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Abstract 
A study was conducted to compare laying performance, fertility, hatchability, 
and egg quality of guinea fowl (GF) with Horro (HR) and Tilili (TL) local 
chicken and Potchefstroom Koekoek (PK) exotic chicken. Forty five layers 
from each genotype and 6 cocks from each chicken genotype and 9 cocks 
from GF were used in 3 replications in a completely randomized design. 
Commercial layer feed was used ad libitum for the study that lasted 29 weeks. 
Daily DM intake per hen was 85, 114, 103 and 137 g (SEM = 3.1) for GF, HR, 
TL and PK, respectively, and was in the order of GF < TL < HR < PK. Final 
body weight of hens was highest for PK (2490 g), intermediate for HR (1983 
g) and lowest for TL (1671 g) and GF (1641 g). Egg number per production 
week followed a similar trend like that of DM intake and was 71, 101, 75 and 
121 (SEM = 0.5) for GF, HR, TL and PK, respectively. Both fertility and hat-
chability of fertile eggs for GF were 57%, which were lower than the mean of 
chicken genotypes by 41% and 34%, respectively. Embryonic mortality was 
higher for GF (early, middle and late was 15.8%, 10.0%. and 17.4% respec-
tively) compared to chicken genotypes. Chick weight was highest for PK, in-
termediate for HR and TL and lowest for GF; while chick length was in the 
order of PK > HR > TL > GF. Average egg weight was higher for PK eggs 
(46.4 g), intermediate for HR (43.5 g) and TL (42.3 g), and lowest for GF 
(35.9 g). Eggshell weight and thickness were higher for GF than chicken ge-
notypes. Haugh unit was similar among genotypes. Such differences among 
poultry genotypes could be reflection of previous selection and breeding in-
terventions, which are apparently more in chicken genotypes than GF. A 
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possible more stressful condition of the confined environment for GF versus 
chicken genotypes could have also contributed to such differences. This study 
highlighted the need of implementing future selection and breeding schemes 
to improve the performance of GF and TL birds to the level achieved by other 
genotypes. 
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1. Introduction 

Poultry production in Ethiopia plays a crucial role in generating employment 
opportunities, poverty reduction, improving family nutrition, and in women 
empowerment [1] [2]. It is a suitable business for resource-poor households due 
to the small land requirement and low initial investment costs needed. Accord-
ing to Central Statistics Agency of Ethiopia (CSA) [3], the poultry population of 
Ethiopia was estimated to be 56.1 million, of which 88.19% are indigenous birds, 
6.45% are pure exotic and 5.36% are hybrids. Poultry meat and egg consumption 
in Ethiopia is low. For instance, the per capita consumption of eggs is around 4.1 
eggs [1], which is far lower than the global and African average. To alter this 
scenario and to boost the production and consumption of poultry products, the 
Government of Ethiopia through the Livestock Master Plan of Ethiopia [4] has 
set ambitious targets. To achieve this envisioned goal, the introduction of com-
mercial poultry species and the use of indigenous genotypes of better genetic 
potential were suggested. Moreover, poultry species like guinea fowl (Numidia 
meleagris) can also be used to contribute to the stretched poultry meat and egg 
production plan of the country.  

Poultry includes all domestic birds such as chickens, turkeys, ducks, geese, os-
trich, guinea fowl, doves and pigeons kept for food production (meat and eggs). 
In Ethiopia, however, the term poultry is almost synonymous with chicken, as 
the use of other poultry species is generally uncommon. Consequently, previous 
research and development endeavour in Ethiopia focused on chicken, while oth-
er poultry species like guinea fowl have been neglected. Despite their role as the 
source of egg and meat in some parts of Ethiopia, it even appeared that the exis-
tence of guinea fowl as a domesticated poultry species in the country has not 
been reported. It is currently realized that domestic guinea fowl exists as part of 
family poultry system in the Amhara Regional State of Etiopia, in Metema and 
Quara districts. The smallholder farmers in these districts are using the birds for 
home consumption and to generate income upon sale of the live birds and eggs. 
Apparently, there is a lack of information on the laying performance, fertility, 
hatchability and egg quality parameters of guinea fowl per se or as compared to 
chicken genotypes in the country. Such information is vital to recognize the po-
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tential of the resource base, for efficient utilization of the genetic resource, and 
to set strategies to improve the genetic potential and productivity of guinea fowl 
for future use in the country as an alternate poultry species. Therefore, this study 
was conducted to make a comparative assessment on egg-laying performance, 
reproduction performance, and egg quality parameters of guinea fowl and se-
lected chicken genotypes kept under an intensive management system.  

