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ABSTRACT 
 
 
 

INVESTIGATING THE IMPORTANCE OF EARLY FEEDING (POSTHATCH) 
AND PROACTIVE INCUBATION PROFILING ON LIVEABILITY AND EARLY 

PERFORMANCE OF TURKEY POULTS. 
 
 
 

Amir Eslami Ghane       Advisor: 
University of Guelph       Dr. Grégoy Bédécarrats 
 
 
 
This thesis is an investigation of factors affecting prehatch and posthatch liveability, 

performance, and behaviour of turkey embryos and poults. The first part of this project aimed 

at monitoring egg size throughout a production cycle and compare eggs’ physical and 

chemical characteristics between early-lay, mid-lay and late-lay periods. The weight increase 

occurs in few distinct stages with the most significant changes observed during the first 7 

weeks. This change is primarily due to a significant increase in yolk and albumen weight. As 

for chemical composition, protein and carbohydrate content of the eggs did not show any 

significant differences among weeks. However, energy, fat, and ash content increased 

significantly. The second part of this research focused on investigating potential differences 

between embryos from early and mid-lay eggs from two strains. There is a positive 

correlation between egg weight, embryo weight and amnion volume. Older flocks had a 

higher percentage of amnion and bigger embryos compared to younger flocks. The 

embryonic growth trajectory was different between Hybrid and BUTA strains. The third part 

of this thesis aimed at comparing the fertility and hatchability of early-lay and mid-lay eggs, 

and investigating the effect of egg size on poults body weight gain. Finally, the effect of 

Novus Oasis® Hatchling Supplement on posthatch liveability of poults was assessed. Eggs 



 

  

from mid-lay flocks had the lowest embryonic mortality, highest yield, and best liveability 

results. Poults from small and early-lay eggs had the best weight gain at 7 days. Poults with 

early access to hatchling supplement had the highest body weight gain with increased feeding 

behaviour. 

In conclusion, the key for successful early start, high liveability, and excellent performance is 

a balanced combination of pro-active incubation profiling and proper early feeding. 
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Chapter 1: Review of the literature 
THE EGG, THE EMBRYO,THE POULT AND EARLY POSTHATCH NUTRITION 
 
 
1.1 The Turkey (Meleagris Gallopavo): 

There are two main categories of turkeys, Wild and Domesticated (White). The Wild turkey 

is a bird classed in the gamebird order with fan-shaped tail and wattled neck. Turkeys are 

categorized under two species of large birds in the genus Meleagris: the North American 

Wild Turkey (M. gallopavo) and the Central American Ocellated Turkey (M. ocellata). As 

with most of the galliform species, the females or hens are smaller than the males or toms, 

who are usually more colourful.  

 

Morphological studies suggest that pheasants and turkeys have a close resemblance whereas 

there are distinct differences between turkeys and chickens in regards to their chromosomes 

(Nixey & Grey, 1989). Turkeys have 80 chromosomes (2N = 80) although there are some 

discrepancies in the numbers reported in some papers (Abroyan and Chilingaryan, 1974).  

 

Wild turkeys are omnivorous, foraging on the ground or climbing shrubs and small trees to 

feed. They prefer eating hard mast such as acorns and nuts of various trees, including hazel, 

chestnut, and hickory, various seeds, berries, roots and insects. They also eat small 

vertebrates like snakes, frogs or salamanders. Poults eat insects, berries, and seeds. Turkey 

populations can become densely grouped in small areas because of their ability to forage for 

different types of food. Early morning and late afternoon are the preferred times for eating.  
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Due to the fact that there are limited sources and research conducted on turkeys, available 

information and findings related to chicken and other poultry species was used for 

comparison and general discussions. 

 

1.2: The egg: 

Needham (1931) used the term “Cleidoic” to define the avian egg. Etches (1996) defines the 

egg as “a biological container”. In fact, the egg is a very large cell with a strong outer layer 

or shell and fluid material inside, containing various nutrients (Tables 1.1, 1.2 and 1.3). All 

these nutrients are available for the embryo’s growth and development throughout the 

incubation period and early days of posthatch life also known as “the critical period” (Ferket 

& Uni, 2002). 

 

A turkey egg can weigh from 60 g up to 140 g. Accepted minimum weight for settable eggs 

for the industry is 74 g, although some operations use eggs that weigh over 68 g as eggs over 

70 g are suitable for setting (Anandh et al., 2012). Egg weight is not constant and an increase 

can be observed as hens get older (Romanoff, 1967; Mroz & Orlowska, 2009, Anandh et al., 

2012). Although the size variation is correlated with the hen’s age, there is no evidence that 

the egg size has a positive correlation with the hen size. However, it seems that the 

percentage of the eggshell (compared to total egg weight) stays constant (or has a very slight 

change) throughout the egg production cycle. 

 

The increase in egg weight due to hen age is associated with an increase in yolk size, while 

variations in egg weight at a given hen age is primarily influenced by albumen content 



 

  
 

3 
 

(French & Shaw, 1989, Mroz & Orlowska, 2009). Moreover, it has been reported that flock 

age influences spare yolk reserve, albumen & shell (Fletcher et al, 1981), sex of the embryo 

(Piestun et al., 2013), and yolk reserve (Moran & Reinhart 1980; Anandh et al., 2012). 

 

Environmental temperature and humidity indirectly affect egg size. Romanoff and Romanoff 

(1949) concluded that there is a seasonal effect on egg weight and temperature is the major 

factor. High temperature and humidity result in lower feed intake, which in turn result in 

smaller egg size (yolk and albumen).  

 

The following sections are a brief review of the different egg parts and their primary 

functions, and importance on embryonic development, hatch process and the early days of a 

poult’s life. 

1.2.1 :  Eggshell 

The shell is hard, mainly made of calcium carbonate and acts as a defensive barrier against 

predation and environmental extremes. The calcified palisade layer of the shell accounts for 

about 50% of the strength of the shell and the other 50% comes from the cuticle and the 

upper regions of the palisade layer with a compact and vertical orientation of CaCO3 crystals 

(Etches, 1996). The design of the shell is “to prevent cracks from growing not to prevent the 

initiation of a crack” (Etches, 1996). Rahn and Panagelli (1985) defined the eggshell and 

underlying shell membranes as a gas exchange organ. The shell is protective and also acts as 

a source of calcium for the embryo. Simkiss (1997) discussed the possibility that secretion of 

acid or CO2 is responsible for the resorption of calcium from the shell to build the skeleton of 

the embryo. The shell itself is impermeable to gases and water vapour and is the main barrier 



 

  
 

4 
 

for gas exchange between the internal (the embryo) and the external environment. The 

gaseous exchange is possible through the pores (Ar & Rahn, 1980). 

 

The shell is made up of several layers and in different species makes up 9 – 14 % of the total 

weight of an egg (Etches, 1996), which is under influence of factors such as hen age, 

production cycle and nutritional status of the hen. An eggshell contains around 10,000 pores 

with an average diameter of 17 µm, which account for approximately 0.034 % of the total 

shell surface allowing an exchange of 4.6 litre of oxygen and 3.9 litre of carbon dioxide 

throughout the incubation period – for chicken (Etches, 1996). Pores are vital for water 

balance and gas exchange, directly affect water vapour conductance, and consequently 

weight loss and hatchling yield. The shell pores are the avenues through which the egg losses 

water to the environment (Ar & Rahn, 1985).  

1.2.2: Albumen 

Albumen of a fresh egg can be divided in two distinctive parts, thick and thin albumen, 

which can be easily distinguished by visual examination. In general, eggs laid at late stages 

of production cycle have a greater amount of albumen, which looks more diluted compared 

to early-lay eggs. The majority of an egg weight is due to its albumen content. It also fills up 

the greater part of the internal space of an egg. According to Freeman and Vince (1974) 90 % 

of albumen is water, and proteins form 90 % of solids (Table 1.1). 

 

However, albumen is non-homogenous and composed of thick albumen (57 %) and thin 

albumen (40 %) (Etches, 1996). Their protein content is similar but the thick albumen 

contains about four times more ovomucin. Thin albumen consists of two physically 
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distinctive types: outer and inner. Inner thin albumen makes up approximately 17 % of total 

thin albumen and consists of 86 % water. The outer thin albumen, which makes up 

approximately 23 % of total albumen content has a moisture content is around 89 %. 

Albumen makes up 52 – 58 % of total egg composition in different species (Etches, 1996). 

The albumen is surrounded by the internal shell membranes. According to Moran & Reinhart 

(1979), eggs from older turkey hens have greater albumen height. Also, eggs from older hens 

had a greater proportion of thick than thin albumen. 

 

Based on Freeman and Vince (1974), the albumen is responsible for: 

1. Provision of a suitable aqueous environment for development (anti-bacterial 

properties may be included in this function). 

2. A reservoir of water and protein. 

3. Supplying particular proteins. 

 

The paramount function of the albumen is to act as a water reservoir. Albumen is an optimal 

environment for embedding a variety of water-soluble proteins essential for embryonic 

development and growth. It is a heterogeneous mixture of more than 40 proteins; seven of 

which make up 90% of total volume (Table 1.2). Thin albumen has a higher concentration of 

water-soluble proteins compared to the yolk, which contains fat-soluble ingredients (Etches, 

1996). 

 

Feeney & Allison (1969) reported that the pH of albumen increases up to 8.5 approximately 

2 days after lay which is an important anti-bacterial mechanism. Reijrink et al. (2008) 
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confirmed the same phenomenon and reported pH level of 8.2 as the optimal level. At the 

same time, various proteins in the albumen have properties to reduce bacterial growth or 

chance of contamination such as lysozyme which lyses the cell walls of certain bacteria or 

ovotransferrin (conalbumin) which chelates iron, zinc, copper that are needed by some 

bacteria.  

 

Albumen is the main source of difference between the early (small) and mid or late lay 

(large) eggs. It is also a source of variation for the size and weight difference among the eggs 

laid in the same day (same flock). The older the egg is, the less the viscosity of the albumen 

would be. In other words, older eggs – egg laid in the last few weeks of production - have 

more water in their albumen compared to eggs laid in the first few weeks of the production 

cycle. Hence, the incubation profile is modified based on the egg content (water content), 

size and fertility average (age effect). Albumen is a source of some minerals and vitamins as 

illustrated in Tables 1.2 and 1.3.  

 

1.2.3: The Yolk 

The egg yolk is the site of fertilization and the main source of nutrients, rich in proteins and 

lipids, available for the developing embryo during the incubation process. Phospholipids, 

cholesterol, and triglycerides are the main form of lipids in a yolk. Oleic acid is the largest 

portion of yolk fatty acids. Yolk fats decrease continuously during incubation (Romanoff, 

1972, Oliviera et al., 2013). 
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Yolk fat oxidation provides the required energy for the embryo and its protein content 

decreases by 60 % compared to the original amount after 14 days of incubation in chickens 

(Noble & Moore, 1967b; Noble & Moore, 1967c; Noble & Couchi, 1990). The main 

metabolic shift occurs during the late stages of embryonic development in turkeys 

specifically during embryonic days 20 to 28 ( Oliviera et al., 2013), and the pattern is 

different between turkey strains (Lilburn & Antonelli, 2012; Oliviera et al. 2013). At hatch, 

yolk contains 40 % of its original proteins. The rise in yolk protein during incubation is due 

to migration from albumen. 

 

Egg yolk makes up approximately 30 – 35 % of total egg’ weight in different species 

(Romanoff, 1962). Yolk size is affected by the egg size, diet, and age of the hen. Increased 

egg weight results in increased amount of yolk, but the proportion of yolk decreases. The 

yolk weight showed a significant variation (26-37 %) regardless of hen age, but larger eggs 

and eggs from older hens have larger and heavier yolks. It seems the variation is more 

significant in early lay eggs. Flock age influences spare yolk reserve, albumen and shell 

(Fletcher et al, 1981), and yolk reserve (Moran & Reinhart, 1980; Hristakieva et al., 2008). 

Egg weight increases with hen age and eggs from older hens produced higher quality poults 

(Siegel et al., 2006; Mroz & Orlowska, 2009) had higher fertility, hatch and lower embryonic 

mortality(Hristakieva et al., 2009; Anandh et al., 2012).  

 

1.2.4: The Yolk Membrane 

The yolk is surrounded by the vitelline membrane, a four layered structure between 6 -11 µm 

thick (Bellairs et al., 1991). The vitelline membrane and previtelline membrane are the two 
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inner layers; laid down in the ovary. The continuous membrane and the extravitelline 

membrane (the outer two layers) are secreted in the oviduct. The yolk sac membrane, like the 

other extra-embryonic membrane, is essentially two layered: Outer mesoderm and inner 

endoderm containing columnar cells with mitochondria, rough endoplasmic reticulum and 

glycogen granules (Jurrlink & Gibson 1973). The innermost layer is the vitelline membrane 

with approximately 8 nm thickness. This layer is tightly attached to the previtelline layer (4 

µm), but in areas distant from the blastodisc (vegetal region) this membrane is perforated 

(Etches, 1996).  

 

The middle continuous layer with a thickness of 50 – 100 nm surrounds the previtelline and  

is covered by the thickest layer at 6 µm, which is known as the extraviteline layer (Etches, 

1996). The vitelline membrane is involved in fertilization and acts as sperm binding site and 

after fertilization, forms the boundary on the newly created blastoderm. It also provides 

oxygen at early stages of embryonic development (Romanoff, 1972). Although the yolk sac 

membrane is essentially an extension of the embryonic gut, little or no yolk material passes 

directly into it. The required material for the embryo is actively taken up by the endoderm, 

transported to the mesoderm blood vessels, and then transported to the embryo. The enzyme 

trinectaphophatase is very active in the yolk sac membrane and is involved in this process 

(Berg & Szerkerzes, 1962). 

 

The yolk sac membrane plays a key role in the nutrition of the developing bird, not only as a 

digestion and absorption organ but as a site for the synthesis of specific protein (Gittin & 

Kitzels, 1967) amino acids (Johnston et al, 1966) and blood, as a source of lymphoid 
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precursor cells for the thymus and bursa of fabricius and as a site of glycogen storage 

(Zwilling 1951) and as a temporary excretory organ.  

 

1.3: The Embryo 

Fertilization in poultry, which occurs in the infundibulum, has two distinctive characteristics: 

multiple entries of spermatozoa and the fact that there is no cleavage of egg (yolk) following 

cell division (Etches, 1996). Embryonic development of avian species occurs in 3 phases. 

The initial phase occurs in the oviduct, the second phase or diapause starts at the time of lay 

and initial cooling, and finally reactivation of embryonic development in incubators is 

considered as the third phase (Etches, 1996). This is the phase that can be manipulated by 

implementation of various incubation profiles and the duration of the incubation (growth rate 

of the embryo).  

 

Eyal-Giladi and Kochav (1976) divided the stages of embryonic development, from 

fertilization to a completed hypoblast form into 14 stages. Bakst et al. (1997) categorized the 

early development of the chicken embryo into 14 stages and the turkey embryo into 11 

stages. Based on temporal and spatial features of the early morphogenetic development, 

Gupta and Bakst (1993) suggested a different staging system for the early turkey embryos 

that consists of 11 stages.  

 

At oviposition the turkey embryo is in stage VII characterized by the first signs of area 

pellucida formation. In contrast, the chicken embryo at oviposition is at stage X and area 
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pellucida formation is complete (Bakst et al., 1997). It is evident that the turkey embryo is 

less established than the chicken embryo at oviposition (Bakst et al., 1997). 

 

Stages of embryonic development for the chicken has been investigated and defined by 

Hamburger and Hamilton (1951), Butler and Juurlink (1987) and Mathews (1986). The 

staging by Hamburger and Hamilton (1951) system divides the embryonic development into 

46 stages. Pogool (2002) completed work on staging of turkey embryos and structured the 

embryonic stage of turkey in 46 stages for incubation duration of 27 to 29 days. 

 

According to Starck (1989), in all species the early stages of embryonic development are of 

approximately the same length and the deviation in late stages account for most of the 

variability in incubation time. “This is most obvious in stage 39, which lasts 24 – 36 hours in 

quail (18 day incubation period), 48 hours in domestic fowl (21 day incubation period), 96 

hours in Muscovy duck (35 days incubation period). One might suggest that stage 39 

represent a period of growth and maturation” (Starck, 1989). The plateau phase in embryonic 

metabolism occurs during stage 39 (Starck, 1998).  

 

Among species, the divergence occurs during the late stages of embryonic development 

(turkeys; Oliviera et al., 2013), when different species require different duration to complete 

their specific developmental stages. The genetics of the strain has direct effects on the 

embryonic development of the turkeys (Lilburn and Antonelli, 2012). It seems the 

differences in size, growth trajectory and development observed between strains can be 

detected in mid-incubation (day 13 to 15) and especially during late stages or day 23 and 
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after in turkeys. The main difference is the consumption of amnion and hatching behaviour 

(pattern and timing). 

 

Embryos of large eggs grow faster at all stages of development in comparison to embryos of 

small eggs (Siegel et al, 2006). During the early stages of development, it is possible that due 

to higher supply of oxygen, the embryos of large eggs receive a higher supply of oxygen. 

This could be related to higher conductance of eggshell and higher surface area. Large eggs 

(laid during the last weeks of production) show a higher incidence of early mortality and 

abnormal growth. Egg wieght, size and age all affect the incubation and performance of 

turkey embryos and poults (Mroz et al., 2007; Hristakieva et al., 2008; Hristakevia et al., 

2009; Anandh et al., 2012). 

 

1.3.1: Embryonic Nutrition and Development 

Embryonic growth and development starts after fertilization. In some phases, development 

might be prominent and more visible. The main source of energy for development of an 

avian embryo is lipid, which accounts for 84-98 % of the material oxidized. During the 

course of incubation (in chickens), lipid content decreases by 2.8 g, protein  by 0.5 g, and 

carbohydrates by about 175 mg (Romanoff, 1967). 

 

Water is actively removed from the beginning of the incubation and egg white proteins are 

found in yolk, blood and amniotic fluid around day 5 of incubation (Wise at al., 1964). This 

continuous removal of water will result in a reduction in total volume of albumen, which 

becomes concentrated towards the narrow end of the egg as the development proceeds. The 
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changes in yolk structure (change in colouration and texture) are detectable (visually) after 

day 2 to 3 of incubation. 

 

The transfer of albumen is a rapid process and within a day, over 70 % of the proteins are 

moved (Carinci & Manzali-Guidotti, 1968a). As albumen flows into the amniotic cavity there 

is a simultaneous amount of albumen moving into the yolk sac (McIndoe, 1960; Saito & 

Martin, 1966), probably through the yolk sac umbilicus and as a result, there is a net increase 

in the amount of protein in the yolk. The albumen proteins present in the amniotic fluid 

finally become available to the embryo when this fluid is actively absorbed. This usually 

begins on about the 12th day but becomes particularly active after the 14th day of incubation 

in the chicken (Romanoff, 1960; Kramer & Chao 1970). 

 

In regards to amino acids, leucine, lysine, methionine and phenylalanin are considered 

essential for the development of embryos, while arginine, tyrosine, valine and tryptophan are 

considered as important but not essential (Klein et al, 1962; Austic et al, 1966; Grau, 1968a, 

1968b). According to Klein (1968), there is a possibility that certain complete proteins are 

needed by the embryo for normal development and that glucose (Austic et al, 1966) and 

linoleic acid (Menge et al., 1964) are essential for development of avian embryos. According 

to Feeney et al. (1964) the reaction of glucose and egg white protein could be very important 

in order to make these available to the embryo for subsequent utilization.  

  

According to Freeman (1974), proteins make up over 90 % of the solids in albumen along 

with 5 mg of lipids and approximately 300 mg of carbohydrates in chickens. The yolk lipids, 
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in contrast, represent 30 % of total or approximately 6 g of solids with a similar amount of 

protein and carbohydrates. Thus, the embryo of a 60 g egg has access to 40 g of water, 7 g 

protein, 6 g lipids, and 425 mg carbohydrates.  

 

1.3.2: Embryonic Yolk Utilization 

The surface area of the egg limits the size of chorioallantois and the yolk size influences the 

size of the yolk sac membrane. Thus, it can be concluded that the growth and development of 

the avian embryos are determined not only by the amount of energy stored in the egg but also 

by a ratio between the embryo’s demand for nutrients and oxygen and the size-dependent 

capacities of the extraembryonic exchange organs (Starck, 1994; 1996a). 

 

An important issue to consider, besides the size of the egg, is the integrity and full 

development of the capillary system (blood vessels) as some eggs have considerably more 

developed systems which usually is a sign of optimal growth and development of the embryo 

and the final product is a viable, high quality hatchling. In turkeys, this can be detected 

visually as early as day 3 but more accurately around day 7, which is the optimal time for 

assessing fertility reading.  

 

Due to the fact that the absorptive epithelium of yolk sac membrane does not form villi, the 

nutrient absorption is constrained by the surface area of the yolk and the vascularized septa. 

The effective diffusion distance for nutrients through the yolk sac membrane and the 

capillary density of the vitelline vascular system create additional structural limits on 

absorptive function of yolk sac membrane. 
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The pattern of embryonic growth and potentially utilization of resources are different 

between strains of turkeys (Siegel et al, 2006; Hristakieva et al., 2009) and this may be 

explained by differences in gene expression especially during the late stages of embryonic 

development (Oliviera et al., 2013). 

 

1.3.3: The chorioallantois 

The amnion and the chorion cavities are formed by folds of extraembryonic ectoderm and 

somatic mesoderm that rise around the embryo. The embryo becomes enclosed by the 

amnion cavity and the chorion cavity extends to the inner shell membrane. The allantois buds 

from the embryonic hindgut and extends into the cavity of the chorion (Romanoff, 1972; 

Etches, 1996; Starck 1998). The addition of the allantois tissues to the chorion is essential for the 

development of blood vessels and the function of gaseous exchange. The allantois functions as a 

depot for metabolic waste products in the form of insoluble uric acid, which is a non-toxic substrate 

(Etches, 1996). 

