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ABSTRACT  

The hatchery and hatching egg industry has performed minimally in Ghana over the past 20 years. 

As a result importation of day old chicks in Ghana has increased considerably. The objective of 

the current study was to provide inventory of actively operating hatcheries in Ghana and identify 

common incubation procedures and factors in selected hatcheries that may be  affecting poultry 

embryo development, hatchability, chick quality and broiler growth. Three studies were carried 

out. In Experiment 1, a survey was carried out on all active hatcheries to take inventory of human 

resource strength and qualification, hatchery output, capacity of operation, availability of parent 

stock, common hatchery practices put in place to increased chick quality, day old chick production 

and market outlets, rates of chick mortality, distance of hatcheries from breeding farms, audit of 

hatcheries that imported eggs to hatch, type of incubators used and incubation system applied and 

whether hatcheries provide any follow-up on farms that take chicks from them. In Experiment 2, 

common incubation procedure and factors that may be affecting poultry embryo development, 

hatchability, chick quality and broiler growth in 2 selected hatcheries (Hatcheries A and B) were 

studied which represented trial 1 and trial 2. Hatchery performance were compared based on the 

age of parents flocks and days in which eggs were stored prior to incubation. In each trial, eggs 

were weighed and stored before incubation. Upon hatching 120 day old chicks were transported 

to the Microbiology laboratory at the Department of Animal Science, KNUST for dissection. 

Parameters measured included were eggs weight before and after storage, chick quality parameters 

and incubation parameter. All data were either transformed or analysed statistically using the 

Generalized Linear Model Procedure of SAS 9.4 at p<0.05. In Experiment 1, the results showed 

that there were 9 hatcheries in Ghana operating actively as at the year 2013 in hatching broiler or 

layer chicks or both. Out of this, 7 responded to the survey questions. Only two of these hatcheries 

were operating 60 and 68% of their full capacity (38,000 and 115,200 eggs respectively). The type 
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of incubators used included ChickMaster, Buckeye, Asefac, Petersime, Westing and Beckier. All 

the hatcheries were operating with the multistage incubation system(different ages of eggs are 

incubated at  the same time in one machine). Only one hatchery had a single stage incubator (one 

incubator is loaded in one go with one type of egg.  The incubator is empty after transfer). Three 

of the 7 hatcheries provided basic training for all staff and additional three provided training for 

about 40 to 70 % of their staff. All these training were on the job. Three of the hatcheries had their 

own parent stock, while the rest buy eggs or depended on farmers contracting them to hatch. Major 

hatchability challenges reported were dead in shells, unsealed navels, twisted beak, wet chicks, 

and blind chicks among others.   

In Trials 1 and 2 the results showed significance difference in chick length, shank length and 

proportion of yolk free body mass and residual yolk sac between different maternal flock ages and 

storage treatments irrespective of the kind of hatchery. There was variation in the incubation 

conditions from one hatchery to other. The temperature and relative humidity in the egg storage 

rooms were 16oC and 75% in hatchery A compared to 20oC and 38% in hatchery B. These 

variations can result in different chick qualities and which is likely to be lower in hatchery B some 

of these qualities included twisted beak, wet chicks, unsealed navel, blind chicks. The variabilities 

in incubation techniques resulting in varied chick quality parameters could be due to lack of 

technical understanding of incubation and therefore need to be addressed.  
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CHAPTER ONE  

1.0 INTRODUCTION  

The most populous livestock species are chickens and farmers easily keep them either to sell or for 

their own use (Perry et al., 2002; Moreki et al., 2010). Therefore, concentrating on poultry rearing 

could affect the lives of farmers in a good way. In addition, so that their livelihood and household 

dependency on poultry nutrients could improve on the quality of farmers  nutrition and income, 

especially in developing countries. Ghana’s Gross Domestic Product from agriculture in 2014 was 

19.9% (GSS, 2014). This was a reduction from almost the 40% recorded in 2009 which placed the 

country as largely based on an agrarian economy. Currently the contribution of livestock in Ghana 

including poultry in 2014 is 1.3% indicating a further reduction from 2% in 2009 (GSS, 2014). 

Ghana’s GDP continues to decline especially, from contribution in animal production, which is 

derived from animals such as cattle, sheep, goats, pigs, chickens, turkeys, ducks, geese and guinea 

fowls, goats, sheep and cattle. The situation reveals Ghana’s overdependence on imports instead 

of producing her own products. A 2013 records showed that Ghana imported over 4.2 million day 

old chicks annually, mostly because of the  need  for higher quality chicks day old (Sumberg and 

Thompson, 2013; Ghana Poultry Report, GPRA, 2013).   

  

In Ghana poultry production is saddled with a lot of challenges (Adei and Asante, 2012). Feed 

contributes up to about 80% of production cost and is described as the major factor affecting 

poultry farm operations (Benabdeljelil et al., 2001). Sadly enough good and healthy day old chicks 

and conditions and availability of hatchery outlets coupled with institutional support needed for 

existing hatcheries to hatch quality chicks to start up production are often lacking. However, the 

total sidelining of this aspect of poultry production does not take cognizance of the increased 
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number of day old chicks that are imported into Ghana annually. Anecdotal data show that one 

poultry producer in Kumasi imports up to 40,000 to 50,000 breeder day old chicks per year from 

Germany at a cost of over $7 USD per chick for parent stock excluding port clearing, handling and 

Veterinary certification charges before the chicks reach the farms(Aboagye Poku, 2016-personal 

communication). The situation indeed shows that quality day old chicks are required for the 

successful take off of the poultry operation besides and not necessarily feed which claims to be the 

most important factor responsible for the declining of the Ghana poultry industry. Therefore, there 

is a new call for a full inventory of hatcheries in Ghana and potential production of quality day old 

chicks to support existing poultry farms and ensure production sustainability (Djang-Fordjour et 

al., 2014).   

  

Previously, it has been reported that, seven hatcheries in Ghana concentrated on producing chicks 

for farmers to rear for commercial purposes irrespective of the breed (Aning, 2006). But checks 

with the farms and poultry associations in Ghana as part of the current study showed that majority 

of these hatcheries have been out of business. In addition, the ones existing produced  only 60 

percent of their capacity because of less demand, besides most of these hatcheries are for layer 

chicks. This continues to be a major setback for the broiler production industry. According to the 

report, as many as three hatcheries have their own breeding stock for both breeds of broiler and 

layers. The rest of the hatcheries imported hatchable eggs directly from Europe or from 

neighbouring countries (GPRA, 2013). This is further worsened by the importation of cheap broiler 

meat, often wings and thighs of chickens. The problem of quality day old chicks’ production may 

persist because of the lack of hatchery training and programs available in Ghana to teach good 
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incubation practices. In addition, research into tropical conditions affecting incubation practices 

and day old chicks’ production need to be embraced by all stakeholders in the livestock industry.  

  

1.1 General Objectives  

The objectives of this study were to assessing the performance of hatcheries in operation in Ghana 

and identifying common practices in selected hatcheries that could be enhanced to increase 

production of quality day-old-chicks.  

  

1.2 Specific Objectives  

1. Conduct an inventory of current hatcheries in Ghana and assess the potential for 

improvement of incubation and incubation practices.  

2. To identify common incubation procedures and factors in selected hatcheries that may be 

affecting poultry embryo development, hatchability, chick quality and broiler growth.  
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CHAPTER TWO  

2.0     LITERATURE REVIEWS  

2.1 History of Challenges of the Ghana Poultry Industry  

Poultry production has been one of the focuses of the Government of Ghana since the 1960s 

because of its potential to improve on the nutrient content of the feed we consume. The Ghanaian 

economy used to be based mainly on agriculture and accounted for almost 41% of Gross Domestic 

Product (GDP). At the time, livestock including poultry sector served as a means of safety by 

providing funds for emergency needs (MOFA/DFID, 2002). Within the agricultural GDP, the 

animal sector contributed only 7% to the agriculture (FASDEP, 2002) which automatically 

affected the various operations leading to their production in the various regions in Ghana 

especially in the middle belt of Ghana (Ashanti and Brong Ahafo Regions).The industry gives a 

long lasting career to rely on and also form channels for poultry products in Ghana (Aning, 2006). 

The growth of industry was slower in the 1960s as chicks for raising and farm inputs were not 

forth coming. This was worsened by consistent outbreak of Newcastle Disease which did not 

encourage farmers to go into its production. By the 1970s these difficulties were overcome which 

boosted poultry production. In the early 1980s however, the inflation in  

Ghana’s economy had a severe effect on farming inputs and thereby causing a decline in production 

(Aning, 2006).  The author reports that even though situation improved by end the 1990s a change 

in Government policy caused the country to allow import of cheap poultry and poultry products 

and then asked farmers to pay more on the taxes which were abolished earlier on the imported 

inputs which previously had contributed to its downfall. Additionally, the successive spread of the 

Gumboro disease and the annual occurrence of Newcastle also contributed to this decline. The 

outbreak of the bird flu (H5NI) in parts of Asia, Europe and Africa threatened the local poultry 



 

5  

  

industry in Ghana thus should have been an opportunity to boost poultry(Aning, 2006). Another 

study has observed that between the 1980s to 1990s Ghana’s poultry sector grew into a formidable 

sector and provided about 95% of its populace with its meat and eggs (Flake and Ashitey, 2008).  

But beyond that the sector went a downward in the production due to cost (nutrition, labour and 

equipment) and lack of funds (Flake and Ashitey, 2008).  

  

In 2002, Ghana imported almost 30,000 tonnes of chicken from countries which subsidize its 

farmers. Within twenty–four months, this figure almost increased to approximately 40,000 tonnes 

(ISODEC, 2004).  The local poultry industry which once took care of Ghana’s market needs in 

1992, only provided 11% of the market demand needs by 2002.By 2008, the domestic poultry 

sector provides less than 10% (Kudzodzi, 2008).   

  

Over the last five years, chicken importation into the country cumulatively accounted for almost  

75% which represents about 521,291 metric tonnes of meat imports according to Daily Graphic  

(2014). This meant that there was only 36.5% of locally produced meat which represented 127,038 

tonnes within the same period.  

  

2.1.1 The Contribution of the Hatchery Industry in Ghana’s Economy   

It is reported that there were seven major hatcheries namely Darko (Ashanti), Afariwaa (Greater 

Accra), Sydal (Greater Accra), Asamoa-Yamoa (Ashanti), Topman (Ashanti), Kranyako (Eastern) 

and Jehu (Ashanti) in the Country which produce chicks for commercial purposes of both broiler 

and layers (Ghana Poultry Report Annual, 2013).However most of the hatcheries  listed above 

produced about 60 percent below demand (Ghana Business News (GBN), 2013). However, the 
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demand for layer day old chicks alone is over 80 percent of total capacity in Ghana. It was observed 

by GBN (2013) that out of these only three of these hatchery companies kept their own parent 

stocks of layers or broilers mostly of Lohman breeds. The other ‘producers’ rather import fertile 

eggs to hatch.   

  

  

2.2 Breeding Stock   

Modern chickens’ breeds and now strain were developed by selecting desirable production traits 

to regain breed production characteristics of poultry at risk in the early mid-20th century (Schrider, 

2007). The breeding process begins with parent stock, a group of birds bred for the main purpose 

of propagation of the next generation Poultry Consultancy (2015). Farmers look for certain 

characteristics  in purebred stocks  to take part for a certain purpose  or may use of some types of 

crossbreeds to produce a new type of parent stock  with  a different or better abilities in an area of 

endeavour. Generally birds are selected for dual purposes (birds used for both egg and meat) and 

for singles purposes (birds selected for meat production or egg production). In the process certain 

information are used by the producers to identify birds that would be good to be retained for 

breeding stock. These include rate of growth, mature size, egglaying ability, breed type, colour 

fertility and vigour. Usually the producer will need to retain fewer males than females for breeding 

stock (Schrider, 2007). Hence the need for strict selection of the males is an important component 

to a sound breeding program. The main purpose of broilers is to produce meat. Modern broilers 

meant for commercial purpose were culled from the Cornish crossed or the Cornish-Rocks and are 

purposely crossed for the use of meat production on commercial base. They were selected grow 

better and faster (Poultry Consultancy, 2015).  
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These birds are specifically meant for growing swiftly, convert feed faster to meat and are not the 

types to involve in excessive activity. This means that birds which are for a single purpose should 

have the following characteristics in their production excellent growth rate, good skeletal 

development and resilient. Broilers often reach a maturity weight of 2-2.5 kg dressed weight only 

eight weeks. They appear white and slightly yellowish colour skin when slaughtered. This type is 

preferred because it does not have the characteristic ‘hair’ which other birds have that requires 

singeing after plucking. Both sexes of broilers are slaughtered for their carcass (Poultry 

Consultancy, 2015).  

According to Addison (2013)., at the beginning of mass poultry production most of the birds sold 

to be raised were pure forms of broiler breeds. Breeding practices were solely meant for economic 

purpose of the pure traits. Generally, however a couple or more of breeds were bred to better their 

efficiency. Eventually, those new hybrids of birds bred for the production of meat produced new 

synthetic lines (Addison, 2013). Although many true breeds were blended in their production, these 

new hybrids did not resemble any former breed or variety (Addison, 2013).  (Addison, 2013).  

They were entirely new; many more are being developed regularly (Addison,  

2013). Some of the offsprings and strains of chickens used in today’s crosses, or used to develop 

entirely different lines include: Single Comb White Leghorn, Single Comb Rhode Island Red, New 

Hampshire, White Plymouth Rock, Cornish, Barred Plymouth Rock and Light Sussex (Addison, 

2013). There are also local and fancy breeds throughout the world and they are characterized by 

low performance and are often maintained in small population (Hagan, 2010). The fancy breed as 

the Cornish Red and the White Rock have been very important contributors to the strains that now 

produce our modern strains of broiler (Hagan, 2010). If these local breeds are genetically eroded 

it can lead to the loss of valuable genetic traits in specific characteristics that are at present not 

wanted in commercial breeding strategies (Ladokun et al., 2008).  In light of this, it can be said 
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that it is very important that these breeds are maintained in the future as gene banks because they 

may contain useful genes that could be exploited commercially (Smith, 1990). According to 

Hagan(2010), the genetic traits of the local chickens in the tropics are rich and should therefore be 

used for genetic improvement and diversification to produce a breed adapted to the tropics. 

According to Aning (2006) the breeds imported and used for commercial production in Ghana 

were produced internally from previously bred parent flock or from eggs imported from trusted 

sources. For egg production, the following are used: Shaver Starcross 579, Hisex Brown, ISA 

Brown, Lohman Brown, Starcross 288 and a locally developed strain Afabird.  

When it comes to broiler production the following were used Starbro, Ross1 (UK), Hybro  

(Holland), Arbor Acres, Cobb (USA) and Hypeco (Holland) and are imported into the country. 

Breeds such as the Afabro is a locally bred broiler used and they are distributed throughout the 

country by commercial production farms in the past (Aning, 2006). Upon personal communication 

with the breeders and the commercial farms involved, these breeds are out of the system due to the 

collapse of the farms or apparent change of service from poultry to other supposed lucrative 

services.  

  

2.2.1 Genetic Selection  

Different breeds of birds have different genetic makeup which affects egg production, hatchability 

and chick quality (Al-Bashan and Al-Harbi, 2010). Infertility results in the inability of the eggs to 

hatch in some case while in other cases the zygote forms but does not  develop and therefore dies 

for a wide variety of reasons (Al-Bashan and Al-Harbi, 2010).  In chickens, abnormal position has 

been estimated to cause 50-55% of mortality in the last 3 days of incubation and 25% of total 

embryo mortality (Kalita et al., 2013). In naked neck chicken it has been theorized that the higher 
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number of malpositions during late incubation was peculiar to this breed (Dunga et al., 2013). 

Other researches show that for chicken eggs with easily distinguishable large and small ends they 

have higher hatchability and a lower incidence of abnormal position than do eggs with 

indistinguishable ends (rounder shape) (Wilson, 1991). Wilson and Suarez (1993) showed that 

slight variations in the incidence of malpositions in chicken embryos can be attributed to genetic 

strain. It is suggested that genes are affected when young birds (pullet) gain some quality 

(albumen) from their maternal lineage to produce good albumen characteristics (Islam et al., 2001). 

Egg quality is affected by selection on body weight, even though this effect may differ between 

experiments. The differences may originate from the breeding lines (Islam et al., 2001). Although 

selection on egg production could increase yolk content, selection on egg quality traits has shown 

genetic variation for yolk content and yolk related characters (Minvielle and Oguz, 2002). In 

selecting birds for breeding, it is important to know the different genetic make-up which affects 

egg production, hatchability and chick quality (Al-Bashan and Al-Harbi, 2010). Other Parameters 

such as hatching time, chick quality characteristics, fertility , quality of egg (Tona et al., 2002) first 

week chick mortality (Beaumont et al., 1997)  and eggshell conductance and embryonic 

metabolism (Hamidu et al., 2007) have  reflected difference  in genetic strains.  

  

2.2.2 Parent Flock Age.  

As breeders age, egg weight increase (Khursid et al., 2003), shell thickness reduces (Peebles et al., 

2000) and yolk weight increases (Suarez et al., 1997). Eggs laid by young breeder stocks have 

better albumen quality and hence produces better chicks (Tona et al., 2004). Old breeder stocks 

produce a large number of heavier chicks (Suarez et al., 1997; O’Dea et al., 2004).  
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However, the number of low quality chicks or parent increases in older breeder flocks (Tona et al., 

2001, 2004). An experiment that was conducted to determine the effect of flock age on hatchability 

and embryonic mortality concluded that hatchability and embryonic mortality increased with 

increasing flock age with its peak at about 45 weeks before its decline. This is attributed to the 

sexual maturity of the birds. Eggs produced during early periods have low quality i.e. defective 

eggs or soft shells. However production at later stages birds are uneconomical and are mostly killed 

(Al-Bashan and Al –Harbi, 2010). A positive negative effect of flock age on yolk weight has been 

reported (Suarez et al., 1997).This implies that as flock age increases, weight of yolk can increase 

twice as much in the egg from older flocks compared to the yolk presented in a very young flock 

egg. Egg size was found to be positively correlated with age and as flock age increases the size of 

the egg also increases (Amankwah, 2013).   

  

2.2.3 Breeder Nutrition  

For a chick to reach its full genetic potential as a broiler chicken, it is important that it has the right 

start in life (Waller, 2007). For good development of embryo, it is essential that nutrients are 

deposited in the eggs. And this is when the nutrition of the breeder stock becomes a matter of 

importance (Qiao, 2008). According to Kenny and Kemp (2005) chicks hatched and the embryo 

formed all depend on nutrients embedded in the eggs for their survival i.e., their growth and   

development.  The physiological state of the chick during hatching is primarily due to how the 

breeder flocks was fed which will then have an influence on size of chick, strength and how well 

its immune system is built. For success in broiler production, a chick must have right body weight 

with excellent nutrition reserves at day old, especially; essential amino acids are needed for cell 
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membrane building, immune strength and embryonic development which affect chick quality 

(Qiao, 2008).  

  

Breeder nutrition according to Waller (2007), is that right amount of nutrient given to the breeder 

which is made up of two parts, nutrient composition of the diet and amount of feed given to breeder 

birds. Both composition need to be in the right proportion to ensure correct daily nutrient 

allocation. When feed is not given in the right amount and quality it has a negative influence on  

the later stages of embryonic development when parent stock have in early production period.  

Presently, the hybrid parent flock start producing at a faster rate than it used to be hence, egg 

production tend to increase over  a shorter period of time particularly in the early laying period. 

Feed allocations during this period have not being at par with the increase in the egg production 

pattern. Feed allocated to young commercial breeder flocks is very low and  has been observed  to 

interfere with the nutrient transferred to the egg ending in increase in late embryonic death, less 

quality chick growth and bird uniformity even though this is unintentional (Waller, 2007).  In a 

study by Leeson (2004) broilers were given feed of varying levels during their peak levels from 

140 to 175 grams. Even though the increased feed given saw an increase in body weight there was 

no change in egg size, but the chick weight was affected by feed given to the birds.  

  

Research according to Kenny and Kemp (2005) shows that nutrient given to the broiler breeder 

affects the quality of chick and the production performance. This puts more importance on the  

right amount of nutrient density diet and the right feed intake by the  bird which is about to start  

laying.  Figures indicates that peak feed supplied to breeders are 140,147,155,162,169,175(g/b/d) 
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which corresponds to 40.3,40, 41.5, 41.7, 41.8, 42 (g) of breeder weight at 30 weeks (Kenny and 

Kemp, 2005).  

  

It is known that there is better breeder performance when maize is compared to wheat as the main 

grain in breeder feeds (Kenny and Kemp, 2005). From a survey of many depleted commercial 

farms, overall hatch of fertile eggs in the UK based on wheat diets and Brazil based on maize diets 

were 83.3 and 86.2 per 100 eggs respectively (Kenny and Kemp, 2005). People use maize because 

of its effect on shell quality and its thickness (Kenny and Kemp, 2005). Calcium, phosphorus, 

sodium, potassium, magnesium and chloride are part in the shell formation therefore when the 

quality of shell is good it will yield better egg and better chick characteristics (Kenny and Kemp, 

2005). Most interest has been heightened in the chelated minerals deposits in the egg which is 

usually used in the feed given to the birds and subsequently transferred into the tissues of the bird 

and the embryo too. When fat is added it should be minimal (1-3%) concentrating on unsaturated 

vegetable oils instead of the saturated animal fats. Maize oil added increases body weight within 

21 days over poultry fat and improved broiler weight at slaughter  in comparison with equal levels 

of poultry fat and lard (Kenny and Kemp, 2005).   

  

Low crude protein in breeder feed changes the body composition at the time of rearing. This affects 

in a good way the hatchability of the birds during the first phase and egg production during the 

second time of the laying period.  According to Poultry scientist Van Emous (2014) there is an 

effect of high and low dietary protein levels during raising of bird and the amount of feed taken on 

body formation by the end of the raising and reproductive performance of the females. A sum of 
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2880 day –old Ross 308 broiler breeder chicks were kept in 36 pens and for 60 wks were 

monitored. In meeting the body weight at age 22 wk, the average feed intake plummeted   by 12.8% 

for the young birds which were fed on low protein diet. At 22wks females fed the low protein diet 

had 15% less breast muscle however had abdominal fat increase by 86%, compared to fed on a 

high protein diet. This caused an increase in hatchability by 1.3% because of a decrease in mortality 

in embryo in the first phase of the time of laying (23-45 wk of age). The birds fed on low protein 

diets produced  3.6 more of eggs in the second phase of time of laying (46-60 wk of age) (Van 

Emous, 2014).   