2. Materials and Methods 
2.1. Study Area, Animal Management and Experimental Design 

The experiment was conducted at Andassa Livestock Research Center (ALRC) of 
Amhara Agricultural Research Institute (ARARI), Ethiopia from February to 
September 2019. The centre is located at 11˚29'N latitude and 37˚29' East longi-
tude with an elevation of 1730 meters above sea level. It receives an average an-
nual rainfall of 1150 mm with a temperature ranging from 6.5˚C to 30˚C [5].  

Forty-five layer hens from each of guinea fowl (GF), Horro (HR; local chicken 
ecotypes obtained from the 11th generation), Tilili (TL; local chicken ecotypes) 
and Potchefstroom Koekoek (PK; exotic dual chickens) with 9 cocks from GF 
and 6 cocks from each chicken genotypes were used for the study. Treatments 
were the four poultry genotypes in a completely randomized design (CRD). Each 
treatment was replicated thrice, comprising of 15 pullets and 2 cocks per repli-
cate for chickens and 15 pullets and 3 cocks per replicate for guinea fowl. Three 
pens (3.5 m × 3.5 m) were prepared for guinea fowls and covered with 0.5 × 0.5 
cm wire mesh to prevent birds from flying out. Nine pens (2.5 m × 2.5 m) were 
made and used for chicken genotypes.  

The watering and feeding troughs and laying nests were thoroughly cleaned, 
disinfected and sprayed against external parasites before the commencement of 
the experiment. The floor of each pen was bedded with disinfected grass hay and 
was replaced when deemed appropriate. All birds (i.e., chicken and guinea fowl) 
used for this experiment were hatched on the same day. Birds were fed the same 
commercial starter (up to week 8), grower (week 9 to week 18) and layer rations 
thereafter for 29 weeks (Table 1). Pullets were vaccinated against Newcastle,  
 
Table 1. Nutrient composition of the diet fed to experimental birds.  

Nutrients Starter Grower Layer 

Metabolizable energy (ME-Kcal/kg) 3000.0 2950.0 2800.0 

Crude protein (% DM) 20.5 18.8 16.0 

Crude fiber (% DM) 5.5 5.8 7.0 

Calcium (% DM) 0.9 0.9 3.55 

Fat (% DM) 6.5 5.0 5.0 

Moisture (%) 10.0 10.0 10.0 

The composition is as provided by the manufacturer (Alema Koudjis Feed PLC, Debre Zeit, Ethiopia,); DM 
= Dry matter. 
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Gumburo (Infectious Bursal Disease-IBD) and Fowl Typhoid diseases using ap-
propriate vaccine according to the manufacturer’s recommendation. All layers 
during the 29 weeks of the laying performance study period were subjected to 
similar management, and received a total of 16 hours of light daily (i.e., 12 hours 
of day light and 4 hours of electric light), flourecent lamps of 36 watt were used 
to deliver about 30 lux of light intensity at the feeder trough level in experimen-
tal house. The laying period of 29 weeks for comparison was chosen due to the 
short laying phase of GF genotypes. Mortality was registered as it occurred and 
general health status was monitored throughout the experiment. Vitamins were 
given as supplement through drinking water. Each pen was equipped with laying 
nests bedded with teff straw.  

2.2. Feed Intake and Laying Performance of Hens  

Commercial layer feed was offered ad libitum twice per day at 0800 and 1700 
hours and clean tap water were available all the time. The amount of feed offered 
and refused per pen was recorded daily, and the amount consumed was deter-
mined as the difference between the two. Hens were individually weighed by us-
ing sensitive electronic balance at the start and end of the experiment and body 
weight change was calculated as the difference between the two weights. Eggs 
laid in a pen were collected three times a day at 0800, 1300 and 1700 hours. Eggs 
collected daily were weighed immediately after collection from each pen and av-
erage egg weight was computed by dividing the total egg weight to the number 
of eggs. Egg mass per hen was calculated as total egg weight divided by the 
number of hens. Feed conversion ratio (FCR) was calculated as a gram of eggs 
produced per gram of feed consumed. Hen-day egg production was determined 
according to Hunton [6] as follows: 

