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ABSTRACT

Laying hens require adequate calcium for bone and eggshell formation as well as other
physiological functions. Limestone, dicalcium phosphate, oyster shell, bone meal, meat and
bone meal are important calcium sources used in formulating diets for laying hens. Of these,
limestone is widely used in Kenya because it is readily available and inexpensive. The
objectives of this study were: (i) to determine the physical and chemical characteristics of
limestone from two sources in Kenya. (ii) to evaluate the effects of limestone source and level
of dietary Ca on layer performance and eggshell quality(iii) to determine effect of time of lay
on eggshell quality. Limestone was purchased from Athi River (AR) and Ukunda in Kenyan
Coast (UKC). Particle size and solubility of the limestones were determined. The specific
minerals content was determined according to the AOAC procedures of 2016. One hundred
and 144 birds at 25 weeks of age were selected from a layer flock at the Poultry Unit, University
of Nairobi and used in this study. The birds were allocated randomly to experimental cages.
Six experimental diets, the first three based on UKC and the others on AR limestone were
formulated. Each limestone source was included in the diet such that calcium level was 1%,
2% or 4% in a 2X 3 factorial design. A depletion diet containing less than 1% calcium was also
formulated. The birds were fed on the experimental diets for a period of 60 days. Each diet was
fed to a group of six birds and was replicated four times, giving 24 birds per treatment. Prior
to this the birds had been placed on a depletion diet for about 10 days until production of thin
shelled eggs was observed. Egg weight (g), hen-day egg production (%), egg breakage (%),
feed intake (g/bird/day), feed conversion ratio (kg/dozen), specific gravity (g/cm?), shell weight
(9), shell thickness (mm), shell percentage (%) and cost of feed (Kshs/kg or Kshs/dozen eggs)
were determined. Data on time of lay was collected on the 1%, 4" and 7" week of lay at 9.00am,
12.00 noon and 3.00pm, respectively. Data analysis was done using GenStat Statistical package

and significant treatment means separated using Tukey’s test. Results showed that UKC was
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superior in calcium concentration (42%) to AR (34%). In vitro solubility was 63.0 % and 29.4%
for UKC and AR respectively. The mean hen-day egg production was 76 %, feed intake 118.5g,
egg weight 58.03g and feed cost Kshs. 68.49. Limestone source (LS) had no effect (P > 0.05)
on these parameters. However, LS had an effect (P < 0.05) on FCR, which was 1.9 and 2.0%
in UKC and AR based diets, respectively. It also had an affect (P <0.05) on egg breakage at
5.82 and 11.72 % for UKC and AR, respectively. The effect of Ca level on performance of the
layers was evaluated. Feed intake of 124 was higher (P<0.05) by 8-9g when Ca was at 2%
than when it was 1 or 4%. Hen-day egg production was 66.8% at 1% Ca and increased (P<
0.05) to 81.9 and 79.1% at 2 and 4% Ca, respectively. FCR improved (P < 0.05) from 1.29 to
1.10 and 1.06 kg per dozen eggs as dietary Ca was increased to 2 and 4%, respectively. At 1%
dietary Ca, egg breakage was 17.49%, which declined (P < 0.05) to 5.50 and 3.33% at 2and
4% Ca, respectively. Feed cost per dozen eggs was Kshs 74.58 at 1% Ca and declined to 63.64
and 66.78 at 2 and 4% Ca, respectively. The eggshell quality evaluated indicated that, mean
egg specific gravity was 1.06 g/cm® which was not influenced by LS. The mean shell weight
was (4.069), shell thickness (0.33mm) and shell percentage (8.05%), which were higher for
eggs from birds fed UKC limestone by 15.8, 12.9 and 13.8 % than those fed AR limestone. Ca
level affected parameters used as eggshell quality indicators. At 1% Ca, the specific gravity of
the eggs was 1.03 g/cm3, which increased significantly to 1.07 at 2% Ca. The egg shell weight
increased (P < 0.05) from 3.83 to 4.68 and 5.54g as Ca level increased from 1 to 2 and 4 %,
respectively. Calcium level (P< 0.05) increased eggshell thickness from 0.28 at 1% Ca to 0.33
and 0.38 mm at 2 and 4% Ca, respectively. There was a significant increase in eggshell
percentage from 6.76 to 8.15 and 9.23% as Ca increased from 1 to 2and 4%, respectively. The
time of lay had significant (P<0.05) effects on egg weight, shell weight, shell thickness and
shell percentage. Eggs laid in early morning weighed 59.24¢ and had a shell weight of 4.93g,

shell thickness 0.36 mm and shell percentage of 8.2. However, eggs laid in the afternoon were