 

During the course of incubation, the uptake of triglycerides and phospholipids occurs at  

similar rates. The proportion of esterified to free cholesterol is even higher in yolk and, a 

proportion of the cholesterol ester is transported back to the yolk. Nearly all this cholesterol 

is cholesterol oleate, the oleic acid possibly coming from the abundant phospholipid, 

phosphatidyl choline (Noble and Moore, 1967c). Throughout incubation, the fatty acid 

composition of the yolk’s triglycerides remains fairly constant with an exception for C18 

polyunsaturated acids (Noble & Moore, 1964). There is also evidence of a preferential 

absorption of phospholipids containing docosahexaenoic acid. 
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Phosphatydyl choline is the principal fatty acid found in the yolk (approximately 75 %) and 

phosphatidyl ethanolamine is the second most abundant which makes up 20 % of the yolk’s 

phospholipid (Tsuji et al., 1955; Bieber et al., 1962). Phosphatidyl ethanolamine is 

selectively absorbed during incubation (Tsuji et al., 1955; Noble & Moore 1967a) especially 

those molecules in which stearic acid is in the β-position (Noble & Moore 1967c). Several 

enzymes are present within the yolk sac itself that are actively involved in protein 

metabolism including cysteinlyase (Bennett, 1973), serine hydrolyase, cysteine 

desulphydrase and glutamotranferase (Solomon, 1963).  

 

An avian embryo can supply its gas and energy requirements sufficiently by the exchange 

through the vascularized area of the yolk sac (Reeves 1984). As the embryo grows and 

consequently the demands for gas exchange increase, the chorioallantois establishes an 

embryonic respiration organ. The chorioallantois membrane (CAM) reaches to its maximum 

area at about day 10 of incubation (Etches, 1996; Starck 1998). 

  

The gas exchange may further improve by the reduction of the CAM diffusion barrier 

through day 14 of incubation. From that point in incubation, the embryonic demand for gas 

exchange continuously increases until hatching, but the functional capacity of the CAM 

seems to be maximized and no further improvement is possible while gas exchange cannot 

further be improved by structural components, the blood oxygen affinity increases 

continuously from day 8 to hatching (Reeves 1984). 
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1.4: The Poult 

Turkey hatchlings or poults are classified as precocial and ptilopaedic. However, they still 

require supplemental heat and early access to feed and water. The success and survival 

chances of a hatchling are directly related to incubation, available nutrient resources, both 

internal and external, and its surrounding environment. It is of vital importance to ensure that 

the incubation parameters are adjusted for optimal yield at hatch (Halevy et el., 2003; Mroz 

et al., 2007; Wineland et al., 2010; Molenaar et al., 2011; Yalcin et al., 2012). 

 

All hatchlings do not have the same amount of reserves at hatch due to a significant 

difference in size and weight of egg yolk and the yolk reserves of hatchlings, and hatch time. 

However, there is no direct correlation between the size of a poult and the size or amount of 

yolk reserve. The residual yolk weight shows a significant variation from 2 to 18 g in turkeys 

and 4.8 to 15 g in chickens. It is unknown if there is a correlation between the yolk size at 

hatch with egg yolk and/or holding (hatching) period.  

 

The first few days of a poult’s posthatch life are extremely important as this period affects 

the hatchlings’ liveability, weight gain, and even its performance in later stages of growth 

(Noy & Uni, 2009). Yolk sac is the most obvious reserve of a poult. As mentioned before, 

sometimes a poult may not have access to feed and water for a period of time, possibly 48 

hours or more after hatch. It has been argued that the yolk reserve is enough and provides all 

the necessary nutrients for up to the time they get access to feed and water in the brooding 

barns. 
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A practical procedure to control the negative effects of starvation and its impacts on the 

future of the poults is the use of hatchling supplements right after hatch. It improves their 

performance and lowers the early mortality especially if the poults are held for a prolonged 

period of time or shipped over long distances. Poults fed in the hatchery right after hatch or 

even as early as possible in the brooding barn, have shown better weight gain and lower 

mortality. 

 

Feeding poults in the hatcher is another procedure, which, although not very practical, is 

feasible. Poults do consume the feed supplement even in darkness, if the feed is introduced 

during a light period. This can be done when most poults are hatched, by removing the shells, 

enough space can be provided for a tray containing the feed. A few minutes of light (by the 

time all trays are fed) gives the poults time to locate the feed and consume it. 

 

 
1.5: Early Posthatch Nutrition 

Nutritional programming in animals is defined by Lucas (1998) as: “what is fed or not fed 

during a critical or sensitive period of development may program the lifelong structure or 

function of the animal”. The programming period occurs during early stages in embryonic 

life or in the early neonatal period. Some effects of nutritional programming may be 

instantaneous, such as failure to stimulate growth of brain cells during early life that results 

in long-term effects on the animal over its lifetime. The inability of the fasted birds to catch 

up in either gastrointestinal growth or total body weight after a week of ad libitum feeding 

could be accounted as an example of nutritional programming similar to that observed in the 

rat (Snoeck et al., 1990). 
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Turkey poults tend to start slowly and often do not immediately begin to eat and drink on 

their own. Lightweight poults (early lay or from small eggs) are especially susceptible to this 

problem, which may lead to depression of their immune systems (Dibner et al. 1998). 

According to Ferket and Uni (2002) the early mortality during the critical posthatch period (2 

to 5 %) is mainly due to limited body reserves, and the growth of the surviving chicks is 

stunted. The early mortality may even reach 10% during the first 7 days especially if 

appropriate incubation profiling was not implemented. Early mortality has a direct and 

positive correlation with incubation duration, hatch window and hatchlings yield. 

 

The first 7 days after hatch, the brooding period, is considered the critical period (Ferket and 

Uni, 2002). From hatch to market age of 40 to 42 days, modern lines of broilers increase up 

to 55 to 60 fold in their weight (Yair et al., 2012) and in turkeys this could reach 250-280 

fold from hatch to market age of heavy toms. This puts even more importance on this critical 

period. Smith (1998) concluded that during the brooding period of turkey poults, achieving 

the maximum potential accounts for as much as 70 % of final turkey performance. In fact, 

every pound (total weight) lost in the brooder results in 4 pounds lower final body weight.  

 

Early access to feed and water especially immediately posthatch is important to ensure 

proper growth of intestines (Uni & Perry, 2006) and this has direct effects on growth and 

maturation of the poult after hatch (Halevy et al., 2003; Noy & Uni, 2009; Huffman et al., 

2012). 
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1.5.1: Yolk Reserve and its Absorption 

The main source of nutrients for a poult after hatch is what is left in the body, mainly as yolk 

reserve, and partly in tissues in the form of glycogen in the liver and muscles and fat tissues 

in different locations. The sooner feed and water are introduced to avian hatchlings (turkey 

and chicken), the higher is their chance of survival. Early access to feed and water will stop 

the early weight loss, which is never fully regained later. 

 

According to Noy and Sklan (1999), approximately 20 % of a newly hatched domestic 

chick’s body weight is yolk, which is the sole source of energy for a developing avian 

embryo (Romanoff, 1960). The yolk is required for the development of the gastrointestinal 

tract (GIT), for the supply of proteins for immunity of hatchlings and for the supply of fatty 

acids (Freeman, 1974). According to Phelbs et al. (1987a; 1987b) there is a correlation 

between mortality rate and disappearance of yolk, and it increases at the time of yolk 

absorption. This could be due to a shift in metabolism. 

 

According to O’Connor (1984), the absorption of yolk is fairly regular during embryonic 

development. Early feeding slightly enhances the rate of yolk assimilation and fasted chicks 

have larger yolk reserves (Bierer & Eleazer, 1965). In contrast, according to Leeson et al. 

(1978) fasting enhanced yolk absorption. Noy and Sklan (1999) reported that the rate of yolk 

disappearance was more rapid in fed birds than in feed-deprived birds and the yolk is 

utilized, in part, for growth of the intestine. Moran and Reinhart (1980a) concluded that 

posthatch feeding had no effect on sac size, but affected its composition in that fasted chicks 

used lipid faster than protein, while the fed chicks used protein at higher rate compared to 
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lipids. This could be due to energy imbalance in fasted chicks and higher demand for energy 

during the fasting period. Feed and water deprivation resulted in delayed utilization of yolk 

sac in turkeys (Moran & Reinhart, 1980) and depressed growth (Noy & Uni, 2009; Huffman 

et al., 2012).  

 

The yolk reserve contains considerable amounts of fat and protein and is the major source of 

energy for the embryonic transition. The yolk is engulfed by the abdominal cavity during the 

late stages of embryonic development and is the sole source of nutrients during the transition 

period until replaced by the exogenous nutrients after hatch (Romanoff, 1960; Noy and 

Sklan, 1998), especially during the first 48 hours posthatch (Noy and Sklan, 1999). During 

the incubation, the yolk provides the main metabolites to the growing embryo through the 

circulatory system and the gastrointestinal tract. The latter transfer occurs close to hatch and 

during the early posthatch life (Noy & Sklan, 1998). During the first 48 hours, a proliferating 

rate of crypt cells in all regions reaches a plateau of 50-60 %, but in starved poults the 

proportion was lower (Noy et al., 2001). According to Anthony et al. (1989) yolk is used for 

maintenance, but exogenous food is used for energy required for growth.  

 

Corless and Sell (1999) suggested that poults may have the ability to control the withdrawal 

rate of selective nutrients from the yolk during fasting. Noy and Sklan (1997) concluded that 

feed intake affects the utilization of yolk through enhancement of yolk transport to the 

gastrointestinal tract under the influence of increased motility and activity of the GIT after 

digestion of feed and water. 
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1.5.2: Digestion 

The rapid transition from embryonic nutrition to exogenous sources for neonatal nutrition is 

regarded as a transition from yolk lipid to dietary carbohydrate as the energy source, and has 

been reported to alter glucogenic metabolism (Moran 1990; Donaldson et al., 1992; Warriss 

et al., 1992). Immediate access to feed and water has positive impacts in terms of growth and 

maturation of the poults internal organs and general performance (Uni & Perry, 2006; Noy & 

Uni, 2009). 

 

According to Noy & Sklan (1996) during the transition, yolk is utilized through two available 

routes: assimilation by direct absorption through the yolk sac membrane (Murakami et al., 

1992) and after after hatch, the internalized yolk is transported via the yolk sac to the small 

intestine (Esteban et al., 1991a; 1991b).  

 

At the time of hatch, the small intestine has the capacity to absorb carbohydrates and amino 

acids. However, the uptake may be dependent upon the development of appropriate 

circumstances, including adequate pancreatic and brush border enzymes for digestion and 

ample sodium for function of glucose-sodium co-transporters (Noy and Sklan, 1999). 

Intestine is about 1 % of total weight of the embryo at day 17 of incubation and it increases 

to 3.5 % at hatch (Uni & Perry, 2006). Marcholm and Kulka (1967) reported that pancreatic 

enzymes are present in the intestine of the embryos at late stages of embryonic development. 

In the hatching bird, the yolk contains 1.6 g protein, almost all of which disappears by day 4 

after hatch. This protein may be the source for the amino acids required for the preferential 

gastrointestinal growth observed in all newly hatched chicks that had no access to feed. 
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The level of activity of pancreatic lipase is considered to be a limiting factor for digesting 

certain dietary fats in young poults (Nitsan et al., 1991). According to Coreless and Sell 

(1999), the combination of gastrointestinal tract developmental stage and associated 

production of digestive enzymes might be the limiting factors affecting posthatch growth. 

The genetic make up of the hatchling also impacts the digestion capabilities of the embyo 

and hatchling in terms of gene expression (Oliviera et al., 2013) which is directly related to 

growth trajectory and development of tissues of the gastrointestinal tract (GIT). 

 

1.5.3: Lipids, Proteins and Fatty acids of the Yolk Sac 

Lipids and proteins available in the yolk sac are the major source of nutrients for the turkey 

poults prior to and after hatch. These are usually depleted within 5 to 6 days after hatch (Sell 

et al., 1991). Lipids contained in the residual yolk sac are critical for initial growth in broiler 

chicks. Noble and Ogunyemi (1989) reported that by day 2 after hatch, yolk lipids are 

reduced by 50 %  (0.8g) and only half of this was in the form of triglycerides (TG). 

 

Ding and Lillburn (2000) suggested that quantitatively, residual yolk sac lipid is a minor 

nutrient source for newly hatched poult, but qualitatively may be a significant source of 

phospholipids precursors. According to Romanoff (1960) the primary lipid of the chick yolk 

are triglycerides at about 72 % of total, and phospholipids (approximately 22 % of total) 

come next as the most abundant nutrient source for the developing embryo. Freeman and 

Vince (1974) estimated that the yolk contains approximately 90 % of total caloric needs of 

embryos. The embryos with a smaller yolk reserve (as a ratio or percentage to total body 

mass) are at a  disadvantage compared to those with larger yolk reserves. A faster transition 
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to external nutrients might be the best solution to enable the hatchlings to cope with this 

problem. 

 

Both turkey and chicken neonates are not able to digest saturated fatty acids efficiently and 

the undigested fat can result in reduced retention of some minerals and potentially soap 

formation (Dewar et al, 1975; Gardiner & Whitehead, 1976). The inability of young birds to 

digest and exploit saturated fatty acids is mainly due to their incompetence to form mixed 

micelles in the lumen (Leeson and Atteh, 1995). 

 

According to Noy and Sklan (1999), at hatch, the absorption of fatty acids is about 80 % or 

more, higher than that of glucose and methionine. In general, the absorption increases with 

the animal’s age. The intestine has excess absorption capacity at hatch for glucose, 

methionine (Noy & Sklan, 1996) and oleic acid (Noy & Sklan, 1998). In the immediate 

posthatch period, fat is more completely absorbed than glucose or methionine; nonetheless, 

once appropriate circumstances for uptake of the nutrients are present, absorption increases. 

Oleic acid (C18:1) is the most abundant fatty acid found in the yolk and liver (Ding and 

Lillburn, 1999). According to Noble and Cocchi (1990), in chicks, approximately 37 % of 

total fatty acids in egg yolk are oleic acid. Oleic acid increases between day 22 of incubation 

and hatch time (day 28) from 40 % to 45.5 % in the yolk, and from 46.6 % to 56.5 % in the 

liver. However, the total amounts of all yolk fatty acids decreases throughout the second half 

of incubation period until day 6 after hatching (Ding and Lillburn, 1999).  
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1.6: Early Access to Feed (Early Feeding): 

After hatch, the hatchling faces a major challenge acquiring nutrients by switching from yolk 

reserves to exogenous diet. According to Uni and Ferket (2002), at hatch, the gastrointestinal 

tract  of hatchlings is immature and not capable of efficient utilization of dietary 

carbohydrates and amino acids. Negative nutritional status may impose some level of stress 

on late-term embryos and hatchlings, especially if the critical body reserves are not at a 

sufficient level. This could be a more significant problem for early lay and smaller chicks and 

poults. According to Katanbaf et al. (1988) and Nitsan et al. (1991), most of the available 

nutrients are dedicated to the rapid growth and development of gastrointestinal tract in order 

to facilitate more efficient utilization of nutrients to accommodate rapid increase of body 

weight.  

 

Development of GIT in terms of both villus growth and entrocyte differentiation is dependent 

upon feed intake (Cook & Bird 1973) and early access affects the growth and maturation of 

digestive system (Noy & Uni, 2009). At hatch some systems such as nutrient transport 

systems, intestinal motility, pancreatic enzyme secretion, and bile salt synthesis are partly 

developed but their development to adult levels requires feed intake (Nir et al., 1988; Noy & 

Sklan 1995; Palo et al., 1995; Uni et al., 1998). 

 

There is a positive correlation between digestibility and age of the birds (Coreless and Sell, 

1999). Sell et al. (1991) reported that after hatch, the total activity of enzymes produced by 

the pancreas increases significantly and this is mainly due to pancreatic weight change. 

According to Corring and Bourdon (1977) the activity of the pancreatic enzymes play a 



 

  
 

25 
 

major role in digestion capabilities of a bird and the absorption of the nutrients directly 

dependent upon digestion; i.e. deficiencies of pancreatic enzymic hydrolysis in the intestinal 

lumen decreases the apparent digestibility of dietary components. 

 

Access to feed and water serves as a stimulus for the pancreas to secrete pancreatic juice 

(Hulan and Bird, 1972; Krogdahl and Sell, 1989). Krogdahl and Sell (1989) suggested that 

feeding stimulates the synthesis of pancreatic enzymes. This explains the fact that poults with 

early access to feed and water had the highest levels of pancreatic enzyme activity at 3 days 

of age (Corless and Sell, 1999). 

 

A predominantly critical component of early development of the GIT is dependent on feed 

intake and consequent establishment of a desirable microflora. The early development of a 

stable microflora influences not only nutrient digestion and utilization, but also the ability to 

resist pathogens (Blankenship et al., 1993; Carrier et al., 1993; Stern 1994). The immune 

system is another system requiring feed intake for full and rapid development, particularly 

the mucosal immune system. Supplies of substrates are necessary for the growth and 

development of all secondary lymphoid organs, which are not present or not mature at hatch 

(Dibner et al. 1998).  The antibody-mediated immune response of the avian hatchling must 

be provided by maternal antibodies from the residual yolk. The gut is probably the most 

important source of pathogens in the hatchling as the location for colonization of microflora, 

which in the neonate is practically unprotected (Dibner, 1999). The organization of a stable 

gut microflora takes place during this period and the nutrient composition of the early feed 

can influence the species available and selected for colonization. During the first 4 days of 
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posthatch life, carbohydrate digestion is about 85 %, protein digestion 78 % (Noy & Sklan 

1995; Uni et al., 1995) and digestion of non-lipid materials improves, reaching 80 % or 

higher by day 4 posthatch. 

 

Early access to feed right after hatch, such as introducing supplements to the hatchlings in the 

hatcheries, can assuage these limitations. Early feeding can be accomplished either in-ovo, 

which is administration of nutrients into the amnion or offering supplements immediately 

after hatching (Uni & Ferket, 2002; Uni & Ferket, 2004). Both of these techniques result in 

significant improvements in early posthatch performance and liveability in both chickens and 

turkeys. In-ovo feeding can result in improvements in hatchability results as well. According 

to Uni & Ferket (2002) the combination of early feeding after hatching and in-ovo feeding 

will produce significantly better results. Poults with early access to feed and water, either in 

the hatchery or growing facilities, had better growth rates compared to the ones under 

standard procedures (Noy et al., 2001). The time, in regards to deprivation time, and structure 

of nutrients supplied to the neonates after hatch are critical factors for their development 

(Noy & Sklan, 1998b).  

 

Poults with access to feed after hatch recorded increases in small intestine weight to 8.9 % of 

body weight compared to 3.8 % at hatch. The fed poults’ body weight increased by 11 g 

while body weight of the starved poults decreased by 10 g during the first 48 hours (Noy et 

al., 2001). In the duodenum, the number of cells per villus and its surface area grew more 

significantly compared to the jejunum and ileum. By day 6 posthatch, the length of 

entrocytes increased significantly (more than 2 fold) in the duodenum while their growth was 
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approximately 50 % in the jejunum and ileum (Noy et al., 2001). The villi growth and 

entrocyte lengthening was depressed in starved poults. 

 

Early access to feed and water results in enhancement of body weight, size of pectoralis, and 

the development and enlargement of intestine (Noy & Sklan 1999; Uni et al., 1998a; Uni & 

Perry, 2006). According to Noy & Sklan (1999), the birds with early access to feed and water 

immediately after hatch were 8–10 % heavier than those with no access or just access to 

water and the fed birds had 7–9 % bigger breast compared to unfed groups. Pinchasov (1995) 

reported that early post-hatch introduction of nutrients to the digestive system by forced 

administration results in anatomical and metabolic changes in the digestive system slightly 

earlier than in birds with late access to feed. This increases the content of gastrointestinal 

tract and plasma glucose, resulting in enhanced feed consumption and growth promotion. 

Donaldson and Christensen (1992) suggested that oral administration of feed in newly 

hatched birds stimulates mechano- and/or chemoreceptors in the gastrointestinal tract. 

 

Hatchlings with immediate access to feed and water show evidence of more rapid 

development of intestine (Uni et al., 1998a; Geyra et al., 2001a). Chicks with delayed access 

to feed and water exhibit signs of depressed surface area of the villi in duodenum, but they 

reached values close to fed chicks after 4 days posthatch. In the jejunum, the villus area 

remained at lower values compared to other sections of small intestine throughout the first 

week posthatch. 
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The skeletal muscles are composed of multinucleate myofibres whose nuclei do not divide. 

Skeletal muscle growth during posthatch period does not occur by means of an increase in 

myofibre quantity but through an increase in the size of myofibres, which parallels the 

increase in myofibre DNA content (Mozdziac et al., 2002; Huffman et al., 2012). Mozdziac 

et al., (1994) concluded that there is an early phase and a late phase of muscle and myofibre 

growth in turkeys. The early phase of growth is marked by a high level of satellite cell 

mitotic activity, which occurs before approximately 6 weeks of age, and provides nuclei in 

preparation for the late phase of skeletal muscle growth. This  occurs through an increase in 

the amount of cytoplasm surrounding each myonucleous.  Dangott et al. (2000) suggested 

that nutritional supplements have the ability to positively impact muscle size through a 

satellite cell pathway. On the contrary, starvation depresses satellite cell mitotic activity, 

which suggests that starvation can negatively affect muscle growth through a satellite cell 

pathway (Fauconneau & Pabocuf, 2000; Halevy et al., 2000). According to Halevy et al. 