( ) Number of eggs collected per day 100
Number of hens 

Hen-day egg pr
present that d

oduction %
ay

×=    (1) 

2.3. Egg Quality Characteristics  

Egg quality parameters, such as eggshell weight, eggshell thickness, albumen 
weight, albumen height, egg yolk weight, and egg yolk colour were determined 
at an interval of 30 days on freshly laid 6 eggs per replicate after breaking and 
separating each of the components. Eggs were broken on a flat mirror and the 
egg membrane was carefully removed from the shell. Eggshell, albumen and yolk 
weights were measured using sensitive balance. A precision micrometre was 
used to the nearest 0.01 mm for measuring eggshell thickness. Measures were tak-
en at the three regions (large end, small end and on the equator region of the egg-
shell) and the means were taken. Yolk height was measured with a tripod micro-
metre. Yolk colour was determined by Egg Multitester Machine (EMT-5200, Ro-
botics Technology, Tokyo, Japan), which was also used to measure albumen 
height and calculate the Haugh unit. Egg shape index (SI) was calculated from 
egg width (W) and egg length (L), and yolk index (YI) was computed from yolk 
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height (YH) and yolk width (YW) according to the below formula [7]:  

100WSI
L

= ×                            (2) 

100YHYI
YW

= ×                           (3) 

2.4. Fertility, Hatchability and Embryonic Mortality  

Eggs for hatching were collected at the mid of the study period and stored for 7 
days at 10˚C - 14˚C. Thirty eggs per pen with good shape, clean shell, no cracks, 
medium or average-sized were selected for incubation. Eggs from GF were set 7 
days ahead of chicken eggs since the incubation period for GF is 28 days. Eggs 
were incubated with their sharp ends pointing downwards at 37.5˚C - 37.8˚C 
and 60% relative humidity in the mini hatchery of 840 eggs capacity. The eggs 
were candled on the 9th day of incubation for fertility determination. Percent fer-
tility and hatchability were determined by the following formula:  

( ) Number of eggs sett Number of clear eggs 100
Total number of eggs

Fe
 s

rtility
et

% =
−

×       (4) 

( ) Number of chickes and keets haHatchability on fertile eggs b tched 100
Number of fertile eggs set

asis % = × (5) 

Early, mid, late and pipe embryonic mortalities were determined from the in-
cubated eggs by breaking all unhatched eggs using the method of Bonnier and 
Kasper [8]. Chick length was determined according to the method of Meijerhof 
[9]. Chick weight at hatching was determined by weighing the chick after 12 
hours of hatching [10]. Yield percentage evaluates the weight loss during incu-
bation and was calculated as the percentage of average chick weight to the aver-
age initial weight of egg set [10].  

2.5. Statistical Analysis  

Data were analyzed using the general linear model procedure of Statistical Anal-
ysis Systems Software [11]. Differences between treatment means were separated 
using Tukey Kuramer Test. The model used for data analysis was Yij = µ + Gi + 
eij, where: Yij = represents the j observation in the ith breed level; µ = overall 
mean; Gi = genotype effect; and eij = random error. The effect was considered 
significant at P < 0.05. 

3. Results 
3.1. Feed Intake and Laying Performance of Hens 

Intake of DM and egg number/hen per production week was in the order of 
PK > HR > TL > GF (P < 0.05; Table 2). Initial and final body weights (BW), 
BW change, daily BW gain, and egg mass was highest for PK, intermediate for 
HR and lowest for the other two genotypes (P < 0.05). Hen-day egg production  
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Table 2. Dry matter intake, body weight change and egg-laying performance of different 
poultry genotype hens kept under an intensive management system. 