  

Water is an important nutrient (Klasing, 2015). Several factors affect water intake including 

temperature of the environment, relative humidity, presence of salt and protein in the feed, birds’ 

performance (growth and egg laying) and the birds ability to reabsorb water in the kidney. Water 

deprivation for ≥12 hr has a serious repercussion on growth of young broilers and egg production 

of layers and water deprivation for ≥36 hr increased mortality greatly. Uncontaminated, cool, 

clean, odourless water, devoid of  high levels of minerals or other potential toxic substances, must 

be supplied ad libitum (Klasing, 2015).  

  

2.3 Hatchery   

Hatchery as a segment of the poultry production chain mainly to produce day old chicks safe to 

start the poultry production chain. It is said that the productivity of a hatchery is the total number 

of first-quality chicks produced. This is called saleable chicks. This number of salable chicks 

expressed as a percentage of all eggs set to be incubated is normally referred to as hatchability  
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(Cobb Hatchery Management Guide, 2008). Hatchability depends on many factors. Some of these 

factors depend on the condition prevailing at the breeding farm and others are placed at the door-

step of the hatchery. Those controlling factors on the farm include breeder nutrition, diseases, 

infertility, egg damage, egg sanitation and egg storage. In the hatchery the factors include 

sanitation, egg storage, egg damage, incubation (management of setters and hatchers) and chick 

handling. Thus the breeder farm has a major part to play in the results that come out of the hatchery 

and it is paramount for both stations to work together to achieve a positive result  

(Cobb Hatchery Management Guide, 2008). Hatcheries act as a ‘funnel’, taking hatching eggs from 

very few breeder farms and producing day-old chicks to a much larger number of broiler and layer 

produces. Even though this does increase the risk of disease transfer this can be toned down by 

excellent hygiene practice (International Hatchery Practice, 2015). The activities of the hatchery 

are affected by numerous factors including incubation temperature, relative humidity and eggs 

handling.  

  

Incubation temperature and the optimum temperature  ranges between 37.5-37.7°C at the 

development stage and 36-37°C during hatching period which is considered as a core determinant 

in the incubation process (Decuypere et al., 2001; Meijerhof, 2009). The egg shell temperature 

seeks to determine the embryo temperature and in turn is impacted by breeder age, embryonic 

development stage, heat  generated by embryo, heat transfer between egg and environment, air 

temperature in setter and hatcher, air velocity and relative humidity (Hamidu et al., 2007;Lourens 

et al., 2007). In commercial hatcheries, by the second stage of incubation (day 9 of incubation) 

optimal temperature is not easily reached due to excessive heating produced by the embryo 

growing (Lourens et al., 2007). It suppresses heart, intestine development and also yolk sac 

absorption. Embryos growing at a much faster rate are very sensitive to temperature changes. 
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Consistent changes that occur within the optimal temperatures could impact negatively on the 

development of the embryo and possibly affect hatchability and day-old chick quality (Molenaar 

et al., 2010).  Wineland et al. (2000a, 2000b) emphasized that the heart at hatch is one of the fore-

most organs affected in the hatchling when temperatures are suboptimal which can during hatch 

period. It results in putting pressure on the heart-tissue system during embryonic development. As 

a result of this, a metabolic disorder called ascites occurs. This is caused by abnormal changes in 

incubation temperatures, which occurs during 5th and 6th weeks of rearing and causes economic 

losses to the farmer (Coleman and Coleman, 1991).  

  

The relative humidity is another factor which has serious effect on the hatchling quality and 

incubation effect. Bruzual et al. (2000) reported that optimum relative humidity should range 

between 50-60% for optimum incubation results. During  the incubation, there is an acceptable 

level of egg weight loss which should be within the range of 12-14% by transfer at 18days 

(Molenaar et al.,2010).When egg weight loss is between 6.5-13.5% until the time the neonate pips, 

it is not  enough  to get the right air cell size to  begin lung respiration (Molenaar et al.,2010). At 

incubation, a lower humidity levels causes the hatchling to be small, dehydrated and sticky 

(Deeming, 2000). Navels that are uncovered become a problem during higher relative humidity 

level. It inhibits utilization of yolk sac, induces yolk sac infections, and increases first week chick 

mortalities. The higher humidity seems to favour better growth and feed conversion (Winn and 

Godfrey, 1966). For male broilers Yahav (2000), stipulated that the effect of relative humidity 

(RH, 41% to 75%) at moderate ambient temperatures during incubation (ranging 28OC to 30 OC) 

in relation to the performance test and thermoregulation of the male broiler chickens and turkeys 

at ages 4-8 week showed that weight gain and the feed ingested by the male broiler chickens were 

significantly higher ranging from 60%-65% of relative humidity. Feed conversion efficiency was 
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however not affected by relative humidity. The rate of panting by the animals from the blood’s pH 

and pCO2 are lower in chickens exposed to 28 0 C than to 30 0C (Yahav, 2000).  

  

The condition of the egg is directly related to how well the flock is taking care off.  Feeding a well-

balanced ration, supplemented by calcium with oyster shell, enough water supplied, flock age and 

health all can affect egg quality (Clauer, 2009). The care of hatching eggs during storage at the 

farm, during transport or at the hatchery - is an important aspect of hatchery management that aims 

to preserve the strength of the embryo (Pas Reforms, 2015a).    

  

It is important to check out for normal size, shape, colour and shell texture. Extremely large or 

small eggs are often less productive and hence must not be set (Lyons, 2015). Eggs with general 

defects must be removed; dirty eggs and cracked ones should be removed. Set hatching eggs with 

its large ends up, and then store at a cool dry place (Lyons, 2015). For best hatching results, do not 

store fertile eggs for 14 days or more. Eggs hatch well when set between three to four days after 

laying. It should be noted that old eggs stored long well could hatched without complications 

(Lyons, 2015). ‘Sweat’ occurs when eggs at lower temperature are exposed to a sudden to high 

environmental temperature or relative humidity (Pas Reforms, 2015). Moisture on egg shell 

surface promotes the growth of microorganism and this must be prevented. This microorganism 

then clogs the eggshell pores when the egg cools off and its contents contracts which causes a 

decrease in internal pressure (Lyons, 2015). Eggs with loose or movable air cells should not be set, 

because of reduced hatchability (Lyons, 2015). Whenever eggs are soiled, clean by sanding the 

area soiled but it could be detrimental to the egg because it removes the cuticle on the egg shell 

surface. The cuticle is a biological coat on the eggshell which is dry and waxy when the egg was 
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laid (Lyons, 2015).Washing the eggs also removes the protective cuticle exposing the egg to get 

contaminated. The best practice is not to incubate dirty egg which should be removed.  

  

2.3.1 Hatchery Hygiene or Biosecurity     

Hatchery hygiene (International Hatchery Practice, 2015) is an important fundamental factor in 

incubation, just as temperature, relative humidity, ventilation, and turning the eggs. From the 

World Poultry Site (2006) the hygiene in the hatchery is the first place to determine condition of  

breeder flock. Hatcheries are almost always being exposed to pathogenic organisms such as 

bacteria, mycoplasma and fungi from eggs coming from several sources. Several factors such as 

hatching eggs received from a single infected breeder house, persons, transport equipment, rodents 

etc. can act as a vector for these microorganisms. (International Hatchery Practice, 2015)  

.Optimized hygiene   in the hatchery is dependent on three key areas:  

• Preventing pathogens from entering the hatchery i.e. maintaining  biosecurity  

• Avoiding  cross-contamination or the  transfer of pathogens within  the hatchery  

• Inhibiting further pathogenic development  in the hatchery i.e. cleaning and 

disinfecting There should work together with optimism biosecurity (including thorough farm 

cleanliness and disinfection programme) and also care regarding all the vectors that may affect 

eggs before they even reach the hatchery. The delicate hatching eggs are at risk from:  

(a) external contamination through the  parts of the shell   

(b) vertical transmission (from  infected flocks)  

(c) internal contamination (yolk and albumen)  

(d) vectors such as hands, trays, transport equipment etc.  

The world Poultry Site (2006) shows that it is important that biosecurity be developed for trays, 

pedigree boxes, egg collection tables and hands that touch the eggs. The equipment can be sprayed 
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with a full spectrum disinfectant which is not corrosive with residual action. Hatchery workers 

hands must be cleaned first and foremost with soap and disinfected with an alcohol based liquid 

or gelly product. Ideally, eggs should be disinfected when collected immediately at the farm and 

again at the hatchery. In multistage setters, there is growth of bacteria constantly, to curb this is to 

ensure regular disinfection and exploded eggs should be removed and their debris cleared up. 

Formaldehyde cannot be used to spray the setter since it has carcinogenic properties and residues 

of it will encourage recontamination of bacteria (World Poultry site, 2006).  

  

2.4 The Egg    

The egg of a laying hen goes through a lot of processes before it is laid. It is the vehicle  for birthing 

chicks and serves as a source of protein to be consumed by humans (Jacob et al., 2000). The poultry 

egg acts as a microhabitat which houses embryo that develops to live in the next generation in the 

physical world (Amankwah, 2013). The content and composition of the egg influence the growth 

of the embryo contained within the egg including the hatchling and the future performance of the 

flock (Amankwah, 2013).. As a complex reproductive cell, it is the seat of life developing. It all 

starts with the development of the blastoderm of the embryo. The albumen which surrounds the 

yolk protects this hub of life that is forming. It is an elastic, shock –absorbing semi-solid structure 

with high water content. The yolk and albumen together sustains life of the growing embryo to 

three weeks in chickens. The albumen is surrounded by membranes and an external covering called 

shell which helps for gaseous exchange and mechanically conserving food and supplying water to 

the embryonic organism (Jacob et al., 2000).  
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The left oviduct is the first and foremost place where the yolk is ovulated to start the formation of 

the egg. The ovulated yolk resides in the infundibulum where the egg in process stays for about 

fifteen minutes for the perivitelline membrane and chalazae to be forms. In breeder birds in general, 

the oviduct is the place for fertilization (Solomon, 1991). The egg will then enter the magnum and 

stays for three hours for the albumen to be added (protein) to be formed. The proteinous layer form 

protection for the yolk against mechanical and bacterial infection and thereby setting a layer for 

shell membrane and shell formation. The developing egg then enters the isthmus where a fibrous 

layer of the inner and outer shell membranes are added (Johnson, 2000). The forming egg enters 

the shell gland so that water and electrolytes could penetrate the albumen to form the mammillary 

cores which in turn forms the eggshell. The structure formed on the eggshell is made up of the 

following organs, shell membranes, the mammillary cores, the shell matrix and the cuticle. The 

portion known as the inorganic part of the eggshell is made up of calcium carbonate (Nys et al., 

1999; Lavelin et al., 2000). Finally, the egg is laid through the  vagina and cloaca. The complexity 

of the formation   process of the internal composition of an egg reveals that problems associated 

with quality could emerge from any part of the formation stages of the egg (Jacob et al., 2000).  

  

2.4.1 The Egg Quality and Hatchability   

The chicken egg is a biological capsule made for birthing new individuals and it acts as a complete 

food for the developing embryo (Jacob et al., 2000) and nutrients for man. Quality by Kramer 

(1951) is that property of a particular food  that has the ability to be accepted or rejected by its 

customer. Egg quality according to Islam et al. (2001) is its ability to reproduce a strong offspring 

by the parents. External quality (eggshell) consist of the following: the egg weight, width, length 

and shell characteristics (Olawumi and Ogunlade, 2008) and those of the interior of the egg. The 

microbial condition of the inside of the egg will determine the condition of the eggshell to regulate 
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micro-organisms entering into the egg. Measures that relate to the positive attributes of the interior 

conditions of the egg are termed as the internal quality trait of the egg and it relates to the 

functional, aesthetic and microbiological contamination of the yolk and albumen (Sabri et al., 

1999). Both external and internal qualities of eggs in hens have significant effect on hatchability 

of incubated and fertile eggs as well as the weight and development of chicks (Amankwah, 2013). 

Exterior quality includes its weight, shape, colour, shell thickness, shell weight, shell density, 

texture, egg surface area, and cleanliness of the egg (USDA, 2000; Hussain, 2011). The egg should 

have its size, shape and colour to be the same; its shell should be smooth, neat and has no cracks. 

Egg weight, shape and shape combine to form the external feature which in  turn affect the grading 

characteristic, pricing and customers’ likeability and hatchability (King’ori, 2011; 2012). Shells 

can have five main problems in the egg industry: cracks due to excess pressure, cracks due to thin 

shells, body-checks, pimpled or toe holes, and shell-less eggs (Kontecka et al., 2009).   

  

Internal quality refers to all the inside of the egg including the egg yolk, egg white (albumen) how 

clean it is, size of the air cell, yolk shape and yolk strength and assumes functional, aesthetic and 

microbiological properties of the yolk and albumen. According to Encyclopedia Britannica (2012) 

a fresh egg is composed of yolk -32%, albumen-58% and 10% shell.   

  

Albumen of the egg is the clear liquid surrounding the yolk; its primary role is to protect the yolk. 

It provides supplementary nutrition for the growth of the embryo. The egg white also known as 

the albumen is formed by four main structures according to Kontecka et al. (2009).  Firstly, the 

chalaziferous layer or chalazae, surrounds the yolk first, making up about 3% of the egg white. 

Then followed by the inner thin layer, which surrounds the chalazae and makes up  for 17% of the 

white. Third layer is firm or thick layer, which serves as a barrier to the thin white and the yolk. It 
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cleaves to the shell membrane at the ends of the egg and makes up for 57% of the albumen. The 

outer and final, thin layer which is 23% of the egg white covers  inside the shell membrane with 

the exception of the  part of the shell where the third thick layer is attached to (USDA, 2000). It is 

highly rich in protein, has less fat compared to the yolk which has a higher fat which is usually 

associated with high cholesterol content. The yolk is the yellow spherical part of the egg engulfed 

by the albumen.   

  

Also both the internal and external traits of the egg are important when it comes to crossing the 

birds especially during influence on yield in the next generation, their breeding performance and 

trait of eggs which affect prices of the eggs .The weight of the eggshell, albumen and yolk and 

their compositions affect the amount and price of the egg (Altan et al., 1998).  Egg weight is  an  

important  performance trait which is responsible for egg quality and grading (Farooq et al., 

2001a). This is one parameter which could determine everything about the egg without break open 

the egg (Wilson and Suarez, 1993; Farooq et al., 2001b).The composition of the eggs varies among 

species. The size of the egg varies within population and to a lesser extent within clutch of birds. 

Egg size is a main factor which determines size of the chick. Poultry body weight is known to be 

moderately to highly heritable; therefore, selecting heavier broiler birds could improve on the size 

of the egg (Ayorinde and Oke, 1995). The weight of an egg has a direct relation to the weight of 

the albumen, yolk and shell it contains and this varies significantly with strains of the parent flock 

(Amankwah, 2013). Amankwah (2013) reported that bigger hens lay bigger eggs than those with 

smaller body weight. Egg length, is measured as the height of the egg and the longest part of the 

surface of the egg. It is also the longest border while the width is the shortest portion of the egg 

and it is also the breadth and that is where the dense mass of the yolk is situated (Gunlu et al., 

2003).The physical characteristic is paramount to the processes of the embryo development and 
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subsequent hatching. The most influential egg parameters are the egg weight, shell thickness, shell 

porosity and shape index. Embryo development is wrapped up in the average value derived from 

egg quality traits. Shell thickness and firm interiors result in successful embryo hatching which is 

as a result of higher egg weight (Narushin and Romanov, 2002). It is known that external and 

internal egg quality traits have an effect on the subsequent generations they produce and their 

performance (Islam et al., 2001). In several species large egg size results in increased size of chick, 

rate of growth and survival. This is because the composition and content of the egg have an effect 

on the successive development of the embryo and may affect the survivability of the newly hatched 

chicks. Thus, as the embryo grows at a constant rate during incubation along the egg content 

(Wilson, 1991). Researches have indicated that with increasing egg mass there is an increase in 

hatchability although egg size does not affect the survivability. Several researches have made 

assertion that egg components relatively have the ability to determine the quality of the egg. Again 

dry component of the albumen  is crucial factor in determining egg quality (Wilson, 1991). Egg 

albumen surrounding the egg yolk, which contains more proteins, increases in mass  better than 

the whole of the egg providing protein for the tissues of the embryo for its growth (Fayeye et al., 

2008). During embryo development chicks from larger eggs do not have any competition with 

other chicks since they have enough nutrition to support them (Reijrink et al., 2008). The yolk sac 

provides nutrients to the growing embryo towards the end of the incubation and also sustains it 

during the first few days after hatching (Reijrink et al., 2008).). Moyle et al. (2008b) added that 

egg shell quality is known to have a positive effect on hatchability. The main factors that influences 

egg shell quality includes genetics, diet, climate, housing and age of the parent stock. Again, Moyle 

et al. (2008b) asserts that eggs with a slimmer shell are more likely to crack or break and these do 

not pass for setting in the incubation. They break in the nest boxes during collection and 

transporting, ending up as poor hatchlings due to contamination. Again shell breakage, or body 
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checked eggs easily evaporates water during the incubation process  resulting  in dehydration and 

eventual death of the embryo (Moyle et al., 2008a).Those  chicks that survive  from cracked eggs, 

have a short life span and poor performance some research indicating that there is some 

relationship between colour of eggs hatched and ability to be hatch. Eggshell color may also be 

associated with egg shell quality. Poultry producers according to Moyle et al. (2008b) believe that   

breeds that lay brown eggs do not hatch early just like the ligher coloured eggs.  However, Moreno 

et al., (2006) stipulates that certain songbird species (flycatchers) which have healthier more well 

fed females lay more intensely coloured eggs. Thus, there is. According to Beyer (2005) there are 

several factors which come together to affect the egg quality. Some of these factors can be 

manipulated to play key role in its quality by ensuring better management and genetics, feed 

quality and environment. The most reliable factor is the age of the breeder. A young bird (pullet) 

produces smaller eggs, thick egg shell and good quality albumen. As the hen grows older the shells 

becomes thin, albumen weaken and looses its elasticity. Birds can be molted to another egg cycle 

to improve egg quality if not they will have to be replaced with a new set of young pullets (Beyer, 

2005).   

  

  

According to Donohue (2009) hatchability is the amount of chicks hatched expressed as a 

percentage from every 100 hatching eggs set in incubators. Eggs sent to the hatchery means that a 

set of day old chicks are needed to be produced (Cobb Hatchery Management Guide, 2015). 

Hatchery managers generate an optimum conditions for embryos to thrive in order  to produce the 

greatest number of high profile quality day old chicks and eventually attain the best broilers (Cobb 

Hatchery Management Guide, 2015). This number is in percentage of all the eggs set for 

incubation. Hatchability is affected by both the activities within the breeder farm and the hatchery. 
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Irrespective of the machine used for incubation at the hatchery, these devices generally regulates 

temperature, humidity, ventilation and turning of the eggs in an optimal incubation environment 

(Meijerhof, 2009). Temperature affects the metabolic rate of the embryo and its development. It is 

more likely that an embryo could produce more heat to the detriment of the itself due to the 

excessive heat being produced by recent breeds of broilers (Meijerhof, 2009). At the time of 

incubation, water is lost by evaporation from eggs. In reality, egg losses about 12% of its weight 

before day 18 of incubation (Taylor, 2000). Air for ventilation according to Taylor (2000) leaves 

the setter, gets rid of carbon dioxide and the extra heat generated by the developing eggs. Eggs are 

turned consistently during the time of incubation to prevent embryos from sticking into the 

membranes of the shell in the first week of incubation and help in development of the embryo 

(Cobb Hatchery Management Guide, 2015). As embryo grows, the heat increases alongside. 

Consistent turning is needed to help airflow and increase cooling. Optimum temperature, humidity, 

ventilation are essential for optimum hatchability (Sozcu and Ipek, 2013).  

  

2.5 Chick Quality  

Chick quality is a term that many breeders use however; farmers still have difficulty in defining it 

although quality of day-old chicks is on the minds of poultry managers (Decuypere et al., 2007). 

Most poultry farmers can identify chicks in good standing (quality) but when asked to mention 

what makes chicks a better quality a different interpretation will be given (Fairchild, 2005). 

According to Willemsen et al. (2008) chick quality has traditionally been a combination of 

hatchability and a three day mortality assessment post-hatch. It includes a wide range of 

characteristics at assessment time that evaluate prior practices or could relate to potential for health 

or performance in the post hatch period (Elmehdawi, 2013).  A hatchling of good quality should 

look neat, dry, devoid of dirt and contamination, with clear and bright eyes, no deformities and 



 

25  

  

with a completely sealed and clean navel (Decuypere et al., 2007). The chick must have no yolk 

sac or dried membrane seen attached from the navel area. Its body should not  be wet when touched 

and have no breathing difficulty. The chick should not be hyperactive but sober and responds to 

sights and sounds within it immediate environment. Its legs should be normal and no deformities 

( Raghavan, 1999). Decuypere et al. (2007) stated that as a crucial step in the production of day-

old chicks of high quality, there are some factors that will be needed to take into consideration; 

that is the genetic makeup of the stock (Peebles et al., 2001), the feed and water requirements of 

the breeding birds during growth and production, the age of the flock, their health and the 

management of the male birds (Decuypere et al., 2007). According to Decuypere et al. (2007), 

hatching success and the quality of the chicks produced has traditionally been the yardsticks by 

which a hatchery or the incubators in it are judged. Quality of hatching eggs improves the level of 

hatchability and promote good chick quality (Yoho et al., 2008, Moyle et al., 2008). There is a 

link between hatching success and chick quality according to Decuypere et al. (2007), leading to 

the idea that, if hatchability has been maximized, chick quality is also automatically optimal. Again 

chick quality is affected by several factors which may not be limited to pre-incubation factors such 

as physical condition of the parent stock, level of development of the parent at ovi-position, time 

taken and the conditions prevailing between ovi-position and storage and the storage conditions at 

the hatchery (Barri, 2008). The external factors which also affect conditions of the chick during 

incubation include incubation temperature, humidity, ventilation, air speed and egg turning (Barri, 

2008). These factors affect the physiology of the developing embryo (Barri, 2008). Incubation 

conditions increase in importance as selection of different traits in broiler continues, given that the 

environment of the embryo would improve to affect stages of development and have an impact on 

the chick quality and the post–hatch chick (Barri, 2008).  
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2.5.1 Factors Affecting Chick Quality  

2.5.1.1 Incubation Temperature  

Incubation temperature is possibly the first factor that has a toll on chick quality (Lourens et al., 

2006). This is because investigation conducted by several researchers showed that its manipulation 

during embryogenesis has long lasting effects on growth and performance (French, 2009; Hulet 

and Meijorhof, 2001). Normal incubation temperature ranges from (37-38 0 C) and can properly 

control chicken embryonic development. Temperatures outside this range can accelerate or 

decrease embryogenesis and hatching thus, placing temperature as one of the most important 

environmental factors (French, 2002). Chicks that hatched from low incubation temperature during 

early embryogenesis had different body weight due to differences in yolk sac weight but chicks 

that hatched from high temperature during late embryogenesis had differences  due to weight of 

yolk-free body weight (Joseph et al., 2006). It has been established that chicken embryo has to lose 

12% to 14% of their fresh egg weight before pipping to have a good chance of a successful hatch 

(French, 2009). Embryos during incubation produce heat during metabolism of the yolk, therefore 

the temperature regulation must be carefully considered since too much may lead to increased 

metabolism which would also lead to increased heat production and lack of oxygen to the embryo 

(Lourens et al., 2007). Deeming (2000a) added that heat could lead to poor growth rate, inability 

to fully utilize albumen protein and stress of embryo and eventually high mortality and poor chick 

quality at hatch. The goal of hatcheries therefore should be to obtain as many saleable (marketable) 

chicks as possible. It is well known that good hatchability is positively correlated with post–hatch 

viability and performance of chicks (Tona et al.,2005). Higher or too low temperatures during 

incubation through several researches have an effect after hatch growth (Lekrisompong, 2005) and 

proper organ development of avian embryos (Shafey, 2004). Research has shown that the optimum 
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temperature for incubation needs to be around 37.00C (98.60F) to 38.00C (100.40F) for chicken 

eggs (Lekrisompong, 2005) and 37.50C (99.50F) for turkey eggs.   