(2000) starvation for a period of 2 days resulted in a reduction in satellite cell mitotic activity 

and a consequent reduction in meat yield at market age. 

 

1.7: Starvation or Delayed Access to Feed 

The adverse effects of delayed access to feed and water on body weight of turkeys are 

reported for up to 28 days of age by Corless and Sell (1999). According to the same 

reference, the absolute weights of the small intestine and pancreas along with the length of 

the small intestine were reduced at day 5 of posthatch life. According to Moran (1978) a 24-

hour deprivation period resulted in reduced body weight for up to 14 weeks of age. 

Starvation or delayed access to feed resulted in retarded growth in poults (Noy & Uni, 2009; 
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Huffman et al., 2012). Poults without access to feed and water for 24 hours posthatch had 

significantly lighter liver weights than fed poults (Donaldson & Christensen, 1991). 

Deprivation for 48 hours resulted in reduced uptake of yolk and greater yolk weights 

compared to poults with immediate access to feed and water (Moran & Reinhart 1980; 

Moran 1989; Pinchasov & Noy 1993).  

 

The pancreas is the fastest growing organ in poults during the first 10 days posthatch (Phelps 

et al., 1987a). According to Corless and Sell (1999), delayed access to feed and water 

adversely affected the absolute pancreas weight and, due to the fact that digestive enzyme 

activity in the pancreas is highly correlated to its weight, it can be concluded that changes in 

pancreas weight might represent changes in digestive capability.  

 

The destructive effects of delayed access to feed and water, in terms of negative effects on 

organ weight, can be seen in the proventriculus and gizzard (Corless and Sell, 1999). This 

finding is not in agreement with a previous report by Pinchasov and Noy (1993), which 

indicated that delayed access to feed and water resulted in an increase of the relative weight 

of gizzard. Liver weight also increases due to delayed access to feed and water (Moran, 1989, 

1990; Pinchasov and Noy, 1993; Corless and Sell, 1999).  

 

In starved poults, the concentration of non-esterified acids increases while the plasma 

concentrations of sodium, glucose, triglycerides, and phospholipids were not significantly 

affected. It can be concluded that the use of fatty acids for energy was higher in starved birds, 

in which yolk lipids are transported to peripheral tissues to be hydrolyzed to non-essential 
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fatty acids (NEFA) for energy utilization or the liver mobilizes them from lipid (Noy et al., 

2001). This process may involve thyroid hormones as the concentrations of triiodothronine 

(T3) in plasma were depressed in the starved poults, but increased after feeding (Noy et al., 

2001). A significant and linear correlation exists between plasma triiodothronine and feed 

intake (Klandorf & Harvey, 1985). According to Oppenheimer et al. (1987), triiodothronine 

(T3) plays a major role in oxidative metabolism.  

 

Prior to hatch, avian embryos utilize their energy reserves to meet their high demand for 

glucose (John et al., 1987; John et al., 1988). Fat and protein are the sources for glucose 

synthesis (Elwyn and Bursztein, 1993a; Elwyn and Bursztein, 1993b) and the required 

glucose becomes available from glucogenesis of protein metabolism (Uni & Ferket, 2002). 

According to Noy et al (1996) the assimilation and use of yolk is retarded in chicks with 

delayed access to feed and water, possibly due to reduced intestinal motility.  

 

Dibner (1999) reported the maturation of the enzymatic system which controls metabolism 

and development of the immune system, is retarded in malnourished chicks or chicks with 

delayed access to feed.  Poor posthatch nutritional status of hatchlings may restrain the 

mitotic activity of satellite cell and consequently breast muscle size (Mozdziak et al., 1997; 

Huffman et al., 2012). Poults with delayed access to feed and water for 54 hours showed 

lower mean value at day 4 (10 % compared to the group with 6 hours delay and 23 % less 

than calculated) and their body weight was lower at day 28 posthatch, which could be an 

indication of retardation of supply organ development and its effects on performance of the 

birds (Corless and Sell, 1999). Extensive delays in access to feed and water will impede 
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normal development of the digestive system and affects capabilities of poults to utilize 

dietary nutrients, resulting in reduced body weight (Corless and Sell, 1999). 

 

Dibner et al. (1998) reported that fasted poults lost 1.12 g and fed birds gained 1.0 g over the 

4 day treatment period and small intestine growth was significantly greater in the fed birds in 

spite of the presence of potential nutrients in the residual yolk in all birds. Also, relative yolk 

sac weight was greater in fasted birds, in part associated with a decrease in body weight. 

According to Corless and Sell (1999) the relative yolk weight (g yolk per 100 g of body 

weight) was greater in poults deprived of feed for 54 hours, at days 2 and 4 of age, compared 

to fed poults with access to feed after 6 hours. 

 

During the early posthatch period, change in activity of satellite cell mitotic affect the  

muscle size  due to nuclei fusion and hyperthrophy of myofibre (Rosenblat & Parry, 1993; 

Mozdziac et al., 1997). Early access to feed has positive effects on satellite cell proliferation 

(Halevy et al., 2003). Starvation depresses satellite cell mitotic activity (White et al., 1991; 

Fauconneau and Pabouf, 2000). Mozdziac et al. (2002) concluded that “there is no 

compensatory response in the satellite cell proliferation following refeeding after early 

posthatch starvation”. It can be concluded that the decrease in myonuclear accumulation 

during starvation is an enduring trait of the muscle and results in a reduction in meat yield at 

market age. Starvation during immediate posthatch period reprograms muscle size and 

protein synthesis rate of unfed birds is not the same as of fed levels, 48 hours after refeeding 

(Yaman et al., 2000). 
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1.8: Internal constraints on growth in birds 

A potential ecological constraint on the growth rate of avian species is due to availability of 

food resources to either chicks or parents. This is considered a level one constraint. In 

general, the duration of daylight in which a bird is active limits the foraging time. 

Availability and abundance of food sources also influence the rate and duration of foraging 

time and acquisition of food. Animals devote a specific time for each activity and the time 

and energy devoted to an activity cannot be spent for another activity, unless both activities 

can be performed simultaneously (Dunham et al., 1989; Ricklefs 1991). Parents (altricial 

species) can feed a small number of chicks at a high rate or a larger number of chicks at a 

lower rate. 

 

The individual capacity for utilization of available food resources is considered a constraint 

on growth. The utilization capacity of the digestive system can be considered as an example 

of level 2 constraint (Ricklefs et al., 1998). According to Konarzewski et al. (1989, 1990) the 

digestive system of a chick faces two alternatives. The first would be to control the rate of 

resource acquisition by allocation of tissue for digestion. The second alternative is the 

distribution of resources between growth and functions such as maintenance, 

thermoregulation, activity and storage of energy (Dunham et al., 1989; Ricklefs 1991). At the 

organism level, if the resource acquisition was limited by the processing abilities of the 

chick, then it would be expected that the growth rate would be related to the relative size of 

the digestive tract. 
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The third level of constraint is considered to be at the cellular level. A basic antagonism 

exists between embryonic and mature functions where cells either divide or mature to 

function at their adult capacity (Ricklefs 1979a; Ricklefs et al., 1984). There is a negative 

correlation between rate of growth and level of maturation. According to Williams (1966) 

during the growth period, the mortality rate is inversely related to the growth rate of the 

birds. Lack (1968) concluded that the postnatal growth rate is an indication of optimized 

compromise between contrasting selection pressure of time-dependent mortality and limited 

availability of food for the brood in species with parental food provisioning. 

 

Faster growth rate is favoured by mortality factor, possibly due to the fact that the avian 

chick gets through the critical stage of postnatal development quickly and therefore has a 

higher survival chance. The food supply can limit the growth rate, as slower growth is 

favoured if the bird faces limited food supply. The slower growth reduces the food 

requirements of the birds. In the industry, during the brooding and even growing part, some 

of the best performers and fast growing chicks and poults die (flip over syndrome) without 

any signs of disease or physical injuries. Most of these chicks or poults look very healthy 

with considerable growth and gained weight. This is a problem with turkeys at early stages 

and with broilers throughout the growing period. A potential explanation would be that the 

internal organs are under extreme stress and pressure, and somehow fail to support the 

metabolic demands. 

 

During the early development, the digestive tract grows faster and attains a larger size 

compared to other organs (Portman, 1935, 1938, 1942, 1955; Ricklefs, 1968, 1979b; 
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O’Connor, 1977; Kirkwood & Prescott, 1984; Unie & Perry, 2006). It can be concluded that 

to accommodate a high growth rate and consequently high processing rate, a large digestive 

tract might be needed. The hypothesis that in birds and mammals, metabolizable energy is 

limited by the capacity of the digestive tract was developed by Kirkwood (1983) and 

Kirkwood & Webster (1984). 

 

1.9: Dynamics of gastrointestinal tract growth  

During the first few days after hatch, the rapid development of the digestive tract in 

hatchlings is mainly due to a significant increase in length and diameter of the intestine along 

with an increase in folds and villi (Przystalski 1987a). The cellular turnover time of the gut of 

a hatchling is two days, which supports the rapid increase of the absorptive surface of the 

mucosa with a growth rate that exceeds 100 % during the first 1–2 days of life of a fast 

growing altricial hatchling (Przystalski 1987a, 1987b). During later stages of posthatch life, 

the number of villi and folds remains constant and the increase of intestinal absorptive 

surface is due to the increase of villi height and folds along with an increase in the linear 

dimensions of the intestine itself (Przystalski, 1987a, 1987b).  

 

The size and physiology of the digestive tract affects the rate of food processing and is 

closely matched to dietary intake and requirement of the bird (Hammond & Diamond 1992, 

1994; Obst & Diamond 1992). The maintenance cost of the digestive tract is considerably 

high due to high level of secretory activity and cell turnover of the mucosa. 
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1.10: Models of growth and development 

Models applied to avian growth and development have been used to describe these 

phenomena by using simple equations in order to facilitate the comparison of growth among 

species. Some other classes of models are being used in order to organize the physiological 

mechanisms involved in growth. The third class of models is developed based on an 

evolutionary concept and analyzes the functional aspects involved in growth and the impact 

on fitness (Konarzewski et al., 1998). 

 

Adjusting allocation of resources in order to minimize the developmental period are derived 

from models used for growth in avian species. Lipids, proteins, and carbohydrates are the 

sources of energy reserves, which play a central role in the “Dynamic Energy Budget “ 

(DEB) theory in which embryos use their reserves for growth. Models developed upon 

physiological mechanisms are built on rules of the process of resource uptake, which are 

used by all heterotrophic organisms. These models are derived from the Dynamic Energy 

Budget (DEB) developed by Koojman (1993).   The DEB theory offers a new explanation for 

slow growth rate of precocial neonates prior to hatch. According to DEB, a high capacity for 

reserves results in low growth rates. This is in agreement with growth patterns of chicks with 

high accumulation of fat. The aforementioned growth retardation is explained by the DEB as 

a reduction of the rate of energy mobilization from fat reserves, in contrast to the idea that the 

main barrier for embryonic growth is gas diffusion across the eggshell. Based on the DEB 

model, the thermal ontogeny is the cause of differences in the shape and pattern of growth 

trajectories of avian species.  
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In avian species, the variation in growth rates is directly correlated to the expression of 

physiological constraints such as maturation of various tissues. There is a relationship 

between the functional level of tissues and time: for a period after hatching, the functional 

maturity is kept at a low level and then increases rapidly to attain adult level. According to 

the DEB model, growth rate increases only when the functional maturity at hatch decreases. 

It can be concluded that rapid growth can be achieved at the expense of early maturation of 

tissues, which result in lower mobility and thermogenic capabilities.   

 

1.10.1: Dynamic energy budget 

According to Koojman (1993), based on use of resources, heterotrophic organisms are spread 

within a spectrum from “supply system” to “demand system”. Avian species are positioned 

closer to demand end of the spectrum as in situations that feed is restricted; they are less 

likely to adjust and end up starving. Evidently, supply and demand are tied together in such 

that the differences between the systems is quantitative not qualitative. In a supply system, 

uptake is determined by the growth rate.  

 

The age is a not a strong predictor for growth as at the same age, individuals may show a 

significant variation in size (Koojman, 1993). Eggs produced by a flock at the same age and 

proper uniformity still show some variation in size. This clearly leads to size variation of the 

progeny and may be a source of uniformity problems especially during early stages of 

growth.  
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The three dominant stages of life are as: 

• Embryonic period or embryos that do not feed or reproduce 

• Juvenile period or juveniles who feed but do not reproduce 

• Adult life or adults that feed and reproduce 

 

An avian neonate, as well as an embryo, is partitioned into reserves and structural tissues and 

organs. The weight of animal consists of both body structures and reserves. For instance, 

most avian species show a decrease in weight just prior to fledging, which is due to a 

reduction of reserves and not body mass (Ricklefs 1968; Taylor & Konarzowski 1989). There 

is a positive and direct correlation between animal size, feeding rate, and maintenance cost. 

The body size must be defined stringently by growth models as it relates quantitatively to 

both feeding and maintenance. 

 

1.10.2: Body Size Scaling Relationship: 

In comparative physiology, body size scaling has an crucial importance (Harvey & Pagel, 

1991). Within a species, there is a variation in size among the individuals, but all of them 

possess the same set of characters and parameters.  

 

The rates of cell proliferation or cell growth and attainment of mature function are the major 

factors controlling growth rate of birds. In precocial species, high functional maturity of 

muscle tissue might be the cause of lower growth rates (Ricklefs, 1979). In contrast, altricial 

species have muscles with less maturity but have higher cell proliferation rates (Ricklefs & 

Weremiuk, 1977). Ricklefs (1979) suggested that the slow growth rate of precocial chicks 
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after hatch is due to more advanced development of locomotory and thermoregulatory 

capabilities, which require comparatively mature muscle, skeletal and neural tissues with 

high functional capacities. Predation might be the major selective factor affecting the 

mortality of young chicks, which may have resulted in favouring of more rapid maturation by 

precocial species.  

 

The water index is defined as the ratio of water content to lean (fat-free) dry mass 

(Konarzewski et al., 1998). According to the hypothesis that the growth rate is constrained by 

mature function, in order to grow faster, an increase in the water index at hatch is required by 

the hatchling. It can be concluded that a high “water index” value at hatch is achieved at the 

expense of early tissue maturation and consequently loss of thermogenic and locomotory 

capabilities. In altricial species, poorly developed thermoregulatory and locomotory 

capabilities can be viewed as a results of high growth rates characteristic for this mode of 

development (Ricklefs 1973, 1979; Starck 1993). Hence, the model explains the development 

of ectothermy in small altricial chicks as means to amplify the maximum prospective rate of 

tissue intensification and growth. This provides a substitute to the hypothesis that ectothermy 

allows altricial chick to lessen the outlay of maintenance and to direct more energy to growth 

(Olson 1992). 

 

In the DEB model, growth unfolds from a preliminary state. The adult size is not targeted but 

is rather a result of model parameters. Optimal control approaches (Schaffer 1983) start with 

“a growth target”, which is the adult size, and establish the most efficient way to achieve it. 
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Growth and maturation, as components of organism design, are also subject to evolutionary 

modification. Environmental factors are causes for evolutionary responses and growth and 

maturation mediate the effects of fitness. 
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 Table 1.1: Major proteins of egg albumen (chicken) and their 

characteristics (Powri and Nakai, 1986; borrowed from Etches 1996). 

Protein Albumen (%) Characteristics 

Ovalbumin 54 Enzyme inhibitor, binds Fe, 

Mn, Zn, Cu and other trace 

metals 
  

Ovotransferrin 12 Binds metallic ions 

Ovomucoid 11 Inhibits trypsin 

Ovomucin 3.5 
Inhibits viral 

haemaglutination 

Lysozyme 3.4 Lyses some bacteria 

Ovoglobulin Gz ca. 4 Good foaming agent 

Ovoglobulin G) ca. 4 Good foaming agent 

Ovoinhibitor 1.5 Inhibits serine proteases 

Cystatin 0.05 Inhibits thioproteases 

Ovoglycoprotein 1.0 Sialoprotein 

Ovoflavoprotein 0.8 Binds riboflavin 

Ovomacroglobulin 0.5 Strongly antigenic 

Avidin 0.05 Binds biotin 

Other proteins 4.2 - 
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Table 1.2: Mineral content of yolk and albumen in chickens(data from 

Cook and Briggs, 1986, borrowed from Etches 1996). 

  ALBUMEN YOLK 

Nutrient Units Content % of 

total 

Content % of 

total 

Calcium mg 4 13 25 87 

Chlorine mg 66 70 29 30 

Copper ng 9 27 24 73 

Iodine ng 1 4 24 96 

Iron mg 0.1 10 1.0 90 

Magnesium mg 4.2 66 2.2 34 

Manganese ng 2 10 21 90 

Phosphorus mg 8 7 102 93 

Potassium mg 57 77 17 23 

Sodium mg 63 88 9 12 

Sulphur mg 62 69 28 31 

Zinc ng 50 7 660 93 
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Table 1.3: Vitamin content of yolk and albumen in chickens (data 

from Cook and Briggs, 1986, borrowed from Etches 1996). 

  ALBUMEN YOLK 

Nutrient Units Content % of 

total 

Content % of total 

Vitamin A IU - - 260 100 

Vitamin D IU - - 27 100 

Vitamin E mg - - 87 100 

Vitamin B12 µg - - 48 100 

Biotin µg 258 24 835 76 

Choline mg - - 238 100 

Folic acid ng 6 19 26 81 

Inositol mg 1.5 26 4.4 74 

Niacin ng 35 78 10 22 

Pyridoxine ng 8 12 57 87 

Riboflavin ng 110 61 70 39 

Thiamine ng 4 8 48 92 

Pantothenic acid ng 90 11 730 89 
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Chapter 2: 
 
Changes in physical and chemical characteristics of turkey eggs throughout a laying 
cycle. 
 
 
2.1: Abstract 
 
Throughout a laying cycle, the egg size and weight increase as hens (flock) get older. The 

eggs laid during the first 5 weeks of a laying cycle are considered as early-lay eggs, which 

are generally smaller in size, have lower hatchability, and lower post-hatch survival rate of 

hatchlings. In contrast, the mid-lay eggs (6 – 18 weeks of lay) show higher hatchability and 

livability. 

For this project, it was decided to monitor the egg size increase throughout a production 

cycle with emphasize on its trend and, compare eggs physical and chemical characteristics 

between  early-lay period (first 5 weeks), mid-lay (laid during weeks 6 – 18) and late-lay 

(after 20 weeks of lay) periods. The physical characteristics analyzed were egg weight, yolk, 

albumen and egg shell weight as percentage of initial egg weight. The chemical 

characteristics included protein, carbohydrate, energy, fat, and ash content. 

Throughout a laying cycle of turkey breeder hens, the weight increase occurs in few distinct 

stages with the most significant changes observed during the first 7 weeks of lay (p < 0.05). 

This change is primarily due to a significant increase of yolk and albumen weight. The yolk 

gross weight and percentage increase simultaneously, but albumen and shell show opposite 

trends. In regards to chemical composition, protein and carbohydrate content of the eggs did 

not show any significant differences among weeks (from week 1 to 24). However, energy, 

fat, and ash content increase significantly (p < 0.05). 
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In summary, the results lead to the conclusion that there exist significant differences, both in 

terms of physical and chemical characteristics, between the early-lay and the mid-lay eggs. 

These differences could affect the hatchability and livability of the hatchlings. Thus, a proper 

incubation profile should be maximized to account for these differences and to promote the 

survival rate of embryos and consequently improve hatchability and liveability of the 

hatchlings.   
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2.2: Introduction 

It is understood that the egg weight and size increase throughout the production cycle of 

turkeys (Mroz & Orlowska, 2009; Anandh et al., 2012). This increase in size is due to 

obvious changes of internal components of the egg namely, the yolk and albumen (Jull 1931; 

Moran & Reinhart, 1980; French & Shaw, 1989). In general, the yolk weight and size 

increase as the hen ages, which consequently translates into higher percentage of the total 

gross weight. The albumen gross volume increase as the hen ages, but the percentage shows 

an opposite trend that is similar to eggshell. 

 

A laying cycle starts with production of smaller eggs, which may weigh 60 to 75 g in 

turkeys. During the first 3-5 weeks of a laying cycle, the early-lay period, the egg weight 

increases significantly and may reach 80 to 95 g. This pattern is under the influence of 

various factors such as genetics, nutrition, environment, health, management, and the lighting 

program. Generally, the early-lay eggs show low hatchability (Mroz & Orlowska, 2009; 

Hristakieva et al, 2009), high cull rate, and the hatchlings perform poorly during the first 7 

days posthatch referred to as “the critical period” (Ferket, 2001). In some instances, the 

hatchability could be as low as 60-70% (hatch of set – HOES) and mortality may reach over 

10 % of the flock. 

 

2.2.1: Effects of flock (hen) age on egg size and weight 

There is a direct and positive correlation between age of the flock (hen age) and egg size as 

illustrated in figure 2.1. According to Romanoff (1972) and Dermonovic et al. (2010), as age 

increases, egg weight increases. Flock age influences spare yolk reserve, albumen volume, 
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shell quality, and sex ratio of hatchlings (Piestum et al., 2013). As the hen age increases, the 

size and gross weight of egg yolk increases  (Jull 1931; Romanoff, 1972; Mroz & Orlowska, 

2009). The same pattern is seen for albumen. Shell quality declines and generally becomes 

more porous and thinner as hen age increases (Moran & Reinhart 1980; Fletcher et al., 1981; 

Hristakieva et al. 2009; Wineland et al., 2010). The sex ratio for young flocks is slightly in 

favour of males and as the flock age goes up the sex ratio of progeny gets closer to a 50-50 

ratio (personal observation, as hatchery manager). 