Parameters 
Genotypes 

GF HR TL PK SEM P-values 

DM intake (g/hen/d) 85d 114b 103c 137a 3.1 0.0001 

Initial body weight (g) 1238c 1301b 1279c 1693a 14.6 0.0001 

Final body weight (g) 1641c 1983b 1671c 2490a 35.3 0.0001 

Body weight change (g/hen) 404c 682b 392c 798a 33.5 0.0001 

Body weight gain (g/hen/d) 1.92c 3.24b 1.86c 3.79a 0.150 0.0001 

Point of lay (weeks) 23.3a 19.0c 19.0c 21.0b 0.16 0.0001 

Peak production age (weeks) 30.0a 24.0b 22.3b 31.3a 0.62 0.0001 

Hen-day egg production (%) 53.8bc 54.9b 47.1c 66.9a 2.33 0.0022 

Egg mass (g/hen/day) 18.9c 23.6b 19.7c 31.1a 1.04 0.0001 

Total egg number/hen* 71d 101b 75c 121a 0.5 0.0001 

FCR (g feed DM/g egg) 2.43b 2.64b 2.47b 2.94a 0.070 0.0040 

Mortality rate (%) 6.7b 8.9b 22.2a 11.1b 2.71 0.0150 

a,b,cMeans within a row with different superscripts differ (P < 0.05); GF = Guinea fowl; HR = Horro local 
chicken; TL = Tilili local chicken; PK = Potchefstroom Koekoek; SEM = Standard error of the mean; DM = 
Dry matter; *Egg production is the total number of eggs/hen during 29 weeks of experimental period. 

 
was in the order of PK > HR > TL, while the value for GF was similar (P > 0.05) 
with those of HR and TL. Hens of GF started laying at a later age than chicken 
genotypes (P < 0.05). Among the chicken genotypes point of lay was higher for 
PK than TL and HR that had similar values. The feed conversion ratio was high-
er for PK compared with the other genotypes that had similar values. The higher 
mortality rate was noted for TL (P < 0.05) than the rest of genotypes, while val-
ues for the three genotypes were similar.  

3.2. Fertility, Hatchability and Embryonic Mortality 

Percent fertility and hatchability were higher (P < 0.05) for chicken genotypes as 
compared to GF (Table 3). Early, pipe and late embryonic mortality were higher 
(P < 0.05) for GF as compared to chicken genotypes, while values for chicken 
genotypes were similar. Mid embryonic mortality was similar (P > 0.05) among 
poultry genotypes. Weight of day-old chick was highest for PK, intermediate for 
HR and TL, and lowest for GF keets (P < 0.05). Chick yield percentage was un-
affected by poultry genotypes (P > 0.05). Chick length vary significantly (P < 
0.01) and was in the order of PK > HR > TL > GF.  

3.3. Egg Quality Characteristics  

Egg quality characteristics with the exception of egg shape index, albumen 
height, Haugh unit, and proportion, diameter, index and color of egg yolk differ 
(P < 0.05) among poultry genotypes (Table 4). Egg length, egg width and egg  
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Table 3. Fertility, hatchability, embryonic mortality and chick quality characteristics of 
different poultry genotype hens kept under an intensive management system. 

Parameters 
Genotypes 

SEM P-values 
GF HR TL PK 

Average egg weight during incubation (g) 35.4c 43.0b 43.9b 46.5a 0.43 <0.0001 

Fertility (%) 56.7b 95.6a 98.9a 92.2a 3.09 0.0001 

Hatchability on fertile egg bases (%) 56.9b 81.0a 88.9a 86.7a 5.69 0.0144 

Early embryonic mortality (%) 15.8a 4.7b 4.5b 4.8b 1.44 0.0013 

Middle embryonic mortality (%) 10.0 4.7 4.5 6.0 1.81 0.1941 

Late embryonic mortality (%) 17.4a 8.2b 6.7b 5.9b 2.15 0.0181 

Pipe embryonic mortality (%) 17.4a 7.0b 6.8b 4.8b 2.11 0.0112 

Chick weight (g) 21.9c 29.2b 28.9b 32.8a 0.71 <0.0001 

Yield percentage 63.7 67.7 68.9 70.6 1.73 0.1072 

Chick length (cm) 12.2d 14.0b 13.0c 14.6a 0.17 <0.0001 

a,b,cMeans within a row with different superscripts differ (p < 0.01); GF = Guinea fowl; HR = Horro localc 
chicken; TL = Tilili local chicken; PK = Potchfstroom Koekoek; SEM = Standard error of the mean. 

 
Table 4. Egg quality parameters of different poultry genotype hens kept under an inten-
sive management system. 

