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ABSTRACT: The aim of this study was to determine the effect of egg size on egg shell, egg yolk, fertility rate
and hatchability of Koekoek chickens. A Complete Randomized Design (CRD) was used with egg size being
the treatment factor. The treatments were large (>55g), medium (45-54g) and small (<44g) sized eggs.
Eggs were collected from the nests and weighed using the digital scale and classified according to their
respective weights before incubation. The egg yolk weight was measured with the digital scale. The shell
thickness was measured using a Vanier caliper. The fertile and infertile eggs were identified. The fertility
rate, hatching percentage and embryonic mortality were recorded. Data collected was subjected to
statistical analysis by using one way analysis of variance (ANOVA). The medium sized eggs had higher
fertility and hatchability percentage compared to large and small sized eggs. The mortality was higher in
large and small sized eggs. Therefore, select eggs at the range of 45 to 55 grammes for incubation can be
useful to increasing hatchability.
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INTRODUCTION

Chicken rearing is one of the most suitable activities to improve the livelihoods of the poor due to the advantages it has in
terms of the small amount of capital required and the relative ease to set-up such a production system in the rural
communities (Ja’afa-Furo and Gabdo, 2010; Stringer et al., 2020). In Lesotho, indigenous chickens remain predominant in
the rural areas regardless of the introduction of exotic birds. Indigenous chickens have low output expressed in terms of
low egg production, small egg size, slow growth rates and poor survival rate of chicks (Aganga et al., 2003).

Egg weight is one of the aspects affecting the quality of the egg and it is used among other factors as one of the
external indicators for detecting quality of eggs (Jacob et al., 2000; Hegab and Hanafy, 2019). In the production cycle, the
hen begin to lay small eggs and in a matter of few weeks she will go to medium and then large eggs as the birds age.
Alasahan and Copur (2016) reported a positive correlation between egg weight, fertility and hatchability. Khurshid et al.
(2003) discouraged the use of small and large sized eggs because of the indirect effects that prevent or reduce hatching.

The basic trend when hens grow is for eggs to become thin shelled. The hen is genetically capable of placing only a
finite amount of calcium in the shell and she loses some of her ability to mobilize calcium from the bone (Gupta, 2008).
Insufficient egg weight loss during incubation can reduce the gas exchange through the egg membrane promoting a
decreased hatchability (Jones et al., 2010). Small and large eggs have high mortality percentage than medium egg,
especially in local breeds (Abudabos et al., 2017).

This study was conducted to investigate the effect of egg size on the egg quality and hatchability of Koekoek
chickens under Lesotho conditions.

MATERIALS AND METHODS

Ethical approval

The research and ethics committee in the Department of Animal Science of the National University of Lesotho
approved this study based on international welfare standards for use of animals in conducting research. The study was
conducted at the Department of Animal Science Experimental Farm of the National University of Lesotho located 35 km
from Maseru, the capital of Lesotho. Koekoek chickens were collected using the egg trays from the flock comprised of
cocks and hens, in the ratio of 1:10. Eggs were collected in clean nests three times a day to reduce cracking incidences.
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Five hundred and forty eggs were allocated into three egg size treatments in a Complete Randomized Design (CRD). The
treatments were small (<44g), medium (45-54¢g) and large (>55g). Each egg was taken as an experimental unit and there
were three replicates per treatment and sixty (60) eggs per replicate. Ten eggs from each replicate were taken to
determine the shell thickness and egg yolk. The shell thickness was measured using a Vanier caliper. The egg yolk was
measured using a 0.01 g sensitivity level electronic scale. Eggs collected within eight days were taken to a sure hatch
machine for incubation. Dirty, cracked and irregular shaped eggs were not selected for incubation. A 0.01 g sensitivity
level electronic scale (RADWAG) was used to weigh the eggs. Eggs were fumigated with formalin potassium
permanganate in a ratio 1:2 for 15 minutes before they were placed in an incubator. The temperature and humidity were
set to 37.5°C and 82.5%, respectively for incubation and 37.0°C and 85% for hatching. The eggs that were less than
eight (8) days old were placed in an incubator. During the incubation period, the eggs were not turned for the first three
days. From the fourth day to the eighteenth day, egg turning was done three times a day. The eggs were candled on 7th
day of incubation period in a dark room with the eggs held before a light. The infertile eggs were determined by the
appearance of clear interior of the eggs and the fertile eggs were determined by presence of blood vessels. The nhumbers
of infertile eggs were recorded. At the 18t day, the eggs were removed from trays and placed into the hatching trays until
hatching time. The incubator was not disturbed for the last three (3) days of incubation. The chicks were removed from
the incubator on the morning of the 22n day. The fertility rate and hatching percentage of eggs were calculated as
follows:
Fertility rate = Total number of fertile eggs x100
Total number of incubated

Hatching percent = Total number of eggs hatched x100
Total number of fertile eggs

Eggs that failed to hatch were broken to determine the developmental stage of an embryo. The embryo mortality
rate was measured by assessing at the developmental stage at which the un-hatched chick died using Hamburger and
Hamilton (1992) method. An incubator was opted for instead of natural hatching due to the fact that it would be difficult
to control the experiment since it would be difficult to get hens of the same age, size and behaviour. Above all, it would
not be practical to assume that the hens would brood at the same time. Data was recorded in excel spreadsheet and
averages were calculated. Data was tested for normal distribution. The analyses were done on transformed data. ANOVA
was used to separate the effects of egg size on shell thickness, egg yolk, egg fertility, hatching percentage and embryo
mortality. If significant, treatment effects were analysed and differences between treatments were tested by Duncan’s
new multiple-range test. The General Linear Models Procedure; SPSS (17.00) was used. Threshold for significance was p<
0.05.