  

At low temperatures heat for optimal metabolism is not enough so chicks take longer time to dry 

resulting in longer hatching time (Deeming, 2000a). Deeming (2000a) also added that at hatch 

there is high mortality rate and large staggering chicks due to low incubation temperature. The 

chicks also become small in size since nutrients resources are used properly for survival in the first 

week of post hatch for growth and development (Cazaban, 2005).There have been many 

experiments carried out by researchers on the effects of manipulation of temperature during 

embryogenesis and its effects on chick quality (Elmehdawi, 2013) also in the changes that happen 

in the colouration as in plate 1 below. With increase of incubation temperature during late embryo 

development there was elevated plasma blood weight concentration and strain by the treatment 

alteration in insulin-like growth factor concentrations (Willemsen et al., 2011). The quality of 

hatched chick is also affected by the changes that occur in the hormones associated with metabolic 

reaction in the body and the growing out of the embryos which could be linked to temperature 

variation (Decuypere and Bruggerman, 2006).   
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*  

Plate 1: Distinguishing chicks incubated at higher (38.90C) and high (37.80C) temperatures.  

Yellow chick incubated at high temperature and white chick incubated at higher temperature. 

Source: Leksrisompong (2005)  

  

  

2.5.1.2 Relative Humidity   

Relative humidity is an important factor affecting chick quality. Measuring and controlling relative 

humidity requires much effort, therefore making it commonly misunderstood since it has a relation 

with temperature and ventilation (Deeming, 2000a). Hatching success in broiler eggs is as a result 

of the dehydration from the egg during the time of incubating the eggs (Buhr, 1995).  

The porous nature of eggs, allows water into and out of them making the humidity of the incubator 

a determinant of this action (Perez, 2007). All eggs contain airspaces and as the eggs begin to dry 

out the water is being replaced by more airspaces. Therefore the more water that is lost the size of 

the airspaces increase. The airspaces is very important in incubation since the chick uses it to 
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breathe and also give it space to maneuver into hatching position (Deeming, 2000a). With high 

humidity little airspaces is made available for the chicks. This affects their respiration and makes 

it difficult for them to break out (Deeming, 2000a). High humidity also results in large, weak and 

often sticky chicks with unhealed navels. Low humidity leads to larger airspace, small dehydrated 

and sticky chicks at hatch (Deeming, 2000a).  

  

2.5.1.3 Ventilation   

Poor ventilation leads to the fluids collecting around the embryo which is caused by low levels of 

oxygen and high levels of carbon dioxide (Deeming, 2000b). Carbon dioxide is needed in very 

small quantities (0.1-0.4%) while higher concentration (0.5-0.8%) reduces livability of chicks 

(Decuypere et al., 2001). Although high carbon dioxide concentration serves as a stimulant to early 

embryonic development, it may also slightly increase the pH during these early embryonic stages 

(Decuypere et al., 2001). During the last period of embryonic development, increase in carbon 

dioxide concentrates can also stimulate hatching process (Willemsen et al., 2008).  

  

2.5.1.4 Turning  

The turning of eggs is important for the positioning of the embryo in the eggs and also see to the 

forming of the membranes formed by the embryos (Deeming, 1989). When turning is not done, 

the embryo adheres to the inner parts of the shell membranes, embryonic malposition, retarded 

growth of vasculasa, inability of the albumen and yolk to be utilised, a lack of sub-embryonic fluid 

and inability of the oxygen to be absorbed and released (Sozcu and Ipek, 2013). In addition to 

these, absence of turning results in lower hatchability and those chicks often hatch late and clammy 

(Deeming, 2000b). Turning also helps in distributing  heat throughout the embryo thus increasing 
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hatchability (Elibol et al., 2002).Turning is also important during the initial stages  of incubation 

(Elibol et al., 2002). Tona et al. (2003) indicated that turning during the first week when incubation 

starts helps in the formation of extra–embryonic membranes but in the first week avoid the 

abnormal positioning of the embryo. In another study, Elibol and Brake (2004) assessed the lack 

of turning resulting in presentation of the head  in the small end of the egg. Egg turning promotes 

the absorption of nutrients in the yolk to the embryo through the subembryonic fluid. The work of 

Elibol et al. (2002) have provided evidence that turning reduces all stages of embryonic mortality 

while poor or no turning increases mortality, late  hatching and chicks that have not been dried  off 

normally (Deeming, 2000).  

  

2.5.1.5 Storage Duration  

Prior to incubation, the duration of egg storage affects  chick quality (Tona et al., 2003). Storage 

before incubation may have both the pros-and-cons implications on chick quality which is 

dependent on storage time (Reijrink  et al.,2009). A lot of investigation has been conducted on the 

effect of pre-storage incubation to reduce the negative effect of egg storage on hatchability   

(Fasenko et al., 200l a, b). It was generally concluded that pre-storage time from day zero to day6 

had no effect on hatchability, however, when the time was increased beyond that it could be both 

beneficial or detrimental (Reijrink et al., 2008). An experiment was conducted by Reijrink et al. 

(2008) to determine the influences of pre-storage on chick quality. Two experiments were 

involved. In the first experiment eggs were stored for 3,5, 8 or12 days. In the second experiment 

eggs were stored for 5 and 11 days. Half of the stored eggs were placed under temperatures ranging 

from 16 to 180C while the other half were pre-stored for 6 hours in the first experiment and 4.5 in 

the second experiment. In the first experiment, pre-storage incubation reduced hatchability when 
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storage time was 3, 5 or 8 days. Storage before incubation saw chick length go up. In experiment 

II, pre-storage incubation increased hatchability of fertile eggs (went up from 80.6 to 85.9%) when 

storage time was 11days but there was no increase in hatchability when storage time was 5days. 

Pre –storage incubation soared in the percentage of the second grade chicks. It could be noted that 

longer storage time, ensures that embryonic development at egg collection and pre-storage time 

has no known effect on hatchability and quality of the hatchling. In another research .it has been 

found that eggs stored for longer duration (18-days) resulted in delayed hatching and the delay in 

hatching was attributed to delay in the initiation of embryogenesis (Fasenko, 2008). There were 

also greater occurrence of severe abnormalities from eggs stored beyond 7-days (Tona et al., 2003) 

than those stored for lesser duration (3-days).  

This shows also in the effect of the egg’s internal quality, especially albumen height during storage 

(Tona et al., 2002).  

  

2.5.1.6 Pre-Warming   

Pre-warming eggs before hatching before incubation prevents condensation and also reduces 

changes that occur within the environment of the egg temperature. This process affects embryo 

viability, as it affects cell death especially when cell viability is reduced after prolonged storage 

(Reijrink et al., 2008). In nature, each hen heats their eggs through direct contact with her brood 

patch and turns the eggs frequently at the beginning of incubation. Therefore, the two major things 

that a hen has control over are turning frequency and egg temperature. Elibol (2006) that hens keep 

turning or shift their laid eggs in the natural environment about 96 times in the day . In his review, 

Wilson (1991) reported turning eggs 96 times daily to be the optimum rate. However, due to 

maintenance costs associated with the machines and relatively small differences in hatchability, 
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most companies turn the eggs 24 times daily (Elibol, 2006). Temperature on the other hand, has 

also been considered to be one of the most influential factors on embryonic growth and 

development during all stages of incubation. Fasenko et al.,(2001a) demonstrated that the 

hatchability of long stored eggs exhibited a greater percentage improvement when preheated prior 

to standard incubation than those eggs that were stored for only a short time. Hodgetts (1999) 

suggested that eggs could  be in a state of shock if warming is not done slowly while Wilson (1991) 

suggested that it was favorable to mildly heat eggs rapidly to incubation temperature. Yuan et 

al.,(2009) indicated that the chicken egg at the time of lay was in the process of active hypoblast 

formation. Due to the fact that eggs have been found to be in different developmental stages at the 

time of oviposition, preheating has become a part of hatchery management as preheating has 

provided a means to incrementally increase the temperature of eggs just prior to incubation. This 

has been found to be beneficial for eggs that need to be transformed into a state more ready for 

incubation. Increasing egg temperature to an intermediate range, the eggs were made to achieve 

temperature more easily when set. This has been suggested to promote early embryonic growth 

(Güçbilmez et al., 2009). Embryos from broilers strains meant for commercial purposes worldwide 

are usually intolerant of temperature variations with abnormality and death of the embryo being 

the extreme of case of exceeding the  range of the temperature has been thought to be optimum for 

incubation (Wilson, 1991). Brannan (2008) mentioned that preheating allowed embryos to more 

safe and adequately adjust to the dramatic increase in temperature between an egg cooler and an 

incubator. Eggs being preheated experienced high air velocities were warmed rapidly, while eggs 

at a low air velocity took several hours to warm (Elibol and Brake, 2008). Wilson (1991) and 

Lourens et al. (2005) suggested that it was favorable to mildly heat eggs rapidly to incubation 

temperature.  
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2.5.1.7 Short Periods of Incubation During Egg Storage (“SPIDES”)   

It is common practice for hatching eggs to be stored for several days before starting 

incubation. If temperature (18-20°C) and humidity (75%) in storage rooms are controlled 

properly, eggs can be stored for more than seven days with adverse drop in hatchability. 

Longer periods of storage however do affect the viability of the embryo (Pas Reforms, 2015). 

Earlier, Decuypere (1992) showed that hatchability increased when eggs were incubated for 

short periods before being stored. At the turn of the century, Fasenko (Fasenko et al., 2001a; 

Fasenko, 2007) reported that after six hours of storage before incubation, chicken embryos 

reach the more storage resistant hypoblast stage of embryonic development. Even though 

Dymond et al. (2013) suggested alternatively that eggs introduced to short periods(less than 

6 hours) of incubation at consistent intervals during a longer time of storage would allow the 

embryo to repair its cells and also minimize death. In the broiler industry, embryonic 

temperature stimulation during pre-storage incubation has been adapted still further to 

deliver multiple periods of stimulation. Dymond et al.  

(2013) have shown that three-to-four ‘Short Periods of Incubation During Egg Storage’ – or 

‘SPIDES’ - of 21 days increased hatchability and reduced hatching time. This depicts the 

natural settings where  hens sit on the eggs to bring to lay, rewarms the eggs laid initially 

and then keeps coming back to sit  to lay more eggs(World Poultry, 2014). According to data 

from Pas Reform (2015) when practicing SPIDES, eggs are transferred from the storage 

room to a pre-warmed or running incubator and cooled again to storage temperature as soon 

as eggshell temperature reaches a maximum of 32°C. The time needed to reach 32°C (90°F) 

varies with incubator type, but is typically after 3-6 hours incubation at 37.8-38 °C (100.0-

100.4 °F). To prevent embryos from developing beyond the storage resistant stage, care must 
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be taken that, during the complete or multiple SPIDES treatments, the cumulative time that 

eggshell temperature rises above 32°C (90°F) does not exceed 12 hours. One treatment of 

pre-storage incubation or multiple treatments (SPIDES) tends to improve hatchability and 

internal chick condition if eggs are stored for seven days or more. During SPIDES the 

interval between incubation treatments is typically 5-6 days (Pas Reforms, 2015). SPIDES 

increase hatchability by about 2-3% especially for eggs stored for about one to two weeks. 

SPIDES is not a short cut to recovery from poor hatchability but it minimizes the rate of 

decrease of hatchability caused by the long period of egg stored (Aviagen, 2014).  

  

2.6 Assessing Chick Quality  

Chick quality assessment is usually based on data obtained from hatcheries and grower houses.  In 

generalized term chick quality must relate to the general health of the bird to give higher meat 

yield or increased egg production at the end of its term. Geidam (2003) quoting Cervantes (1993) 

stipulated that a fixed number is needed to define standard chick quality. Here chick quality   has 

been defined by arriving at a numerical value for grading chicks first to broiler then later to 

pullets.(Koteeswaran et al., 2004). This numerical value is as a result of three parameters that is 

physical, microbiological and serological specifications (Koteeswaran et al., 2004).  

  

2.6.1 Visual Score     

This method is a scoring by observations. Even though it is subjective it is rather precise. Most 

people tend to use the same principles more or less. The first thing to consider is the colour of the 

day old chick, most people prefer bright yellow day old chick. And even though not intensively 

investigated, it is assumed to have a connection with embryonic development. The yellow pigment 

emerges from the yolk and since the yolk is the energy needed for embryonic development, more 
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yolk uptake would mean more yellow colour and likewise a well-developed hatchling (Geidam, 

2003).  At times the yellow colour is induced by formaldehyde in the hatchers however this does 

not lead to better developed chick (Meijerhof, 2005). The excessive use on formaldehyde during 

fumigation is therefore often criticized besides its harmful effects on human health. Second 

parameter is the general development on the chick that includes the development on the feathers, 

firmness of the keys, size of the beak and eyes among other things. The third is navel score a poorly 

closed navel; or yolk sac infection can lead to mortality.  The last parameter is the vitality and 

alertness of the chick which is largely as a result of hatchery condition (Geidam, 2003).  The visual 

score of a knowledgeable hatchery manager might estimate good chick quality but the system still 

remains subjective and poorly reproducible (Meijerhof, 2005).  

  

2.6.2 Tona or Pasgar Score.  

Moves that were made to make the visual score trial worthy, led to the development of the Tona 

score, simplified to a more practical method by Pas Reform called Pasgar score.  These methods 

put the visual scoring of a hatchery worker on a significant importance and to a certain degree 

reproducible scale (Geidam, 2003). With this method, a series of observation are scored from 110 

and trained personals are brought in to determine the condition of the day old chick in a more  

precise and reproducible form (Geidam, 2003). Measurements of primary importance are the 

viability of the chick, absorbed yolk sac, navel closure and the ability of the chick to get back on 

its feet when thrown over. Any detected abnormality is noted and often reduces the total score 

(Manoharan et al., 2004). The score is correlated to broiler performance.A positive correlation is 

between the scores and one week mortality has been suggested (Tona et al., 2004).  
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2.6.3 Navel Score   

The navel quality of the chick is another crucial parameter that is measured. It is one of the scoring 

parameters related to the day old chicks’ survival. Most parameters that have been considered in 

the Pasgar and Leuven scoring systems have been highly related to the quality of the navel area in 

relation to the amount of withdrawn yolk and to the chicks ‘activity (Fasenko and O’Dea, 2008). 

Well-developed chicks have clean and totally closed navels but when incubation conditions are 

not optimal and the chicks are poorly developed most of them have badly closed navels, black 

buttons or threads on their navels (Lourens et al., 2006). Inaccurate navel development and   degree 

of yolk sac internalization have the highest incidence within the hatcheries and thus could be the 

parameter of importance in the chicks’ growth (Tona et al.,  

2005). A badly closed navel risks contamination that would lead to yolk infection (Fasenko and 

O’Dea, 2008). Chicks with unhealed navels perform less efficiently than chicks with a healed 

navels and also there is a direct correlation between unhealed navels and yolk sac retention (Kenny 

and Cambre, 1992; Spears 1996; Crespo and Shivaprasad, 2003). In severe cases navels could lead 

to systematic disease (Pullorun disease, Newcastle disease and Bronchitis) and later death (Crespo 

and Shiaprasad, 2003). The physiological explanation for this occurrence  has not yet  been fully 

explained but the correlations of the yolk sac infection (omphalitis) studies show that elevated 

temperatures of over 380C affects the developments of the yolk stalk (Barri, 2008). Chicks with 

closed navels are considered to be of high chick quality since they are less prone to first week 

mortality (Meijerhof, 2003).  Navel development problems have been mostly associated with 

incubation conditions such as high incubation temperature and humidity (Deeming, 2000b).  
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2.6.4 Growth Parameters  

Some of the measurement done in day-old chicks includes body weight and body length (Gonzalez 

et al., 2003). These have been found to be fast, repeatable and non-destructive methods of 

measurement (Molenaar et al., 2008). Chick length is the distance from the beak to the toe 

measured by elongating the bird from the tip of the beak to the tip of the middle toe. It is considered 

a better indicator of final body weight than day old weight (Hill, 2002; Wolanski et al., 2007; 

Joseph et al., 2006 and Lourens et al., 2005). Chick length at hatch is an evidence of embryonic 

development and utilisation of yolk (Elmehdawi, 2013). Therefore making it a useful tool in the 

measurement of embryonic development and chick growth potential (Wolanski et al., 2007). The 

relationship between the initial weight at hatch and the 7-day weight of the bird can predict the 

birds performance at the initial stages of development (Gonzalez et al., 2003). But the hatchling’s 

body length is the best parameter to predict the performance of the broiler chick than chick weight 

with the gender of the chick in mind (Barri, 2008). However if the nutrient is present in the 

intestinal lumen, utilisation of the residual yolk whose contents supply the substrate for the 

mucosal epithelium development is  progressed faster (Uni et al., 1998).  

   

2.6.5. Yolk Free Body Mass   

The chick without the residual yolk sac is a good index of chick progress, thus the determination 

of chick quality (Geidam et al., 2003). In newly hatched chicks the residual yolk sac serves as 

sources of nutrition till external feeds intake begin. The yolk sac contents play the same role as 

that of colostrum in mammals; therefore its utilisation is essential to the birds’ future, vitality and 

health (Mikee et al., 2001). However, taking the yolk free body mass is an intensive and destructive 

method which makes it unsuitable for field evaluation (Geidam, 2003).  
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2.6.6. Residual Yolk Sac  

At the time of incubation the poultry embryo metabolizes yolk lipids through β- oxidation pathway 

to access the energy needed for embryonic growth and development. The oxygen needed for the 

metabolic processes and excrement of lipid catabolism (heat and carbon dioxide) are sipped into 

the eggshell. After utilization of the lipid, the metabolic process changes when the neonate starts 

to pip (O’Dea et al., 2004). The residual yolk sac is the only extra-embryonic membrane available 

during the early post-hatch period and it has been shown that alongside exogenous feed are very 

critical to the development of the digestive system and enzymes (Gonzalez et al., 2003). In the 

process of hatching the yolk is utilized by the chick either by inner layer of its contents into 

circulation or by transportation through the yolk stalk into small  

intestine.   

  

The residual yolk is usually utilized within 4 days after hatching (Noy and Sklan, 2002).That is 

where nutrients is supplied to chicks within the first 72 hours after hatching. Two paths can be 

identified where yolk is utilised in the post-hatch phase. In the first phase, there is direct transfer 

of nutrients into the circulatory system and the second occur via the yolk stalk into the small 

intestines (Noy and Sklan, 2002).  Nitsan et al. (1991) showed that the yolk sac content assists 

with 50% and 40% of the energy and protein on day 1 after hatching and 2% and 6% at day 4 after 

hatching respectively. Other researchers have also agreed that the yolk sac content supplied enough 

energy and protein to nourish the chicks for the next three days after hatch (Uni et al., 1998). Fat 

was believed to have been imbibed from the yolk sac easier than glucose immediately after 

hatching. Again introducing hatchling to feed early improves the yolk sac absorption in the chicks 

(Noy and Sklan, 1995).   
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When chicks are moving from embryonic stage depending on the yolk to external dependence they 

will undergo metabolic dependence which includes increase secretion of digestive enzymes from 

the pancreatic sources and uptake processes to cause the chicks to have the right quantities of 

nutrients (Noy and Sklan, 1999). Noy and Sklan (1996) observed enzymes in the pancreas on the 

intestine during the later stage of embryonic growth. Its secretion of pancreatic enzymes per gram 

of feed intake changes meagerly after the fourth day (Uni et al., 1996), and the ability of starch, 

protein, and fat to be digested was pegged at 85, 78, and 87%, respectively (Noy and Sklan, 1995). 

Also according to Hamidu et al., 2007 wet yolk sac is not affected by the breeder strain however 

with increase flock age the yolk sacs increased.  Peebles et al. (2001) indicated that broilers age 

from 26 to 31 wk and from 31 to 35 wk their yolk weight also increased. Suarez et al. (1997) 

reported a higher percentage of yolk in the older flock (59 wk) than the younger flock (29 wk). 

The hatching eggs components are also affected by egg size. Smaller eggs tend to have bigger yolk 

than larger eggs from the same age of hens (Vieira et al., 2005).When there is a reduction in yolk 

sac proportion, this could affect the supply of lipids which produces about 90% of the energy to 

cause the embryo to grow well and to repair its tissues  (Lekrisompong,2005).  

Hatched chicks can rely on the residual yolk sac, although the use of the yolks is retarded when 

they are fasted (Vieira, 1999). The development of the gastrointestinal system is stunted under 

fasting conditions, and this may be related to the retarded utilisation of the yolk (Dibner, 1999). 

When there is a delay in maturation of the enzymatic system that control the process, which is 

caused by slow metabolism (e.g. the deiodination system and the activation of the T3 pathway), 

this will cause a retardation in the normal function of the immune system. Furthermore, the uptake 

of IgG, provided by the yolk, during the first day after hatching will also be slower (Dibenr, 1999). 

As chicks are hatched with eyes opened and leave nest as soon as possible, they will forage for 

feed almost immediately after hatching and begin to grow, whereas holding them without feed 

http://ps.oxfordjournals.org/content/86/11/2420.full#ref-9
http://ps.oxfordjournals.org/content/86/11/2420.full#ref-9
http://ps.oxfordjournals.org/content/86/11/2420.full#ref-9
http://ps.oxfordjournals.org/content/86/11/2420.full#ref-16
http://ps.oxfordjournals.org/content/86/11/2420.full#ref-16
http://ps.oxfordjournals.org/content/86/11/2420.full#ref-16
http://ps.oxfordjournals.org/content/86/11/2420.full#ref-16
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results in decreased body weight and a decrease in the overall performance of the broiler (Noy and 

Sklan, 1999).  