 

Even at the same age, there is a significant heterogeneity in egg size for the flock. Within a 

flock, approximately 50 % of the total variation in egg weight can be accounted for by 

variation between the laying hens (Nagai & Gowe, 1969). The pattern of production is 

unique for each flock with the peak of production ranging from 67 to 73 % and the 

magnitude of the decline from peak to 20 weeks ranging from 18 to 35 % (Lerner et al., 

1993). 

 

2.2.2: Effects of flock (hen) age on fertility and hatchability 

A typical flock starts with production of small eggs and after 3-4 weeks, the production 

reaches its peak (figure 2.2) with highest average fertility, which may stay within a good 

range (88 %-95 % as by candling at seven days of incubation) for an extended period of up to 

week 18-20 for some well-managed flocks with a proper insemination program and 

procedure. The average will drop close to the end of the productive life of the flock, which is 

around 21–26 weeks of lay (Mroz et al., 2009; Hristakieva et al, 2009). 

 



 

  
 

47 
 

In turkeys, fertility trends are strain specific (i. e.: a heavy strain fertility pattern differs from 

a light strain). The heavy strains usually show lower fertility averages and have sharper drop 

as they age. In general, at the beginning of the production cycle also known as early-lay 

period, the fertility starts with high numbers (potentially over 90 %) and occasionally slightly 

high dead germ (3–5 %), then the occurrence of dead germ decreases and fertility improves 

further (Hristakieva et al., 2009; Anandh et al., 2012). However, close to the end of the cycle 

the fertility drops (sometimes significantly) and the dead germ average either fluctuates or 

increases and may reach 7–10 % (personal observations as hatchery manager). The initial 

increase in fertility and decrease in early embryonic mortality may account for the observed 

improved hatchability. 

 

Turkeys and chickens lay eggs in batches or clutches. In turkey hens, first-of-sequence eggs 

are shown to be less fertile, less hatchable and have higher embryonic loss (Bacon & Nestor, 

1979). Decreased fertility with increased age could be due to the increased number of first-

of-sequence eggs laid over a given period of time and also “decreased embryonic viability 

could be related to intrafollicular aging of the first-of-sequence oocyte” (Lerner et al., 1993). 

 

2.2.3: Early-lay versus Midlay 

A flock from the onset of the egg production to the fifth week of production is considered as 

early-lay or young flock. This is a period at which a flock reaches its peak production. 

Usually the highest fertility and the lowest dead germ average along with the best hatch 

results are acquired from the eggs laid in the middle of a production cycle starting from the 

fifth week up to the 18-20th week of lay, also known as Mid-lay eggs. As the age of the 
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turkey hen increases, the results deviate from optimum or acceptable levels. During this 

period the egg size improves and size variation is at its lowest (Hristakieva et al., 2009). 

 

Mid-lay eggs are usually considered as prime eggs, with less pigmentation on the shell, 

optimum shell thickness, and a weight range of 80-110 g depending on the strain (breed) as 

well as other factors such as diet and season. Mid-lay eggs show optimal hatchability and 

highest liveability results of the hatchlings specifically during the brooding period or the first 

10 days after hatch. 

 

The late-lay period starts around weeks 18 - 20 of a laying cycle. The egg size increases 

significantly, shell is thinner in comparison to the other stages, and fertility starts to drop. 

Some of the eggs at this period are significantly larger than others and depending on the 

strain may reach 130 g or even higher. The incidence of shell cracks and thin shells 

significantly increase and close examination of eggs has shown that there is a positive 

correlation between oversized eggs and abnormalities of chalazae, which are sometimes 

missing (personal observation as hatchery manager). This seems to be one of the main 

potential reasons for late-lay embryonic mortalities. 

 

As discussed, the major and most obvious physical differences between early and mid-lay 

eggs are the size and weight. Early-lay eggs are usually small with a weight range of 65 to 

close to 80 g. The main characteristics are thick shells with high concentration of spots, poor 

hatchability and significantly high mortality rate of the hatchlings, sometimes over 10 % over 

the first 7 days of brooding. 
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2.2.4: Nutrition and feed intake 

According to Noble et al. (1986), eggs from under-weight young breeder hens have lower 

hatchability and poult survival rates; therefore, nutrition of breeders is the key to achieve the 

optimum weight at the time of production. A negative correlation has been observed between 

body weight and egg production in turkeys (Nestor, 1971) and broiler breeders (Robinson et 

al., 1993).  

 

Amino acid profiles and their balance along with their availability are most important for the 

maximum egg production and the best possible performance of the breeders (Ohta et al., 

1999). The level of fat in chicken breeder diet has been shown to influence egg size 

(Romanoff, 1972). Pearson & Herron (1982) also showed that there is a response in egg size 

to protein and energy intake in chickens. It seems that linoleic acid is the main fatty acid that 

affects the egg size. 

 

2.2.5: Flock (hen) age and incubation 

The incubation profile should be adjusted for the age of the flock and egg size as it has a 

direct impact on performance of the poults (Wineland et al., 2010; Yalcin et al., 2012). A 

well-constructed and proactive incubation profile should be developed with consideration of 

about ten major factors. According to French (1997), larger eggs required a longer incubation 

time. French (1994b) reported that the hatchability of turkey eggs progressively decreased 

with increasing egg size at high incubation temperature (38.5 C), and this decline in 

hatchability is mainly due to an increase in embryo mortality between 24 – 26 days of 

incubation, coinciding with the pipping stage. Incubation temperature has direct effects on 
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metabolism and development of embryos and hatchlings (Yalcin et al., 2012) and high 

incubation temperatures negatively affect growth rate (Molennar et al., 2011).  

 

According to French (1994b), large eggs hatch better when incubation temperature was 

reduced from 37.5 to 36.5 º C during the second half of incubation, but this did not result in 

similar improvements for small eggs. Smaller eggs especially early-lay eggs hatch better 

when incubated at a slightly higher temperature during the first 9 days (personal observation 

as hatchery manager). Large eggs are more sensitive to high temperature than small eggs, as 

they do not hatch as well as small eggs (Landaeur 1961). 

 

Broiler egg hatchability decreases with increasing egg size when incubated at normal 

temperature. This could be in part related to higher weight loss of eggs due to thinner shell 

and higher conductance of the eggs. Adjustments of profile, specifically humidity level may 

rectify the problem (personal observation as hatchery manager). Larger eggs require a higher 

degree of weight loss due to excessive water content at the beginning of incubation in order 

to improve hatchability results. Optimal weight loss is a major issue for early and late-lay 

eggs, which is usually lower or higher, respectively, than the accepted range of 10–12 %. 

Another issue is the hatch window of these eggs, which is in a wider range (usually over 32 

hours). Water vapour conductance (WVC) changes with hen age and under optimum 

incubation condition, any difference in weight of hatched chicks with an accelerated or 

retarded time of hatch result chiefly from the variation of egg weight (Romanoff, 1972). 
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It is imperative to comprehend the patterns of changes and differences between physical and 

chemical characteristics of eggs laid throughout a production period. This would lead to a 

better understanding of mechanisms involved and designing incubation profiles and 

programs to improve the success of a set and hatchlings’ posthatch life.  

 

2.3: Hypotheses and objectives 
 
 
As a flock ages, the physical characteristics and chemical composition of the eggs change. 

Furthermore, it is hypothesized that these changes are not linear and occur predominantly 

between early and mid-cycle eggs. 

 

The hypotheses were set out as: 

1. The egg weight change (increase) throughout the production cycle is not continuous. 

This increase in egg weight and egg size is more prominent during the early weeks 

and the most significant differences are related to ratios of egg components: albumen 

and yolk. 

 

2. There are significant physical and chemical differences between early-lay and mid-

lay eggs. The change in ratios of yolk and albumen has a significant effect on 

chemical composition of the eggs and this will be more significant between early and 

mid-lay eggs. 

 

 

 



 

  
 

52 
 

Thus , the main objectives of this project were as follows: 

1. To evaluate and compare physical characteristics (egg weight, yolk/albumen ratio) of 

eggs laid throughout a production cycle in turkey breeders.  

2. To measure and compare the chemical characteristics (energy, carbohydrate and 

protein levels) in early and mid-cycle eggs. 

 

2.4: Materials and methods  

2.4.1 Animals and housing conditions 

The first part of the project involved the investigation of changes and patterns (if any) in eggs 

produced during a production cycle of 24 weeks. 

 

Heavy line Hybrid turkey breeder flocks were chosen for this project and were monitored 

right from hatch and placement. Both flocks were hatched at Cold Springs Farm hatchery 

(Thamesford, Ontario) and placed at a company owned farm located in Aylmer, Ontario. 

Both breeder flocks were placed in one barn under standard settings with automatic nesting 

and collection conveyors. The flocks were managed according to Hybrid Turkeys standard 

protocol (feeding, vaccination, and lighting program). 

 

To control for external factors such as weather, the entire experiment was carried out in two 

phases (summer and winter placements), each corresponding to a full cycle of 24 weeks 

production of a Hybrid flock.  
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2.4.2 Egg sample collection  

Weeks 1 to 5 represent early-lay and weeks 6 to 18 represent mid lay. Eggs were selected 

independently and randomly but could not be attributed to individual birds. Thus, an egg 

sampled in the first week and an egg sampled in the second week could be from the same or 

different birds.  

 

Eggs were collected 6 times a day at peak and then reduced to 4 times per day afterward. 

Each week, 35 independent eggs were selected from various trays kept in the egg collection 

area. After the flock started egg production, samples were collected for 24 weeks (produced 

and collected on Sundays) to investigate the changes in physical and chemical characteristics 

of turkey eggs between weeks and hence to find if there is a significant difference between 

early-lay eggs and mid-lay eggs.  

 

2.4.3 Physical analysis   

The physical parameters measured consisted of albumen, yolk and shell weight from each 

egg. After weighing each egg, the shell was cracked open just below the air cell area using a 

surgical scalpel. After opening the egg, albumen and yolk were emptied out in separate petry 

dishes for weighing. This was done delicately and making sure the total yolk and albumen 

were fully separated and weighed for each egg. 

 

2.4.4 Chemical analysis  

The chemical composition of the eggs was determined by measuring fat, protein, energy, 

moisture, carbohydrates (CHO), and ash content. All analyses were carried out at the Animal 



 

  
 

54 
 

Health Laboratory of the University of Guelph. Due to the cost of chemical analyses only 

eggs in selected weeks were sent to the laboratory. For phase 1, eggs from weeks 1, 2, 16, 19, 

and 21 were sampled and for phase 2, eggs from weeks 1, 2, 3, 6, 9, 12, and 21 were 

sampled. 

 

2.4.5 Statistical Analysis 

For the statistical analysis of this project, SAS software version 8.2 was used under license of 

the University of Guelph. Hotelling’s T-square statistics were calculated to investigate 

significant differences in the physical characteristics of the eggs between weeks. It was 

expected that significant differences would exist between early-lay and mid-lay eggs. When 

significant, differences were further analyzed using Wilcoxon post-hoc test.  

 

2.5: Results 

2.5.1: Egg weight: 

For both flocks, changes in the weight of the eggs started to occur during early-lay (week 1 to 

5). In flock I (Table 2.1 and Figure 2.3) changes in egg weight started as early as the third 

week of lay while in flock II (Table 2.2 and Figure 2.4), they started around the 5th week of 

production. 

 

Although consecutive weeks did not differ significantly from each other, significant increases 

were observed between early-lay (weeks 1 to 5) and mid-lay (weeks 8 to 18) (p < 0.05). 

Hence, egg weights could be grouped in clusters of weeks which do not differ among 

themselves but differed from each other.  
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In flock I, the egg weight was not significantly different between weeks from weeks 18 to 24 

(mid-lay and late lay). Over the 24 week production cycle, egg weight averages were 89 g 

(R2 = 0.82) and 89.10 g (R2 = 0.94) for flocks 1 and 2, respectively. Egg weight for flock 1 

ranged from 75 to 96 g and for flock 2 from 77.8 to 97.5 g. 

 

2.5.2: Yolk and albumen content: 

There is a significant variation in yolk size between almost all weeks, with the most 

significant differences in late-lay eggs. Overall, the average percentage of yolk was 30.24 % 

and 30.55 % for the first and second flocks, respectively. Yolk weight and percentage (R2 = 

0.87 and R2 = 0.86 for flock 1 and flock 2, respectively) increased in both flocks. Conversely, 

although the albumen volume also increased throughout the production cycle, the percentage 

relative to total egg weight decreased slightly with an average of 56.98 % for the first flock 

(R2 = 0.74) and 56.90 % (R2 = 0.76) for the second flock (P < 0.05). Averages ranged from 

58.85 % at week 1 to 55.16 % at week 24 for flock 1, and from 60.86 % at week 1 to 57.94 % 

at week 24 for flock 2. 

 

In terms of egg weight increase, yolk weight, albumen weight and their percentages, weeks 1 

to week 6 vary significantly compared to the rest of the weeks, and most of the changes 

occured during these initial stages (Table 2.1 and 2.2). 

 

When yolk weight was tested for significant differences in weight and ratio, weeks 1 to 9 

proved to be statistically significant between any two weeks in this period, and the weight 

increased as the age increased. There was no statistical difference (P > 0.05) between weeks 



 

  
 

56 
 

10 to 12, weeks 15 to 19 and weeks 20 to 24. As for egg weight, most of the yolk weight 

changes occur in the first few weeks and changes slow down in the middle-lay with non 

occurring after week 20 of lay. This is not surprising as the major proportion of the egg’s 

weight comes from the weight of its yolk. 

 

No significant difference in yolk or albumen weight was observed from week 7 to 14 

suggesting that parameters of mid-lay eggs remain stable during that period. Albumen of 

early-lay eggs was thicker with less moisture content (lower proportion of thin albumen). 

Large eggs, especially after week 20 of lay, had thinner shells and a higher incidence of loss 

of chalazae (up to 15 %). 

 

In flock 2, the same general pattern was observed. However, no difference was observed 

between eggs from week 19 to 24 and changes started to occur at the 5th week. Again, weeks 

very close to each other did not differ significantly but distant weeks (over 2-3 weeks apart 

between early lay and midlay) did in terms of egg weight, yolk and albumen weight and their 

percentage to total egg weight, thus, forming clusters of weeks (Tables 2.1 and 2.2). 

 

2.5.3 Shell weight 

Although the absolute shell weight increased during the production cycle, its relative 

percentage of the total egg weight decreased for both flocks (Tables 2.1 and 2.2). The weight 

of the shell contributed the smallest amount to the total egg weight. 

Most significant changes of  shell weights also occured in the first few weeks (i.e. up to week 

4 in flock 1 and week 9 in flock 2). From the results we find that in both flocks the increases 
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mainly occur in the first 7 weeks. There are then no statistically significant differences (P > 

0.05) although weeks 20 and 22 are exceptions. 

 

2.5.4 Chemical composition: 

In terms of chemical characteristics, in flock I, no difference in carbohydrates (CHO) and 

protein was observed between weeks (Table 2.3). However, energy, fat, and ash content were 

significantly different over a laying period (P < 0.05). To control for type I error, a 

Bonferroni adjustment was used and egg moisture showed marginal significance at (P < 

0.05) and was higher for mid and late lay eggs.  

 

In flock 2 (Table 2.4), again no significant differences were observed in CHO and protein 

content. But energy and moisture along with fat were higher in mid-lay eggs than in early-lay 

eggs (P < 0.05). When multiple comparison tests were performed all the weeks contributed to 

significant differences for egg content, fat and moisture. When Bonferroni adjustment was 

used, mid-lay eggs had higher values. 

 

Eggs size had no effect on mortality. This could arise from the fact that there was very little 

mortality in poults from early-lay eggs.  
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2.6: Discussion 

Results show that there is a positive correlation between hens’ age and the size and weight of 

the egg. This is in agreement with Mroz & Orlowska (2009) and Anandh et al. (2012). 

However, the increase in egg weight and size is not continuous throughout a laying cycle. 

Instead, there are 4 to 5 stages of increase occurring mostly during the first half of the cycle. 

This could be related to the maturation of the reproductive tract, the reproductive efficiency 

of the hens, and metabolic changes including digestive efficiency. 

 

Interestingly, although both flocks were photostimulated at the same age, were at similar 

body weight range, hatched from the same strain/line in the same hatchery (under the same 

incubation profile and management), raised and kept in the same farm under similar 

management with identical diets, significant egg weight changes started at week 3 for flock 1 

and week 5 for flock 2. A possible explanation for the aforementioned difference could be 

the season at which flocks entered production as flock 1 was placed in the first half of the 

year (Spring–Summer) and flock 2 was a Fall-Winter flock. Environmental temperature and 

humidity may affect egg size and Romanoff and Romanoff (1949) concluded that there is a 

seasonal effect on egg weight. High temperature and humidity levels result in lower feed 

intake, which in turn result in smaller egg size (yolk and albumen). Alternatively, it could be 

due to flock specific characteristics. Nonetheless, our findings in regards to the positive 

correlation between hen age and egg weight are in agreement with the results of most 

research conducted on the subject (Moran & Reinhart 1980; French and Shaw, 1989; Anandh 

et al., 2012).  
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The fact that during the end of the cycle eggs do not further increase in size suggests there is 

a limit to egg size. This is supported by the fact that in molted or recycled flocks, eggs are 

bigger from the onset of the production and the size increase is not as significant as during 

the first cycle (personal observations as hatchery manager). 

 

Multiple factors could be responsible for the production of smaller eggs during the early 

stage of the laying cycle and thus influence the subsequent increase in size. The age and body 

weight of the hens at the onset of egg production has a direct and positive effect on egg size 

and also duration of production of small eggs throughout a production cycle. Turkey hens 

starting to lay eggs at 28 weeks of age, produce significantly higher number of smaller eggs 

and also higher percentage of small eggs during a longer period (possibly up to 5 to 6 weeks 

of lay) compared to hens starting at over 30 weeks of age. Hens, when starting at 32 weeks of 

lay, not only have significantly higher average egg weight for the first 2-3 weeks, but also lay 

very few small eggs for a very short period of time that may not exceed the first two weeks 

of lay  

  

The lighting program and photostimulation play major roles in priming, maturation of hens’ 

reproductive organs, onset and consistency of egg production. Hens lay eggs in sequences or 

clutches with an interval between them. Each batch starts with the smallest egg of the batch 

and ends with the biggest one. In between clutches, there is a brief period, called a pause 

day(s), during which the hen does not lay an egg. During the next laying sequence, the first 

egg is smaller than the last egg from the previous clutch but bigger than the first one. Thus, 
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there is a pattern in size change within each clutch resulting in a general average weight 

increase as the hen gets older (Etches, 1996). 

 

Variations in yolk size occurred throughout egg production, but it was more prominent 

during early and late stages of the cycle. According to Marion et al. (1964), egg yolk makes 

up approximately 32–35 % of total egg weight in different species. They also concluded that 

yolk size is affected by the egg size. Increased egg weight results in increased amount of 

yolk, but proportion of total decreases. Similarly in our experiment, average egg yolk 

percentage at 24 weeks was 30.24 % and 30.55 % for flock 1 and flock 2, respectively. 

However, weekly yolk weight averages ranged from 21.1 to 31.3 g (26.8 to 32.9 %) for flock 

1 and from 20.8 to 32.4 g (26.7 to 33.2 %) for flock 2 throughout the laying cycle showing 

that there are yolk weight variations between hens of the same age, but with larger eggs and 

eggs from older hens displaying larger and heavier yolks. This is in accordance with previous 

studies (Jull 1930; Moran & Reinhart, 1980a; Fletcher et al , 1981; Mroz & Orlowska, 2009) 

who showed that flock age influences spare yolk reserve, albumen & shell. 

 

According to Bahr and Palmer (1989), egg weight increases with breeder’s age and this is 

associated with an increase in yolk deposition. Our results indicate a significant variation in 

yolk size. We also found out that the yolk weight and percentage increase as the age of the 

flock increases, which is in agreement with French and Shaw (1989) who concluded that the 

increase in egg weight with hen age was associated with an increase in yolk size and 

variation in egg weight at a given hen age was primarily due to albumen content. This is also 

in agreement with our results. 
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The majority of the egg weight is due to its albumen content. It also fills up most portion of 

the internal space of an egg. According to Moran & Reinhart (1979), eggs from older turkey 

hens have greater albumen height. Also, eggs from older flocks (hens) had greater proportion 

of thick and less thin albumen. French and Shaw (1989) reported that the increase in egg 

weight with hen age was associated with an increase in yolk size and variation in egg weight 

between hens at a given age was primarily influenced by albumen content. Flock age is 

correlated with spare yolk reserve; as age increases the yolk reserve increases (Jull 1931; 

Fletcher et al., 1981; Mroz & Orlowska, 2009; Dermonovic et al., 2010). Similar to our 

results, Moran & Reinhart (1980a) reported that albumen volume is affected positively by 

increasing hen age. However, although the albumen volume increases, the overall percentage 

or proportion of albumen decreases.  

