible, the experimental animals

used in this study were 8 weeks old male. Therefore, performance of birds rec-
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orded from 8 - 16 weeks of age was used in the evaluation of the different geno-
types. Due to this the performance of male chickens for meat production from

hatching to slaughter could not be assessed.
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