  

  

  

  

  

  

  

  

  

  

  

  

  

CHAPTER THREE  

3.0       MATERIALS AND METHOD  

Two studies were conducted. The first study was a survey on the  hatcheries across Ghana-in the  

Ashanti and Brong-Ahafo Regions(they were chosen because most of Ghana’s hatcheries were 

concentrated in these Regions) to determine inventory of human resource strength and 

qualification, hatchery output, capacity of operation, availability of parent stock, common hatchery 

practices maintained to increased chick quality, day old chick production and market outlets, rates 

of chick mortality, distance of hatcheries from breeding farms, how many  hatcheries imports eggs 

to hatch, what type of incubators and incubation system are used and whether hatcheries provided 
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any follow-up on farms that take chicks from them. In addition, the study determined which 

hatcheries take eggs from outside to hatch and sell. The second study involved attachment with 

two major hatcheries in Ghana to monitor three batches of their production chain in the hatchery.  

  

3.1 EXPERIMENT 1: Survey  

3.1.1 Location and period of study  

The survey was conducted from 1st April to 30th April, 2014 throughout the Ashanti and 

BrongAhafo Regions. The districts surveyed include: Atwima Kwanwoma, Atwima Nwabiagya 

districts, Offinso, Kumasi Metropolitan and Dormaa Municipalities. There are nine hatcheries in 

these regions. However, eight of these hatcheries are operating actively. The following hatcheries 

are located in the Ashanti Region Akate Farms and Trading Company Limited,  

Akropong Farms Limited, Darko Farms Company Limited, Mfum Farms, Chicks and Chicken, 

Top man Farms, Asamoah and Yamoah Farms, Bamfo Farms while St Charles  Farms is the only 

hatchery in the Brong-Ahafo Region.  

  

3.1.2 Sampling size and sampling technique  

The sampling size is all active hatcheries in both the Ashanti and Brong –Ahafo Regions of Ghana. 

These regions were chosen because of the concentration of poultry farms and hatcheries in these 

areas. The technique used was the purposive sampling.  
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3.1.3 Study Population  

The study population was those actively operating hatcheries in the Ashanti and Brong –Ahanfo 

Regions.  

  

3.1.4   Instrumentation  

Questionnaires and interviews schedules were used to gather information for the study. Most of 

the questionnaires were given to the hatchery managers to fill and later collected however some 

preferred to be interviewed. All of the managers were contacted in their various offices and the 

questionnaires were administered. Information ascertained included the hatchery types (small, 

medium and large scale), capacity of operation presently, maximum capacity of hatch per 

incubation, rate of hatching, percentage of incubator capacity utilised, type of incubator used, the 

price of each day old chick, number of farms receiving chicks from the hatchery, number of  

workers (trained or untrained), maintenance parent stocks. The responds were collated and sorted 

out according to the answers provided.  

  

3.1.5 Statistical analysis of survey data  

For the survey, data collected were transformed into percentages.  

  

3.2 EXPERIMENT 2: Performance study from hatcheries  

3.2.1 Location and period of study   

The second experiment took place from 1st May 2015 to 30th June 2015. This portion was divided 

into two: Trial 1 took place at Akate Farms and Trading Company Limited (Hatchery A) while 

Trial 2 took place at Darko Farms Limited (Hatchery B). In each hatchery, data monitoring took 

place earlier at the hatchery followed by a laboratory component at the Microbiology lab at the 
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Department of Animal Science, KNUST. Eggs obtained  from each of the two hatcheries were 

incubated at the hatchery and monitored for  quality of eggs received, egg weight before storage, 

egg weight before incubation, temperature of  storage room, relative humidity of storage room, 

egg storage length, temperature of eggs before storage, chick weight. At hatchery A, Cobb broiler 

chicks were used while at hatchery B, Hubbard broiler chicks were used.  

  

3.2.2 Sampling size and techniques  

The sampling size was all active hatcheries hatching broiler birds in the both the Ashanti and 

Brong-Ahafo Regions and the technique used was the purposive.  

  

3.2.3 Study population  

The study population was all hatcheries hatching eggs for the poultry community.  

3.2.4 Process of Incubation  

At both hatcheries, three consecutive batches of a production chain were monitored. At the breeder 

farm, eggs were collected, sorted to make sure they were clean, not dirty, not cracked, small, not 

very large, and not poor shell. The clean eggs were stored in trays and transported to the hatchery. 

And their weight before storage was recorded. Upon receipt at the hatchery, eggs were placed in 

setter trays. The eggs were sent to the storage room close to the receiving room and stored. The 

temperature, relative humidity, and days of storage were recorded. The eggs were placed on setter 

trays in setter trolleys and sorted again this time to replace possible cracked eggs and to check the 

position of the eggs (eggs are set with blunt side up). The loaded setter trolleys were moved into 

the fumigating room after which a basin with potassium permanganate (rate of 20g/m3) was put in 

the room. Liquid formalin (30ml/m3) was added and reaction started immediately. The door to the 

fumigation room was closed tight immediately to avoid inhalation by staff. After 10- 20 minutes 
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the fan in the room was switched on from the outside. Doors were  opened to ventilate the room 

for about an hour. The trolleys were moved to the setter room. After disinfection, the hatching eggs 

were prepared for incubation. The machine was checked for proper functioning, temperature, and 

relative humidity were set and recorded. The setter trolleys were transferred to the setter room. 

Candling began on the day of transfer to carry out an analysis of clear eggs. Candling was done by 

exposing trays of eggs to light (usually a table in which a fluorescent light is fitted in) to show the 

infertile eggs so that they could be removed. Eggs were transferred to the hatcher baskets. The 

hatcher was filled completely to start hatching. During the hatching process, liquid formalin was 

placed in the hatcher for evaporation to give the chicks their yellow colour. Before chicks were 

removed on day 21, the chick room was prepared for chick handling by recording the temperature, 

relative humidity and proper arrangement of transfer boxes. Trolleys were taken out individually 

and chicks were sorted for clean and healthy ones without any deformities. They were counted 

individually, labeled and placed in the appropriate transfer boxes. On the hatch day, all equipment 

and rooms were cleaned and disinfected.  

  

3.2.5 Laboratory analysis   

After each hatch sample of chicks (n=120) were transported to the Department of Animal Science, 

KNUST for dissection and analysis. Upon arrival at the lab, the chicks were tagged and 

individually weighed with an electronic scale (Tree Electronic precision scale, model: HRB203). 

The following parameters were then taken: live weight, chick length, shank length, navel scoring 

following the Tona or Pasgar scoring system as described earlier. The chicks were then dissected 

by first euthanizing them by cervical dislocation after which the residual yolk sac was carefully 

taken out. The components recorded as part of the carcass analysis are yolk free body mass after 
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removing the residual yolk sac, residual yolk sac and intestine. All the components were weighed, 

wrapped in an aluminum foil and placed in an oven then their dry matter taken.  

  

3.2.6 Chick measurements  

3.2.6.1 Chick length and shank length   

The chick was stretched over a ruler and the chick length was measured from its beak to the longest 

toe in centimeters. With the shank length, a caliper was held between the footpad and the hock and 

then carefully transferred to a rule and the reading taken as shown in plate 2 (c).  

3.2.6.2 Naval scoring  

Each chick was then visually and subjectively scored for condition of naval abnormalities based 

on a three observable naval scoring variables (Tona et al., 2004) as shown in plate 2 (a )and (b). 

According to Tona et al., (2004) a thread navel is less than 2mm, above 2mm indicates big navel 

button and a clean button cannot be felt which means its zero. The conditions were inspected 

critically for clean, thread hanging from the navel and big navel button.  

  

3.2.6.3 Carcass weight  

Each of the chick was carefully and painlessly killed through cervical dislocation, the dead chick 

was dissected with the use of a scalpel and the residual yolk sac removed and weighed. The weight 

of the intestine (plate 2 d) was also taken and placed back in the lifeless body. The weight of the 

chick without the yolk sac (plate 2 d) was determined as the yolk free body mass. The yolk free 

body mass and the residual yolk sac were individually wrapped in a weighed aluminum foil and 

place in an oven at 65 0C for 4 days to find the dry matter. All the dissected parts (wet and dry 

weights) were expressed as percentage of the initial chick weight.   
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Plate 2: Various ways of assessing chick quality displayed (a, b)show the navel score of 

chicks(c)show the dissected chick with the yolk sac from the top, the intestine in the middle and 

the labeled chick without intestine and yolk sac(d) using the veneer caliper measuring the shank 

length also in the picture is the electronic scale.  

  

  

3.2.7 Data Analysis  

For performance experiments, the data was analyzed with the Generalized Linear Model procedure 

of SAS version 9.4® at p<0.05. Here significant differences were observed, the least squares means 

were separated by the pdiff procedure of SAS (SAS Statistical Institute, 2012).  

  

  

  

  

  

  

  

  

  

  

  

      

      

  

  
a   b   

c   d   
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CHAPTER FOUR  

4.0 RESULTS AND DISCUSSION  

4.1 Experiment 1: Inventory of major Hatcheries in Ghana    

4.1.1 Major hatcheries in Ghana and their performance measurement   

The data collected showed that there are 8 hatcheries in Ghana operating actively in hatching 

broiler or layer chicks or both (Table 1). These hatcheries include Asamoah and Yamoah Farms ,  

Akate Farms and Trading Company Limited, Akropong Farms Limited, Bamfo Farms, Darko  

Farms Company Limited, Mfum Farms, St Charles Farms  and Top man Farms.                      

Table 1 :Major hatcheries in Ghana and their performance measurements  

Hatchery  

  

A  

  

Years in 

operation  

20  

  

Hatching  

Capacity  

 (eggs)  

Utilization  

(month)  

Utilization  

(%)  

Type  

incubator  

  

of  

System of  

 Incubation  

120000  

  

10000  

  

8.33  

  

Chick Master  

  

Multi-stage,  

single-stage  

B  40  45000  9000  20.00  Buckeye  Multi-stage  

C  33  38000  26000  68.42  Asefac  
Multisystem  

D  

  

15  

  

420000  

  

60000  

  

14.29  

  

Petersime,  

Westing, 

Beckier  

Multisystem  

  

E  20  400000  -  -  -  -  

F  

  

16  

  

120000  

  

10000  

  

8.33  

  

Buckeye,  

Petersime  

Multisystem  

  

G  11  115200  69120  60.00  Petersime  

Multisystem  

NB: For confidentiality, these hatcheries have been identified by letters such as A,B,C,D,E,F and G which represents names of the hatcheries. 

Spaces were as a result of hatcheries refusing to give out these information  
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Some of them have been in the business for well over 30 years. Therefore, their machines are very 

old which have seen no replacement for a long time, that they may not be meeting modern 

incubation standards anymore. This can present a lot of problems to hatchery managers who would 

struggle to make good production output. Only two of these hatcheries were operating at 60% and 

68% of their full capacity based on the quantities of eggs that can fully fill available incubator 

space (Table 4.1). The rest were operating at 8, 14 and 20 percent of their capacity. This goes a 

long way to support   Ghana Business News (2013) assertion that most of our hatcheries are 

producing below 60%. The smallest hatchery had a capacity of 38,000 egg incubator space while 

the largest hatchery 400000 eggs incubator space. The type of incubators used by all the hatcheries 

includes Chick Master, Buckeye, Asefac, Petersime, Westing and Beckier while the major 

incubation system practiced was the multi-stage incubation system while only one hatchery having 

a single stage incubator. The incubators used by all the hatcheries are different from one hatchery 

to the other. However, almost all the hatcheries claimed to practice the multistage incubation 

system, where eggs of more than one embryo age are present in the incubator at the same time 

(Hamidu et al., 2007). However, a typical multistage incubation system would not mix eggs on a 

single setter rack but multiples racks are moved along as new eggs are pushed into the incubator. 

Even though this incubation system is common it is evident that, it presents its own problems 

which are not common knowledge to Ghanaian hatchery managers. Single stage incubation system 

against the multistage system is the current and probably suitable standard incubation system 

(Hamidu et al., 2007). This could be because of its advantages ranging from improved   day old-

chick quality, improved hatch rates and fewer cull birds which then provide viable, well hydrated 

and healthy birds from day one to the time they grow. This also affects the mortality in a positive 

way particularly in the first week, growth rate and in feed conversion. The variation in the types 

of incubators/setters used in Ghana could have its own bigger problem that may have added to 
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already ailing Ghanaian poultry industry due high feed cost that account for about 70 to 80% 

(Benabdeljelil et al., 2001) of current production cost (Durunna et al., 1999). Since it will be 

difficult and expensive to engage a good incubation expert to monitor the performance of the 

various hatcheries as the operations and system maintenance strategies of each machine differ. 

According to information found at the  

Poultry Site (2014) currently, Ghana’s poultry sector is having challenges which include hatcheries 

operating below expectations due to unrestricted trade liberalization that permits the liberalisation 

of avian product to be imported. For a country that could produce 90 per cent of its poultry needs 

as of 1993, according to MoFA figures (MoFA, 2013), Ghana can now produce a trivial 10 per 

cent of its poultry products and also the amount of money channeled into the importation of poultry 

product increases  considerably from year to year.  

  

4.1.2. Maintenance of high performance of hatcheries  

Table 2 presents the results of inventory of Ghanaian hatcheries and steps to maintain high 

performance. Out of the 7 hatcheries interviewed, only 3 of them provided basic training to all 

their staff. An additional 3 hatcheries provided training for about 40 to 70 % of their staff (Table 

2). These training were however in-service meaning the experience of older hatchery personnel 

was passed on to the new ones. This supports Pas Reforms (2015) assertion that whether for new 

employees or as a routine for existing hatchery personnel, training motivates people to do a great 

job. Two hatcheries indicated they had staff that received training from the manufacturers of their 

machine which was more important to help them understand the operation of the incubators. This 

is vital because it is important for employees to understand what they do and why they do it and 

not just to follow Standard Operating Procedure (SOP’s) (Pas Reforms, 2015).  
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Table 2: Inventory of Ghanaian hatcheries and steps to maintain high performance  

Hatchery  

  

Hatchery 

workers  

Trained 

Workers  

Training 

(%)  

Place of 

Training  

Manufacturer 

Training  

Association  

  

A  5  2  40  In-service  No  

Ghana 

Farmers  

Poultry  

B  5  5  100  In-service  No  

Ghana 

Farmers  

Poultry  

C  4  4  100  In-service  No  

Ghana 

Farmers  

Poultry  

D  20  15  75  In-service  Yes  

Ghana 

Farmers  

Poultry  

E  6  4  67  In-service  Yes  

Ghana 

Farmers  

Poultry  

F  5  5  100  In-service  No    

G  

  

15  

  

3  

  

20  

  

In-service  

  

No  

  

Ghana  

Farmers,   

World  

Science  

Poultry  

Poultry  

  NB: For confidentiality, these hatcheries have been identified by letters  such as A,B,C,D,E,F. and G which represents names of the hatcheries.  

  

The survey results from Table 2 reveal that 6 of the hatcheries were associated with the Ghana  

Poultry Farmers Association and one was additionally a member of the World Poultry Science 

Association. Such association is important to help pass appropriate knowledge and new 

information to hatchery personnel. In agreement Pas Reforms (2015) encourages that to have a 

good hatchery manager or employees, professional development must be involved in their work in 

order to grow into their job and build experience, while staying up-to-date by reading relevant 

articles and attending seminars. In addition hatchery management training is paramount for 

managers to share ideas and experiences with specialists and managers from other hatcheries. 

Mabbett (2012) has reported that in successfully managing a hatchery for long, the right tool and 

technical know- how is needed to monitor the requirement of the egg and developing chick 

including having workers trained properly to measure, and monitor parameters in the hatchery.  
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In spite of the advances technologies in current incubation industry, some of the best tools available 

to workers at the hatchery are their ability to observe and use their instincts to figure out issues of 

the sight, hearing and smell. Prompt identification of any problems will depend on the individual’s 

ability to recognize some warning signs and accepting that there is a need to investigate (Mabbett, 

2012).This is where the new technologies learnt is made useful to the worker to add value by 

applying them in the whole incubation processes. However, the engagement of veterinary service 

after hatcheries problems have escalated to full level yolk sac infections cannot cure the diseases 

of the chicks leading to high mortalities. Proper training of hatchery staff is one of the success 

paths of a hatchery (Pas Reform, 2015).  

  

4.1.3 Quality assurance of hatcheries  

Table 3 presents the results of steps toward quality assurance and how to reduce low performance 

in the hatcheries. The inventory showed that five hatcheries kept their own parent stock while the 

rest buy or depended on farmers who contracted them with eggs to be hatched for them. The larger 

number of parent flock were layers, indicating a very low attention on broiler production in Ghana, 

this is in support of Ghana Poultry Report  Annual (2013) that the demand for layers from 

hatcheries is over  80 percent of total capacity. However, the research differs from Ghana Poultry 

Report Annual (2013) stipulation that only three hatchery companies maintained their own broiler 

parent stocks  with the others importing fertile eggs or depending on farmers to bring in their eggs 

to hatch . The main breed kept by these hatcheries was the Lohmann with other hatcheries 

complementing this with other breeders which may be in small numbers. Major hatchability 

challenges reported in the eggs given to these hatcheries were dead in shells, unsealed navels, 

twisted beak, wet chicks, and blind chicks among others.   
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Table 3: Inventory of Ghanaian hatcheries and steps toward quality assurance and reduce low 

performance  

 

Hatchery  

  

Own  

parent 

Stock  

No.  

broiler  

parent stock  

No. layer  

parent 

stock  

Type of  

Breed  

Storage 

duration 

(days)  

Storage 

temperature 

(oC)  

Hatch   

Challenges  

 
A Yes  6000  Lohmann  6-7  16-17  fore-hatch,   

            dead in   

- -  -      shells  

B Yes           6-7  20  

- -  -    -    

unsealed   

C No  4  navel,  

      blind  

- -  -    -  chicks  

Hyline,  

D Yes  10000  20000  Lohmann, 4-7  18.5-19  

        Harco,      

        Cobb      -  

E Yes  7  

- -  -    -  -  

F No  4  

- -  -    -  -  

twisted   

G Yes  10000  55000  Lohmann, 4   17  beaks, wet   

         Boman      chicks,   

              heavy              

 navel  

 
NB: For confidentiality, these hatcheries have been identified by letters such as A,B,C,D,E,F,and G which represent the names of the hatcheries. 

Spaces were as a result of hatcheries refusing to give out some of this information  

  

According to the hatcheries, they store eggs not more than 7 days and storage temperature did not 

exceed 20oC. According to Tona et al. (2003) the duration of storing eggs affects the chicks thus 

before incubation. The effect of storage has both positive and negative implications depending on 

how long it is stored (Reijrink et al., 2009).  Wilson (1997) reported that the reproductive 
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performance of the parent stock is important for the hatchery to determine the amount of saleable 

chicks at a minimal cost, it is important that uniform chicks be attained to get better production. It 

is important that the setters and hatchers attain an optimum level so the uniformity of chicks does 

not suffer and the hatching time could take a longer time there by affecting hatchability. According 

to Wilson (1997) many factors affect hatchability these include egg size and age of breeders, 

season of the year and nutrition, egg handling and storage, temperature and humidity throughout 

the incubation and hatching period.   

   

4.2 Experiment 2 -Performance study  

4.2.1 Trial 1-Hatchery A  

Table 4: Hatch performance of broiler chicks hatched from three different batches in a local 

hatchery in Ghana.  

Batches  Chick 

weight 

(g)  

Chick 

length 

(cm)  

Shank  

Length  

(cm)  

Naval  

Score  

(cm)  

Intes- 

tine 

weight 

(g)  

Wet  

YFBM  

(g)4  

Dry  

YFBM  

(g)5  

Wet   

RYS  

(g)6  

Dry  

RYS  

(g)7  

(24wk)1  43.25a  18.34b  2.93a  2.05  2.46b  36.72a  20.39a  5.59b  2.54a  

(25wk)2  43.50a  18.52345b  1.57b  2.05  4.21a  37.69a  10.30c  6.57a  2.60a  

(26wk)3  40.16b
  19.25a  1.63b  2.05  2.49b  34.97b  13.36b  2.34c  1.52b  

SEM6  0.77  0.12  0.09  0.12  0.06  0.59  0.83  0.20  0.24  

                                                 
1 , 2 , 3 Indicate first, second and third batches respectively of the eggs collected before hatching  
2 Wet Yolk Free Body Mass  
3 Dry Yolk Free Body Mass  
4 Wet Residual Yolk Sac  
5 Dry Residual Yolk Sac  
6 Standard error of means belonging to the different treatments within the various hatch 

performance  
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Pvalue1  

0.0059  <0.0001  <0.0001  0.9998  <0.0001  0.0076  <0.0001  <0.0001  0.0032  

Superscripts (a-c) indicates significant difference among means in the same column (P<0.05).  

wk) with the third batch (26wk) recording the lowest value. The chick weight was significantly 

(P<0.01) different. The flock ages 24 to 26 weeks can all be considered young maternal flock ages 

so it is not very clear why such differences in the parameters measured were observed. All the 

chick weights recorded were lower than recommended average day old chick weight of 48g for a 

uniform sized flock (Cazaban, 2005). The lower chick weight means that these chicks may have 

been hatched from lower weight eggs and therefore the chicks will need better brooding 

management in order to reduce first week mortality (Yassin et al., 2008). There was significantly 

(P<0.01) short chick length in the first and second batches compared to the third batch of hatch. 

Additionally chick length at hatch could be affected by the breed of broiler. This is in agreement 

with Alsobayel et al. (2013) whose study shows that chick length at hatch was significant (P< 0.01) 

which was affected by the breed and breeder age. However,   Willemsen et al., 2008 asserts that 

chick length was influenced by breeder line of breeder age.   

  

Chick length was significantly different (P<0.05). The significance of chick length is a positive 

attribute that the chick is absorbing yolk sac and converting it to weight of YFBM and 

consequently the length of the chick (Meijerhof, 2006). The chick length is one of the most 

                                                 
1 P-value of columnar means  

  

Table 4 presents the hatch performance of broiler chicks hatch from three different batches in a  

local hatchery. The chick weight were similar in the second batch (25wk) and the first batch (24  
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important parameter of determining a good chick from the masses. Chick length is important for a 

good chick quality.  

  

The shank length which indicated an increase in the second batch (24wk) and third (26wk) batches. 

The second batch having the lowest value. Shank length was highly significantly  

(P<0.01) different. The length of storage tends to affect later the changes which occur in the 

formation of the shank length. In agreement with this current study, Servet and Paul (2003) 

stipulate that egg stored under very cold condition have their chicks producing significantly higher 

shank length than those stored under ambient temperature. Since the conditions are optimal it 

means that the shank was a means of determining a good chick quality.   

  

However, navel score was not significantly (P>0.05) different. Omphalitis and mortality are 

associated navel conditions on chick survivability. Generally boilers with navel conditions are 

regarded as inferior (Fasenko and O’Dea, 2008). Chicks with navel conditions could be detrimental 

to their growth especially later on .But in their early stage there is not much difference between 

chicks with bad navel condition and chicks with normal-appearing navels.  