 

Small eggs produced by young hens (less than 75 g) have dense albumen, a lesser amount of 

thin albumen and a thick shell with significant fluctuation in thickness (12–17 µm). Very 

large eggs (over 100 g) have thinner shells (5–10 µm) and some with a very small or missing 

chalazae at one or both ends. The older the egg, the less viscous the albumen is. In other 

words, older eggs (eggs laid in the last few weeks of production) have more water in their 

albumen in comparison to eggs laid in the first few weeks of production (Moran and 

Reinhart, 1979). Albumen is the main source of difference between the early (small) and mid 

or late-lay (large) eggs along with the yolk size difference. It is also a source of variation for 

the size and weight difference between the eggs laid in the same day (same flock). 
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In the first flock, our results did not show any statistically significant differences in moisture 

content between early and midlay, even though it was physically obvious that the albumen 

was more liquified and looser as hen age went up. However, we did not measure albumen 

moisture separately and the measurement was for the whole egg moisture content. This could 

be due to a higher concentration of solids in later stages, which in turn affect the total 

moisture content and percentage. 

 

In flock 2, we were able to establish this and our results are in agreement with findings of 

Moran and Reinhart (1979) who concluded that eggs from older turkey hens have a greater 

albumen height. They concluded that the majority of an egg weight is due to its albumen 

content, which is in agreement with our results. Early-lay eggs have a more dense and thicker 

albumen, but the eggs laid in late stages of production cycle have higher moisture content; 

the albumen looks more fluid. In conclusion even if the whole egg moisture content increases 

(physical), the moisture content in yolk might be lower as the eggs laid in late stages have 

larger yolks, which might be more condensed with solids and have a higher ratio of proteins, 

fat and carbohydrates (CHO). 

 

In flock 1, the fat percentage increased from 9.97 % to 12.56 % and energy increased from 

146 Kcal to 166.4 Kcal (Table 2.3). Protein stayed fairly constant (12.4 % for week 1 and 

12.28 % for week 21). Carbohydrate content jumped from 0.95 % in week 1 to 1.93 % in 

week 6. Similar results were observed in flock 2 with no significant difference between early 

and mid-lay eggs for protein and CHO (Table 2.4). However, changes in fat percentage were 

opposite to that observed for flock 1 with a decrease from 16.37 % to 12.17 %. Energy 



 

  
 

63 
 

content followed a similar trend with a decrease from 176.33 Kcal for week 1 to 164.33 Kcal 

at week 21. It can thus be concluded that the energy level is directly related to fat level of the 

yolk. 

 

Moisture content also was measured and recorded at 75.47 % for week one and showed a 

decrease to 73.25 % for week 21. This could be in part due to higher concentration of 

nutrients in eggs laid in later stages compared to early lay eggs. Moreover, it could be related 

and/or a function of birds’ physiology in regards to their reproductive capabilities and 

maturation of the system. It could also be related to coordination of digestive and 

reproductive systems for absorption and delivery systems of nutrients for formation of egg 

components. As birds mature, the digetive system becomes more efficient and internal 

reserves increase. This could lead to providing more available nutrients that can be utilized 

by the reproductive system and more specifically to be used for egg production. 

 

2.7: Conclusions  

Changes in egg characteristics can be categorized in two specific categories: physical and 

chemical. Physical characteristics include changes in weight, size, and proportion of different 

components of an egg, which are yolk, albumen, and shell (for this study). The second 

category is the chemical characteristics of internal compartments of an egg, which are 

protein, carbohydrate, lipids (fat), ash and moisture content of each part. 

 

There is a positive and strong correlation between age of breeder hens (flock’s age or week 

of lay) and egg size and weight; as hens age during a production cycle, both egg weight and 
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egg size increase. The weight and size increase is not continuous, instead a few stages or 

steps of weight increase can be distinguished. The increase in weight and size starts at the 

very early stages of a laying cycle, which are usually the first 2-5 weeks of production also 

known as the early-lay period. Thus, based on egg physical characteristics a production cycle 

can be divided into three main phases as early-lay (week 0 to week 4-5), mid-lay (up to week 

16-18) and late-lay (the rest of production). 

 

The significant differences between early and mid-lay eggs reported in this study could be 

the main causes affecting the survival rate of embryos in both pre and posthatch periods. 

Based on the physical and chemical characteristics of eggs laid during a production cycle, the 

incubation profile requires adjustments for maximum hatch and posthatch success. This will 

be discussed and reviewed in the next three chapters.   
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Table 2.1: Comparison of weekly egg physical characteristics (mean ± S.D.) – flock 1 
 

Week EW YW YPERC ALW ALPERC SHW SHPERC 
1 75.98 ±4.01 21.17±1.15 27.86±0.01 44.71±3.31 58.85±0.01 10.10±0.69 13.30±0.08 

2 75.71±4.06 21.89±1.4 28.92±0.02 43.26±3.44 57.14±0.02 10.55±0.77 13.94±0.09 

3 a 83.04±4.08 22.30±1.4 26.85±0.02 50.31±3.44 60.59±0.02 10.43±0.69 12.56±0.08 

4 80.56±3.47 22.77±1.4 28.27±0.02 47.51±2.98 58.98±0.01 10.28±0.74 12.76±0.09 

5 84.89±4.59 23.92±1.6 28.18±0.02 49.87±3.9 58.75±0.02 11.09±0.99 13.06±0.01 

6 84.81±5.88 23.97±1.69 28.27±0.02 49.91±4.71 58.86±0.02 10.92±1.17 12.88±0.01 

7 b 88.95±5.64 24.74±1.3 27.81±0.02 52.79±4.99 59.34±0.22 11.43±0.92 12.85±0.01 

8 87.88±4.96 25.50±1.7 29.01±0.02 50.88±3.82 57.90±0.02 11.51±1.04 13.09±0.01 

9 89.57±5.45 25.73±1.65 28.73±0.03 51.80±5.04 57.83±0.03 12.04±1.15 13.44±0.01 

10 87.92±4.62 26.81±2.26 30.49±0.02 49.27±3.69 56.04±0.02 11.85±0.78 13.47±0,01 

11 89.37±6.01 26.94±1.96 30.14±0.02 50.79±5.29 56.83±0.03 11.64±0.82 13.02±0.01 

12 88.29±6.32 26.09±1.96 29.55±0.02 50.69±5.01 57.42±0.02 11.51±1.22 13.03±0.01 

13 c 91.32±4.76 27.53 ±2.61 30.14±0.03 52.14±4.0 57.10±0.03 11.65±0.93 12.76±0.01 

14 90.78±5.95 27.97±2.31 30.81±0.02 50.81±4.89 55.97±0.03 12.01±1.11 13.22±0.01 

15 91.30±5.06 29.16±1.58 31.92±0.02 50.65±4.36 55.45±0.02 11.53±0.92 12.63±0.01 

16 93.10±3.77 29.29±1.99 31.46±0.02 52.45±3.25 56.34±0.02 11.36±0.89 12.20±0.01 

17 91.40±5.62 29.21±2.48 31.97±0.03 50.91±4.69 55.73±0.03 11.24±0.87 12.30±0.01 

18 d 94.20±6.17 29.90±1.87 31.82±0.02 52.54±5.19 55.76±0.02 11.70±1.14 12.42±0.01 

19 94.10±6.63 29.33±1.88 31.16±0.02 53.03±5.58 56.35±0.03 11.75±1.00 12.49±0.01 

20 93.50±6.06 30.69±2.64 32.83±0.02 51.57±4.14 55.17±0.02 11.22±0.92 12.00±0.01 

21 96.30±4.94 30.68±3.01 31.86±0.03 54.13±3.89 56.22±0.03 11.48±0.70 11.92±0.01 

22 96.50±5.15 31.33±2.40 32.47±0.02 53.17±4.14 55.12±0.02 11.97±0.75 12.41±0.01 

23 92.40±5.51 30.46±2.23 32.97±0.02 50.55±3.72 54.72±0.02 11.37±1.03 12.31±0.01 

24 94.20±5.36 30.35±2.16 32.21±0.02 51.97±4.27 55.16±0.02 11.91±1.16 12.64±0.01 

 average 89.00±5.7 26.99±3.14 30.24±1.84 50.65±2.50 56.98±1.59 11.36±0.55 12.78±0.49 

 
EW: Egg weight 
YW: Yolk weight 
YPERC: Yolk percentage to total egg weight 
ALW: Albumen weight 
ALPERC: Albumen percentage to total egg weight 
SHW: Shell weight 
SHPERC: Shell percentage to total egg weight 
 
Values with differenet superscript letters (a, b, c, d, …) within clumns are significantly 
differnet at P <0.05. 
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Table 2.2: Comparison of weekly egg physical characteristics (mean ± S.D.) – flock 2 
 

Week EW YW YPERC ALW ALPERC SHW SHPERC 
1 77.86±5.22 20.81±2.49 26.73±0.03 47.38±4.97 60.85±0.03 9.66±0.8 12.41±0.01 

2 78.40±4.9 22.16±1.58 28.27±0.01 46.14±3.47 58.85±0.01 10.10±0.93 12.88±0.09 

3 79.35±5.2 22.97±1.73 28.95±0.01 46.07±3.7 58.06±0.02 10.30±0.95 12.98±0.09 

4 80.12±5.55 23.15±1.34 28.89±0.01 46.59±4.1 58.15±0.1 10.38±0.81 12.96±0.08 

5 a 83.06±4.94 24.27±1.36 29.22±0.02 48.43±4.35 58.31±0.02 10.36±0.79 12.47±0.08 

6 82.04±4.85 23.70±1.54 28.89±0.01 47.92±3.96 58.41±0.02 10.42±0.94 12.70±0.01 

7 b 87.91±4.96 25.77±1.74 29.31±0.02 50.66±3.99 57.63±0.02 11.48±0.82 13.06±0.09 

8 83.40±6 25.94±1.91 31.10±0.02 46.78±4.28 56.09±0.02 10.68±1.03 12.81±0.01 

9 84.33±5.11 25.43±1.81 30.16±0.02 48.23±3.79 57.19±0.02 10.66±0.82 12.64±0.01 

10 c 88.65±5.38 26.65±1.67 30.06±0.02 50.49±4.91 56.95±0.03 11.51±0.69 12.98±0.01 

11 89.57±5.49 26.83±2.01 29.95±0.03 51.11±5.23 57.06±0.03 11.63±0.83 12.98±0.01 

12 89.30±6.25 26.25±2.01 29.40±0.03 51.51±5.68 57.68±0.03 11.53±1.07 12.91±0.01 

13 91.76±4.89 27.53±2.17 30.01±0.02 52.60±4.40 57.32±0.03 11.62±0.83 12.66±0.01 

14 90.73±5.86 28.17±2.18 31.05±0.03 50.65±5.41 55.82±0.03 11.91±0.95 13.13±0.01 

15 91.82±5.44 29.21±1.62 31.81±0.02 51.03±4.80 55.58±0.02 11.58±0.92 12.61±0.01 

16 d 93.21±3.86 29.40±1.98 31.54±0.02 52.48±3.42 56.30±0.02 11.33±0.76 12.16±0.01 

17 93.85±6.91 29.53±1.86 31.47±0.02 52.58±6.47 56.03±0.03 11.74±0.93 12.51±0.01 

18 93.47±6.2 29.41±1.88 31.46±0.02 52.39±5.61 56.05±0.03 11.67±0.83 12.49±0.01 

19 95.97±5.93 29.90±2.29 31.16±0.02 54.33±4.68 56.61±0.02 11.74±0.82 12.23±0.01 

20 95.70±5.61 31.36±2.3 32.77±0.02 53.17±4.14 55.56±0.02 11.17±0.88 11.67±0.01 

21 e 96.61±5.48 30.93±3.16 32.02±0.03 54.07±4.17 55.97±0.03 11.61±0.88 12.02±0.01 

22 97.05±6.02 32.23±2.02 33.21±0.02 52.93±5.71 54.54±0.03 11.89±0.73 12.25±0.01 

23 96.80±5.20 31.58±2.01 32.62±0.02 53.93±4.47 55.71±0.02 11.29±0.87 11.66±0.01 

24 97.54±5.91 32.46±3.11 33.28±0.02 53.44±4.2 54.79±0.02 11.64±0.81 11.93±0.01 

 average 89.10±6.51 27.32±3.36 30.55±0.02 50.62±2.73 57.05±0.02 11.16±0.65 12.55±0.004 

 
EW: Egg weight 
YW: Yolk weight 
YPERC: Yolk percentage to total egg weight 
ALW: Albumen weight 
ALPERC: Albumen percentage to total egg weight 
SHW: Shell weight 
SHPERC: Shell percentage to total egg weight 
 

Values with differenet superscript letters (a, b, c, d, …) within clumns are significantly 
differnet at P <0.05. 
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Table 2.3: Chemical analysis (mean ± S.D.) - Flock 1 

Week Egg Fat % Protein % Ash % CHO % Energy (Cal) 
Moisture 

% 
Of  

Lay 
Weight 

(g)             
1 76.70 10.35±0.49 12.4±0.42 0.87±0.01 0.95±0.21 146±7.07 75.47±1.15 
                

2 a 82.90 9.97±1.1 11.59±0.51 0.85±0.05 1.4±0.1 141.67±11.85 76.22±1.57 
                

16 b 92.47 11.37±1.06a 12.28±0.54 0.94±0.05a 1.93±0.85a 159.33±4.24a 73.48±0.4 
                

19 c 92.57 12.56±0.44b 12.33±0.31 0.95±0.01b 1.08±0.41 166.4±3.91 b 73.08±0.43 
                

21 96.50 12.13±1.4c 12.28±0.04 0.97±0.02c 1.13±0.64 163±10 c 73.47±0.82 
                

    
Values with differenet superscript letters (a, b, c, d, …) within clumns are significantly 
differnet at P <0.05. 
 

Table 2.4: Chemical analysis (mean ± S.D.) - Flock 2  

Week Egg Fat % Protein % Ash % CHO % Energy (Cal) 
Moisture 

% 
Of  

Lay Weight (g)             
1 76.84±2.15 16.37±1.21 12.26±0.1 0.88±0.03 0.00 176.33±6.43 75.47±0.16 
  

       2 78.6±2.55 17.2±1.51 12.07±0.24 0.9±0.02 0.00 181.00±6.56 75.33±0.3 
  

       3 81.57±1.36 14.97±0.78a 11.92±.14 0.88±0.03 0.00 175.67±4.16 73.96±0.2 
  

       3 82.74±1.26 11.13±.91b 12.25±.38 0.91±0.03 1.37±0.31a 155.01±7.01a 74.32±.69 
  

       9 83.31±2.44 10.3±1.09 11.62±0.45 0.89±0.04 0.83±0.74b 164.01±23.64b 74.87±0.56 
  

       12 89.9±1.95 11.73±1.27c 11.86±0.63 0.97±0.07 1.73±0.4c 168.33±1.53 73.16±0.25 
  

       18 92.89±2.62 12.77±0.21d 12.42±0.5 0.98±.03 1.13±0.31d 167.67±2.89 72.94±0.26 
  

       21 97.16±1.52 12.17±1.42 12.22±0.1 0.97±0.03 1.2±0.56 164.33±11.37 73.25±0.6 
 
Values with differenet superscript letters (a, b, c, d, …) within clumns are significantly 
differnet at P <0.05. 
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Chapter 3: 
The effects of strain on amnion consumption and hatching behaviour of late term 
turkey embryos. 
 

3.1: Abstract 

The size of avian embryos and consequently hatchling size and weight are under direct 

influence of egg size, internal reserves and incubation environment. Older hens produce 

bigger and heavier eggs, which result in larger embryos and hatchling. For this project, we 

decided to investigate the embryonic behaviour and potential differences between early lay 

(7th week of lay) and mid-lay (15th week of lay) eggs, and then expand the project to compare 

two strains of turkeys (Hybrid and BUTA – heavy line) at the same flock age. 

 

There is a positive correlation between egg weight, embryo weight and amnion volume. 

Although egg weight is not correlated to yolk weight, amnion volume is. Older flocks have a 

higher percentage of amnion and bigger embryos compared to younger flocks (week of lay 

15 vs. week of lay 7), which can be attributed to higher initial egg weight and potentially 

higher albumen volume (p < 0.05). Embryonic weight changes follow a significant and 

positive trend from day 20 to 25 of incubation. As embryo weight increases, amnion volume 

declines which can translate into higher consumption rate by the embryos chiefly on days 23 

and 24 of incubation or stage 43 or 44 of embryo development. The pattern of development 

(embryonic growth trajectory) is different between the strains of turkeys (Hybrid and BUTA) 

, especially during the late stages. This is most obvious in growth rate and specifically in the 

pattern of amnion consumption, incidence and pace of yolk engulfment, and emergence or 

hatching behaviour pattern. These differences could be due to differences in genetic material 

of the strains along with impacts of environmental factors such as temperature and humidity 
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during incubation, and nutritional reserves. The variation or differences within a flock or 

strain could be attributed to surrounding microenvironment or internal reserve as well as 

heredity and genetic differences. 

 

Thus, the optimal incubation profile differs for each strain and as this can affect the hatching 

success and duration of incubation, a proactive incubation profile should be established for 

each distinct strain. 

 

3.2: Introduction 
 
Embryonic growth is under direct influence of available nutritional reserves contained in the 

egg, environmental factors (Molenaar et al., 2011; Yalcin et al., 2012; Krischeck et al., 

2013), and genetics (Siegel et al., 2006; Lilburn and Antonelli, 2012). In other words, the 

hatchling is a product of genetic material and resources available to the growing embryo 

during the course of incubation, under direct influence of incubation environment (Wineland 

et al., 2010). 

 

Egg size has a direct and positive correlation with embryo and hatchling size. According to 

Tullet & Burton (1982) and Burton & Tullet (1985) hatchling weight is approximately 75 % 

of fresh eggs, which is considered the hatchling yield. It is important to note that the 

hatchling requires a dry-out period and the effective optimum hatchling yield for turkey and 

chicken is thus 66 to 70 % after the dry-out period. Furthermore, the incubation profile can 

also have a direct impact on this ratio/yield (personal observations as hatchery manager) and 

performance of the poults (Wineland et al., 2010). 
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Egg weight loss is an essential part of normal incubation, which starts right from the time of 

lay, continues during storage and finally throughout incubation. An optimal weight loss is 

necessary to achieve optimal yield at the end of the incubation period. The optimal range for 

egg weight loss is 10 – 12 % from the set time (set in the incubator) to the time of transfer 

(moved to the hatcher). Significant deviations (> 8%) from this range have detrimental 

effects on the embryo and may lead to embryonic mortality (Lundy, 1969; Christensen & 

Bagley, 1984). 

 

Factors that can influence this weight loss include water loss due to eggshell porosity. Shell 

quality, especially its porosity, influences the gas exchange rate and percentage of water loss, 

which consequently affects the hatchling yield. According to Ar et al. (1974), the water 

vapour conductance of the eggshell is determined by the number of pores, their cross-section 

area and the thickness of the shell. Water vapour conductance (WVC) changes with hen age 

(Romanoff, 1972). According to Rahn (1981), water vapour conductance of turkey eggs 

showed an 18 % increase in the first half of the laying cycle, owing to an increase in pore 

numbers. From 10 – 20 weeks of lay, shell conductance and pore morphology remained 

constant, even though weight continued to increase. Eggs with low porosity had reduced 

embryonic growth rate and metabolism due to reduced amount of available O2 (Burton & 

Tullet, 1985). 

 

According to Ar (1991), rate of incubated eggs’ daily water loss is constant with random 

variation around that daily mean constant. In contrast, Grant et al. (1982) concluded that egg 

water loss increases throughout incubation due to an increase in egg temperature and an 
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increase in embryonic heat production as the embryo grows or in nature, parents alter their 

nest attentiveness (Drent, 1970). If the water loss exceeds the optimal range, the result might 

be smaller or very dry hatchlings at the time of hatch. 

 

As embryonic growth and development do not show a constant rate of change, the 

temperature requirement or heat production of the embryo is not constant. Grant et al (1982) 

found that throughout incubation, the weight loss percentage changes and at each point of 

time an optimal range is necessary for maximum success. In practice, adjustment or changes 

of temperature and humidity have direct effects on weight loss, which may vary at different 

stages of the development. Although avian embryos are not capable of regulating 

environmental factors resulting in their water loss, they do show some level of compensation 

for sub-optimal water loss by regulating their growth and shifting water among different 

compartments and, mainly utilization of allantoic fluid (Davis et al., 1988). Beyond water 

losses, the development, survival and quality of the embryo and the hatchling is dependent on 

internal reserves. An egg contains a limited amount of proteins, lipids, carbohydrates, some 

minerals, and vitamins available to the growing embryo. Embryos with access to larger 

internal reserves may have better survival chances during incubation and potentially during 

the critical posthatch period.  

 

As discussed in Chapter 2 and previously reported by French & Shaw (1989), the increase in 

egg weight with hen age was associated with an increase in yolk size, while variation in egg 

weight at a given hen age was primarily influenced by albumen content. At the beginning of 

incubation, yolk and albumen are considered as the major reservoirs of the nutrients. During 
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the later stages, the amnion replaces the albumen and it plays critical roles well beyond 

simple nutrient reservoir. The main source of energy for the developing embryo is yolk 

lipids, accounting for 84-96 % of the material oxidized (Reddy, 1993). The egg yolk is the 

site of fertilization and the main source of nutrients, rich in proteins and lipids, for the 

developing embryo during the incubation process. Phospholipids, cholesterol, and 

triglycerides are the main form of lipids in a yolk. Oleic acid is the largest portion of yolk 

fatty acids. Yolk fats decrease continuously during incubation (Romanoff, 1972; Etches, 

1996) and there is a significant shift in metabolism of lipids and carbohydrates during late 

stagesof embryonic development (Oliviera et al., 2013). Yolk fat oxidation provides the 

required energy for the embryo and its protein content decreases by 60 % compare to the 

original amount after 14 days of incubation (Noble & Cocchi, 1990). At hatch, yolk contains 

40 % of the original proteins. The rise in yolk protein during late stages of incubation is due 

to migration from the albumen. 