Egg quality parameters 
Genotypes 

SEM P-values 
GF HR TL PK 

Average fresh egg weight (g) 35.9c 43.5b 42.3b 46.4a 0.55 <0.0001 

Egg length (mm) 47.0b 50.2a 51.3a 51.5a 0.59 0.0022 

Egg width (mm) 36.1b 38.2a 38.6a 39.5a 0.39 0.0019 

Egg shape index 76.8 76.0 75.3 76.7 1.01 0.7362 

Egg shell weight (g) 6.57a 5.55b 5.47b 5.85b 0.190 0.0159 

Egg shell proportion (%) 18.3a 12.8b 12.9b 12.6b 0.71 0.0021 

Egg shell thickness (mm) 0.73a 0.37b 0.36b 0.42b 0.050 0.0062 

Albumen weight (g) 18.5c 24.5b 24.2b 27.4a 0.40 <0.0001 

Albumen proportion (%) 51.5c 56.4b 57.2b 59.1a 0.38 <0.0001 

Albumen height (mm) 4.78 5.30 4.84 4.92 0.140 0.1293 

Haugh unit 77.2 77.9 76.1 74.3 0.95 0.1106 

Egg yolk weight (g) 11.0b 13.4a 12.7a 13.2a 0.33 0.0042 

Egg yolk proportion (%) 30.6 30.9 29.8 28.9 0.64 0.0929 

Egg yolk height (mm) 13.4b 14.8a 13.8b 15.3a 0.20 0.0007 

Egg yolk diameter (mm) 42.2 34.1 32.6 33.5 0.46 0.0753 

Egg yolk index 41.48 43.33 42.48 45.66 1.09 0.1211 

Yolk color (EMT-5200) 4.66 4.58 4.62 4.65 0.130 0.9695 

Yolk:Albumen ratio 0.59a 0.55b 0.52bc 0.48c 0.010 0.0023 

a,b,cMeans within a row with different superscripts differ (p < 0.01); GF = Guinea fowl; HR = Horro local 
chicken; TL = Tilili local chicken; PK = Potchfstroom Koekoek; SEM = Standard error of the mean; 
EMT-5200 = Egg Multi Tester, Robotics Technology Co.Ltd., Tokyo, Japan. 
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yolk weight was lower (P < 0.05) for GF as compared to chicken genotypes. 
Conversely, the weight, thickness and proportion of eggshell was higher (P < 
0.05) for GF as compared to chicken genotypes. Albumen weight and albumen 
proportion was highest for PK, intermediate for HR and TL and lowest for GF 
(P < 0.05). Egg yolk height was higher for PK and HR as compared to the other 
two genotypes. The yolk to albumen ratio was higher (P < 0.01) for GF as com-
pared to chicken genotypes. Among the chicken genotypes, yolk to albumen ra-
tio was higher for HR than PK.  

4. Discussion 
4.1. Feed Intake and Performance of Hens 

This study evaluated feed intake and performance of GF and local and exotic 
chicken genotypes kept under an intensive management system. In the current 
study, DM intake was the highest for PK followed by HR and then by TL, while 
the value for GF was the lowest. Differences in DM intake among genotypes ap-
peared to be consistent with variation in BW and egg production of genotypes, 
which is apparently a consequence of variation in genetic potential partly due to 
differences in past genetic improvement interventions. Halima [5] noted higher 
daily DM intake of 183 g/hen and FCR of 10.5, and lower mature hen BW of 
1444 g at 44 weeks of age for TL hens compared to the results of the current 
study. Daily DM intake of 128 g/hen and average BW of 1737 and 1813 g/bird at 
40 and 60 weeks of age, respectively was reported for PK hens [12], which were 
lower than values of the present study. Etalem et al. [13] reported for HR im-
proved local chickens fed on diet containing 2950 Kcal ME and CP 21% daily 
DMI, and FBW to be 118.18 g, and 1497.9 g at 24 - 34 weeks of age, which was 
moderately similar in DMI and lower in FBW as compared to the current find-
ings. For GF, a study in Nigeria [14] reported DM intake, final BW, and average 
daily gain of 101 g/hen, 1423 g and 2.09 g, respectively, close to the results of the 
current study. Variations in DM intake and mature BW of birds among studies 
might be attributed to differences in feed quality, management practices, and 
environmental conditions during the experimental periods.  