Xiv



lighter by 2.7% and had a lower egg shell weight, egg shell thickness and shell percent by 9.9,
11.1 and 7.2 %, respectively. The conclusions of this study are: (i) UKC limestone had a higher
proportion of coarse particles (1-2 mm) and solubility than AR limestone, (ii) the two limestone
sources contained trace amounts of Fe, Cr, Cu and Zn, but UKC had a high content of
Aluminium (1.07 mg /kg), (iii) limestone source had no effect on feed intake, hen-day egg
production, specific gravity and egg weight but had an effect on feed conversion ratio and egg
breakage. (iv) layers fed on UKC limestone laid eggs with better eggshell quality in terms shell
weight, thickness and percentage than those fed on AR limestone. (v) dietary Ca level affected
feed intake, hen day egg production, feed conversion ratio and egg breakage. (vi) Increasing
dietary Ca improved eggshell quality characteristics i.e. shell weight, thickness and percentage.
(vii) Eggs laid early in the morning had higher weights than those laid in late afternoon. In
addition, they had stronger shells expressed as shell percentage and thickness than those laid

in the afternoon.

Recommendation from this study are: (i) where possible UKC limestone should be used in
formulating diets in Kenya because of its superior physical characteristics reflected in high egg
production and good shell quality in this study. (ii) Further study be done on UKC limestone
on layers growth and bone mineral content. (iii) There is also need to investigate the effect of
particle size on digestibility of limestone. (iv) effect of midnight feeding on time of lay and

eggshell quality.

Key words: Limestone, egg production, eggshell quality, source, dietary calcium
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CHAPTER ONE
1.0.INTRODUCTION
1.1 Background information

Poultry farming is a major contributor in the Kenyan economy. Agriculture contributes 25%
of GDP with the 30% being from poultry sector. The industry is important in meeting the ever-
growing demand for nutritious food.

The poultry industry in Kenya is characterized by dualism in that large- and small-scale
producers are involved in the enterprise (Aila et al., 2012). Poultry farming in Kenya is mostly
small-scale, and predominantly for domestic consumption. However, it is fast gaining
popularity as a business activity especially in the urban and peri-urban areas. There are 31
million birds in Kenya consisting of indigenous chicken (75%), commercial chicken (22%),
breeding stock (1 %) and other types of poultry such as water fowls, turkeys, ostriches and
guinea fowls accounting for about 2 % of the total (National Census, 1999; MOLFD, 2012).
The chickens are important for production of eggs for consumption, meat as well as fertile eggs
for hatching into day old chicks. The key drivers of the growth of the poultry industry in Kenya
are: increase in human population, increased per capita income, urbanization and improvement
in technology that influence efficiency of production (Gikunju et al., 2018).

The level of production in terms of eggs or meat is affected by several factors such as genotype
of the birds, nutrition, diseases and prevailing policies. Nutrition requires provision of those
chemical substances or nutrients that will promote growth, ensure good health, improved
production of egg and good quality of the food products. Therefore, to achieve the level of
production desired, the laying hen must be fed a diet that provides adequate amounts of all
nutrients. Adequate intake of calcium is important so as to meet the need for various functions
such as formation of the skeleton, as co-factors of enzymes and for the maintenance of osmotic

pressure. For the growing bird most of the calcium is used for bone formation. However, as
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the bird approaches sexual maturity some calcium is stored in the medullary bone for future
eggshell formation. For the laying hen, most of the calcium is used for eggshell formation.

In formulating poultry diets a good source of calcium is required. Some of the common sources
of calcium are limestone, oyster shell, eggshell, fish meal, bone meal, meat and bone meal and
di-calcium phosphate. The use of any of the sources depends on availability and the cost and
any risk associated with the raw material. In Kenya, limestone is widely used as a calcium
source because of availability and relatively low cost. Different limestones vary in their
Calcium contents (Aila et al., 2012) which may be attributed to the locations in which they are
mined. Limestone varies in the levels of Calcium and the concentration of other minerals,
which can affect its utilization by the laying hen (Chambers et al., 2017).

The producer is interested in producing efficiently a high number of eggs that have shells of
good quality. Eggshell quality is of major concern in the industry, since eggs with shell quality
that is inferior lead to economic loss to poultry producers. It has been reported that the average
number of eggs cracked and lost prior to reaching the point of consumption range from 13% to
20% (Anwar et. al., 2017). Therefore, better understanding of the factors that affect the quality
of eggshells in layers is important (Ricke, et al., 2015).

In 2016, 0.287 million metric tons of poultry feed were manufactured in Kenya with a use of
20,664 kg of UKC limestone or 26,117 kg of AR limestone (MoALF annual report 2016). The
limestone is mined in three main areas in Kenya, which are the Kenyan coast, Athi River plains
and Fort Ternan in Western Kenya. There is no information available on chemical attributes

and nutritional value of limestone from various sources.