Even though in this study, there was not much significance.  

  

Intestine weight recorded similar significance in the first (24 wks) and third (26 wks) batches but 

a higher value was recorded for the second batch (25wks). This Mahmoud and Edens (2012) 

supports this when in their research broiler chicks had feed access delayed. When feed was given, 

chicks from the feed delayed group indicating an enormous increase in small intestine weight 
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relative to body weight, surpassing (P < 0·05) the control groups across all flock ages. The 

similarity between the first and third batches could be due the storage room conditions together 

with poor feeding could affect the condition of these batches.  

  

Wet YFBM recorded similar significance with both batches (24and 25 wk) while the third batch  

(26wk) recorded the least. Wet YFBM was highly significantly different(P< 0.01). This was due 

age of the breeding flock which are much younger and producing a less heavier eggs which will 

in effect produce less heavier chicks. This agrees with Nanqsuay et al (2011) who indicated that 

significant relation existed between breeder age and egg size was found for yolk-free body (YFB) 

mass only at day 7. Until the fourteenth day of incubation, eggs from the old hens yielded better 

YFB mass than did eggs from the young hen.  

  

Dry YFBM had a change in the values where the first batch recorded the highest followed by the 

third batch and the second batch recording the lowest. This was highly significantly different 

(P<0.01).The ages of the breeder flock tend to have a bearing on dry YFBM. This is contrary to 

what Nanqsuay et al. (2011) asserts that dry YFBM of chicks from the old (53 wk) hen was higher 

than day old chicks from the young (29wk) hen. However, it proves otherwise in this study where 

young flocks are used and yet have a high dry YFBM.  

  

Wet RYS recorded the highest value with the second batch (25 wks) followed by the first batch 

(24 wks) and the third batch recording the lowest value. The same pattern occurred in the dry YS 

where the second batch recorded a higher value followed by the first batch and the third batch 
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recorded the lowest value. The wet and dry YS were significantly differently at (P<0.01). RYS 

whether dry or wet is well absorbed when feed is made available to chicks in time. Mahmoud and 

Edens (2012) supports this when in their research broiler chicks had feed access delayed.  It was 

noticed that chicks from the older hens imbibed more yolk in the within two days with no feed 

delayed (FD) effect. In relation to this result, the chicks which were not fed early affected the 

absorption of the wet RYS therefore recording significance in all the ages of irrespective of the 

age. With the dry RYS the significance of the batch one (24 wks) and two (25 wks) were similar 

but the third batch indicated a slightly lower significance.  

  

Table 5: Percentage results of the different batches of hatched chicks  

Batches  % Intestine  

Weight4  

% Wet  

RYS5  

% Dry   

RYS6  

%Wet  

YFBM7  

% Dry 

YFBM8  

(24 wk)1  5.71c  12.94b  5.77a  82.44  47.13a  

(25 wk)2  9.73a  15.07a  5.91a  86.85  23.86c  

(26 wk)3  6.22b  5.70 c  4.13b  87.25  33.14b  

SEM9  0.16  0.65  0.50  1.72  1.87  

P-value10  <.0001  <.0001  0.0287  0.0979  <.0001  

Superscripts (a-c) indicate significant difference among means in the same column (P<0.05).  
1, 2, 3 indicate first, second and third batches respectively of the eggs collected before hatching  

4% Intestine weight = (Intestine weight /chick weight)*100  
5%Wet Residual Yolk Sac= (Wet Residual Yolk Sac/chick weight)*100  
6%Dry Residual Yolk Sac= (Dry Residual Yolk Sac/chick weight)*100  
7%Wet Yolk Free Body Mass= (Wet Yolk Free Body Mass/chick weight)*100  
8%Dry Yolk Free Body Mass= (Dry Yolk Free Body Mass/chick weight)*100  
9Standard error of means belonging to the different treatments within the various hatch 

performance  
10P-value of columnar means  

  

The result of different batches of hatched chicks is presented in Tables 5. The percentage intestine 

weight value was highest in the second batch (25wk), the third batch followed and the first batch 

recorded the lowest value. Percentage intestine was highly significantly different (P<0.01).  Age 
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of breeder flock has an effect on intestine  weight chicks. This is in line with Mahmoud and Eden 

(2012) research where  chicks from the  feed delay group showed an increase in small intestine 

weight relative to  body weight when feed was made available, surpassing (P < 0·05) the control 

groups across all breeder flock ages. Additionally, the structural measurements in the intestinal 

sections had higher rates in the chicks derived from the middle age breeder flock. Feed delay to 

newly hatched chicks from the young flock reduced intestines (P < 0·01) length.  

With the percentage wet RYS the second batch recorded the highest values followed by the first 

batch with the lowest value with the third batch (26wk) but with the dry RYS there was similar 

values recorded in first and second batches with the least values recorded with the third batch. Wet 

RYS were significantly different (P<0.01). RYS whether dry or wet is well absorbed when feed is 

made available to chicks in time. Mahmoud and Edens (2012) supports this when in their research 

broiler chicks feed access delayed. It was noticed that chicks from the older breeder flock took in 

more yolk in two days with no feed delay effect. When feed was given to the chicks, chicks from 

the feed delayed group showed an enormous increase in small intestine weight relative to body 

weight of the chicks, surpassing (P < 0·05) the control groups across all breeder flock ages.  

  

The percentage wet YFBM recorded a higher value in the third batch (26wk), the second batch 

(25wk) recorded a slightly lower value and the first batch recorded the lowest value. However the 

percentage wet YFBM was not significantly different (P>0.05).The insignificance of wet YFBM 

was contrary to Nanqsuay et al.(2011)  work where at hatch, their chicks  were heavier, longer and 

had higher wet YFBM. The differences could be due to the young nature of this research breeding 

flock. It could be conclude that Nanqsuay et al.(2011) had older birds  as their breeding flock 

which in turn produced heavier chicks.  
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Percentage dry YFBM recorded first batch (24wk) followed by the third batch (26wk) and the least 

value recorded in the second week. Percentage dry YFBM was significantly different at (P<0.01). 

This could be due to the yolk weight .This is in line with Nanqsuay et al.(2011)  who  stipulates 

yolk weight increased with breeder age  implying that large eggs will mean bigger albumen. 

Additionally, dry YFBM of hatchling from the old (53 wk) flock was higher than that of hatchling 

from the younger breeder flock.  

  

Table 6 : Effect of the number of days on the various performances before hatch in a local hatchery 

in Ghana  

Days  Egg 

weight 

before 

storage  

(g)  

Egg  

weight 

before 

incubation  

(g)  

Temperature 

of  storage  

before 

incubation  

(0C)  

Relative 

humidity of 

storage 

before 

incubation  

(%)  

Storage 

length  

(days)  

Temperature 

of egg  

before 

storage (0C)  

1  62.10d  61.48d  16.00  75.00  4.00a  22.55h  

2  66.87ab  66.90a  16.00  75.00  3.00b  28.66g  

3  62.30cd  62.03cd  16.00  75.00  2.00c  30.65e  

4  63.97bcd  63.60bcd  16.00  75.00  1.00b  31.37d  

5  63.53bcd  63.47bcd  16.00  75.00  3.00b  31.29d  

6  68.03a  67.70a  16.00  75.00  2.00c  32.45b  

7  67.90a  66.83a  16.00  75.00  1.00d  28.79g  

8  63.47bcd  63.27bcd  16.00  75.00  4.00a  33.44a  

9  65.63abc  64.73abc  16.00  75.00  3.00b  31.99c  

10  65.70abc  65.53ab  16.00  75.00  2.00c  32.43b  

11  65.57abc  65.57ab  16.00  75.00  1.00d  29.77f  

SEM1  0.83  0.77  -  -  0.00  0.13  

P-value2  <0.0001  <0.0001  -  -  <0.0001  <0.0001  

Superscripts (a-h) indicate significant difference among means in the same column (P<0.05). 
1Standard error of means belonging to the different treatments within the various hatch 

performance  
2P-value of columnar means  
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Table 6 above  show the egg weight  before storage  recorded the highest value on the 6th day of 

storage with  the respective decrease on days 7,2,11,9,10,4,5,8,3 and 1  recording  the lowest value. 

Egg weight was significantly high at (P<0.05). Hatchery which has area for holding eggs  is 

maintained at 65-70F and 75 % relative humidity. Storage condition for eggs to be hatched should 

be not be too long to affect hatchability (King’ori, 2011; Ipek and Sozcu, 2013). Eggs start to lose 

weight at every temperature it finds itself. It is therefore imperative that conservation of egg weight 

before storage should be the focus of the hatchery so as not to lose too much moisture obviously 

through its pores (Hamidu et al., 2010)  

  

Egg weight  before incubation showed the highest value on the 6th day with the respective  decrease  

on the days 7,2,11,10,9,4,5,8,3 and 1 day recording the lowest value. Egg weight before storage 

was significant (P<0.05). The significance experienced  was as a result of the kind  of strain of 

broiler(Cobb) raised even though the age of breeders for the current study is younger yet not much 

difference will be seen in respect to the age.  Alsobayel et al. (2013) supports this when a total of 

1350 hatching eggs were sourced from commercial breeders Cobb, Ross 308 and Arbor Acres at  

30-35,40-45 and 50-55 weeks of age,450 eggs for each breed age. Eggs for each age were randomly 

divided into three groups, 50 eggs in each, stored either for 0, 7 or 14 days, individually weighed 

before and after storage and incubated following usual hatchery practices. Arbor Acres and Cobb 

had statistically similar egg weight whereas Ross had significantly (P > 0.05) the lowest value. 

Old breeders and fresh hatching eggs had significantly (P > 0.05) the highest egg weight whereas 

young breeders and hatching eggs stored for 14 days had the lowest egg weight. Egg weight of 

Cobb was significantly (P > 0.05) the lowest at 30–35 and the highest at 40–45 weeks of age 
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whereas that of Ross was significantly (P > 0.05) the lowest at 40–45 and 50–55 weeks of age. 

Cobb and Ross 308 were better strain to have a good weight.    

  

The storage length saw increase on days 1 and 8 slight decrease on days 2,5.9 followed by days  

3,6 and 9 with the least value recorded on days 4,7 and 11. The storage length was significantly 

(P<0.05) high. The storage length affects the development of day old. Goliomytis et al. (2015) 

agrees with this current study where in their experiment the effect of pre-incubation storage length  

of broiler eggs were conducted on hatchability on  a day old chick quality and subsequent 

performance, a total of 360 hatching eggs were stored for 4,12 and 16 day prior to incubation.  

Hatchability and chick quality assessed at hatch, and growth performance were assessed during a 

35 day rearing period. It was noticed that growth parameters which were affected were chick body 

weight and chick length.  

  

The temperature of eggs before storage records  higher value on day 8 with respective decrease on 

the following days  6,10,9,4,5,3,11,7,2 and 1 recording the lowest value. The temperature of eggs 

before storage was significantly (P<0.05) high.  Temperature and oxygen stands as the two 

important incubation factors  that are known to  affect embryonic development (Lourens, 2004; 

Meijerhof,2009,Willemsen et al., 2008).It should  be noted that the optimal temperature is good 

for optimal embryo development, after hatch performance and good success during the period of 

hatching(Lourens et al., 2005;Ipek and Sozcu,2013).  
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4.2.2 Trial 2-Hatchery B.    

Table 7: Effect of storage length on the various performances before hatch  

Storage 

length 

/Days  

Egg 

weight 

before 

storage  

(g)  

Egg  

weight 

before 

incubation  

(g)  

Temperature  

of storage  

room  

(0C)  

Relative 

humidity of 

storage before 

incubation  

(%)  

Temperature 

of eggs  

before 

incubation  

(0C)  

Temperature 

of eggs 

before 

storage (0C )   

1  55.39a  55.28a  20.00  38.00  25.87  32.27ab  

2  55.85a  55.16a  20.00  38.00  24.23  31.71ab  

3  55.78a  56.54a  20.00  38.00  24.12  30.07b  

4  56.51a  56.03a  20.00  38.00  24.42  32.02ab  

5  56.49a  55.70a  20.00  38.00  24.18  28.62c  

6  56.03a  55.10a  20.00  38.00  24.12  34.32a  

SEM1  0.22  0.58  -  -  0.59  1.56  

Pvalue2  0.0026  0.3211  -  -  0.2981  <0.0001  

Superscripts (a-c) indicates significant difference among means in the same column (P<0.05). 
1Standard error of means belonging to the different treatments within the various hatch 

performance  
2P-value of columnar means  

  

  

Egg weight before storage was significantly (P<0.05) higher. Egg weight before storage on day 4 

followed by day 5,6,2,3 and the lowest value on day 1. Eggs start to lose weight at every 

temperature it finds itself. It is therefore imperative that conservation of egg weight before storage 

should be the focus of the hatchery so as not to lose too much moisture obviously throught its pores 

(Hamidu et al., 2010, 2011).  

  

Egg weight before incubation decreased significantly (P<0.05) and showed higher value on day 3 

and a decrease on days 4,5,1,2 and 6. Its decrease in significance is due to the fairly younger ages 

of the breeders which mean that there would not be much weight loss since egg shell is thinker.  
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This agrees with Zakaria et al. (2009) who asserts that egg weight loss before and during incubation 

increases with advanced age of broilers’ breeders due to deterioration in shell quality. Also Roque 

and Soares (1994) agree by indicating that egg weight percentage during or before incubation was 

higher for eggs produced by young breeders than that produced by older breeders.  

  

Temperature of eggs  before  incubation  recorded the highest  value  on day 1 followed by  days  

4,2,5 as days 3 and 6 recorded the least values. Interactions in the environmental temperature 

resulted in changes in embryo growth than with humidity-related changes, especially where 

mortality and malformation were present (Noiva et al., 2014). It is important that the right 

temperature is maintained for eggs to reduce these embryo development mortalities. Lourens et al. 

(2005) concludes that when the temperature of the eggshell reached 380C at incubation a better 

embryo development and after hatch performance were higher. Consistent changes in egg shell 

temperature can result in negative impact body organs and the quality of chick being produced 

(Wilson, 1991).  

  

Temperature of eggs before storage was higher on day 6 than the subsequent days which recorded 

decrease in value on days 1,2,3,4, and 6 respectively. Temperature of eggs before storage showed 

no significance at (P>0.05). Pre-incubation egg holding is important. Changes in the temperature 

could affect development stage at oviposition (Decuypere and Michels,1992).  

    

Table 8: Effect of age in the various performances before hatch in the local hatchery.  
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Age/ 

Weeks  

Egg 

weight 

before 

storage  

(g)  

Egg weight 

before 

incubation  

(g)  

Temperature  

of storage  

room  

(0C)  

Relative 

humidity of 

storage 

before 

incubation  

(%)  

Temperature  

of  eggs  

before 

incubation  

(0C)  

Temperature  

of eggs 

before 

Storage  

(0C)  

28  52.53e  52.07c  20.00  38.00  26.14  31.40a  

29  54.34d  53.68bc  20.00  38.00  25.86  32.47ab  

30  55.28c  54.67bc  20.00  38.00  25.20  32.35ab  

31  56.40bc  56.11b  20.00  38.00  23.19  35.32a  

38  55.23bc  54.80bc  20.00  38.00  22.99  27.55b  

39  56.57a  55.96b  20.00  38.00  23.29  31.40b  

40  58.25a  58.65a  20.00  38.00  24.63  31.33b  

41  59.47a  59.13a  20.00  38.00  24.62  30.16b  

SEM1  0.30  0.77  -  -  0.79  1.17  

P-value2  <0.0001  <0.0001  -  -  0.0005   0.0087  

Superscripts (a-e) indicates significant difference among means in the same column (P<0.05). 
1Standard error of means belonging to the different treatments within the various hatch 

performance  
2P-value of columnar means  

  

  

Egg weight before storage was significantly different at (P<0.05) which  also show the highest 

value on age 41 followed by ages 40,39, 31,30,38, 29 and age 28 having the least. Egg weight is 

significantly affected by the relationship that exist among flock age and egg size(Ulmer-Franco et 

al., 2010;Tona et al.,2004).Generally eggs can be hatched irrespective  regardless of egg size or 

later irrespective of  the flock age(Ulmer-Franco et al., 2010)  

  

The temperature of eggs before incubation recorded  the highest value on age 28 which was 

followed by ages 29,30,40,41,39,31,and 38. It was slightly significantly (P>0.05) different. 

Temperature just like humidity is an important factor affecting embryonic development.  Delay in 

and reduction could impact negatively on the embryo development. This is in line with Noiva  et 

al. (2014) where in their results parameters observed throughout embryonic development  shown 
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to be most affected were albumen-weight to egg weight ratio, yolk weight to egg-weight, mortality 

rates. Significant changes occur in the albumen –weight to egg –weight ratio (AR) and yolk–weight 

to egg-weight (YR) throughout incubation. This was due to the delay and reduction   temperature 

manipulations in the hatcheries.  

  

Temperature of eggs before storage was highest on age 31 which was followed by 29, 

30.28,39,40,41 and the least value on age 38.Temperature of eggs before storage was the least 

significance(P<0.05).  Temperature is the first and fore most factor that influences conditions in 

during incubation that tends to affect the embryonic development (Decuypere and Michels, 1992). 

According  to Nicholson et al. (2012)  heating hatching eggs to obtain the  incubation temperature 

before storage is a way to  allowing embryo development to go on  so that embryo could develop 

to the point of improving survivability after long storage and also carry on repairs in the cell 

(Dymond et al. 2013)  

    

Table 9: Hatch performance of broiler chicks in relation to parents of different ages   
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P-value of columnar means  

  

Hatch performance of broiler chicks presented in Table 9 above. Chick weight recorded   similar 

values with ages 39 and 41 this was followed up by age 31 the age 29 with age 28 being the least. 

The chick weight was significantly (P<0.01) different. It should be noted that management of 

breeders is important. Day old chick weight have been known to be proportional to the age of their 

parents especially  between 25and 35 weeks and tends to stabilize after wards. So how farmers 

manage their feed and sexual maturity for the breeds could determine their uniformity of the chicks 

(Toudic, 2006).  Significantly this current study agrees  with that of Petek et al.(2010) in which 

significant difference was observed for the day – old body weight.  Hatch weight in small group 

(length less than 18.0cm) was found to be significantly lower than the longer group (length greater 

than 18.3cm). Again, chick weight according El Sabry et al.(2013) was significantly  influenced 

by the time chicks were hatched, where  late hatch chicks showed heavier weight than chicks 

hatched on early hatch.  

  

Age/ 

Weeks  

Chick 

weight 

(g)  

Chick 

length 

(cm)  

Shank 

length 

(cm)  

Naval 

score 

(cm)  

Intes - 

tine 

weight 

(g)  

Wet  

RYS1  

  

(g)  

Dry   

RYS2  

(g)  

Wet   

YFBM3  

(g)  

Dry  

YFBM4 

(g)  

  

28  33.65c  18.56c  1.39c  2.25ab  1.25b  2.43b  1.68b  30.93c  22.91c   

29  38.90ab  18.51c  1.43bc  1.90ab  1.19b  3.38b  2.98a  34.32b  25.13abc   

31  37.70b  18.60c  1.46bc  2.30ab  1.37a  3.75a  3.00a  34.20b  23.82bc   

39  40.45a  18.97b  1.50a  2.60a  1.22b  3.33a  2.57a  35.71a  25 .94ab   

41  41.00a  19.48a  1.55a  1.80a  1.57a  4.16a  3.35a  36.28a  26.66a   

SEM5  0.71  0.11  0.03  0.20  0.82  0.24  0.23  0.53  0.68   

P-value6  <0.0001  <0.0001 0.0005  0.0439  0.0097  <0.0001  <0.0001  <0.0001  0.0008   

Superscripts (a-c) indicate significant difference among means in the same column (P<0.05). 
1Wet Residual Yolk Sac  
2Dry Residual Yolk Sac  
3Wet Yolk Free Body Mass  
4Dry Yolk Free Body Mass  
5Standard error of means belonging to the different treatments within the various hatch 

performance  
6 
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The chick length showed a similarity in ages 28, 29 and 31 with age 39 following then the least 

value recorded by age 41. Chick length was significantly (P<0.01) different due to a more uniform 

flock. Hill (2001) and Wolanski et al. (2006) agrees that length of the chick is likely to be much 

more important in obtaining uniformity of flock. Again the correlation coefficency in their 

experiment with other growth parameters and length are positively significantly (P<0.05). 

Agreeably, Decuypere and Bruggeman (2007) reported that in their research a strong correlation 

existed between chick length at hatch and other growth parameters which point to the fact that 

chick length could be used to show chick growth potential. According to Molenaar et al. (2008) 

not only should the female length be considered but also increase in the length of chicks in male 

broilers could impact positively on body weight especially those gotten from same egg size.   

  

Shank length was significant at (P<0.01).Shank length recorded similar values with  ages 41 and 

39 followed by 29 and 31 with the least being  age 28. This is due to strain of broiler used since 

shank length is used as a tool for the determination of fertility. This is in agreement with Yahaya 

et al. (2012) in their study made comparison between birds body conformations range between 

0.977 and 0.795, all showing strong positive relationship between them. Concluded that there is a 

linear relationship between other body measurement including body weight and shank length for 

both Hubbard and Arbor Acre strains.  

  

There was significance (P<0.05) with navel score. Similar values were recorded with ages 41 and 

39 followed by 31, 29 and 28. Values of the navel score is due to the age of chick this is in line 

with Fasenko and O’Dea (2008) in their research  indicated that the presence of leaky or button 

navel did not  negatively affect body weights on day-old chick.  
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Intestine weight was significantly (P<0.01) with ages  41 and 31 recording similar values  while 

ages 39, 29 and 28 follow with the least values. According to Scott and Silversides (2000) growth 

parameters (intestine weight) could be affected when the temperature for storing eggs is longer 

than more than six days. This suggests that temperature is a reason for the low significance in 

intestine development.   

  

Both the dry and wet RYS were highly significantly (P<0.01) different. They showed 

corresponding similarity in ages 41,39, 31 followed by age 28 but there was a change with the 

values in age 29 for both the dry and wet RYS. This could be attributed to the availability of feed 

and water immediately after hatching the chick (Mukarami et al., 1992). In another study 

agreeably, the cause for the unabsorbed yolk sac may have been due to inability for the lymphocyte 

to move during the conversion of the umbilical stalk to connect to the yolk sac to the cavity of the 

small intestine (Buhr et al., 2006)  

  

  

Wet and Dry YFBM indicated significance (P<0.01). Age 41 showed corresponding increases in 

Egg sizes which later determines the size of the day old could account for the significance of  both 

the wet and dry YFBM. This is in line with Decuypere and Bruggeman (2007) assertion that body 

weight at day old was mutually related to egg size and not to development and performance 

parameters like YFBM because yolk sac  may not have been absorbed totally.   