In the present study, hens of GF started laying eggs at 163 days of age, 16 days 
later than PK and 30 days later than HR and TL hens. Previous reports noted 
that point of lay for HR hens obtained from 6 to 7 generations was 153 days [15], 
and for TL hens was 157 days [5], which was higher than the current result. For 
PK hens, point of lay of 140 days was reported [12], although a lower value of 
130 days was noted in South Africa [16], both of which were lower than the cur-
rent result. The sexual maturity for GF hens reported in Western Africa was 24 
weeks of age [17], a week behind the finding of this study. Fisseha et al. [18] re-
ported that the average age of local pullets at first laying kept under scavenging 
system was 5.74 and 7.07 months for Bure and Dale districts of Ethiopia, respec-
tively, values obviously much higher than the current study. According to Mao-
ba [19], a hen normally starts egg production at around 20 - 21 weeks of age and 
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continues to lay for 52 weeks on average, which appears to be consistent with the 
current result. Sexual maturity of birds is apparently impacted by feed quality, 
daylight hours, management practices, and genotypes, which might be the rea-
son for differences in point of lay observed among studies. 

Peak egg production was attained 7, 15, 13 and 10 weeks after point of lay for 
GF, HR, TL and PK hens, respectively. The egg-laying period was 20 weeks long 
for GF hens, whereas chicken genotypes laid for 29 weeks in our experiment and 
even continued laying then after. Peak egg production for GF was short-lived 
and there was a sharp decline in egg production; whereas chicken genotypes 
maintained high egg production up to 48 weeks of age with a gradual decline in 
production. This presumably affected the overall egg number obtained from the 
different genotypes. Egg-laying period of 23 weeks long was noted for GF kept 
under intensive management system [20], a bit longer than the current study. 
Average egg production for GF from different studies ranged 55 - 100 eggs/hen 
per production period [20] [21] [22], and values of the present study are within 
this range. For TL hens higher number of egg/hen/year of 147, and lower egg 
mass of 17.4 g and HDEP of 40% compared to the current study was reported 
[5]. Similarly, for HR local chicken ecotypes, number of eggs/hen/year and per-
cent egg production was reported as 171 and 49.1% respectively [15]. Dawud et 
al. [12] indicated for PK genotypes that the egg number and HDEP% to be 149.9 
and 48.7 respectively. The current result of lower egg performance parameters 
for GF and TL as compared to PK and HR might be in part due to differences in 
past breeding interventions undertaken for the genotypes. This suggests for 
greater future potential for selection and breed improvement activities in GF and 
TL genotypes, to use them as an alternative adapted poultry genotypes to the lo-
cal environment.  

4.2. Fertility, Hatchability and Embryonic Mortality  

The fertility of GF eggs was about 41% lower than the mean value of the chicken 
genotypes, i.e., 95.6%. For GF hens fertility values ranging 43% - 92% were re-
ported by different authors [23]-[29], and the current result is within the re-
ported range. A slightly lower fertility rate of 90% compared to the current find-
ing was reported for TL hens [5]. The low fertility of GF compared to chicken 
genotypes might be in part due to the fact that GF cocks have a smaller testicular 
size (1 - 9 g) than chicken cocks (14 - 16 g) [30] [31]. This may place GF at a 
disadvantage because sperm production is positively correlated with the size of 
the testis in poultry [32]. The low fertility of GF hens could be also attributed to 
the infrequent mating of GF males, since they were fighting each other for social 
hierarchy in the pen, this might also contribute to preferential mating of cocks to 
hens since mating was associated with monogamous sexual behaviour in guinea 
fowl [31]. Fertility performance of eggs depends on genotypic factors in addition 
to other factors [33]. Previous reports noted a fertility rate of 77% for HR [34] 
and 78% - 82% for PK hens [35], which were lower than the current finding. 

https://doi.org/10.4236/ojas.2020.104043


Getnet Z. et al. 
 

 

DOI: 10.4236/ojas.2020.104043 674 Open Journal of Animal Sciences 
 

Fertility may be affected by various factors, including genetic factors, the general 
condition of the parents, mating rate, age, egg-storage duration and condition, 
weather conditions, and geographical location [26] [33]. The similarity of high 
fertility observed among chicken genotypes in this study justifies the better re-
productive capacity in chicken genotypes under confinement as compared to 
GF. 