1.2 Statement of the problem

Limestone is the main source of calcium used in making Animal feeds for the laying hens in
Kenya. Approximately 95% of the eggshell is made up of calcium carbonate. The level of
dietary Ca affects the eggshell quality that is essential in the egg industry. Eggs with inferior

shell quality are a leading cause of economic losses to poultry producers.

It is therefore, important to identify suitable and sustainable sources of limestone, so as to have
a better eggshell quality and minimise losses due to breakages. The attributes of limestone
obtained from the various sources in Kenya have not been studied. Such attributes include
content of calcium, other minerals, solubility and particle size and the effect of feeding this

limestone on performance, eggshell quality and time of lay.

1.3 Justification

The rapid growth in poultry production has increased the demand for feed as well as raw
materials. This growth is reflected in the increase in the number of eggs produced annually.
There is need to improve the efficiency of egg production through reducing losses caused by
egg breakage (Sultana et al, 2007), Eggshell thickness, influences the ability of the shell to
withstand external pressure and hence resistance to breakage. This leads to the question of
how eggshell quality can be improved, especially through diet manipulation. It is therefore,
important to identify economically suitable and sustainable source of calcium in order to
improve eggshell quality and minimize losses due to breakages. The purpose of this study was

to investigate the attributes of two sources of limestone used in feeding poultry in Kenya.



1.4 Objectives

1.4.1 Overall Objective

To determine effects of feeding limestone from two sources on layer performance and eggshell

quality.

1.4.2 Specific Objectives

(1) To assess the physical and chemical characteristics of limestone used in layer feeds in
Kenya

(2) To evaluate the effects of limestone source and level of dietary Ca on layer
performance and eggshell quality

(3) To explore the effect of time of lay on eggshell quality.



1.4.3 Null hypotheses:

e There are no differences in the physical and chemical properties of UKC and AR
limestone

e Source of calcium has no effect on layer performance and egg shell quality

e The level of dietary calcium has no effects on layer performance and eggshell quality.

e Time of lay has no effect on eggshell quality.

1.4.4 Scope and limitation

The study was limited to limestone mined in Ukunda in Kenyan Coast (UKC) and that mined
at Athi River (AR). A total of 144 laying hens were used. The study encountered challenges in
that only a few minerals were analysed because of the limited facilities available. It would have
been desirable to determine the digestibility of calcium in the two limestone sources but this

was not possible within the time and resources available



CHAPTER TWO

2.0 LITERATURE REVIEW
2.1 Introduction

This chapter reviews literature on effect of dietary calcium (Ca) sources on overall performance
and eggshell quality in chickens. It covers Ca metabolism in laying chickens, its sources in a
layer diet, requirements for layers and factors affecting utilization and eggshell quality. The
effects of age of the laying birds, ambient temperature and time of lay on eggshell quality are
also discussed. Limestone is used widely as a supplemental calcium source in poultry feeds.
The chemical and physical attributes of this feedstuff are discussed. The effect of dietary level

of Ca on layer performance and eggshell quality are presented.

2.2 Calcium metabolism in laying hens

Minerals play vital functions in physiology of an animal. These include structural role,
maintenance of homeostasis, ionic equilibrium, osmotic pressure, acid-base equilibrium as well
in enzyme systems. The most abundant mineral in the body of an animal is Ca, most of which
is found in the skeleton (Jiang, et al, 2013). Ca is critical in bone formation. It is also critical
in formation of eggshell in laying birds since it is the main structural component of the eggshell.
Laying hens requires large amounts of Ca especially during peak production. During the late
stages of production Ca metabolism is under strain since hens have decreased calcium

absorption efficiency (Buzata et al., 2015).

Calcium for eggshell formation is obtained from the diet after absorption through the intestines
and also from medullary bone reserves. Medullary bone is the primary bone Ca reserve and is
observed in sexually mature, egg producing birds. At the onset of sexual maturity, the
osteoblast changes from forming lamella cortico bones (structural bones) to production of
woven bones the medullary bones (Prondvai and Stein, 2014 and Chinsamy et al., 2016).
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Medullary bone is a labile supply of Ca for the formation of eggshell and is usually formed on
the surface of the structural bones inside the medullary cavities in the leg bones and on the
endosteal surfaces. The net impact of replacement of structural bones by medullary bones is to
weaken the overall strength of hen’s skeleton (Akbari-Heuthorst, et al., 2018). This process of
disappearance of skeletal bone and formation of medullary bone is typically reversed when the

hen goes out of lay.