RESULTS AND DISCUSSION

The results on shell thickness show that the small eggs had significantly thicker (P<0.5) shells than medium and large
eggs (Table 1). Increase in the egg size reduced the shell thickness by 8.3% and 25% comparatively to medium and small
eggs respectively. Therefore, the chances of egg cracking and as well allowing more foreign bodies to penetrate (infection)
an egg are higher and hence lower hatchability. This negative correlation between the shell thickness and egg size was
also reported by Suki and Park (2001). The egg yolk weight from large eggs was significantly (P<0.05) heavier than in
medium and small sized eggs by 11.3% and 25.4% respectively (Table 1). Suki and Park (2001) also reported the
proportion of egg yolk to be less in small eggs than in large ones.

Table 1 - Effect of egg size on egg shell thickness and egg yolk of Koekoek chickens

Treatment (Egg size) She"(:::'rf";“ess S.E Egg yolk (g) S.E
Large 0.452 0.09 19572 0.81
Medium 0.55b 0.03 17.360 0.40
Small 0.60¢ 0.15 14.60¢ 0.24

abe Means within a row with no common superscript differ significantly p<0.05), S.E-standard error

Table 2 - Fertility rate and hatching percentage of different egg sizes

Fertility rate Hatching percent

Treatment (Egg size) %) S.E %) S.E
Large 91.10a 2.02 72.23a 3.19
Medium 94.47a 1.73 75.672 2.40
Small 88.6072 1.93 71.002 3.86

abc Means within a row with no common superscript differ significantly p<0.05), S.E-standard error
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Table 2 - Effect of egg size on embryonic mortality of Koekoek chickens

Treatment (Egg size) Early mortality (%) S.E Late mortality (%) S.E
Large 8.89 1.11 17.78 1.11
Medium 2.22 222 11.11 0.95
Small 7.78 2.94 12.22 2.01

abc Means within a row with no common superscript differ significantly p<0.05), S.E-standard error

The results on egg fertility (Table 2) show that eggs at the range of medium size had insignificantly (P<0.05) higher
fertility rate compared to small and large sized eggs by 3.37% and 5.8% respectively. Seeker et al. (2004) also found
higher fertility in medium size eggs. The hatching percentage was higher in medium sized eggs (75.7%) compared to large
(72.2%) and small sized eggs (71%) despite the differences being insignificant (p>0.05). This means that the medium size
eggs have 3.4% and 4.7% better chances of hatchability than large and small eggs respectively. Asuquo and Okon (1993)
reported an improved hatching percentage in eggs within the weight range of 45-56 grams than in small eggs. Medium
size eggs yield 75% hatchability compared with 50-70% of small and large eggs (Hassan and Nordskog, 1971). Large
eggs hatch poorly as compared to medium eggs (Khurshid et al.,, 2003). However, in a study that was conducted in New
Hampshire and Red Rhode Island, De Witt and Schwakbach (2004) observed that large eggs had higher hatchability.
Mbajiorgu (2011) also found that large-sized eggs of Venda chickens (60-69 g) had higher (p<0.05) hatchability than
medium (<50-59 g) and small-sized eggs (<49 g).

During the early stage of chick development, the embryonic mortality was lower in small eggs (2.2%) than large and
medium eggs with the early embryo mortality rates of 8.9% and 7.8% respectively (Table 3). During the late embryonic
development the results show that the mortality rates of 17.8%, 11.1% and 12.2% for large, medium and small size eggs
respectively. These results reveal an overall high embryonic mortality in large eggs than in other egg sizes even though the
differences are not significant (p>0.05). In support of these results, Monira et al. (2003) and Hasin et al. (2006)
emphasized that the medium eggs normally have the lowest embryonic mortality with large eggs having the highest.
Similarly, Jacob et al. (2000) also pointed out that medium sized eggs normally show the least mean score of embryo
mortality at late stage of embryo development. Some researchers have also indicated that large eggs have higher
incidences of embryo mortality at most developmental stages compared to medium and small eggs (Khushid et al., 2003;
Monira et al., 2003; Hasin et al., 2006; Grochowska et al., 2019).

The thin egg shells in large eggs could be a possible reason for high mortality in large eggs. Eggs with thin shells are
capable of losing more moisture during the during incubation because the thinner egg shell are more porous. This is in
line with Islam (2001) who stated that water loss is one of the most important causes of embryonic death. Eggs with the
poor shell quality, such as thin, porous or sandy shells should not be set for incubation (Parkhurst and Mountney, 1988).
The relative humidity required for survival of an embryo should be 60-75%, and the large eggs are said to be losing about
10-20% of their weight during storage and incubation (Parkhurst and Mountney, 1988). The higher embryonic death rate
in small eggs can be attributed to more accumulation of calcium during shell formation hence a thicker shell and low
moisture and exchange of gases. In support of these results, Jones et al. (2010) reported that insufficient egg weight loss
during incubation can reduce the gas exchange through the egg membranes promoting increased embryonic deaths.
Monira et al. (2003) also suggested that early deaths are the results of excess weight loss in eggs.

CONCLUSION

Egg size in Koekoek chickens had influence in the shell thickness, egg yolk, fertility rate, hatching percentage and embryo
mortality. Thick and thin shells impact negatively on the hatchability of eggs. Incubating medium sized eggs improved the
hatching percentage and reduced the embryonic death rates in Koekoek chickens. Therefore, farmers are advised to
select eggs at the range of 45 to 55 grammes for incubation. This will ensure increased hatching percentage while other
egg grades (small and large) can be used as table eggs.
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