In the present study hatchability of fertile eggs was lower for GF (57%) than 
chicken genotypes with a mean value of 86%. The present result for GF was 
within the reported hatchability values that widely vary, ranging from 45% - 88% 
[22] [36] [37] [38] [39] [40]. Hatchability of fertile eggs for TL [5] and HR [34] 
kept under intensive management was 54.3% and 62.6%, respectively, lower than 
the current result. For PK hens hatchability of fertile eggs of 83% [34] and 91.4% 
[35] were reported, which were in agreement with the present result. Hatchabil-
ity in poultry depends on numerous genetic and environmental factors such as 
breed differences, male to female ratio, nutrition of parents, egg quality and egg 
storage conditions [29] [33] [41]. Fertility and hatchability in poultry are inter-
related heritable traits and varies among breeds and individuals within breeds 
[33]. The lower hatchability exhibited by GF eggs compared to eggs of chicken 
genotypes in the current study might be partly due to thicker eggshells and 
small-sized eggs of GF [26] [41].  

The overall embryonic mortality in GF was higher than that observed for 
chicken genotypes in the current study. A range of 15% - 20% overall embryonic 
mortality was noted for GF [42], which was in line with this study. Conversely, 
lower embryonic mortality values ranging 4.96% - 5.70% [20], and early, middle 
and late-period embryonic mortalities of 1.65%, 2.15% and 5.71%, respectively 
[27] was also reported for GF eggs. The embryonic mortality from Benin local 
chickens of Forest and Savanah ecotypes were 6.8% and 6.1%, respectively [43], 
which was in line with our findings for chicken genotypes. On the other hand, a 
study on HR and PK genotypes under station condition yielded a higher mortal-
ity rate of 21.5% and 12.2%, respectively [34]. The higher pipe embryonic mor-
tality from GF compared to chicken genotypes might be related to the relatively 
harder eggshell thickness of eggs of GF.  

In this study, the highest chick weight and chick length at hatching were rec-
orded for PK and the lowest values were obtained for GF keets, while yield per-
centage was similar among genotypes. Previous reports noted an average keet 
weight at hatching of 25.0 g [27], chick weight at hatching for HR of 30.2 g and 
for PK of 40.0 g [34], where values except for PK was in agreement with this 
study. Regarding yield percentage, the poultry industry has set 66 - 68 percent 
chick yield as a target [44], suggesting that baby chicks in the present study gen-
erally to be categorized under normal range. A 51.4% chick yield from GF eggs 
was reported before [27], which is lower than the current finding. During incu-
bation, egg weight decreased because of water loss from incubated eggs contri-
buting to chick weight variation. Generally, differences observed in chick weight 
and length among poultry genotypes is a reflection of genetic diversity among 
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species and breeds of poultry.  

4.3. Egg Quality Characteristics 
4.3.1. External Egg Quality  
Egg weight, length and width in this study were higher for chicken genotypes 
than GF counterparts. Consistent with the current finding, a study in Nigeria 
reported higher egg weight for chicken versus GF. The present values on egg 
weight for GF were within the range of reported values of 32 - 42 g [36] [45] 
[46]. In agreement with the current result, egg weight for TL kept under inten-
sive management was 41.7 g [5], while the 47.8 g egg weight noted for HR [47] 
was slightly higher than the present result. Dawud et al. [12] reported 53.0 g for 
PK egg weight, which was higher than the current value. For GF egg length 
ranging 42 - 52 mm and egg width ranging 35 - 38 mm was reported [14] [48] 
[49]; whereas egg length and width of HR was 52 and 39 mm [47] and for PK 
was 53 and 41 mm respectively, [12] [50], which were more or less in line with 
the current result. Several studies have reported strong and positive associations 
between egg weight, egg length and egg width [51] [52] [53]. Moreover, egg 
weight was affected by bodyweight of laying hens [54] and egg size is usually re-
lated to the body size of the laying hens [55] which appeared to be consistent 
with the observation of this study. Egg shape index of this study indicates the 
normal shape of eggs for all genotypes considered [49].  