Eggshell formation takes place mainly at night when there is little supply of Ca from the diet
(An et al., 2016). Dietary inclusion of limestone which has large particles reduces the
phosphorus excretion and improves eggs specific gravity (Valable at el., 2009). Bueno et al.,
(2016) showed that large particles of limestone release Ca slowly and uniformly all through
the process of eggshell formation, permitting retention of the Ca into the medullary bone of the
layers. Cufadar et al., (2011) in their study suggested that layers should be provided with
medium limestone particle size (2-5 mm) in the diet to maintain overall performance, bone and

eggshell quality.

Medullary calcium changes as the layer responds to the supply and demand of calcium during
formation of the shell. Ca absorption in the intestines can reach over 70% during the process
of egg formation when the shell gland is active (Allahverdi, et al., 2013). Approximately 50 -
60% of dietary Ca is used for formation of eggshell. The absorption of this mineral is mainly
determined by the requirement of the animal (Tumova & Gous, 2012). Consequently, its
absorption is high when eggshell formation is in progress. The Ca bone reserves are replenished
when the shell gland is in the inactive state (Saki et al., 2019). Approximately 2.2 g of Ca is
found in the egg and this is mostly present in the eggshell (Rodriguez, 2013). Eggshell quality
is greatly dependent on the skeletal condition of the layer. Hens with soft bones will, though

not always, produce eggs with thin shells (Bingfan Zhang et al., 2017).



Low Ca in layer diets will result in production of thin shells after four days of feeding (An et
al., 2016). The quality of the eggshell is major challenge to many contributors in the poultry
production chain (Samiullah et al., 2016). Good quality eggshell ensures proper development
and hatchability of the chicken embryo (Bueno et al., 2016 and Buzata et al., 2015). It protects
the embryo from adverse environmental conditions, infection and water loss (Kingori, et al,
2014). A thick eggshell withstands breakage during handling better than a thin one. In addition,
the shell is the first barrier towards protecting the egg from bacterial entry and as such should
be free of any form of defects. Shell breakage is a big challenge to egg producers due to the

fact that about 80 to 90% of eggs problems are related to eggshell (Geleta et al., 2013).

In most cases Ca deficiency occurs due to shortcomings during formulating, preparation,
storage, transportation and distribution of feeds to poultry or due to decreased intake by layers.
The reduced intake could be due to a number of reasons such as inadequate feeding space and
heat stress (Geleta et al, 2013). In most cases egg defects are of two types: (i) those laid without
shell and often are not observed or counted among the fresh laid eggs, (ii) the eggs with defects
in frame before oviposition which may be partially and completely eliminated. The egg
deformities include irregular shells, partially thin shell and rugged eggshell (Pavlovski et al.,
2012). Egg formation takes approximately 20 hours in layers, which suggests the necessities
for continuous supply of required quantities of Ca. In case the supply of Ca s interrupted during

this process, there is decline in the quality of the eggshell.

Pavlovski et al., (2012) reported that about 6-8% of the total eggs produced are not always
marketable because of low quality shells, while Buzata, et al., (2015) reported that between
14.3 and 21.3% of all the eggs laid internationally, are either broken or cracked before they
reach the end user. Due to the economic losses and the risks associated with cracked shells, the
quality of the eggshell therefore remains one of the primary worries to this enterprise (Mazzuco

& Bertechini, 2014). The potential of the eggshell to resist the effect of the external pressure
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depends on the quality of shell (Keta and Tumova, 2018). There are many factors that impact
on the quality of the shell and its strength, these includes age of the layer, nutrition, genetics,

health of the layers and environmental situation (Pavlovski et al, 2012).

2.3 Calcium sources and utilization by laying hens

2.3.1 Calcium sources

In many countries feed manufacturers use two supplemental dietary Ca sources, which are
oyster shell and limestone (Tunc & Cudafar 2015). Both of them provide Ca in the form of
calcium carbonate, and each contains about 38% calcium (Saunders-Blades et al, 2009).
However, limestone is cheaper than oyster shell, which has been in use for more than 100 years
(Saunders-Blades et al, 2009). Nonetheless, at best only 50 — 60% of Ca in feeds are retained.
However, to make sure the retention of 2.5 g of Ca on daily basis, 4.0 - 4.5 g must be included
in the diet.

Limestone, the other important Ca source, often has the problem of high level of magnesium
or sand and silica.

Limestone is a sedimentary rock. It is naturally occurring and high levels of Ca and/or
magnesium carbonate, and/or dolomite (calcium and magnesium carbonate), together with
trace amounts of other minerals (Lakhundi,2012). It is extracted from quarries and underground
mines

Ketta and Timova (2016) reported that different quarries produce different types of limestones
with varying physical and chemical attributes, particularly with respect to solubility and Mg
levels.

Table 1 shows the classification of pure limestone based on calcium and magnesium levels.
The type of limestone depends on the Ca to Mg ratio and the Mg content. Dolomitic limestone

(DLS)