    

Table 10: Percentage results of the different batches of hatched chicks in relation to parental age  

Age/ 

Weeks  

%intestine 

weight1  

%  wet  

RYS2  

% Dry  

RYS3  

% Wet  

 YFBM4  

  

%Dry  

YFBM5  
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28  3.72a  7.18b  4.93b  92.12  68.20  

29  3.03a  8.64b  7.70a  88.41  64.71  

31  3.67a  9.84ab  7.81a  88.71  65.85  

39  3.03a  8.17ab  6.36ab  88.47  60.27  

41  3.84a  10.03a  8.03a  88.64  65.30  

SEM6  0.22  0.55  0.54  2.02  2.52  

P-value7  0.0178  0.0016  0.0003  0.6438  0.2678  

Superscripts (a, b) indicates significant difference among means in the same column (P<0.05).  
1% Intestine weight = (Intestine weight /chick weight)*100  
2%Wet Residual Yolk Sac= (Wet Residual Yolk Sac/chick weight)*100  
3%Dry Residual Yolk Sac= (Dry Residual Yolk Sac/chick weight)*100  
4%Wet Yolk Free Body Mass= (wet Yolk Free Body Mass/chick weight)*100  
5%Dry Yolk Free Body Mass= (Dry Yolk Free Body Mass/chick weight)*100  
6Standard error of means belonging to the different treatments within the various hatch 

performance  
7P-value of columnar means  

  

The percentage intestine weight has significantly similar values for all the ages. The percentage 

intestine weight was the least significantly (P<0.05) different. Temperature effect is very 

paramount to the development of  organs during the embryo development (Lekrisompong,2005). 

According to Yalcin and Seigel (2003) changes in incubation temperature (36.90C and 39.60C) 

played an important role in organ development (Lekrisompong,2005).This means temperature tend 

to affect  the conditions of the organs. In addition, Leksrisompong (2005) stipulate in her 

experiment intestine, proventriculus and gizzard of chicks incubated in high temperature were 

lower in size when there was an increase in temperature.   

  

Percentage wet and percentage dry RYS were both significantly (P<0.05) different. RYS whether 

dry or wet is well absorbed when feed is made available to chicks in time. Mahmoud and Edens  

(2012) supports this when in their research broiler chicks were feed access was delayed .It was 

noticed that chicks from the older breeding hens imbibe more yolk within two days with no feed 

delayed effect. The time feed was introduced, chicks from the feed delayed group showed an 
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enormous increase in  the weight of the small intestine relative to body weight, a little more than 

(P < 0·05) the control group across all  the various ages  of  the breeder flock.  

  

Both percentage wet and dry YFBM were not significantly (P>0.05) different among the different 

age groups. The main cause to its insignificance was due to dehydration of the chicks in the era of 

power fluctuation which could have affected temperature and humidity. According to Bruzual et 

al. (2000) the length of time that chicks are made to linger in the hatcher could affect the growth 

parameters and increase mortality rate. Additionally, Bruzual et al. (2000) stated that dehydration 

of chicks hatch is due to the relative humidity of the machine and how long it took for chicks to be 

removed from the hatcher. Wilson, (1991) stipulates that relative humidity and type of incubator 

could  be a major cause for dehydration to occur.   
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CHAPTER FIVE  

5.0 CONCLUSION AND RECOMMENDATION  

5.1 Conclusion  

 There were eight hatcheries found but only seven were in operation.  

 Most of the hatchery personnel lacked basic training  

 Hatcheries  were not adhering to optimal standards  for temperature and humidity so this 

affected their chick weight, chick length, shank length, navel conditions, weight of 

intestines, YFBM and YS  

  

5.2 Recommendation  

 Research into specific breeds and their respective embryonic development conditions must be 

studied on the various incubation systems in respect to our climate is important to give 

farmers the right information needed for development.   

 Hatcheries should be placed under one umbrella and monitored by the Animal  

Production Directorate of MoFA and Animal Research Institute, separate from the Ghana 

National Poultry Farmers Association and their activities monitored so that high quality 

chicks will be produced.  

 There should be a legislative instrument to guide the opereations of hatcheries in  

Ghana to ensure the production of day of chicks.  

  

  

6.0 REFERENCES  

Adei, D. and  Asante, B.K .(2012). The challenges and prospects of the poultry industry in  

Dormaa district. Journal of   Science and Technology, 32:104-116.  



 

72  

  

Addison, D. (2013).The effect of naked necked, frizzle and normal feather genotypes on laying 

performance and pterylosis of brown and white layer parents. A dissertation submitted to 

the School of Graduate Studies, KNUST, Kumasi.  

Al-Bashan ,M.M and Al-Harbi M.S. (2010). Effect of ambient temperature flock age and 

breeding stock on egg production and hatchability of broiler hatching  eggs. European 

Journal of Biological Science, 2:55-66.  

Alsobayel, A.A.,M.A. Almarshade and  Albadry ,M.A.(2013). Effect of breed, age and storage  

 period  on egg weight, egg weight loss and chick weight of commercial broiler breeders   raised 

in Saudi Arabia. Retrieved 30-03-16 from  

 http://www.sciencedirect.com/science/article/pii/S1658077X12000252  

Amankwah, B.(2013)Phenotypic correlation estimates of external and  internal quality traits of  

 cobb 500 broiler hatching eggs. A Thesis submitted to the Graduate School, KNUST,  

  Kumasi, Ghana.  

Aning, K.G.( 2006). The structure and importance of commercial and village based poultry in  

Ghana. Final Review Report. FAO: Accra, August 2006.  

Ar, A. and Rahn. H. (1980). Water in the avian egg: overall budget of incubation. American  

Zoologist, 20:373-384.  

  

Aviagen.2014) .Petersime and Aviagen co-operate on SPIDES.  

  http//en.aviagen.com/Petersime –and-aviagen –co-operate-on-spides.  

             (Accessed 05-10-15).  

Ayorinde, K.L. and Oke, U.K.(1995).The influence of juvenile body weight and two  

 feeding regimes during the growing  phase on growth  performance and  early lay  

 characteristics of pullets. Nigeria Journal of Animal  Production,22(2)101-107. Barri, 

http://www.sciencedirect.com/science/article/pii/S1658077X12000252
http://www.sciencedirect.com/science/article/pii/S1658077X12000252
http://www.sciencedirect.com/science/article/pii/S1658077X12000252
http://www.sciencedirect.com/science/article/pii/S1658077X12000252
http://www.sciencedirect.com/science/article/pii/S1658077X12000252
http://www.sciencedirect.com/science/article/pii/S1658077X12000252
http://www.sciencedirect.com/science/article/pii/S1658077X12000252
http://www.sciencedirect.com/science/article/pii/S1658077X12000252
http://www.sciencedirect.com/science/article/pii/S1658077X12000252
http://www.sciencedirect.com/science/article/pii/S1658077X12000252


 

73  

  

A.(2008). Effects of incubation temperature and transportation stress on yolk  

 utilization, small intestines development and  post-hatch  performance of high  yield 

broiler chicks. Virginia Polytechnic Institute and State University. Beaumont, C.N., E. 

Millet, A. Le Bihan-Duval ,R. Kipi  and Dupuy,V.  (1997).Genetic   parameters of 

survival to the different stages of embryo  death  laying hens.  

  Poultry Science, 76:1193-1196.  

Benabdeljelil, K., T.Arfaoui, and Karari, .E .(2001). Characteristics of beldi chicken    

 and turkeys in rural poultry flocks  of  Morocco; Current  States and Future  

 Outlook, Constraints and Possibilities. AGRI 31.  

Beyer,  S.R(2005)Factors affecting egg quality.Kansas State University Experimental  

 Station and Cooperative  Extension Service.  

Brannan, K.E. (2008). Effect of early incubation temperature and late incubation  

 conditions on embryonic development and subsequent broiler performance.  

  M.S. Thesis, The Graduate School, North Carolina State University,  

  Raleigh, NC.  

Brillard, J.P. (2003).Practical aspects of fertility in Poultry. World’s Poultry   

  Science Journal, 59:441-446.  

Buhr, R.J. (1995). Incubation relative humidity effects on allantoic fluid volume   

 and hatchability. Poultry science 74:874-884.  

Buhr, R.J, Northcutt,J. K. Richardson,N.A. Cox and Fairchild, B.D. (2006) incidence of  

 unabsorbed yolk sac in broilers,broiler breeder rooters.white leghorn hens,and   anthens-

Canadians randombred control broilers. Poultry science 85:1294-1297  



 

74  

  

Bruzual, J.J. , S.D. Peak ,J. Brake, and Peebles, E.D.(2000)Effects of relative humidity  

 during incubation on hatchability and body weight of broiler chicks from young   breeder 

flocks. Poultry Science 79:827-830(retrieved on 2 nd Nov., 2016 from  

 ps.oxfordjournals.org )  

Cazaban, C.(2005).Day-old chick quality quality, CEVA Santà Animale International   

 technical manager for poultry Biological.ceva. Asianpacific@ceva.com.  

Cervantes , H. (1993). A new formula for chick quality. Broiler Industry.  

Clauer, P.J. (2009).Proper handling of eggs: From Hen to Consumption.  

  pub.ext.vt.edu/2902/2902-1091/2902-1091_pdf.pdf (retrieved 1 0-12-15). Cobb 

Hatchery Management.(2008).Hatchery management guide.www.cobb-  

  vantress.com  

Cobb Hatchery Management.(2015) .Why Incubation is Key to Best Broiler Results.  

 www.cobb-vantress.com/academy/articles/article/academy/2015/04/04/why  incubation-is-

key-to-best-broiler-results (retrieved 4-12-15).  

Crespo, R. and Shivaprasad, H. (2003). Development metabolic and other non-             

responsive disorders. Diseases of Poultry. Revised Edition, Annes, Iowa State                

University Press.  

Daily    Graphic. (2014).Government to support local poultry industry. March ,4 ,pp 43  

  www.graphic.com.gh.  

Decuypere, E. and Bruggeman V. (2006). The endocrine interface of environmental and   

 egg factors affecting chick quality. Proc 95th Annual Meeting Poultry. Science.  

  Assoc., University of Alberta, Edmonton.  

http://www.cobb-vantress.com/academy/articles/article/academy/2015/04/04/why-%09incubation-is-key-to-best-broiler-results
http://www.cobb-vantress.com/academy/articles/article/academy/2015/04/04/why-%09incubation-is-key-to-best-broiler-results
http://www.cobb-vantress.com/academy/articles/article/academy/2015/04/04/why-%09incubation-is-key-to-best-broiler-results
http://www.cobb-vantress.com/academy/articles/article/academy/2015/04/04/why-%09incubation-is-key-to-best-broiler-results
http://www.cobb-vantress.com/academy/articles/article/academy/2015/04/04/why-%09incubation-is-key-to-best-broiler-results
http://www.cobb-vantress.com/academy/articles/article/academy/2015/04/04/why-%09incubation-is-key-to-best-broiler-results
http://www.cobb-vantress.com/academy/articles/article/academy/2015/04/04/why-%09incubation-is-key-to-best-broiler-results
http://www.cobb-vantress.com/academy/articles/article/academy/2015/04/04/why-%09incubation-is-key-to-best-broiler-results
http://www.cobb-vantress.com/academy/articles/article/academy/2015/04/04/why-%09incubation-is-key-to-best-broiler-results
http://www.cobb-vantress.com/academy/articles/article/academy/2015/04/04/why-%09incubation-is-key-to-best-broiler-results
http://www.cobb-vantress.com/academy/articles/article/academy/2015/04/04/why-%09incubation-is-key-to-best-broiler-results
http://www.cobb-vantress.com/academy/articles/article/academy/2015/04/04/why-%09incubation-is-key-to-best-broiler-results
http://www.cobb-vantress.com/academy/articles/article/academy/2015/04/04/why-%09incubation-is-key-to-best-broiler-results
http://www.cobb-vantress.com/academy/articles/article/academy/2015/04/04/why-%09incubation-is-key-to-best-broiler-results
http://www.cobb-vantress.com/academy/articles/article/academy/2015/04/04/why-%09incubation-is-key-to-best-broiler-results
http://www.cobb-vantress.com/academy/articles/article/academy/2015/04/04/why-%09incubation-is-key-to-best-broiler-results
http://www.cobb-vantress.com/academy/articles/article/academy/2015/04/04/why-%09incubation-is-key-to-best-broiler-results
http://www.cobb-vantress.com/academy/articles/article/academy/2015/04/04/why-%09incubation-is-key-to-best-broiler-results
http://www.cobb-vantress.com/academy/articles/article/academy/2015/04/04/why-%09incubation-is-key-to-best-broiler-results
http://www.graphic.com.gh/
http://www.graphic.com.gh/


 

75  

  

Decuypere ,E. , K. Tona , V. Bruggeman  and Bamelis, F.(2001, 2007). The day-old chick: 

a crucial hinge between breeders and broilers. World’s  poultry  science journal 

57:127-138.   

  

Decuypere, E. (1979).  Effect of incubation temperature patterns on morphological, physiological 

and reproduction criteria in Rhode Island Red birds. Agricultural, 27.65-68.  

Deeming, D.C. (1989). Characteristics of unturned eggs: critical period, retarded embryonic  

 growth and poor albumen utilization. British Poultry Science, 30:239-249.  

Deeming, D.C. (2000a, b).  Storage of hatching eggs. Poultry International 11:44-48.  

Deeming, D.C. (2000). What is chick quality? World Poultry Science Special, December, 34-35.  

Decuypere E,  and Michel, H.(1992) Incubation temperature as a management tool: a review.  

  World's Poultry Science Journal ; 48:28-38  

Dibner ,J. (1999) Feeding hatching poultry: avoid any delay. Feed International December  

  1999:30-34.  

Durunna, C.S, A.B.I. Udedible   and Anyanwu ,G.A.(1999). Combination of maize/sorghum 

dried  brewer’s grain, cocoyam cob and cassava tuber meal as substitute for maize in the diets  

 of  laying hens. International  Journal of Agricultural Environment and Biotechnology,  

  2:17.  

Donohue, M .(2009). How breeding companies help improve broiler industry efficiency. The  

  Poultry Sites.  

Dymond J., B. Vinyard , A. D.,Nicholson N. A., French  and Bakst M. R.(2013) .Short periods  

 of incubation during egg storage increase hatchability and chick quality in long-stored   broiler 



 

76  

  

eggshttp://naldc.nal.usda.gov/naldc/download.xhtml?id=58046&content=PDF   (Accessed 05-

10-15).  

Elmehdawi, A.S.(2013).The effects of altering incubation temperature on broiler chick  

 hatchability, chick quality, sex ratio, and subsequent performance under  field conditions.  

  Clemson University, All Dissertations .Paper  1142.  

Elibol ,O.and Brake, J.(2008). Effect of egg turning angle and frequency during incubation on  

 hatchability and incidence of unhatched broiler embryos with head in the small end of the  

 egg. Poult. Sci. 85: 1433-1437.  

Elibol, O.  and  Brake, J.  (2004). Identification of critical periods for turning broiler hatching   

 eggs during incubation. British Poultry Science, 45:631-637.  

Elibol , O. ,S.D. Peak and  Brake ,J. (2002).Effect of flock age, length of storage  and   frequency  

 of  turning during  storage on hatchability of broiler hatching  eggs. Poultry  

 Science.81:945-950.  

El Sabry I.M,  S. Yalcin and Turgay-Izztoglu ,G. (2013). Interaction between breeder age and   

 hatching time affects intestine development and broiler performance. Livestock Science ,   157 

(2013) 612–617.  

Encyclopedia Britannica . (2012). eb.com. Downloaded on June 2012.  

Fairchild, B.D. (2005). Defining chick quality .Poultry Science, University Of Georgia.              

Farooq, M.,,K., Aneela, F.R., Durrani, A.K., Muqarrab , N.Chand, and A.  Khurshid. (2001a).  

  Egg and shell weight, hatching and production performances of Japanese broiler  Quails.  

http://naldc.nal.usda.gov/naldc/download.xhtml?id=58046&content=PDF
http://naldc.nal.usda.gov/naldc/download.xhtml?id=58046&content=PDF


 

77  

  

  Sarhad Journal of Agriculture 17:289-293.  

Farooq, M., F.R., Durrani, M., Aleem, N. Chand, A.K. Muqarrab .(2001b).Egg traits  and  

 hatching performance of Desi,fayomi and rhode island  red  Chicken. Pakistan Biological  

 science Journal,4: 909-911.  

FASDEP (Food and Agricultural Sector Development Programme) . (2002). Food  and  

 Agriculture Sector Development Policy. MoFA, Accra.  

Fasenko G.M., F.E. Robison ,A.I. Whelan, K.M . Kremeniuk and J.A. Walker  

 .(2001b).Prestorage  incubation of long term storage broiler breeder eggs: Effects on   hatchability.  

Poultry   Science 80:1406-1411.   

Fasenko, G.M. and O’ Dea E.E. (2008). Evaluating broiler growth and mortality in chick with  

 minor navel conditions at hatching. Poultry science, 87:594-597.  

Fasenko .G.M. (2007).  Egg storage and the embryo. Poult Sci. 86:1020-1024.  

Fasenko, G.M., V.L.  Christensen, M.L Wineland and Petite, J.N.(2001a ).Examining the effects  

 of pre-storage incubation of turkey breeder eggs on embryonic development and   hatchability of 

eggs stored for four to fourteen days. Poultry Science, 80:132-138.  

Fayeye, T.R., A.B Adeshiyan, and A.A. Olugbami .(2008). Egg traits,hatchability and early  

 growth performance of the Fulani–ecotype chicken. Department of animal production.  

  Faculty of Agriculture, University of Ilorin, Nigeria.  

Flake, L. and  Ashitey, E.. (2008). Ghana’s Poultry and Products Annual Report. USDA  

French, N.A. (2009). Incubation and hatching in biology of breeding poultry. Hocking,P.M.  

 ed.pp  206-223.CAB International , Wallingford, Oxfordshire, U.K.  



 

78  

  

French, N.A . (2002). The critical importance of incubation temperature in  practical aspects of  

 commercial incubation.  Rattie Conference Books.Pages 17-20, Lincolnshire ,UK..  

Funk, M.E. and   Irwin , M.R.(1955). Hatchery operation and management. John  Willey & Sons  

  Inc., New York.  

Geidam Y.A, M.M. Bukar and Ambali, A.G.(2003).Chick quality control: A key to a  

 sustainable poultry production in Nigeria. Nigerian Veterinary  Journal 27:1-6.  

Ghana Business   News .(2013). Ghana’s poultry sector continues to struggle despite import  

 prices.agritrade.cta.int/en/layout/set/print/Agriculture Commodities/Poultry/Ghana-s 

 poultry- sector-continues-to-struggle- despite-rise-in-import-prices ½ ( retrieved 28-11- 

  13).  

Ghana Poultry Report Annual.(2013).Poultry and products. www.fas.usda.gov .  

Ghana Statistical Service (GSS) .(2014). Provisional Gross Domestic Product.  Report of the  

 national accounts statistics. Retrieved 23-11-15 from www.statsghana.gov.gh..  

Ghana Statistical Service (GSS) .(2014). Provisional Gross Domestic Product.Report of the  

 national accounts statistics. Retrieved 15-12-15 from  www.statsghana.gov.gh..  

Goliomytis M, Tsipouzian T, and Hager-Theodorides,  A.L.  .(2015). Effects of egg storage on  

 hatchability, chick quality, performance and immunocompetence parameters of broiler  

 chickens. Poult Sci. 2015 Sep; 94 (9):2257-65. doi: 10.3382/ps/pev200.  

 http://www.ncbi.nlm.nih.gov/pubmed/26217026 (retrieved 30-03-16)  

Gonzalez, E.N., E.S.  Kondo, P .B Saldanha, M.M , Loddy, C. Careghi and Decuypere. . E.  

http://www.fas.usda.gov/
http://www.fas.usda.gov/
http://www.statsghana.gov.gh.accessed/
http://www.statsghana.gov.gh.accessed/
http://www.statsghana.gov.gh.accessed/
http://www.statsghana.gov.gh.accessed/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Goliomytis%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26217026
http://www.ncbi.nlm.nih.gov/pubmed/?term=Goliomytis%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26217026
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tsipouzian%20T%5BAuthor%5D&cauthor=true&cauthor_uid=26217026
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tsipouzian%20T%5BAuthor%5D&cauthor=true&cauthor_uid=26217026
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tsipouzian%20T%5BAuthor%5D&cauthor=true&cauthor_uid=26217026
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hager-Theodorides%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=26217026
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hager-Theodorides%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=26217026
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hager-Theodorides%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=26217026
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hager-Theodorides%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=26217026
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hager-Theodorides%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=26217026
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hager-Theodorides%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=26217026
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hager-Theodorides%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=26217026
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hager-Theodorides%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=26217026
http://www.ncbi.nlm.nih.gov/pubmed/26217026
http://www.ncbi.nlm.nih.gov/pubmed/26217026
http://www.ncbi.nlm.nih.gov/pubmed/26217026
http://www.ncbi.nlm.nih.gov/pubmed/26217026
http://www.ncbi.nlm.nih.gov/pubmed/26217026%20(retrieved
http://www.ncbi.nlm.nih.gov/pubmed/26217026%20(retrieved


 

79  

  

  (2003). Performance and physiological; parameters of broiler chickens subjected to  

 fasting  on the neonatal period. Poultry Science 82:1250-1256.  

Gucbilmez ,M., R.Ozlu, and Shiranjang, R. .(2009). Effect of rate of preincubation temperature  

 increase on hatchability of broiler hatching eggs. Poult. Sci. Abstracts.  

  (www.poultryscience.org.)  

Gunlu ,A.,  K.  Kiriki, O Cetin and Cariq, P. (2003). Some external and internal characteristics of  

 a patridge eggs. Food agricultural Environment 1:197 -199.  

Hagan,  J. K .(2010). Evaluation of productive performance of crossbred naked-neck and frizzle  

 chickens genotype.A thesis submitted to the Department of Animal science,KNUST for   the 

degree of Doctor of Philosophy.  

Hamidu, J.A., G.M.  Fasenko, J.J.R. Feddes, E.E.  O’Dea, C.A., Ouellette, Wineland, M.J.,  

  Christensen,V.L.(2007).The effect of broiler breeder genetic strain and parent flock age  

 on egg shell conductance and embryonic metabolism.Poult.Sci.86, 2420–2432.  

Hamidu, J. A., A. M. Rieger, G. M. Fasenko, and Barreda, D. R.  (2010). Dissociation of chicken  

 blastoderm for examination of apoptosis and necrosis by flow cytometry.  Poult. Sci.   

  89:901–909.   

Hamidu, J. A., Z. Uddin, M. Li, G. M. Fasenko, L. L. Guan, and D. R. Barreda. (2011). Broiler  

 egg storage induces cell death and influences embryo quality.  Poult. Sci.  90:1749–1757 

Hodgetts , B.  (1999). Incubation and hatching. The poultry production guide. K. Naheeda, ed.  