 

As the embryo grows and becomes larger, the amount of available oxygen becomes limited 

due to total conductance of the egg relative to its size, which is proportional to egg mass. 

Another limiting factor for the developing embryo could be the supply of yolk, particularly 

late in development. At early stages, regardless of egg and embryo size, all embryos should 

have equal access to the yolk. This could become an issue for embryos of large eggs because 

of problems in surface area during late stages of development. 

 

The availability of nutrients and the water loss are essential factors influencing embryonic 

growth and development. Embryonic development occurs in 3 main phases. The initial phase 
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occurs in the oviduct, the second phase or diapause starts at the time of lay and initial 

cooling, and finally the third phase starts upon reactivation of embryonic development during 

incubation (Etches, 1996). Eyal-Giladi and Kochav (1976) further divided the stages of 

embryonic development from fertilization to a completed hypoblast formation into 14 stages. 

Similarly, Bakst et al. (1997) categorized the early development of the chicken embryo into 

14 stages and the turkey embryo into 11 stages. Based on temporal and spatial features of the 

early morphogenetic development Gupta and Bakst (1993) suggested a different staging 

system for the early turkey embryos that consists of 11 stages. “Staging of embryos is an 

important tool in order to define normal and abnormal forms and patterns of embryonic 

development (parthenogenesis), to differentiate fertile (blastoderms) from Infertile Germinal 

Disc (IGD), to assess the effects of egg storage on preincubation development and 

subsequent hatchability, to evaluate hen age, strain, oviposition time, and shell quality in 

relation to blastoderm development at oviposition (male – female problems), and to 

determine comparative role and function of the morphogenetic processes on further 

embryonic development and survival” (Bakst et al. 1997). 

 

The importance and value of the embryo’s size, as criteria to separate developmental stages, 

is under question due to considerable variation in egg size and embryo size, even within one 

breed (Starck, 1989). Embryos of different strains show different growth trajectories, 

potentially due to genetic make up (Lilburn & Antonelli, 2012) and speeds under similar 

incubation profiles (personal observation). 
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3.3: Hypotheses and objectives 
 
 
The hypotheses of this project were set out as the followings: 

1. There is a significant and positive correlation between egg size and amnion volume, 

embryo size and yolk weight. 

2. There exists a correlation between embryo weight change (increase) and rate of 

amnion consumption (increase) during day 20 to day 25 of embryonic development.  

3. There are significant differences in embryonic growth, amnion volume, and rate of 

comsumption of amnion during later stages of development between strains of 

turkeys, especially when flocks are at different ages (week of lay 7 and week of lay 

15). 

 

To test these hypothesis the following specific objectives were established: 

1. To compare and correlate egg size and amnion volume, embryo size and yolk 

weight. 

2. To compare and correlate embryo weight increase and the rate of amnion 

consumption between day 20 and 25 of embryonic development 

3. To compare embryonic growth, amnion volume, and rate of comsumption of 

amnion during later stages of development between embryos from a Hybrid and 

a BUTA flock. 
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3.4: Materials and methods  
 
 
This part of the project was divided in three separate phases as follows: 

PHASE 1 (flock 1): to investigate the pattern of changes and correlation between egg size, 

amnion volume, yolk size and embryo weight from day 20 (E20) to day 25 (E25) of 

embryonic development. 

 

PHASE 2 (flock 2): to investigate the potential differences in terms of embryonic growth and 

amnion consumption between week of lay (WOL) 7 and 15. 

PHASE 3: to investigate the potential differences in terms of embryonic gowth and amnion 

consumption between two strains of turkeys: Hybrid vs BUTA. 

 

3.4.1: Animals and housing conditions: 

For the first phase, a Hybrid turkey breeder flock (heavy line) was chosen and was monitored 

right from hatch and placement. The flock was hatched at Cold Springs Farm hatchery 

(Thamesford, Ontario) and placed at a company owned farm located in Aylmer, Ontario. 

Eggs were collected from breeders in their 13th week of lay. 

 

For phase 2 and 3, one flock of Hybrid heavy line and one flock of BUTA heavy line, 

hatched at the same facility and at the same age were chosen and monitored from the hatch 

and placement. Both breeder flocks were placed in a farm with one barn under standard 

settings with automatic nesting and collection conveyors. The flocks were managed 

according to Hybrid Turkeys and BUTA standard protocols and management guides 

(feeding, vaccination, and lighting program). 
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3.4.2: Egg and embryo sampling: 

Eggs were collected, trayed, and sampled randomly and from various sections of the setters. 

Every day, from day 20 or exactly after 480 hours of incubation up to day 24 or 576 hours of 

incubation, exactly on the hour with 24 hours intervals, 25 eggs were taken out of the setters 

for sampling. 

 

Each egg was weighed and then sampled for amnion and embryo weights for 5 days: E20 to 

E24 (Table 4.1 to 4.6). Each egg was opened carefully and the content was gently transferred 

into a petri dish for weighing. After that, a sterile gauge 22 syringe was used to aspirate the 

amnion, which was weighed in graduated tubes. The embryo with yolk was weighed. The 

yolk was then surgically removed and weighed separately. All embyos were euthanized 

under approved aniamal welfare protocols of University of Guelph. 

 

For phases 2 and 3 of the project, which were additions and expansions of  phase 1, it was 

decided to investigate and compare potential differences between two age groups (WOL 7 vs 

WOL 15) and two strains (Hybrid and BUTA). For this, we chose to compare eggs from the 

7th week of lay (WOL 7) and 15th (WOL 15). For this part, eggs from both flocks were 

collected from the same production days, trayed and set in Robbins setters (H-10) under 

exactly the same incubation profile. 

 

Twenty eggs per strain were sampled every day, from day 20 to 25 of the incubation period. 

Total egg weight, total egg content (total egg minus shell), amnion volume, yolk and embryo 
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weights were recorded as described above. All data were recorded per egg and then averages 

and percentages were recorded and calculated (Table 3.1 and 3.2).  

 

3.4.3: Incubation 

Incubation time was calculated from day 0 and hour 0 or at the setting time. All eggs were set 

in Robbins setters (H-10) and were incubated under same incubation profile for total 

incubation period of 678 hours including pre-conditioning of eggs. Eggs were transferred 

after 570 hours of incubation. Eggs were transferred manually.  

 

Throughout incubation, shell temperature and weight loss was measured on days 3, 7, 10, 14, 

21, and days of transfer. At hatch, weight loss, yield, sexing ratio, and hatch window were 

monitored and recorded. Egg turning was stopped after the day 20th day of incubation. 

 

3.4.4: Statistical analysis 

For the statistical analysis of this project, SAS software version 8.2 was used under license of 

University of Guelph. To perform the analysis of phase 1 (find whether there was significant 

correlation between any two variables), Spearman’s rank correlation test was used, which 

does not make any assumptions of the distribution of the values. 

 

The second part of the study concentrated on the correlation for egg weight with amnion 

volume, embryo weight and yolk weight, amnion volume with embryo weight and yolk 

weight for two strains: Hybrid and BUTA.Tests of Pearson’s correlation were performed to 
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identify significant correlations and t-tests were performed to compare between the two 

strains for each of the variables. 

 

3.5: Results 

3.5.1 Changes in egg size, amnion volume, yolk size and embryo weight from day 20 (E20) 

to day 25 (E25) of embryonic development (Phase 1): 

 

Results indicate that a significant correlation exists between egg weight and embryo weight 

on all 6 days from day 20 to 25 of incubation (Tables 3.1 and 3.2). There is a significant 

decline in shell percentage from day 20 to 25 of incubation (p < 0.05). 

 

Amnion volume declines continuously with significant declines (higher consumption rate) in 

day 23 and 24 of incubation, compared to days 22 and 23, respectively. Egg weight and 

amnion volume were only significantly correlated on days 20 (P < 0.01) and 21 (P < 0.05). It 

is thus evident that as incubation progresses from day 20 to 25, amnion volume decrease and 

in fact is fully consumed in most eggs on days 23 to 25. 

 

Yolk is engulfed mainly by day 24 and 25 of incubation, although this occurs in a few eggs at 

day 23. Thus, even if the incidence of engulfment of yolk is significantly higher in day 25, 

the timing is not exact for all embryos (Table 3.1 and 3.2). 

 

3.5.2 Differences in embryonic parameters between eggs produced during early lay (WOL 7) 

and mid-lay (WOL 15) from a Hybrid and a BUTA strains (Phase 2):  
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This second phase was divided into two parts based on age of the flocks. The first part was 

focused on investigating the trends occuring in early-lay eggs (WOL 7). This age was chosen 

in order to have less variation in egg size and egg components, which was seen with flocks 

up to 5th week of lay. The second part looked at mid-lay eggs (WOL 15). As observed for 

phase 1, the amnion volume is consumed continuously during the period of day 20 to day 25 

of incubation with a significant increase in days 23 and 24. 

 

The results show that eggs from the BUTA flock have higher amnion volume compared to 

eggs from the Hybrid flocks at the WOL 7. Yolk is engulfed approximately 12–24 hours later 

in eggs from the BUTA compared to the Hybrid strain (Tables 3.5 – 3.8). 

 

The hatch window for BUTA is shorter than that for Hybrid, which is an indication of more 

rapid development at later stages and faster emerging from the shell. The observations 

indicate that the growth trajectory of Hybrid and BUTA embryos differ and this is most 

obvious during the late stages of embryonic development (after stage 39). During stages 40 

and 41, BUTA embryos require more time, but the transition time during the later stages are 

faster than that for Hybrid embryos especially during stages 44 to 46.  

 

The results for Hybrid show that the egg weight was significantly correlated with embryo 

weight on all days (P<0.05) though only marginally on day 20 (P<0.10). But when all the 

days were combined, the correlation was significant (P<0.05). Egg weight was significantly 

correlated with yolk weight on days 21, 22 and 24 but when all days were combined 

significance was lost. Egg weight was correlated significantly with amnion volume on days 
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20, 21 and 23 but not when all the days were combined. Amnion volume was significantly 

correlated with yolk weight on day 24 only. However, when all days were combined, a 

significant correlation (P < 0.01) with yolk weight as well as embryo weight was observed. 

 

For the BUTA strain, egg weight was significantly correlated with embryo weight only on 

day 24, with only marginal significance when all the days were combined. Egg weight was 

significantly correlated with yolk weight on the last four days but not on the first couple of 

the days. Similarly, when all days are combined a significant correlation was observed.  

 

Amnion volume shows significant correlation with egg weight only on days 21, 22 and 24. 

But when all the days are combined, no statistical significance was observed. Amnion 

volume significantly correlates with yolk weight and embryo weight when data for all the 

days are combined but when individual days are compared, only day 24 shows significance 

(P < 0.05) with yolk weight and marginal significance (P < 0.10) with embryo weight. When 

combined values for each strain was analyzed, the results were similar for both strains. 

 

When the variables amnion volume, yolk weight and embryo weight were tested for 

significant differences between days, the first and the last variables showed significant 

differences between any two days regardless of the strain. Analysis of yolk weight did not 

show any significant difference for days close to each other. For example, days 20 and 21, 20 

and 22, 21 and 22, 21 and 23, 23 and 24 did not give significant differences but others did. 

This was common whether data from Hybrid or BUTA strains were used. When data for both 
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strains were combined, results were very similar to those obtained when the strains were used 

separately. 

  

When the four variables amnion volume, egg size, embryo weight and yolk weight obtained 

from HYBRID were compared to the same obtained from BUTA, it was found that egg 

weight, yolk weight and amnion volume differ significantly when all days are combined 

together. When taken separatly, amnion volume is significantly different on all days except 

day 25 but egg size difference is significant only on days 20 and 22 whereas yolk weight 

shows significance only on days 21 and 25 (Tables 3.5 to 3.8). 

 

The third part of the study was similar to the second part but with different data collected 

during the month of October in 2004 when the flocks were at 15 WOL. At this stage, both 

flocks were older by 8 weeks of age and considered mid-lay flocks (at their prime). Both 

flocks had higher volume of amnion compared to WOL 7, which was expected due to an 

increase of egg weight and higher albumen. 

 

The BUTA flock showed the same patterns of embryonic development as did the Hybrid 

strain up to day 23, but there was acceleration in days 24 and 25 compared to the Hybrid 

flock and compared to the BUTA flock at WOL 7. As indicated in Tables 3.4 and 3.9, the 

hatchability results improved significantly for both strains. 
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At WOL 15, the incidence of embryos with engulfed yolks was higher for both strains and 

especially higher for the Hybrid flock compared to the results of WOL 7. Embryo percentage 

also increased for both strains, especially at day 25 of incubation (Tables 3.10 to 3.13). 

 

Egg weight was higher, mainly due to the older age of the flocks and consequently embryo 

weight followed the same pattern. The results show that for the Hybrid strain, the correlation 

between egg weight and embryo weight tends towards significance (P < 0.10) on days 20 and 

21 only. But when the correlation is tested for all 6 days together, it is significant (P < 0.05). 

The correlation between egg weight and  amnion volume is significant on days 20, 21 and 23 

(P < 0.05) as well as when all days are considered together (P < 0.05). Egg weight shows 

significant correlation with yolk weight (P < 0.05) on all days except day 21. However, when 

when all days are combined, the correlation is no longer significant. Amnion volume tends 

toward a significant correlation with yolk weight and embryo weight on day 20 (P < 0.10) 

but with  no significance on the rest of the days. However, when all days are considered 

together the correlation is statistically significant (P < 0.01). 

 

For the BUTA strain, egg weight’s correlation with embryo weight shows significance on 

days 22 and 23 only (P < 0.01). But when all the days are taken into consideration there 

exists significant correlation between them. Egg weight is significantly correlated with 

amnion volume on days 21 and 22 and also when all the days are combined. Egg weight and 

yolk weight are significantly correlated on all days except day 25 or when all days are 

combined.  
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Amnion volume shows statistically significant correlation with yolk weight only on day 21 

and embryo weight only on day 24. But when all days are taken into consideration 

correlation is statistically significant (P < 0.05). 

 

Since a lot of similarities were observed between strains, we decided to combine the data 

from both strains and test for significant correlation. Results show that egg weight is 

significantly correlated with embryo weight only on day 23 and marginally significant on day 

22. But when all the days are considered together then it shows statistical significance (P < 

0.05). Egg weight is significantly correlated with amnion volume on days 20 and 21 and 

marginally significant on days 22 and 23 and not significant at all on the rest of the days. But 

when all days are combined it shows that there is significant correlation (P < 0.05). Egg 

weight is significantly correlated with yolk weight on all days but when all the days are 

combined it is not showing significance (P < 0.05). 

 

Amnion volume is significantly correlated with yolk weight only on day 21 or when all days 

are included. Hence we do not find the results varying a lot when both strains are included in 

the analysis. When the variables amnion volume, yolk weight and embryo weight were tested 

for significant differences between days the first two showed significant differences between 

any two days regardless of the strain (P < 0.05). 

 

Embryo weight do not differ significantly between days close to each other. For example 

days 20 and 21, 20 and 22, 21 and 22, 21 and 23, 22 and 23 are not significantly different but 

others are. This was similar whether HYBRID or BUTA breed was used. When data for both 
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strains are combined, results are similar to those obtained when the strains are used 

separately.  

 

When the four variables amnion volume, egg size, embryo weight and yolk weight obtained 

from HYBRID strain is compared to the same obtained from BUTA, not many significant 

differences are observed on any one particular day or all days combined. Embryo weight and 

yolk weight showed significant correlation on day 25 and amnion volume and egg size on 

day 24. Results were more consistent between the strains for the data obtained in October 

2004 than August 2004, which could be due to the week of lay. 

 

The fourth and the final part of the study aimed at finding if there were significant 

differences between the four variables obtained in August 2004 when compared to the same 

four variables obtained with eggs from early versus mid-lay eggs. Results show that embryo 

weight and yolk weight are significantly different between WOL 7 and WOL 15 in both 

strains either for all individual days or when all days are combined.  

 

Amnion volume and egg weight did not show significant differences when data for BUTA 

were analyzed, except for egg weight which was significantly different when all days was 

combined (P < 0.05). When data from Hybrid flock were analyzed, egg weight were 

significantly different when all days are combined and on individual days except day 25. 

Amnion volume tends towards significance (P < 0.10) when all days are combined and on all 

days except days 23 and 25. Egg weight and amnion volume give similar results within a 

strain. Our observations indicate that the weight loss in eggs is continuous with a peak loss 
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during the first 48 to 72 hours and the next peak is during the second part of the incubation 

period. 

 

3.6: Discussion 

As discussed in Chapter 2, embryo size is directly influenced by egg size and egg weight 

loss. According to Tullet & Burton (1982) and Burton & Tullet (1985) hatchling weight is 

approximately 75% of the weight of the fresh eggs, which is considered as hatchling yield. 

The optimal range for egg weight loss is 10 –12 % from the set time to the time of transfer. 

Based on personal observations as hatchery manager, for early-lay eggs, a weight loss range 

of 10 to 11 % would be more beneficial due to lower albumen content and thicker shells. A 

range of 11–13 % is more suitable for late-lay turkey eggs, 11-14 % for layer chicken and 10-

12 % for broilers. 

 

Careful monitoring and adjustment of incubation factors can achieve this. Significant 

deviations (> 8%) from this range have detrimental effects on the embryo and may lead to 

embryonic mortality (Lundy, 1969; Christensen & Bagley, 1987; Wineland et al., 2010) or 

negative effects on growth after hatching (Molenaar et al., 2011; Yalcin et al., 2012; 

Krischeck et al., 2013). 

 

Even though a few management practices such as nutrition and photostimulation program 

might help with increasing egg size and weight, the main factor is the age of hen or the flock 

(as reported in Chapter 2). Flock age influences spare yolk reserve, albumen, shell (Fletcher 

et al, 1981; Hristakieva et al, 2008; Hristakieva et al., 2009) and water vapour conductance 
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(WVC) (Romanoff, 1972). As expected, results showed that flocks in mid-lay (WOL 15) 

produced larger and heavier eggs and consequently larger and heavier embryos and 

hatchlings compared to early lay (WOL 7) flocks for both strains. 

 

Another factor that directly influences the embryo weight and size is weight loss during 

incubation. This variable can be more directly controlled by implementing a proper 

incubation profile. The water vapour conductance of the eggshell is determined by the 

number of pores, their cross-section area and the thickness of the shell (Ar et al., 1974). It is 

evident that avian embryos are not capable of regulating their water loss, as it is under the 

influence of environmental factors, but they show some level of compensation for sub-

optimal conditions by regulating their growth and shifting water among different 

compartments and mainly by utilization of allantoic fluid (Davis et al., 1987). 

 

According to Rahn (1981), water vapour conductance of turkey eggs showed an 18 % 

increase in the first half of the hens laying cycle, owing to an increase in pore numbers. From 

10–20 weeks of lay, shell conductance and pore morphology remained constant, even though 

weight continued to increase. Eggs with low porosity had reduced growth rate and 

metabolism of embryo due to reduced amount of O2 (Burton & Tullet, 1985). 

 

Our results show that there is a sudden change in eggshell percentage during the late stages 

of incubation, mainly during day 24 and 25 of incubation. It is thus imperative to adjust 

incubation factors to accommodate for this significant change and ensure an optimal 

environment is provided for the late-term embryos.  
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Egg shell thickness and percentage is reduced during the later stages. This needs to be 

investigated in more detail, but it might be an indication of the carbonate molecules being 

dissolved to be used for embryonic skeletal development. At the same time, this would result 

in a weaker shell for the embryo to break through during hatching. It can be concluded that 

due to some significant changes in embryonic metabolic and physiological demands such as 

higher level of gas exchange, a major structural change in eggshell occurs allowing a higher 

flow of metabolic gases, potentially increased level of heat exchange, along with a lower 

level of structural integrity to allow easier emergence of the embryo. The dissolved carbonate 

is probably used by the embryo for strengthening their skeletons. 

 

As discussed in previous chapters, the shell thickness changes during a production cycle; 

from thicker shell at the beginning or early-lay to thinner shell towards late-lay. If the 

incubation profiles are not adjusted based on the egg weight and shell quality, weight loss 

would not be at an optimum level, which would consequently affect the embryo weight, size 

and eventually their liveability.  

  

In phase one of this part of the project, we investigated the patterns of change for amnion, 

yolk, embryo size, shell and embryonic stages along with the hatching behaviour of the 

embryos during day 20 to 25 of incubation. The results indicate that embryos grow on a daily 

basis with a significant decrease in amnion volume, mainly on days 23 and 24 of incubation. 

  

Parts 2 and 3 of the project were conducted to understand the differences between strains for 

a potential genetic difference and between age groups. As expected, there were some marked 
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differences between the strains, especially during late stages in regards to usage of amnion, 

engulfing yolk and duration of stages. At the same time, there were some differences 

between the eggs from early-lay and mid-lay. As egg weight was higher in WOL 15 

compared to WOL 7, the mid-lay flocks (independent of the strain) produced bigger embryos 

and had superior hatch results compared to younger flocks. 