Eggshell is an important egg quality parameter considered in a breeding pro-
gramme to reduce eggshell breakage. Eggs with low-quality shells contribute to 
economic losses in the production of eggs for consumption [56]. In this study, 
eggshell parameters were higher for GF versus chicken genotypes. Previous re-
sults on eggshell parameters vary widely. A range of values for eggshell weight of 
5.8 - 6.5 g [14] [49] [57] and eggshell thickness of 0.30 - 0.79 mm [14] [20] [49] 
[58] was noted for GF, and the present results are within the range of reported 
values. The eggshell thickness of 0.36 mm for HR [47] and 0.35 mm for Ethio-
pian local chicken eggs were reported [59], which was in line with the results of 
HR and TL birds in the present study. Eggshell weight and eggshell thickness for 
PK eggs were 5.67 - 7.01 g and 0.29 - 0.34 mm, respectively [34] [60] and values 
for shell weight were in agreement with the present result while shell thickness 
of the present result was higher. However, much higher eggshell thickness values 
of 0.69 - 0.71 mm were reported [5] for local Ethiopian chicken genotypes. The 
rate of eggshell deposition in GF uterus was similar to that of chicken hens, al-
though the duration of shell deposition was greater by 2.1 hours for GF hens 
compared to chicken hens [61]. This presumably resulted in more calcium de-
position in GF eggs leading to greater eggshell weight and thickness observed for 
GF eggs.  

4.3.2. Internal Egg Quality 
Albumen weight and proportion in the present study took the trend of egg 
weight and was lowset for GF and highest for PK. This is apparently due to the 
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fact that albumen weight has been more closely associated with egg weight [62]. 
Previously reported values for albumen weight were 29.7 g for PK [34], 23.5 g for 
TL [5], and 22.9 g for GF [63], generally comparable to the results of this study. 
Internal egg quality traits are seemingly influenced by differences in genotype 
apart from the quality and quantity of the feed supplied to the birds [64] [65]. In 
the current study genotypic variations obviously might have led to differences 
observed in the measured albumen parameters. Albumen quality is described 
primarily by Haugh units (HU). According to USDA’s egg grading manual [66], 
eggs are classed into AA, A and B grades. Grade AA is the highest quality with a 
HU value of above 72. The HU in this study was above 72 for all genotypes, and 
hence eggs are all in the highest quality category of grade AA.  

Egg yolk weight and height were higher for chicken eggs as compared to GF in 
this study, presumable a consequence of variation in the weight and size of eggs 
of the different genotypes. A range 12.4 - 13.5 g for yolk weight and 13.1 - 16.7 
mm for yolk height was reported for GF [20] [55] [63], in close agreement with 
the results of this study. In agreement with the present result, yolk weight of 
13.34 g was reported for TL [5]. On the other hand, a relatively higher yolk 
height of 17.73 mm compared to the current result was noted for HR [47]. For 
PK hens, yolk weight of 14.5 - 16.3 g and yolk height of 17.6 - 17.8 mm was re-
ported previously [34] [67], slightly higher than the current result. Egg yolk col-
or was not affected by genotype in this study, possibly due to the feeding of the 
same ration for all birds. Yolk color in this study ranged 4.58 - 4.66, which was 
in a range of pale yellow yolk color. Yolk to albumen ratio was higher for GF 
versus chicken genotypes in the present study, which could be attributed to dif-
ferences in the size and weight of eggs among the poultry genotypes. It has been 
noted that yolk to albumen ratio tends to be greater in smaller eggs than in larg-
er eggs [68].  

5. Conclusion 

Generally, most of the main production parameters such as DM intake, total egg 
production, egg weight, chick weight and chick length were in the order of PK > 
HR > TL > GF. Moreover, fertility, hatchability and embryonic mortality were all 
lower for GF versus chicken genotypes. Such differences among genotypes could 
be a reflection of previous selection and breeding interventions. The PK breed of 
South Africa was developed by crossing Black Australope with White Leghorn 
[69]; the HR local chicken of Ethiopia was improved up to 11 generations 
through selective breeding schemes [15], and TL could have been improved 
through owning better-performing birds by farmers over the years. Utilization of 
GF birds being a more recent phenomenon in Ethiopia, efforts to select and own 
better-performing birds might have been limited if at all exists. The GF being 
more adapted to scavenging condition as compared to the chicken genotypes 
might have also impacted performance, as it appeared that GF birds were rela-
tively more stressed to the confined environment than the chicken genotypes. In 
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conclusion, this study highlighted the need for implementing future selection 
and breeding schemes to improve the performance of GF and TL birds to the 
level achieved by other genotypes.  

Limitation of the Study 

The study was focused on the laying and reproductive performances of GF and 
chicken genotypes at indoor production system, which has resulted in lower fer-
tility rates from GF genotypes due to the nature of the birds which has adapted 
to seasonal laying ability and scavenging system, the entire laying capacity of 
chicken genotypes was not assessed, since the full laying period for chicken ge-
notypes can extend to 52 weeks. 
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