  Elsevier International Page 53, Doetichem, the Netherlands.  

http://www.poultryscience.org/
http://www.poultryscience.org/
http://www.poultryscience.org/


 

80  

  

Hill, D.(2001). Chick quality uniformity profiles as a field measurement of chick quality? Avian  

 and Poultry Biology Reviews, 12, 4: 169-202.  

Hill, D.(2002) .Chick length uniformity profiles as a field measurement of chick quality.  

 Hatchery International Practice, Vol 16, #24.Hussain, M.F. (2011). Studies on some   factors 

influencing some egg quality characteristics in Riyadh vicinity.  

International Hatchery Practice .(2015). Good hygiene: a must for the modern  hatchery    

  Volume 29 Number 4.  

Integrated Social Development Centre (ISODEC) .(2004). Study on the Impact of   the Economic  

  Partnership Agreements: Poultry and tomatoes as case studies. (www.isodec.org.gh.  

  Accessed 28th January, 2010).  

Ipek , A. and Sozcu. A.  (2015). The effects of broiler breeder age on intestinal development  

 during  hatch window, chick quality and first week broiler performance, Journal of  

  Applied Animal Research, 43:4, 402-408, DOI:  

  10.1080/09712119.2014.978783(accessed 9-3-16)  

  

Islam, M.S., S.A, Bulbul , G. Seeland, and Islam, A.B. (2001). Egg quality of  different  chicken  

 genotype in summer and winner. Pakistan  Journal Biological Science 4:1411-1414.  

Jacob, J.S,  R.D.Miles and Mather, F.B. .(2000). Egg quality:Institute of  Food and Agricultural  

  Science Extension,University of  Florida.Ps24EDIS website at http://edis.ifas.edu.IP  

  15.020  

Johnson, A.L. (2000). Reproduction in the female. In: Sturkie Avian Physiology.5th Ed Wittow,   

 G.C. Academic Press, San Diego,London,Boston,569-596.  

http://www.isodec.org.gh/
http://www.isodec.org.gh/
http://edis.ifas.edu.ip/
http://edis.ifas.edu.ip/


 

81  

  

Joseph, N., S., Lourens and E.T.  Moran Jr. (2006).The effects of suboptimal temperatures  

 during  incubation on broiler chick quality, live performance and further processing yield.  

  Poultry Science, 85:932-938.  

Kalita N,N. Pathak, M. Ahmed and Saikia ,G.K.(2013).Various causes related to dead in shell  

 embryos of crossbred(PB-2 indigenous) chicken egg. Veterinary world  

  .www.veterinaryworld.org/Vol.6/Oct.2013/16.pdt( retrieved on 2nd November ,2016) 

Kenny M. and Kemp, C.(2005). Breeder Nutrition and Chick Quality.  

  www.thepoultrysite.com/article/357/breeder-nutrition-and-chick-quality  (retrieved  

  26/11/15).  

Kenny, D and Cambre, R.C.  (1992). Indications and techniques for the surgical removal   

 of avian yolk sac. Journal of Zoo and Wildlife Medicine, 23:55-61.  

Khursid A,M. Farooq, F.R. Durani, K. Sarbiland and A. Manzoor (2003)hatching performance of  

  Japanese quails.Research for rural development 16(1) 2004 (www.Irrd.org  retrieved on  

  2nd Nov.,2016)  

Klasing, K. C. (2015). Nutritional Requirements of Poultry.           

www.merckvetmanual.com/mvm/poultry/nutrition_and_management_poultry/nutritional_             

requirements (accessed 27-12-15).  

King’ori A.M .(2011). Review of factors that influence egg fertility and hatchability in poultry.  

  Int. J. Poult.Sci. 10:483-492.  

http://www.thepoultrysite.com/article/357/breeder-nutrition-and-chick-quality%20%20(retrieved
http://www.thepoultrysite.com/article/357/breeder-nutrition-and-chick-quality%20%20(retrieved
http://www.thepoultrysite.com/article/357/breeder-nutrition-and-chick-quality%20%20(retrieved
http://www.thepoultrysite.com/article/357/breeder-nutrition-and-chick-quality%20%20(retrieved
http://www.thepoultrysite.com/article/357/breeder-nutrition-and-chick-quality%20%20(retrieved
http://www.thepoultrysite.com/article/357/breeder-nutrition-and-chick-quality%20%20(retrieved
http://www.thepoultrysite.com/article/357/breeder-nutrition-and-chick-quality%20%20(retrieved
http://www.thepoultrysite.com/article/357/breeder-nutrition-and-chick-quality%20%20(retrieved
http://www.thepoultrysite.com/article/357/breeder-nutrition-and-chick-quality%20%20(retrieved
http://www.thepoultrysite.com/article/357/breeder-nutrition-and-chick-quality%20%20(retrieved
http://www.thepoultrysite.com/article/357/breeder-nutrition-and-chick-quality%20%20(retrieved
http://www.merckvetmanual.com/mvm/poultry/nutrition_and_management_poultry/nutritional_
http://www.merckvetmanual.com/mvm/poultry/nutrition_and_management_poultry/nutritional_


 

82  

  

King’ori, A.M .(2012). Egg quality defects: types, causes and occurrence: a review. J. Anim.  

 Prod.  Adv., 2012, 2(8):350-357.  

Kontecka, H., S. Nowaczewski, Sierszuła, M.  .(2009). Analysis of changes in egg quality of  

 broiler  breeders during the first reproduction  period.  

Koteeswaran, A., S.  Manoharan, , A. Chandramohanand and  Chandran N.D.J.(.2004) Studies  

 on physical and microbiological qualities of day-old chicks. Cheiron   33:63-68.  

Kramer A.(1951). What  is quality and  how can it be measured from a food technology point a  

 view.Mktg.research workshop report,Michigan State College.  

Kudzodzi, W. (2008). Trade-Ghana: The chilling effect of frozen poultry imports, Accra, (www.  

  i p s n ews . n e t / a f r i c a /headlines.asp. Accessed January  28, 2010).  

Ladokun, A.O, A, Yakubu,  J.B.  Ottie,  J.N.  ,Omeye, O.A Sokunbi and  Onyeji,  E.  (2008).  

  Haematological and serum biochemical indices of naked neck  and normally featured  

  Nigerian Indigenous chicken in a sub-Humid Tropical Environment. International  

 Journal of Poultry science.7(1):55-58.  

Lavelin ,I.,  N.Meiri, and Pires. M. (2000).New insight in egg formation. Poultry  

  Science.79:1014-1017.  

Leeson , S.(2004) . Future challenges in poultry meat production.Interfacing Immunity, Gut  

 Health  And Performance .L.A .Tucker and J.A Taylor-Pickard., ed.,Nottingham   university 

press, Nottingham, UK.  

Lekrisompong, N . (2005). Effect of temperature during incubation and brooding on broiler  

 chickens. A thesis submitted to the Graduate Faculty of North Carolina State  



 

83  

  

  University.  

Lourens , A.,H. van den Brand ,R. Meijerhof and Kemp, B .(2005). Effect of eggshell  

 temperature  during incubation on embryo development, hatchability, and post-hatch  

 development.  Poult. Sci. 84:914-920.  

Lourens, A., R. Molenaar, H. van den Brand, M.J.W. Heetkamp, R. Meijerhof and Kemp, B.  

           .(2006).Effects of egg size on heat production and transition of energy from egg to  

 hatchling. Poultry Science, 85:770-776.  

Lourens, A., H.Van den Brand, , M.J.W.,  Heetkamp , R.  Meijerhof. and Kemp, B.  

  (2007).Effects of eggshell temperature and oxygen concentration on embryo growth and  

 metabolism during incubation. Poultry Science, 86.2194-2199.  

Lyons, J.J. (2015). Small flock series: incubation of Poultry.extension.missouri.edu/p/G8353  

 (retrieved 10-12-15).  

Mabbett, T. (2012). Tips for successful hatchery management. www.  

  fareasternagriculture.com/live-stock/poultry/tips-for-successful-hatchery-management 

Mahmoud, K.Z. and. Edens, F.W .(2012).Breeder Age Effects Small Intestines Development Of  

  Broiler Chicks With Immediate Or Delayed Access To Feed. www.ncbi,nlm.  

 gov/pubmed/22404802 (accessed 3/03/16)  

Manoharan, S., S. Ramesh ,M., Parthiban A., Koteeswaran, N,D., J. Chandran and  Ranga  

 Reddy, F.W.(2004).Effect of a poly Herbal Ingredient on day old chick quality by   feeding 

parent flocks. International Journal of Poultry science, 3:773-778.  

http://www.ncbi,nlm/
http://www.ncbi,nlm/


 

84  

  

Meijerhof, R. (1992).Pre-Incubation Holding Of Hatching Eggs. World’s Poultry Science  

 Journal, 48: 58-67.  

Meijerhof , R. (2005). Defining and measuring in day old. International hatchery  

  practice,Volume 19#7,31.  

Meijerhof,R.(2005).What  count  for  chick  quality?  

  http://www.thepoultrysite.com/articles/432/what-counts-for-chick-quality/  

Meijerhof, R.(2006).Chick size matters.www.worldpoultry.net/ PagesFile/26382(accessed  

  30/03/16)  

Meijerhof ,R. (2003). Problem solving in the commercial broiler sector. Avian and Poultry  

 Biology Review, 14:212-214.Incubation and fertility research  group meeting WPSA  

 working group 6(reproduction).  

Meijerhof ,R. (2009). Incubation principles: What does the embryo expect from us? Proceedings  

 of the 20th Australian Poultry Science Symposium: 106-110. 2009, Sydney, Australia.  

Mikee, M. , Z. Bidin and Valententic,  A. (2001). Utjecaj temperature okolisanacina hranjenja na  

 resorjpciju zumanjcane vrecice I pririast u tovnih pilica(The impact of the atmosphere   and 

feeding  methods on the yolk sac  resortion and broiler growth).4th symposium  

  “Poultry days 2001 with international participation.”  

Minvielle,F and Oguz,Y. (2002). Effects of genetics and breeding on egg quality of Japanese  

 quail. World’s Poultry Science Journal,58: 291-295.  

http://www.thepoultrysite.com/articles/432/what-counts-for-chick-quality/
http://www.thepoultrysite.com/articles/432/what-counts-for-chick-quality/
http://www.thepoultrysite.com/articles/432/what-counts-for-chick-quality/
http://www.thepoultrysite.com/articles/432/what-counts-for-chick-quality/
http://www.thepoultrysite.com/articles/432/what-counts-for-chick-quality/
http://www.thepoultrysite.com/articles/432/what-counts-for-chick-quality/
http://www.thepoultrysite.com/articles/432/what-counts-for-chick-quality/
http://www.thepoultrysite.com/articles/432/what-counts-for-chick-quality/
http://www.thepoultrysite.com/articles/432/what-counts-for-chick-quality/
http://www.thepoultrysite.com/articles/432/what-counts-for-chick-quality/


 

85  

  

MOFA . (2013). Food and Agriculture Sector Development policy (FASDEP III). 1st Draft and  

2nd  Reviffdsed Report.  

MOFA/DFID.2002.The role of livestock in rural livelihoods Report of DFID study,  

  Accra.  

Molenaar , R., A.M  Reijrink , R. Meijerhof and van den Brand. H. (2008).Relationship between  

 hatching  length and weight on later productive performance on   broilers. World’s   Poultry 

science Journal, 64: 599-603.   

Molenaar, R., I.A.M.,  Reijrink, R Meijerhof,. And  Van den Brand ,H.(2010). Meeting  

 embryonic   requirement of broilers throughout incubation:  A review. Brazilian   

 Journal of Poultry Science, 12(3).137-148.   

Moreki, J. C., R. Dikeme, and Poroga , B. (2010). The role of village poultry in food security and  

  HIV/AIDS mitigation in Chobe District of Botswana.Livest. Res. Rural  

 Dev.,22,Article#5.http://www.lrrd.org/lrrd22/3/more22055. html.  

Moreno, J.,   E. Lobato, J.  Morales , S.  Merino, G. Tomas, J.J.  Martinez-de la Puente, J.  Sanz,   

 R. Mateo and Soler, J. J.  ( 2006). Experimental evidence that  egg color indicates female  

 condition at laying in a songbird. Behavioral    Ecology 17:651-655.  

Moyle .J. R..,  D. E.  Yoho and Bramwell, R. K . (2008). Measuring hatching egg shell  

 quality.en.engormix.com (retrieved 23-12-15).  

Mukarami, H., Y. Akiba, and Horiguchi, M. (1992). Growth andutilization of nutrients in newly 

 hatched chick with or without removal of residual yolk. Growth Dev. Aging 56:75–8.  



 

86  

  

Nanqsuay A, Y., Ruangpanit , R., Meijerhof ,  Attamanqkune,  S.  (2011) .Yolk Absorption And  

  Embryo Development Of Small And Large Eggs Originating From Young And Old     

  Breeder Hens. www.ncbi,nlm.nih.gov/Pubmed/22010254(accessed 3/3/16)  

Narushin, V.G  and Romanov, M.N.(2002).Egg physical characteristics and hatchability.  

  World’s Poultry science Journal, 58:297-303.  

Nicholson, D., N. French, E. van Lierde, A. Hogg, J. Sims, T. Torma, N. Leksrisompong, and M.  

Ganesan. 2012. Practical implementation of short periods of incubation during egg  storage.  Avian 

Biol. Res.  5:174  

Nitsan, Z., G. Ben-Avraham, Z. Zoref, and I. Nir. 1991a. Growth and development of the  

 digestive organs and some enzymes in broiler chicks after hatching. Br. Poult. Sci.  

  32:515–523  

  

Nistan, Z. (1995). The development of digestive tract in post-hatched chicks. Pages 21-28 in:   

            Proc.  10th European Symposium on Poultry Nutrition. Antalya, Turkey.  

Noiva ,R.M.,  M.C.Menezes and Peleteiro, M.C.  (2014).Influence of temperature and humidity  

 manipulation on chicken embryonic development.  

 http://www.ncbi.nlm.nih.gov/pubmed/25267350 (retrieved 31-03-16).  

Noy, Y., and Sklan, D. (1995).  Digestion and absorption in the young chicken.  Poult.  

  Sci.74:366-373.  

Noy, Y. and Sklan, D. (1999).Energy utilization in newly hatched chicks. Poultry  

  Science,78:1490-  1495.  

http://www.ncbi,nlm.nih.gov/Pubmed/22010254(accessed
http://www.ncbi,nlm.nih.gov/Pubmed/22010254(accessed
http://www.ncbi.nlm.nih.gov/pubmed/?term=Noiva%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=25267350
http://www.ncbi.nlm.nih.gov/pubmed/?term=Noiva%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=25267350
http://www.ncbi.nlm.nih.gov/pubmed/?term=Menezes%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=25267350
http://www.ncbi.nlm.nih.gov/pubmed/?term=Menezes%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=25267350
http://www.ncbi.nlm.nih.gov/pubmed/?term=Menezes%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=25267350
http://www.ncbi.nlm.nih.gov/pubmed/?term=Menezes%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=25267350
http://www.ncbi.nlm.nih.gov/pubmed/?term=Peleteiro%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=25267350
http://www.ncbi.nlm.nih.gov/pubmed/?term=Peleteiro%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=25267350
http://www.ncbi.nlm.nih.gov/pubmed/?term=Peleteiro%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=25267350
http://www.ncbi.nlm.nih.gov/pubmed/?term=Peleteiro%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=25267350
http://www.ncbi.nlm.nih.gov/pubmed/?term=Peleteiro%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=25267350
http://www.ncbi.nlm.nih.gov/pubmed/25267350%20(retrieved%2031-03-16)
http://www.ncbi.nlm.nih.gov/pubmed/25267350%20(retrieved%2031-03-16)
http://www.ncbi.nlm.nih.gov/pubmed/25267350%20(retrieved%2031-03-16)
http://www.ncbi.nlm.nih.gov/pubmed/25267350%20(retrieved%2031-03-16)
http://www.ncbi.nlm.nih.gov/pubmed/25267350%20(retrieved%2031-03-16)
http://www.ncbi.nlm.nih.gov/pubmed/25267350%20(retrieved%2031-03-16)


 

87  

  

Noy,Y and Sklan, D. (1997)Post hatch  development in poultry, Journal of Applied Poultry  

  Science Res 6:344:354  

Nys, Y.  , M.T. Hincke , J.L.  Arias,  J.M.  Garcia-Ruiz, and Solomon, S.E.(1999).Avian   eggshell 

mineralization . Poultry and Avian Biology Reviews 10:145-166.  

O’Dea, E.E., G.M., Fasenko, J.J.  Feddes, R.E.,  Robinson,  J.C Segura and   Ouellette, C.A.  

 .(2004). Investigating the eggshell conductance and embryonic of metabolism of modern  

 and unselected domestic avian genetic strains at two flock ages. Poultry science,  

  83:2059-2070.    

Olawumi  S. O and Ogunlade , J .T. (2008). Phenotypic correlations between some external and  

 internal egg qualitytraits in the exotic isa brown layer breeders. Asian J.  

  Poult. Sci. 2(1): 30-35.  

Pas Reforms .(2015a). Good hygiene the way forward. www.pasreforms.org(retrieved 21-02-  

   15).   

Pas Reforms.(2015b).Incubation.www.pasreforms.com/academy/frequently-asked 

 question/incubation. html(retrieved 10-12-15).  

Pas Reforms.(2015c).Pre-storage incubation and SPIDES: New procedures in hatching egg   

 storage.www.pasreform.com/academy /frequently asked question/ incubation (accessed  

  05-10- 15).  

http://www.pasreforms.org(retrieved/
http://www.pasreforms.org(retrieved/
http://www.pasreform.com/academy%20/frequently
http://www.pasreform.com/academy%20/frequently


 

88  

  

Peebles, E.D, C.W Gardner,  J .Brake, J.  J. Benton , J.J Bruzual. and Gerard ,P.D.(2000).  

 Albumen height and yolk and embryo composition in broiler hatching eggs during  

 incubation , Poultry science, 79:1373-1377.   

Peebles, E.D., S.M. Doyle, C.D. Zumwalt, P.D. Gerard, M.A. Latour, C. R. Boyle, Smith, T.W.,  

 (2001).Breeder age influences embryogenesis  in broiler hatching eggs.Poult.Sci.80,272– 

  277.  

Peebles, E.D. , C.D.  Zumwalt, S.M Doyle, P.D Gerard , M.A Latour,C.R Boyle , Smith, T.W.  

 .(2000).Effects of breeder age and dietary fat source and level  on broiler hatching egg  

 characteristics. Poult Sci 79: 698-704.  

 Petek, M., O., Orman, D., Serdal and Fazli, A.(2010). Physical  chick parameters and effects on  

 growth performance in broiler. Archiv Tierzucht 53: 1, 108-115, Leibniz Institute  for    Farm 

Animal Biology, Dummerstorf, Germany.  

Perry, B.D , T.F Randolf , J.J. McDermott  and Thornton, P.K.(2002). Investing in animal health  

 research to alleviate poverty. ILRI, Nairobi, Kenya, pp: 148.  

Poultry Consultancy .(2015).  Parent stock. www.thepoultryconsultancy.com/indes.php/parent 

 stock (retrieved 26-11-15).  

Poultry Site. (2014). Poultry Livestock Import Policy To Be Enforced In Ghana.  

  www.thepoultrysite.com/poultrynews/31935/poultry-livestock-impopolicy –to-be 

 enforced-in -ghana(accessed 03/06/14).  

Qiao , H. (2008). Feeding broiler breeders for chick quality is the premise of good start of broiler  

 performance. Poultry nutritionist, sales and services, Champion Feed Services Ltd.  

http://www.thepoultryconsultancy.com/indes.php/parent-%09stock
http://www.thepoultryconsultancy.com/indes.php/parent-%09stock
http://www.thepoultryconsultancy.com/indes.php/parent-%09stock
http://www.thepoultryconsultancy.com/indes.php/parent-%09stock
http://www.thepoultryconsultancy.com/indes.php/parent-%09stock
http://www.thepoultryconsultancy.com/indes.php/parent-%09stock


 

89  

  

  www. championfeeds.com  

Raghavan, V.  (1999). Give day-old chicks the best start. World Poultry 15: 28-29 .  

Reijrink, I.A.M., D.  Berghmans, R.  Meijerhof,  B. Kemp,  van den Brand, H.(2009).  

  Effect of pre-warming profile on hatchability and chick quality.  

 profileonhatchabilityandchickquality.pdf?lang=en.(retrieved 11-12-13)  

Reijrink , I.A.M, R. Meijerhof, B. Kemp and van den Brand, H.(2008). The chicken embryo  

 and its micro environment during egg storage and early incubation. World’s poultry  

 science Journal,64:581-598.  

Reinhart, B.S. and  Hurnik ,G.I.(1984). Traits affecting the hatching performance of commercial  

 chicken broiler eggs. Poultry Science; 63:240-245.  

Robertson, I.S.(1961). The influence of turning on the hatchability of the hens’ eggs. J. Agric.  

  Sci.   57:49-56.  

Roque,L. and Soares,M.C(1994) Effect of eggshell quality and broiler breeder age on  

 hatchability.  Poult. Sci. 73,1838-1845.  

Sabri, H.M. , H.R.Wilson, R.H Harms ,and Wilcox ,C.J .(1999). Genetic parameters for eggs and  

 related characteristic of white leghorn hens in a subtropical environment. Genetic And  

 Molecular Biology. Journal Series No. R-05397.  

SAS Institute Inc. 2012. SAS/STAT® 9.4 User’s Guide. SAS Institute Inc., Cary, NC Schrider 

D.(2007). Ongoing selection of breeding stock.  

  albc-usa.etapwss.com/images/uploads/docs/ALBCchicken-assessment-3.pdf(retrieved  



 

90  

  

  26/11/15).  

Scott, T. A. and Silversides, F. G.  (20000. The effect of storage and strain of hen on egg quality.  

 Poultry Science. 79:1725-1729.   

Servet ,Y. and Paul, B. S(2003). Developmental stability of egg embryos in relation to length of  

storage prior to incubation. Journal of Poultry Science. 40: 298-308.  

Shafey, T. M. (2004). Effect of lighted incubation on embryonic growth and hatchability   

 performance of two strains of layer breeder eggs. British Poultry Science 45:223-229. 

Silversides, F.G. and Scott ,T.A.(2000)..Effect of storage and layer age on quality of eggs from  

 two lines of hens. Poult Sci 80: 1240-1245.  

Smith, A.J.(1990).Poultry. Macmillian Publication, CTA Publication, South Africa pp 220.  

Solomon, S.E .(1991).Eggs and eggshell quality. Wolfe Publishing Limited, London.  