 

Stages of embryonic development have been investigated and defined by Hamburger and 

Hamilton (1951), Butler and Juurlink (1987) and Mathews (1986). The staging by 

Hamburger and Hamilton (1951) system divides the embryonic development into 46 stages 

assigned by Arabic numbers. Pogool (2002) completed an excellent work on staging of 

turkey embryos and structured the embryonic stage of turkey in 46 stages for incubation of 

27 to 29 days. According to Starck (1989), in all species the early stages of embryonic 

development are of approximately the same length and the deviation in late stages account 

for most of the variability in incubation time. “This is most obvious in stage 39, which lasts 

24 – 36 hours in quail (18 day incubation period), 48 hours in domestic fowl (21 day 

incubation period), 96 hours in muscovy duck 35 days incubation period). One might suggest 

that stage 39 represent a period of growth and maturation” (Starck, 1989). As a matter of 

fact, the plateau phase in embryonic metabolism occurs during stage 39 (Starck and Ricklefs, 

1998). Eyad-Giladi and Kochav (1976) distinguished that individual stages were defined 

based on morphologic criteria and not hours of development and the times provided were 

estimate and not invariable within each stages. 
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It seems the early stages of development up until day 14 of incubation are the same for 

different strains and the main differences in size and growth patterns can be detected after 

this stage of incubation (personal observation as hatchery manager). The exponential rate of 

embryonic growth decreases throughout embryonic development. This might be an effect of 

changes in the rate of energy and nutrient assimilation from yolk, changes in gas exchange 

relative to requirements of embryos, or changes in the growth potential of tissues themselves. 

One more and potentially important factor to consider would be available amnion and its rate 

of consumption along with the hatching behaviour of the hatchlings. A potential source of 

variation in embryonic growth rate, especially during the later stages, could be related to 

variations in early allocation of resources, which is affected by proliferation rate of 

extraembryonic membranes that are essential for supporting the embryonic growth. 

 

In this study, our observations revealed that the embryonic behaviour and the rate of amnion 

consumption are different between the two strains of turkeys. This is in agreement with the 

Lilburn and Anotelli (2012) who showed that the genetic make up of the birds impact the 

embryonic behaviour and hatch performance of turkeys. 

 

Our results also indicate that although the basic trends are very similar and embryos go 

through the same stages of development, the duration of each stage may vary between early 

and mid-lay of the same strain within same age group, and there are also differences between 

the two strains in regards to embryonic stages (i.e. duration) and their hatching behaviour 

such as consumption of amnion and engulfing their yolk. 
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The importance and value of an embryo’s size, as a criterion to separate developmental 

stages, is under question due to considerable variation in egg size and embryo size, even 

within one breed (Starck and Ricklefs, 1998). Embryos of different strains show different 

growth trajectories and speeds under similar incubation profiles. 

 

Under constant incubation temperature, the variation in incubation duration is very small and, 

in part, is related to the timing of the hatch in relation to embryo development and not to the 

embryonic growth rate. The genetic basis of variation of incubation period is less than 1 %, 

which suggests that selection has removed most of genetic variation (Starck and Ricklefs, 

1998). The egg size and incubation period affect the parabolic growth parameters of an 

embryo. 

 

A potential source of variation in embryonic growth rate, especially during the later stages, 

could be related to variations in early allocation of resources, which is affected by 

proliferation rate of extraembryonic membranes that are essential for supporting the 

embryonic growth. 

 

In this study, our observations revealed that the embryonic behaviour and the rate of amnion 

consumption are different between the two strains of turkeys. Modification of the incubation 

factors and adjustments based on characteristics of each strain (and age) will result in 

optimum hatch results. This is  in agreement with Wineland et al. (2010) and Lilnurn and 

Anotelli (2012). 
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Embryos of large eggs grow faster at all stages of development in comparison to embryos of 

small eggs (species specific size). During the early stages of development, it is possible that 

the embryos of large eggs receive a higher supply of oxygen. This could be related to a 

higher conductance of the eggshell and a higher surface area. 

 

After day 20 of incubation (480 hours), turning is not required. In fact, turning after this stage 

may be more disruptive than beneficial. Levelling the eggs after this time leads to improved 

hatch results, potentially due to improved gas and heat exchange and less unnecessary 

movement of the embryo that could be beneficial for growth and development. 

 

3.7: Conclusion 

 

Embryo size is directly and positively correlated to egg size. The other main contributing 

factors affecting embryo size are internal reserves and incubation environment (profile). 

Flock age or hen age affects the egg size and consequently hatchling size. As discussed in the 

previous chapter, hen age impacts internal resources (yolk and albumen) and available 

nutrients.  

 

Embryonic staging for turkey is structured in 46 different stages. Instead of using time as the 

defining component of stages, morphological changes of the embryo should be the basis for 

each stage of growth and development. It seems that the embryos, irrespective of their strain 

and week of lay, go through the same stages of development (46 stages), but the duration 
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varies, which could be related to their genetic make-up, available internal resources and 

incubation environment i.e. microenvironment. 

 

It can be concluded that even under the same incubation environment, there are some 

significant differences in timing and potentially duration of each stage for individual embryos 

(individual specific characteristics), which potentially could be related to their genetic 

differences, the hen effect, surrounding micro-environment during incubation and internal 

reserves. 
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Table 3.1: Comparison of averages (mean ± S.D.): Hybrid flock, incubation day 20 – 25 
 
Day of Incubation Sample Egg Weight (gr) Amnion Volume (ml) Embryo Weight (gr) 

20 25 76.96±6.60 10.31±2.27 57.16±5.27 
21 25 77.38±5.13 8.07±1.26 a 59.36±4.94 a 
22 25 77.58±5.04 5.46±1.78 b 62.58±6.52 b 
23 25 78.65±5.35 1.97±2.37 c 66.69±5.57 
24 25 77.43±5.39 0.58±1.66 d 66.88±5.42 
25 25 77.42±4.37 0.05±0.09 e 68.42±4.38 c 

 

Values with differenet superscript letters (a, b, c, d, …) within clumns are significantly 
differnet at P <0.05. 
 

Table 3.2: Comparison of percentages (mean ± S.D.): Hybrid flock, incubation day 20 - 25 

Day of Incubation Amnion % Embryo % Shell % Ratio Amnion to Emb. 
20 13.40±0.02 74.28±0.04 12.32±0.03  18/100 
21 10.43±0.01 a 76.71±0.03 12.86±0.03  14/100 
22 7.04±0.02 b 80.66±0.06 a 12.29±0.05   9/100 
23 2.51±0.03 c 84.79±0.05 b 12.70±0.05   3/100 
24 0.75±0.02 d 86.37±0.04 12.88±0.04   1/100 
25 0.06±0.001 e 88.38±0.02 c 11.56±0.02 a 0        

 

Values with differenet superscript letters (a, b, c, d, …) within clumns are significantly 
differnet at P <0.05. 
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Table 3.3: Embryonic stages and duration of each stage  

Embryonic  Duration (h) Average  Duration (D)   Accum. duration (H) Average Accum. duration (D) 

Stage Min Max Duration(h) Min Max   Min Max Duration (d) Min Max 

1 17 19.5 18.25 0.71 0.81  17 19.5 0.8 0.71 0.81 

2 5 5.6 5.3 0.21 0.23  22 25.1 1.0 0.92 1.05 

3 5 7.5 6.25 0.21 0.31  27 32.6 1.2 1.13 1.36 

4 4 4.9 4.45 0.17 0.20  31 37.5 1.4 1.29 1.56 

5 2.7 4 3.35 0.11 0.17  35 40.2 1.6 1.46 1.68 

6 3.4 4 3.7 0.14 0.17  39 43.6 1.7 1.63 1.82 

7 2 2.3 2.15 0.08 0.10  41 45.9 1.8 1.71 1.91 

8 2.9 3 2.95 0.12 0.13  44 48.8 1.9 1.83 2.03 

9 2.3 3 2.65 0.10 0.13  47 51.1 2.0 1.96 2.13 

10 4 6.5 5.25 0.17 0.27  51 57.6 2.3 2.13 2.40 

11 0.6 3 1.8 0.03 0.13  54 58.2 2.3 2.25 2.43 

12 2.8 4 3.4 0.12 0.17  58 61 2.5 2.42 2.54 

13 3.4 4 3.7 0.14 0.17  62 64.4 2.6 2.58 2.68 

14 4 4.4 4.2 0.17 0.18  66 68.8 2.8 2.75 2.87 

15 5 6.1 5.55 0.21 0.25  71 74.9 3.0 2.96 3.12 

16 6 6.6 6.3 0.25 0.28  77 81.5 3.3 3.21 3.40 

17 6 6.2 6.1 0.25 0.26  83 87.7 3.6 3.46 3.65 

18 6 6 6 0.25 0.25  89 93.7 3.8 3.71 3.90 

19 7 7.2 7.1 0.29 0.30  96 100.9 4.1 4.00 4.20 

20 8 9.4 8.7 0.33 0.39  104 110.3 4.5 4.33 4.60 

21 11.2 16.9 14.05 0.47 0.70  115.2 127.2 5.1 4.80 5.30 

22 2.4 7.2 4.8 0.10 0.30  122.4 129.6 5.3 5.10 5.40 

23 7.2 7.2 7.2 0.30 0.30  129.6 136.8 5.6 5.40 5.70 

24 9.6 12 10.8 0.40 0.50  139.2 148.8 6.0 5.80 6.20 

25 4.8 7.2 6 0.20 0.30  146.4 153.6 6.3 6.10 6.40 

26 9.6 12 10.8 0.40 0.50  156 165.6 6.7 6.50 6.90 

27 12 14.4 13.2 0.50 0.60  168 180 7.3 7.00 7.50 

28 12 12 12 0.50 0.50  180 192 7.8 7.50 8.00 

29 16.8 21.6 19.2 0.70 0.90  196.8 213.6 8.6 8.20 8.90 

30 9.4 19.2 14.3 0.39 0.80  216 223 9.1 9.00 9.29 

31 16.8 21.8 19.3 0.70 0.91  232.8 244.8 10.0 9.70 10.20 

32 14.4 28.8 21.6 0.60 1.20  247.2 273.6 10.9 10.30 11.40 

33 14.4 21.6 18 0.60 0.90  268.8 288 11.6 11.20 12.00 

34 14.4 16.8 15.6 0.60 0.70   285.6 302.4 12.3 11.90 12.60 
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Table 3.3, cont’d: Embryonic stages and duration of each stage 

Embryonic  Duration (h) Average  Duration (D)   Accum. duration (H) Average Accum. duration (D) 

Stage Min Max Duration(h) Min Max   Min Max Duration (d) Min Max 

35 19.2 26.4 22.8 0.80 1.10  312 321.6 13.2 13.00 13.40 

36 19.2 31.2 25.2 0.80 1.30  331.2 352.8 14.3 13.80 14.70 

37 28.8 31.2 30 1.20 1.30  362.4 381.6 15.5 15.10 15.90 

38 28.8 31.2 30 1.20 1.30  393.6 410.4 16.8 16.40 17.10 

39 36 36 36 1.50 1.50  429.6 446.4 18.3 17.90 18.60 

40 26.4 36 31.2 1.10 1.50  456 482.4 19.6 19.00 20.10 

41 33.6 38.4 36 1.40 1.60  494.4 516 21.1 20.60 21.50 

42 26.4 28.8 27.6 1.10 1.20  520.8 544.8 22.2 21.70 22.70 

43 36 38.4 37.2 1.50 1.60  556.8 583.2 23.8 23.20 24.30 

44 43.2 43.2 43.2 1.80 1.80  600 626.4 25.6 25.00 26.10 

45 36 36 36 1.50 1.50  636 662.4 27.1 26.50 27.60 

46 12 33.6 22.8 0.50 1.40   648 696 28.0 27.00 29.00 
 

 

Table 3.4: Hatch results and differences between the two strains at WOL 7: 
 

Breed HOES HOF 

BUTA 79.33 91.47 

Hybrid 81.01 90.09 
 

 

Table 3.5: Comparison of averages (mean ± S.D.) for Hybrid flock at WOL 7 (day 20 – 25) 

Incubation Day Sample Egg Weight Egg content Amnion Volume Yolk Weight Embryo Weight 

20 20 73.64±4.47 64.39±4.13 10.14±2.46 18.25±1.13 25.25±1.43 a 
21 20 74.26±3.95 64.81±3.37 7.46±1.92 a 16.99±1.85 29.56±3.16 b 
22 20 73.53±4.32 64.40±3.55 3.49±1.12 b 18.35±1.60 34.42±1.64 c 
23 20 75.31±4.10 66.30±3.74 1.36±0.76 c 16.73±1.56 39.53±1.85 d 
24 20 74.88±5.52 65.64±5.31 0.07±0.08 d 15.96±2.31 a 44.43±2.51 e 
25 20 74.29±4.51 66.31±3.99 0.01±0.02 e 6.09±7.09 b 56.02±8.94 f 

 

Values with differenet superscript letters (a, b, c, d, …) within clumns are significantly 
differnet at P <0.05. 
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Table 3.6 Comparison of averages (mean ± S.D.) for BUTA flock at WOL 7 (day 20 – 25) 

Incubation Day Sample Egg Weight Egg content Amnion Volume Yolk Weight Embryo Weight 

20 20 76.22±3.41 67.30±3.2 11.74±2.22 18.13±0.92 24.35±1.34 
21 20 76.63±4.85 67.48±4.50 9.75±3.28 a 18.78±1.81 28.71±2.15 a 
22 20 77.88±3.50 68.86±3.71 7.82±2.93 b 18.57±1.96 33.37±2.63 b 
23 20 75.04±4.0 66.29±4.10 1.90±1.05 c 17.71±1.75 38.59±2.82 c 
24 20 76.65±5.55 68.28±6.21 0.41±0.51 d 16.77±2.83 45.23±3.21 d 
25 20 72.90±4.53 64.97±4.03 0.02±0.09 e 11.84±3.96 a 49.54±3.14 e 

 

Values with differenet superscript letters (a, b, c, d, …) within clumns are significantly 
differnet at P <0.05. 
 

 

Table 3.7: Comparison of percentages (mean ± S.D.) for Hybrid flock at WOL 7 (day 20 – 

25) 

Incubation Day Sample Amnion % Yolk % Embryo % Shell % 
20 20 13.76±0.03 24.78±0.02 34.29±0.02 12.57±0.02 
21 20 10.04±0.02 a 22.88±0.02 39.80±0.03 a 12.73±0.02 
22 20 4.74±0.02 b 24.96±0.02 46.80±0.02 b 12.42±0.03 
23 20 1.80±0.01 c 22.22±0.02 52.49±0.03 c 11.97±0.01 
24 20 0.09±0.001 e 21.31±0.02 59.33±0.03 d 12.33±0.02 
25 20 0.01±0.001 f 8.20±0.10 a 75.41±0.10 e 10.75±0.03 a 

 

Values with differenet superscript letters (a, b, c, d, …) within clumns are significantly 
differnet at P <0.05. 
 

 

Table 3.8: Comparison of percentages (mean ± S.D.) for BUTA flock at WOL 7 (day 20 – 

25) 

Incubation Day Sample Amnion % Yolk % Embryo % Shell % 
20 20 15.40±0.03 23.79±0.02 31.95±0.02 11.71±0.02 
21 20 12.72±0.04 a 24.50±0.03 37.46±0.03 a 11.95±0.01 
22 20 10.03±0.04 b 23.84±0.02 42.84±0.04 b 11.58±0.02 
23 20 2.53±0.01 c 23.59±0.02 51.42±0.05 c 11.66±0.03 
24 20 0.53±0.006 d 21.87±0.03 59.01±0.04 d 10.92±0.04 
25 20 0.03±0.001 16.24±0.05 a 67.95±0.06 e 10.87±0.02 

 

Values with differenet superscript letters (a, b, c, d, …) within clumns are significantly 
differnet at P <0.05. 
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Table 3.9 Hatch results and differences between the two strains at WOL 15: 
 

Breed HOES HOF 

BUTA 86.39 91.34 

Hybrid 87.28 91.95 

 
 

Table 3.10: Comparison of averages (mean ± S.D.) for Hybrid flock at WOL 15 (day 20 – 

25)  

Incubation Day Sample Egg Weight Egg content Amnion Volume Yolk Weight Embryo Weight 

20 20 78.51±5.95 67.94±5.24 12.33±2.55 19.64±2.16 27.50±1.46 
21 20 78.81±4.46 68.63±4.10 9.88±1.38 a 18.42±1.65 31.17±1.50 a 
22 20 79.20±5.06 68.54±4.24 4.11±1.14 b 19.37±1.55 37.54±2.96 b 
23 20 77.72±3.86 67.88±3.57 1.57±0.77 c 17.85±1.43 40.44±1.75 c 
24 20 80.33±5.22 70.29±5.29 1.35±0.70 d 15.45±2.39 45.59±3.11 d 
25 20 75.08±4.46 66.55±4.04 0.02±0.04 e 3.60±5.64 a 61.08±6.26 e 

 

Values with differenet superscript letters (a, b, c, d, …) within clumns are significantly 
differnet at P <0.05. 
 

 

Table 3.11: Comparison of averages (mean ± S.D.) for BUTA flock at WOL 15 (day 20 – 25) 

Incubation Day Sample Egg Weight Egg content Amnion Volume Yolk Weight Embryo Weight 

20 20 78.40±5.01 68.54±4.32 12.61±2.53 a 18.78±1.59 25.81±1.91 
21 20 79.00±4.58 70.07±4.52 10.99±2.65 b 19.45±1.77 31.43±4.07 a 
22 20 80.12±3.88 70.88±3.46 8.75±3.01 c 19.28±2.00 35.46±4.34 b 
23 20 76.57±3.69 67.84±3.20 2.12±0.90 d 18.13±1.71 40.07±2.64 c 
24 20 77.35±3.26 68.40±3.52 0.28±0.33 e 16.48±2.35 45.40±3.05 e 
25 20 75.33±3.58 66.70±3.25 0.01±0.03 f 9.94±4.72 a 54.08±5.48 f 

 

Values with differenet superscript letters (a, b, c, d, …) within clumns are significantly 
differnet at P <0.05. 
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Table 3.12: Comparison of percentages (mean ± S.D.) for Hybrid flock at WOL 15 (day 20 – 

25)  

Incubation Day Sample Amnion % Yolk % Embryo % Shell % 
20 20 15.71±0.02 a 25.02±0.03 35.03±0.02 13.47±0.02 
21 20 12.53±0.01 b 23.37±0.03 39.55±0.03 a 12.92±0.03 
22 20 5.19±0.01 c 24.46±0.02 47.39±0.02 b 13.46±0.02 
23 20 2.01±0.01 d 22.97±0.02 52.03±0.02 c 12.66±0.01 
24 20 1.67±0.01 19.23±0.03 56.75±0.02 d 12.50±0.02 
25 20 0.02±0.001 e 4.79±0.07 a 81.35±0.08 e 11.36±0.01 

 

Values with differenet superscript letters (a, b, c, d, …) within clumns are significantly 
differnet at P <0.05. 
 

 

Table 3.13: Comparison of percentages (mean ± S.D.) for BUTA flock at WOL 15 (day 20 – 

25)  

Incubation Day Sample Amnion % Yolk % Embryo % Shell % 
20 20 16.08±0.03 23.95±0.02 32.91±0.02 12.59±0.03 
21 20 13.91±0.03 a 24.62±0.02 39.78±0.04 a 11.30±0.02 
22 20 10.92±0.04 b 24.06±0.02 44.26±0.05 b 11.53±0.02 
23 20 2.77±0.01 c 23.68±0.02 52.32±0.03 c 11.41±0.02 
24 20 0.36±0.001 d 21.31±0.03 58.69±0.03 d 11.58±0.02 
25 20 0.01±0.001 e 13.20±0.06 a 71.79±0.07 e 11.45±0.01 

 

Values with differenet superscript letters (a, b, c, d, …) within clumns are significantly 
differnet at P <0.05. 
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Chapter 4: 

Effects of egg size and stage of lay on hatchability and impact of early feeding on 

survival success and performance of turkey poults during the critical period. 

 

4.1: Abstract 

Since in most avian species there is a positive correlation between fertility average and 

hatchability results and, fertility declines as the age of flock increases, experiments in this 

chapter aimed at investigating the differences in fertility and hatchability between Early-lay 

and Mid-lay egg (small versus large eggs). Furthermore, the effect of egg size on poults’ 

body weight gain was also investigated. Finally, as early feeding of supplement is becoming 

a common practice in the industry, the effect of Novus Oasis® Hatchling Supplement on 

posthatch liveability of poults from small and large eggs was assessed. 

Overall, there was no significant difference in fertility average during the prime or mid-lay 

period between small and large eggs. Eggs from Mid-lay flocks had the lowest embryonic 

mortality, highest yield, and best liveability results compared to Early-lay and Late-lay eggs. 

Data indicate that poults from Small and Early-lay eggs had the best weight gain at 7 days. 

Within a same-age group, poults hatched from large eggs have larger residual yolk sacs in 

terms of absolute gross and percentage of body weight. Egg size (Small vs. Large) did not 

have a significant effect on hatchability in Early-lay eggs of both phases, but did have 

significant effect on Mid-lay eggs of Phase I. Poults with early access to hatchling 

supplement (Novus Hatchling Supplement – Oasis ®) (Fed groups) recorded significantly 

better results in terms of body weight gain compared to poults reared under normal hatchery 

practices – no supplement (Unfed groups). 
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Thus, the key for successful early start, high liveability, and excellent performance is a 

balanced combination of pro-active incubation profiling and proper early feeding. This has a 

positive and significant impact on all age groups especially Early-lay eggs that are more 

prone to higher early mortality and poor early performance. 

 

4.2: Introduction 

4.2.1: Incubation, fertility, and hatchability 

Barnes et al. (1995) defined fertility in avian species as the capacity of either sex to initiate 

embryonic development, and is usually expressed as the percentage of live germs to settable 

eggs. A considerable number of factors affect fertility of birds, both males and females. 

Nutrition, physiological status, nutrient levels, antagonistic effects among feed ingredients 

and nutritional elements, age of the flock, health, breed, lighting and season are some 

examples and potentially the major contributing factors. 