Sozcu , A .and Ipek , A . (2013). Broiler chick quality and scoring methods. U.U. Ziraat  

 Fakultesi   Dergisi,Cilt 27,131-137(Journal of Agricultural Faculty of Uludag  

 University).  

Sozcu, A.and Ipek, A. (2013).Incubation conditions affect chick quality and broiler  

 Performance u.u ziraat fakultesi dergis,2013 cilt 27 ,sayi 2,139-146.  

Spears, J.W.(1996).Organic trace minerals in ruminants’ nutrition. Animal Feed science  

  and Technology,58:151-163.  

Sumberg , J. and Thompson, J.(2013).Revolution  Reconsideration: Evolving Perspectives on  



 

91  

  

  Livestock  Production and Consumption. STEPS Working Paper 53,Brighton:STEPS  

  Centre.  

Suarez, M.E., H.R. Wilson , F.B. Mather, C.J .Wilcox and. McPherson. B .N. (1997).Effect   

 of strain and age of the broiler breeder female on incubation time and chick weight.  

  Poultry science 76:1029-1036.  

Taylor, G. (2000). High yield breeds require special incubation. World Poultry Special,  

  December, 28-29.  

Tona, K.E., F.  Bamelis , B. De Ketelaere, V. Bruggeman and Decuypere ,E. (2002).Effect of  

 induced molting on albumen quality, hatchability and chick body  weight from broiler  

 breeders. Poultry science, 81:327-332.  

Tona  ,K.E., E. Decuypere and Coucke ,W.(2001). Effect of strain, hen age and transferring eggs 

from turning to stationary trays after 15 to 18 days of incubation.  British Poultry science  

  42:663-667  

Tona,K., F.Bamelis, B.DeKetelaere,V.Bruggeman,V.M.B Moraes,J .Buyse,O. Onagbesan,and  

 Decuypere,E.(2003).Effects of eggs torage time   On spread of hatch, Chick quality,   and 

chick juvenilegrowth. Poult. Sci.82, 736–741.  

Tona, K. E. , O. Onagbesan, B. De Ketelaere, E. Decuypere, and Bruggeman, V.(2004).Effect  

 of age of broiler breeders and egg storage on egg quality, hatchability, chick quality,   chick 

weight and chick post-hatch  growth to 42 days. Journal of Applied Poultry ,13:10- 

  18.  



 

92  

  

Tona, K.E., V.  Bruggeman , O.   Onagbesan, F. Bamelis, M.  Gbeassor,  K. Mertens and  

  Decuypere, E. (2005). Day-old chick quality: relationship to  hatching egg quality,  

 adequate incubation practice and prediction of  broiler performance. Avian Poultry  

 Biology Review,16 :9-19.  

Toudic C.(2006).Evaluating uniformity in broilers-factors affecting variation. Hubbard Technical  

  bulletin, June 2006  

Ulmer-Franco,G. M. Fasenko,E. E. O’Dea, C.(2010).Hatching egg characteristics, chick  

 quality, and broiler performance at 2 breeder flock ages and from  3 egg weights   from  

 accessed1st April 2016 http://ps.oxfordjournals.org/content/89/12/2735.full.  

United States Department of Agriculture .(2000).  Egg grading manual.  www.usda.org(retrieved  

  11-01-14)   

Uni, Z ,S.Ganot ,and Sklan, D. (1998).Post -hatch development of mucosal function in the   

 broiler small intestine. Poultry Site;77:75-82  

Uni, Z., Y. Noy, and Sklan, D. (1996). Developmental parameters of the small intestinesin heavy  

 and light strain chicks pre- and post-hatch. Br. Poult. Sci.36:63-71.  

Van Emous  R. (2014) .Feeding the modern broiler breeder: A low protein diet increases  

 reproduction efficiency. www.wagengengenur.nl(retrieved 4-12/15)  

Vieira S. L., Almeida J. G., Lima A. R., Conde O. R. A., Olmos A. R. (2005).Hatching   

 distribution of eggs varying in weight and breeder age. Braz. J. Poult. Sci. 7:73–78.  

Vieira, S.L. (1999). Feeding the newly-hatched broiler chick. World Poultry 15: 17-18  

  

http://ps.oxfordjournals.org/search?author1=A.+M.+Ulmer-Franco&sortspec=date&submit=Submit
http://ps.oxfordjournals.org/search?author1=A.+M.+Ulmer-Franco&sortspec=date&submit=Submit
http://ps.oxfordjournals.org/search?author1=A.+M.+Ulmer-Franco&sortspec=date&submit=Submit
http://ps.oxfordjournals.org/search?author1=A.+M.+Ulmer-Franco&sortspec=date&submit=Submit
http://ps.oxfordjournals.org/search?author1=G.+M.+Fasenko&sortspec=date&submit=Submit
http://ps.oxfordjournals.org/search?author1=G.+M.+Fasenko&sortspec=date&submit=Submit
http://ps.oxfordjournals.org/search?author1=G.+M.+Fasenko&sortspec=date&submit=Submit
http://ps.oxfordjournals.org/search?author1=G.+M.+Fasenko&sortspec=date&submit=Submit
http://ps.oxfordjournals.org/search?author1=G.+M.+Fasenko&sortspec=date&submit=Submit
http://ps.oxfordjournals.org/search?author1=G.+M.+Fasenko&sortspec=date&submit=Submit
http://ps.oxfordjournals.org/search?author1=E.+E.+O%E2%80%99Dea+Christopher&sortspec=date&submit=Submit
http://ps.oxfordjournals.org/search?author1=E.+E.+O%E2%80%99Dea+Christopher&sortspec=date&submit=Submit
http://ps.oxfordjournals.org/search?author1=E.+E.+O%E2%80%99Dea+Christopher&sortspec=date&submit=Submit
http://ps.oxfordjournals.org/search?author1=E.+E.+O%E2%80%99Dea+Christopher&sortspec=date&submit=Submit
http://ps.oxfordjournals.org/search?author1=E.+E.+O%E2%80%99Dea+Christopher&sortspec=date&submit=Submit
http://ps.oxfordjournals.org/search?author1=E.+E.+O%E2%80%99Dea+Christopher&sortspec=date&submit=Submit
http://ps.oxfordjournals.org/search?author1=E.+E.+O%E2%80%99Dea+Christopher&sortspec=date&submit=Submit
http://ps.oxfordjournals.org/search?author1=E.+E.+O%E2%80%99Dea+Christopher&sortspec=date&submit=Submit
http://ps.oxfordjournals.org/content/89/12/2735.full
http://ps.oxfordjournals.org/content/89/12/2735.full
http://ps.oxfordjournals.org/content/89/12/2735.full
http://www.wagengengenur.nl(retrieved/
http://www.wagengengenur.nl(retrieved/


 

93  

  

Waller A., (2007) .Feeding broilers for chick quality, www.zootechnicainternational.com              

(retrieved  26-11-15).  

  

Willemsen H. , Y. Li , E. Willems, L. Franssens , Y.Wang , E.  Decuyere, and  Everaert, N.                                  

  .(2011). Intermittent thermal manipulations of broiler embryos during the  incubation and  

 their   immediate effect on theembryonic development and hatching   process.Poultry 

Science 90:1302:1312.  

Willemsen,H., N. Everaert, N.,. Witters, A de Smit, L. Debonne, M. Verschuere, F. Garain, D.,  

 Perckmans E. Decuypere and Buggeman, V.(2008). Critical assessment of chick  quality  

 measurement as an indicator of post-hatch  performance. Poultry  Science,87:2358- 

  2366.  

Wilson, H.R. and Suarez, M.E., (1993).The use of egg weight and chick weight coefficient  

of variation as quality indicators in hatchery management. Applied Poultry Research  

  Journal 2:227-231.  

Wilson, H.R.(1991). Inter-relationships of egg size, chick size, posthatching growth and   

 hatchability. World’s Poult. Sci. J. 47:5-20.  

Wilson, H.R. (1997) .Effects of maternal nutrition on hatchability. Poultry Science, 76:134- 

  143.  

Winn P. N.  and Godfrey, E. F.(1966).The effect of humidity on growth and feed conversion of    

 broiler chickens (link.springer.com/article/10.1007%2).  

Wineland, M.J., K.M . Mann, B.D. Fairchild, and Christensen, V.L. (2000a). Effect of high and  

 low incubator temperatures at different stages of development upon the broiler embryo.  

  International Poultry Science Forum, Abstract 180.  



 

94  

  

Wineland, M.J., K.. M. Mann, B.D.  Fairchild  and Christensen. V.L. (2000b).  Effect of different  

 setter and hatcher temperatures upon the broiler embryo. Poultry Science,  

  79(Suppl.1).181.  

World Poultry.(2014). ”SPIDES “egg storage recovers hatchability.  

www.worldpoultry.net/Breeders/incubation(accessed 04-10-15).  

Wolanski ,N.J., R.A Renema , F.E. Robinson, V.L Carney, and Fancher ,B.I.(2007). Relationship  

 among egg characteristics, chick measurements and early growth traits in ten broiler  

 strains.Worlds Poultry science Journal 86:1784-1792.  

Wolanski, N.J., R.A .Renema, F.E. Robinson, V.L . Carney, Fancher B.L.  (2006).  Relationship  

 between chick conformation and quality measures with early growth traits in males of   eight 

selected pure or commercial broiler breeder strains. Poult Sci 85, 1490-7  

World Poultry Site .(2006). Hatchery hygiene more than cleaning cabinets. 

www.worldpoultry.net/ breeder/ healthy/ 2006/5/Hatchery-hygiene-more-than cleaning cabinet-

WP006520W/(retrieved12-11-2013 ).  

Wyatt, C. L., W. D. Weaver, Jr., and Beane, W. L. (1985). Influence of egg size, eggshell quality  

 and posthatch holding time on broiler performance. Poult. Sci. 64:2049  

  2055  

Yalcın, S., and P. B. Siegel. 2003. Exposure to cold or heat stress during incubation on  

 development of stability of broiler embryos. Poult. Sci. 82:1388–1392.  

Yassin H., A.G.J. Velthuis, M.. Boerjan , J. van Riel and Huirne, R.B.M .(2008). Field study on  

 broiler eggs hatchability. Poultry Science, 87, 2408-2417.  

Yahaya , H.K. , Ibrahim, H. and Abdulsalam, S.(2012).Correlation Between Body Weight and  

Body Conformation of two Broiler Strains Under the Same Dietery Treatment  

http://maxwellsci.com/print/ijava/v4-181-183.pdf(retrieved 30-03-16).  

http://www.worldpoultry.net/Breeders/incubation(accessed
http://www.worldpoultry.net/Breeders/incubation(accessed
http://maxwellsci.com/print/ijava/v4-181-183.pdf(retrieved
http://maxwellsci.com/print/ijava/v4-181-183.pdf(retrieved
http://maxwellsci.com/print/ijava/v4-181-183.pdf(retrieved
http://maxwellsci.com/print/ijava/v4-181-183.pdf(retrieved
http://maxwellsci.com/print/ijava/v4-181-183.pdf(retrieved
http://maxwellsci.com/print/ijava/v4-181-183.pdf(retrieved


 

95  

  

Yahav , S. (2000).Relative humidity at moderate ambient temperatures: its effect on male broiler  

 chickens and turkeys.www.ncbi.nlm.nib.gov/pubmed/10821530.  

Yoho D. E., J. R.  Moyle, A. D. Swaffar,  and Bramwell, R. K. (2008). Effect of incubating  

 poor quality broiler breeder hatching eggs on overall hatchability and hatch of fertile.   

  Poultry Science 87 (Suppl.1):148.  

Yuan J.H,J.S. Gao,Z.F Zhan,H.W. Liu, W.J. Jin,Z.D. Li(2009) Development-promoting effect of  

 chicken embryo membrane on chicken ovarian cortical pieces of different age.Poultry   science 

88(11)2415-2421  

Zakaria, A.H., A.H. Plumstead, H.  Romero-Sanchez, N. Leksrisompong, and  Brake  

  ,J..(2009).The effects of oviposition time on egg weight loss during storage and incubation, 

fertility, and hatchability of broiler hatching eggs. Poultry Sci., 88 (2009), pp.  

  2712–2717.  

  

  

  

  

  

  

  

  

  

  

  

  

http://www.ncbi.nlm.nih.gov/pubmed/?term=Yahav%20S%5BAuthor%5D&cauthor=true&cauthor_uid=10821530
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yahav%20S%5BAuthor%5D&cauthor=true&cauthor_uid=10821530
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yahav%20S%5BAuthor%5D&cauthor=true&cauthor_uid=10821530
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yahav%20S%5BAuthor%5D&cauthor=true&cauthor_uid=10821530


 

96  

  

  

  

  

  

  

  

  

  

  

  

7.0 APPENDICES  

QUESTIONNAIRE FOR THE HATCHERY SURVEY  

COVER SHEET  

Poultry farmers in Ghana have often complained about the availability of day-old chicks to ensure 

a sustainable meat and egg production to meet national needs. However, it is not clear how many 

hatcheries are in Ghana that operates on commercial/research basis to meet national demand. It 

will be important to develop statistics on the number of hatcheries, their capacity and utilization. 

This research seeks to conduct a survey to meet the above goals. The survey will also seek 

information on expert’s information available in various hatcheries and how this could impact 

incubation outputs.  

Could you kindly respond  to the questions according to your own opinion and be realistic as much 

as possible.Thank you for your time and willingness to fill this questionnaire.  

      A.    Kindly tick [√ ] for the following set of questions  

  

1. Gender               Male [ ]     Female [ ]  

2. Age          18-28[ ]   28-38[ ]      38-48[ ]      48-58[ ]          Above 58[ ]  

3. Religion    Christian [ ]        Muslim [ ]         Traditional Worshiper [ ]          Others [ ]  

4. Education   JHS [ ]  SHS [ ] Diploma [ ] HND [ ]  Degree [ ]  Masters [ ] PHD [ ]  
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     B.    Kindly tick [√ ] -YES or NO where necessary and fill in for the rest of the  questions 

below.  

5. What is the name of your hatchery?  ..............................................................................  

6. Do you have any other work apart from the hatchery work? ........................................  

7. How old is hatchery (in years)? ………………………………………………………….  

8. Is the hatchery part of a farm or it’s a lone hatchery…………………………………........  

9. What is your main reason for establishing the hatchery…………………………………..  

10. What is the maximum capacity of  hatch  per  incubation………………………………… 

11. What percentage of your incubator capacity do you utilize per month 

now……………...  

12. How often do you incubate eggs……………………………………………………  

13. What kind (type/brand) of incubator do you use? ................................................................   

14. What type of   incubation   system do you use? Multi-stage system [ ] Single-stage system  

[ ]   

15. How many incubators do you   have? How much multi- stage system? [ ] how many Single-

stage system? [ ]  

16. What is the egg capacity of each type? Multi-system[]  single-stage  system[]  

17. Approximately,  how  many  farms  receive  chicks  from  your 

hatchery?...........................................................................................................................  

18. What is the price of each day old chick?...........................................................................  

19. What are some of the observations you make on your day old chicks that may be a 

problem…………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………..  

20. How many farms receive chicks your from your hatchery? ……………………………..  

21. Do you follow up the farms which take day-old chicks from your farms? Yes [ ] No [ ]  

22. How frequent?...........................................................................................................  

23. Do you perform any hatchery assessments for chick quality ?Yes [ ] No [ ]  

24. Who performs these exercise for you………………………………………………….  

25. How many hatchery workers do you have? …………………………………………….  

26. How many are trained? …………………………………………………………………  

27. Where did these this /these person(s)receive their training………………………………  

28. How many are untrained…………………………………………………………………  

29. Do you have a hatchery manager?     Yes [ ] No [ ]   
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30. Has he/she had any training in managing a hatchery?  Yes [ ] No [ ]  

31. Do you know the relative humidity you  maintain in your incubator ?Yes [ ] No [ ]   

32. If yes, can you specify……………………………………………………………  

33. Do you know the relative humidity you maintain in your incubator? Yes [ ] No [ ]  

34. If yes ,can you specify……………………………………………………………  

35. Do you have an egg storage room? Yes [ ] No [ ]  

36. What are the temperature and relative humidity……………………………………… 

PARENT STOCK  

37. Do you maintain your parent stocks?  Yes [ ] No [ ]  

38. What type of   parent stock do you have? layer[] broiler breeder or egg types broiler[]  

39. What number (how many) of layer parent stock do you  have…………………………  

40. What number of broiler parent stock do you have…………………………………..  

41. What type of breeds do you keep as your parent stock………………………………….  

42. Do you carry out breeding program   to maintain your own parent stock from existing old 

stock? Yes [ ] No [ ]  

43. Do you make your own parent stock from existing old stock? Yes [ ] No [ ]  

44. Do you import each generation?  Yes[] No[]  

45. Do you import eggs to hatch?  Yes[] No[] ( if No go to 47)  

46. Do you have more unfertilized eggs than fertilized eggs in imported eggs? Yes [ ] No [ ]  

47. What percentage are unfertilized……………………………….  

48. Do you have more unfertilized eggs than fertilized eggs in the local eggs? Yes [ ] No [ ]  

49. What percentage are unfertilized………………………………………………………..  

50. Do you incubate eggs right after collection? Yes [ ] No [ ]  

51. How long does the egg remain outside after collection? Yes [ ] No [ ]  

52. Do you ensure that the eggs sitting in a hatcher at one time are uniform in size?  Yes [ ] No 

[ ]  

53. Do you receive hatching eggs from different sources Yes [ ] No [ ]  

54. How long do you store your eggs before incubation ?Yes [ ] No [ ]  

55. Do you consider that the thin tip of eggs should stay down ?Yes [ ] No [ ]  

56. At what temperature are the eggs stored before being hatched ?Yes [ ] No [ ]  

57. Do you know the genetic make- up of the flock ?Yes [ ] No [ ]  

58. Do you concentrate on fertility in males and not females? Yes [ ] No [ ] both[ ]  

59. How do you handle possible exploders…………………………………………………  

60. Do you pre-store eggs before incubation ?Yes [ ] No [ ]  

61. Do you pre-heat  eggs prior to onset of incubation for uniform temperature Yes [ ] No [ ]  

62. Are you aware that the age of flock play important role in chick quality Yes [ ] No [ ]  

63. Any  if  there  is  that    you  can    share  on   

 this 
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matter?.................................................................................................................................... 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................ 

................................................................................................................................................  

64. Do you pay attention to the  external parameters stated below. Tick (√ )Yes or No   

PARAMETERS    

Egg shape   Yes [ ]         No [ ]  

Egg shell  Yes [ ]         No [ ]  

Egg size  Yes [ ]         No [ ]  

65. Do you pay attention to the internal parameter occasionally stated below? Tick (√ )Yes or 

No  

PARAMETERS    

Albumen  Yes [ ]         No [ ]  

Yolk  Yes [ ]         No [ ]  

Embryo  Yes [ ]         No [ ]  

  

66. Do you raise broilers from your hatchery? Yes [ ] No [ ]  

67. Is it more challenging hatching broilers than layers ?Yes[]No[]  

68. Do you have any meat processing operation/market for chicks hatched? Yes [ ] No [ ]  

69. Do you think the government is doing enough  to help hatcheries function in this country? 

Yes [ ] No [ ]  

70. What  do  you  think  the  Government  can  do  to  

help………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………  

71. Are you a member of any poultry production related association? Yes [ ] No [ ]  

72. What is the name of the association……………………………..................................  

73. Do you think the association is doing enough to improve the poultry industry in your 

region? Yes [ ] No [ ]  

74. Are NGOs involved in poultry development in your area? Yes [ ] No [ ]  

75. What  exactly  do  they  do  on    poultry 

development……………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………  

76. Did the manufacturer of your incubator give you any training on its operation? Yes [ ] No  

[ ]  
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77. Do you take records on the number of day old chicks that your hatchery produces every 

year? Yes [ ] No [ ]  

78. Do you think your hatchery workers need training? Yes [ ] No [ ]   

79. Do you easily get services of a competent veterinarian services promptly? Yes [ ] No [ ]  

80. When  your  chick  die  what  reasons  are  given  by  the 

veterinarian………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………  

81. How  do  you  package  your  day-old  chick  for  delivery   

……………………………………………………………………………………………… 

……………………………………………………………………………………  

82. How many chicks go into one container…………………………………………………..  

83. What  is  the  average  weight  of  the  container  after 

stocking…………………………………………………………………………………… 

……………………………………………………………………………………………..  

84. Are the containers labeled (if any)? Yes [ ] No [ ]  

85. What  do  you  label  on  the 

container…………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………  

86. Does biosecurity or hatchery hygiene play a major role in good hatchery management? Yes 

[ ] No [ ]     (If No proceed to question Table D).  

C. If Yes, answer the biosecurity or hatchery hygiene questions in the table below by 

ticking (√ )the appropriate one  

  

  I strongly 

disagree  

I disagree  neutral  I agree  I strongly 

agree  

Is  the  hygiene  on  the   

breeder farm a starting point 

of a hygienic hatchery  

          

Eggs can be infected through 

the  pores, hairline cracks 

and infected breeders   

          

Eggs can be at risk with  

through vectors such as 

hands trays ,transport 

equipment  
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Washing hands with soap or 

alcohol based liquid before 

handling eggs prevents 

infection.  

          

Disinfect hatchery baskets 

and  chick  boxes 

immediately after washing by 

spraying  

          

The dip system used at the 

entrance enough to disinfect 

effectively  

          

  

      

  

  

  

  

  

  

  

D. Respond to the following statements on the efforts made by the Government to 

strengthen poultry     production by ticking (√) the appropriate one  

  

  I  

strongly 

disagree  

I  

disagree  

neutral  I  

agree  

I  

strongly 

agree  

The  formulating policies and 

regulations are NOT enough for 

high production  

          

Removal of  customs duties on 

poultry inputs(feed, feed-additives, 

drugs and vaccines) are NOT 

enough  

          

Facilitating improved  access to 

veterinary services is important  
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Poultry import duty should be 

increased with additional VAT and 

additional charges  

          

MOFAs engagement with Poultry 

association and stakeholders to 

mitigate impact of import poultry  

products  on locally produced 

poultry products  is NOT enough  

          

The Governments trade policy to 

reform the administration of the 

import permit system in order to 

enhance its monitoring is a   step in 

the right direction.  

          

 Establishment  of  the 

 poultry council to regulate 

the activities of operators in the 

industry is a step which  would 

 encourage competition.  

          

Farmers have benefited from 

Export Development and 

Investment Fund which is supposed 

to give loans the them.   

          

Educational institution should be 

empowered to do more research to 

improve the poultry industry  

          

  

  

  

Finally  if there is anything you would like us to take note it can be written  

below……………………………………………………………………………………… 

……………………………………………………………………………………………

… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

……………………………………………………………………………………………… 

………………………………………………………………………………………………  

  

Thank you very much  taking time off your busy schedule to help in the  promotion of 

poultry production in Ghana and the need to help in this research.  
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