 

The domestic turkey has been intensively bred for body size, growth rate, and feed 

efficiency, which has reduced their ability to mate naturally. Artificial Insemination (AI) 

techniques have been developed over the years to enhance and improve the fertility, 

hatchability, and quality of the semen. Lorenz (1970) cited a study done in the 1950s in 

which artificial insemination increased fertility from 59 % (natural mating) to 94 %. The 

commercial breeds presently used by the industry do not have the ability to mate, therefore 

AI is the only available technique, which is economically feasible because the turkey hens 

can store sperm cells for several days (Thurston & Korn, 1997). 
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Hatchability is defined as the capacity of the fertile egg to develop and hatch and it is 

expressed either as the ratio of poults hatched to fertile eggs transferred after candling - the 

hatchability of fertile eggs (HOF); or the ratio of poults hatched to the initial number of eggs 

set in the incubator (HOES) (Nixey & Grey, 1989). 

 

The turkey embryo requires approximately 28 days or 672 hours of incubation for its 

complete growth and development. However, turkey embryos can be hatched successfully 

within a range of 26.5 to 29.5 days or 636 to 732 hours of incubation (personal observation 

as hatchery manager). This includes a preconditioning period and ends at the time of take off 

or pull. According to Romanoff (1967), the hatch time for chickens can be extended for up to 

5 days or shortened by a full day for a range of 18 to 26 days compared to the 21 days which 

is the duration generally accepted by the industry. Within avian species, a longer embryonic 

development may have some benefits for the species such as, delayed senescence and 

prolonged life span. This suggestion was based on a relationship between the incubation 

length and the survival rate defined as the maximum possible life span (Ricklefs, 1991). 

 

Incubation is a complex process in which a viable embryo goes through various stages of 

growth and development (46 stages for the turkey) and emerges as a viable hatchling. 

Incubation and embryonic growth start from the time that the egg is laid. It has been shown 

that embryonic development starts even before the egg is laid (Gupta & Bakst, 1993; Bakst et 

al., 1997) and even though it slows down during the storage period, it never stops and 

continues until a viable hatchling emerges. Providing optimal environments right from the 

time eggs are collected will ensure considerably better results. 
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Incubation Profiling is a mixture of science and art along with a thorough understanding of 

mechanics of the incubators. An optimal incubation process ensures the success of a 

hatchling and consequently the success of the hatchery operations (Wineland et al., 2010; 

Krischeck et al., 2013). Incubation management can be defined as developing profiles that 

maximize hatchability results and ensure highest hatchling quality. Incubation profiling is the 

most important part of hatchery operations and the key to improve the survival success of 

hatchlings. 

 

An incubation period and its profile are affected by a number of factors such as: 

• Age of the eggs at setting; 

• Age of the flock; 

• Egg size; 

• Fertility average; 

• Type of incubators; 

• Incubation settings; 

• Season; 

• Take-off or pull time. 

 

In general, eggs produced during 5 – 20 weeks of lay (WOL) are considered as prime eggs 

with highest average fertility, hatchability and produce a higher percentage of saleable 

hatchlings with optimal yields. Eggs laid during the first 5 weeks of a cycle are known as 

early-lay eggs and have characteristics such as small size, significant variation in size, thick 
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shells, low hatchability and lower liveability of the hatchlings during the critical period or 

first 7 days after hatch. 

 

4.2.2: The T.H.A.T concept in Incubation Profiling: 

Temperature (T), Humidity (H), Airflow (A), and Turning (T) are the main variables of 

incubation while eggs are in setters. Any deviation from the normal ranges results in 

catastrophic results such as severe malformations and high embryonic mortality. The “THAT 

concept” holds true for both single and multi-stage incubation profiles and equipment. 

 

The period in the setter accounts for approximately 85 % of total incubation time and this is 

the period that embryonic cell division and development occurs. The Setter Period (TSP) is 

when the most vital and sensitive stages of embryonic development occur and during that 

period, a hatchery manager has much more control over incubation than during The Hatcher 

Period (THP). 

 

Turning of eggs is not essential after day 20 or after 480 hours of incubation for turkeys and 

day 16 or 384 hours for chickens. It seems that levelling the eggs to allow maximum airflow 

and transfer of heat is beneficial and results in improved hatchability (hatch of fertile) and 

even liveability of hatchlings (personal observation/experimentation, since year 2000). This 

also makes it easier for embryos to work with gravity to pip around the shell. 

 

A slight increase in temperature throughout the incubation period results in a shorter duration 

and, in contrast, a slight decrease in temperature has the opposite effect. It is extremely 
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important to consider the fact that any extreme or sudden change in temperature can be very 

destructive and damaging to the normal development of the embryos and may lead to 

embryonic mortality at different stages. The effect(s) of any change in temperature (or any 

other factor) is positively and strongly correlated to the stage of embryonic development or 

the incubation phase (Romanoff, 1962; Mroz et al., 2007; Krischeck et al., 2013). 

 

To create and calculate an effective incubation profile, a number of factors should be 

considered as follows: 

• Average fertility (true vs. hatchery fertility) 

• Age of the eggs at setting 

• Age of the flock (week of lay) 

• Strain 

• Season 

• Type of incubator 

• Quality and size of eggs 

• Proportion of floor eggs  

• Temperature 

• Humidity 

• Sufficiency of air flow 

• Turning sequence and frequency 

• Levels and balance of O2 and CO2  

• Health of the flock 

• Nutrition of the flock 
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Due to the fact that some of the aforementioned factors are not under the control of the 

hatchery and also that each set of eggs has its own specific characteristics, various incubation 

profiles need to be developed and implemented to maximize hatchability and hatchling 

quality. Incubation profile affect performance of poults after hatching (Wineland et al, 2010; 

Molenaar et al., 2011; Yalcin et al., 2012; Krischeck et al., 2013). 

 

4.2.3: Early posthatch life and early feeding 

Turkey poults tend to start slowly and often do not immediately begin to eat and drink on 

their own. Lightweight poults (early lay or from small eggs) are especially susceptible 

(Dibner et al., 1998). Domestic fowl chicks seem to have more developed feeding skills 

during the first few hours compared to turkey poults (personal observation as hatchery 

manager).  

 

The critical period is considered as the first few days after hatch (Ferket and Uni, 2002), 

which has a significant importance for the immediate and future success of the hatchlings. 

This is the period of nutritional transition from yolk reserves (or lipid based) to external 

resources, and physiological adjustments to the new environment. During this critical period 

“nutritional programming” occurs. Lucas (1999) describes “nutritional programming” as 

what is fed or not fed during a critical or sensitive period of development which may 

program the lifelong structure or function of the animal. The programming period is 

generally early in fetal life or in the early neonatal period.  
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The yolk reserve contains a considerable amount of fat and protein, which is engulfed into 

the abdominal cavity during the late stages of embryonic development and is accounted as 

the sole source of nutrients during the transition period until replaced with the exogenous 

nutrients after hatch (Romanoff, 1960; Noy and Sklan, 1998). The yolk sac is the major 

source for providing required nutrients and energy to the hatchling, especially during the first 

48 hours posthatch (Noy and Sklan, 1999). During incubation, the yolk provides the main 

metabolites to the growing embryo through circulation and the gastrointestinal tract. The 

latter occurs close to hatch and during the early posthatch life (Noy & Sklan, 1998). During 

the first 48 hours after hatching, the rate of proliferation of crypt cells in all regions reaches 

to a plateau of 50–60 %, but in starved poults the proportion is lower (Noy et al., 2001). 

According to Ding et al., (1995) during the course of incubation, the total yolk lipids 

decrease by about 80 %. 

 

The rapid transition from embryonic nutrition to exogenous sources for neonatal nutrition in 

regarded as a transition from yolk lipid as energy source to dietary carbohydrate, and has 

been reported to alter glucogenic metabolism (Moran 1990; Donaldson et al., 1992; Warriss 

et al., 1992; Oliviera et al., 2013). 

 

Delayed access to feed and water has negative effects on the performance of the hatchlings, 

which may result in weight loss that may persist through marketing age (Fanguy et al., 1980; 

Hager & Beanc, 1983; Vieira & Moran, 1999b; Noy et al., 2001; Halevy et al, 2003; Noy and 

Uni, 2009; Huffman et al., 2012). Noy and Sklan (1999) reported that body weight of chicks 

without access to feed decreased by 7.8 % or equivalent to 5.3 Kcal/45 g chick per day and 
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regardless of the nutritional status, the small intestine increased in weight and its protein 

content by 80 %. Fed chicks grew by 5 g and used 4.5 Kcal/day for maintenance and their 

small intestine increased by 110 %. A 54 hours delay in access to feed and water resulted in 

significant retardation of gastrointestinal tract development (Corless and Sell, 1999). The 

growth and development of gastrointestinal tract is necessary for enabling the avian neonates 

for efficient to utilize available nutrients efficiently. 

 

According to Noy et al (1996) the assimilation and use of yolk is retarded in chicks with 

delayed access to feed and water, possibly due to a reduction in intestinal motility. Dibner 

(1999) reported that the maturation of the enzymatic system in which controls metabolism 

and development of the immune system, is retarded in malnourished or chicks with delayed 

access to feed. Starvation during immediate posthatch period reprograms muscle size and 

protein synthesis rate of unfed birds is not the same as of fed levels, 48 hours after refeeding 

(Yaman et al., 2000; Huffman et al., 2012). Early acees to feed affects satellite cell 

proliferation and consequently growth of the birds after hatch (Halevy et al., 2003). 

 

4.3: Hypothesis and objectives  

The hypotheses of this project were set out as: 

1. The egg size hence the poult size has a significant effect on hatchability and survival 

rate of hatchling of early-lay eggs. 

2. Early feeding has a significant effect on early posthatch liveability of the poults and 

early access to feed supplement results in improved body weight gain at day 7 of 

brooding by improving absorption rate of residual yolk. 
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To test these hypothesis the following specific objectives were established: 

4. To investigate differences in fertility and hatchability between Early-lay and 

Mid-lay egg: small versus large eggs. 

5. To investigate differences in body weight gain between poults hatched from 

small and large eggs of Early and Midlay eggs. 

6. To investigate the differences in posthatch liveability between poults from small 

and large eggs fed and unfed early supplement. 

 

4.4: Materials and methods 
 
4.4.1: Animals and experimental paradigm 

For each experiment on Phase I (flock 1 – two experiments), a total of 3,456 eggs were 

selected randomly and candled into two groups as small (< 80 g)  and large (> 80 g) eggs. 

The eggs came from a Hybrid flock (heavy line).  

 

All eggs were set in a Robbins incubator (model H-10, single stage) for a 672 hours period of 

incubation. Eggs were weighed at the time of traying, day 7, day 14, transfer and take off. 

 

Fertility was calculated as the number of fertile eggs in the group divided by the total number 

of eggs in that group. The HOES was calculated as the number of poults hatched in the group 

divided by the total number of eggs set in that group. The HOF was calculated as the number 

of poults hatched in the group divided by the number of fertile eggs in that group as 

calculated on the 14th day. 
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Fertility checks were conducted for all eggs at day 7 and 14. All unhatched eggs were broken 

for examination. All hatched poults were counted, weighed, and then kept separately based 

on their treatment and group: Small and Large. Each group (Small and Large) was randomly 

divided into two subgroups as FED and UNFED. Each subgroup was further divided in 3 

sub-subgroups (n=3 replicates) to be placed in their respective brooding rings at placement. 

FED groups received Novus Hatchling Supplement (NHS) called  “Oasis” right after take off 

(100 g for 100 poults). UNFED groups did not receive any supplement in the hatchery or 

during the period of observations for this project. This NHS is a distinctive green colour and 

comes in the form of granules. It is manufactured based on the formulation developed by 

Novus International (proprietary formulation). 

 

In order to control for external factors such as seasonal effect, the experiment was performed 

in two different phases with each phase contributing both early-lay and mid-lay eggs. That is, 

phase I (flock 1) took place in December 2003 (early-lay, Phase I-A) and March 2004 (mid-

lay Phase I-B) and phase II (flock 2) took place in June 2004 (early-lay; Phase I-B) and 

December 2004 (mid-lay; Phase II-B).  

 

Overall, Phase II was an exact replica of Phase I, except that the total number of eggs set was 

increased to 5,760 to increase the number of samples that were used to further test amnion 

volumes during incubation (see previous chapters for detail). 
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4.4.2 Statistical Analysis 

All statistical analyses were performed on SAS version 8.2. All tests were performed at a 5 % 

significance level. Two-way ANOVA followed by Wilcoxon post-hoc tests were perfomed 

for comparison of results. 

 

4.5: Results 

4.5.1: Fertility 

As expected from previous chapters, in terms of absolute numbers, fertility was higher at the 

beginning of the production cycle and declined over time. 

Statistical analysis revealed that small size eggs had significantly (P < 0.05) higher fertility 

than larger eggs for Phase I-A (early-lay) only. No significant difference in fertility was 

found between small and large eggs for Phase I-B (Mid-lay) or for early-lay or mid-lay eggs 

of Phase II. This lack of statistical difference is evident from the fact that the difference in the 

estimated proportion is close to 5 % in early lay of Phase I but is close to 2 % in the other 

three. 

 

4.5.2: Hatchability 

Hatchability declined as the age of the flock increased. Early-lay eggs, in both phases, had 

higher HOES compared to Mid-lay eggs. In each phase, Early-lay eggs recorded higher 

Hatch of Fertile (HOF) compared to Mid-lay eggs although this difference was marginal (P < 

0.10) for Phase I and significant (P < 0.05) for Phase II. Both HOES and HOF declined from 

early stage towards Mid-lay stage (Table 4.1 and Figure 4.1). 

4.5.3: Poults weight and survival at hatch 
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In Phase I, as expected, the Mid-lay poults had the best range for egg weight loss and yield. 

In Phase II, due to poor incubation and hatch management, the results were sub-optimal, 

which further shows that incubation management plays a key role in a successful profile. 

However, as expected, poult weight was lower for Early-lay eggs and the poult weight and 

size increased as the age of the flock increased. 

 

4.5.4: Effect of early feeding on poult growth and survival 
 
 
The objective of these analyses was to find whether the mortality differed significantly when 

poults were fed with recommended level of Oasis® (NHS – Novus Hatchling Supplement) in 

addition to the normal ration level (FED vs. UNFED). The first seven days of brooding or 

early brooding is considered the critical period for poults and chicks in terms of both 

morbidity and mortality rates. As illustrated in table 4.2, in Phase I-B poults had a 

significantly better liveability rates compared to Early-lay poults (Phase I-A).  

 

In Early-lay, the Small-Fed (SF) group had the best liveability results while the Large-Fed 

(LF) had the worst. In Phase I-B or Mid-lay, Large-Fed (LF) had the best result at 100 % 

liveability and Large-Unfed performed the worst, but still at the rate of 98.33 % (1.67 % 

mortality). Similar results were observed in Phase II with the LF of Early-lay displaying the 

highest mortality, and both Small groups (fed and unfed) having lower mortality than the 

Large groups. Overall, Phase II-B had the worst liveability, hatchability, and yield mainly 

due to a management change and improper incubation. For this part, unlike Phase I, Mid-lay 

eggs recorded inferior liveability that was significantly under optimal ranges.  
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To investigate whether the size of the eggs interacted with the feeding condition of the 

poults, a two-way ANOVA was performed with two levels of egg size (small and large) and 

two levels of feeding (Fed and Unfed). Results show that there is no significant interaction 

between feeding condition and egg size for any of the four analyses. However,  feeding 

significantly  (P < 0.01) improved weight gain in Mid-lay poults from Phase I. This effect of 

feeding was  not seen anywhere else, and could be due to the fact that there are many zeros in 

the data set when oasis is fed to the poults (Table 4.2). Nonetheless, overall Fed groups had 

the best results. 

 

Early lay of Phase II shows a significant (P < 0.05) effect of egg size. However,  no 

significant effect of feeding is found in any of the tests performed in both early-lay and mid-

lay. 

  

4.5.5: Yolk sac reserve 

As illustrated in Table 5.3, there are significant variations in absolute and percentage of yolk 

sac reserves for both groups in both phases. The average yolk weight was lower for early 

compared to mid-lay poults (Table 4.1 and Figure 4.5). In both phases, mid-lay groups had 

larger reserves compared to early-lay groups (p < 0.05). The data does not support a 

significant correlation between the egg size and yolk weight amongst the groups in this 

study. 
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4.5.6: Body weight gain at one week of age  

The third objective of the analyses was to find if the change of weight on the 7th day after 

hatch was significantly different when compared to the 1st day after hatch. Surprisingly, body 

weight gain of Early SF in both phases was very high at 142.53 % and 147.80 % for Phase 1 

and 2, respectively. Overall, Small eggs groups did better than Large egg groups and FED 

groups were significantly superior to UNFED groups in both phases. 

 

The ANOVA results show that there exists a significant effect of feeding for both early-lay 

and mid-lay of phase I and phase II (P < 0.01). Although a significant effect of egg size was 

detected in both early-lay and mid-lay of phase II (P < 0.05), the effect was only marginal (P 

< 0.10) for Phase I-A and non significant for Phase I-B.  

 

After Wilcoxon tests were performed on both phases, a significant effect was detected only 

for the feeding treatment (P < 0.05). The interaction between egg size and feeding treatments 

was significant for both early-lay and mid-lay in Phase II but not for Phase I (Table 4.2). 

Generally, poults with smaller yolk reserves had larger body size and percentage of body 

weight compared to the ones with very large yolk reserves.  

 

The fourth objective of the analyses was to find if the feeding treatment and the size of egg 

contributed significantly to observed differences in the residual yolk weight for both phases 

and both early-lay and mid-lay eggs. After ANOVA analyses, significant differences were 

found between fed and unfed poults for both small and large size eggs. As the sample size 

was sufficiently large in each group, T-tests were performed as post-hoc. Results from 
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ANOVA show that egg size does not have a significant effect on residual yolk reserve for 

early-lay of both phases and Phase II-B, but has for Phase I-B (P < 0.01). Close inspection of 

the data reveals that the large sized eggs have high values of residual yolk weight in Phase I-

B which is not the case in any of the other phases.  

 

No interaction between feeding treatment and egg size was observed. However, feeding 

treatment significantly impacts yolk reserve for Phase I-B and Phase II-A (P < 0.05) while it 

has a marginal effect for Phase II-B (P < 0.10). 

 

After t-tests analyses, there was no significant effect of the feeding treatment on small or 

large eggs for Phase I-A. Similar results were found for Phase I-B although a marginal  

difference was noticed for large eggs (P < 0.10). Conversely, when t-tests were performed on 

data collected in phase II it was found that there were significant effects of feeding treatment 

on poults from large (P < 0.05) as well as small eggs (P < 0.01) for Phase II-A but not II-B. 

 

4.6: Discussion 

Fertility average was higher in the beginning and especially during the early-lay compared to 

mid-lay and late-lay period, which was expected and discussed in previous chapters. 

Hatchability, in terms of both HOES and HOF, declined as the age of the flock went up. This 

was, once again, expected based on the discussions in the previous chapters. 

 

There was no significant correlation between fertility and egg size. The results show that, in 

general, smaller eggs especially early-lays have higher embryonic mortality compared to 
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eggs laid during mid-lay or prime period of a flock. This could be attributed to a variety of 

reasons such as shell conductance, thermoregulation and incubation environment, gas 

exchange, embryonic development, and nutritional status of the egg. The results of this 

project confirm that proactive incubation profiling is the key for improving results both in 

terms of hatchability and early liveability. Comparison of results from mid-lay of flock 1 

(Phase I-B where proactive incubation profile was implemented) and mid-lay of flock 2 

(Phase II-B, where proactive profile was not used) clearly indicates the importance of 

advanced and proactive incubation profile in pre- and post-hatch success of embryos and 

hatchlings. 

 

Under constant incubation temperatures, the differences in duration of incubation is very 

small in part due to the timing of hatch relative to the development mode of embryo rather 

than variation in the growth rate of embryos (Starck and Ricklefs, 1998; Krischek et al., 

2013). Variation in the hatching period related to the genetic component in domestic fowl is 

less than 1 %; this level indicates that the embryonic growth is highly constrained and most 

of the genetic variation for the incubation duration has been removed from the population by 

selection. According to Starck and Ricklefs (1998) “in mathematical sense, the length of 

incubation period is determined by the growth rate of the embryo and the size of neonate”.  

 

Among most avian species, growth parameters are correlated to egg size and incubation 

duration and are not dependent on the precocity of the embryo (Starck and Ricklefs, 1998). 

Selective forces favour shorter incubation periods and more rapid embryonic growth and 

development. In natural habitats this may include the following factors: 
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• Time dependent mortality from predators; 

• Unseasonal weather; 

• Sibling competition; 

• Constraints imposed by length of breeding season; 

• Stresses and dangers of reproductive activities for adults; 

 

Early-lay eggs are considered to be under-performing in terms of hatchability and early 

liveability (Mroz & Orlowska, 2009). Usually, Early-lay eggs are estimated at 68-75 % 

HOES and 80–87 % HOF. The results of both Phase I-A and II-A (early-lays) clearly 

indicate the importance of proactive profiling for successful hatch and liveability results of 

early-lay eggs and poults. Regarding mortality results, Small and Fed groups recorded 

significantly better results compared to Small and Unfed. Large-Fed group had worse results 

compared to Large-Unfed in early-lays of both phases.  

 

In mid-lays, Large-Fed groups had the best results in both phases. It can be concluded that 

the Small-Fed groups, especially early-lays, benefited the most from early feeding and 

recorded the best results. As an explanation, one may consider the development of the 

gastrointestinal tract, its absorption capacity, and the development and physiological status of 

other systems such as the cardio-vascular system that may affect the final results. 

 

The fact that Large-Feds of early-lay periods did not do that well in terms of liveability 

requires more in-depth investigation. The higher mortality of the early Large-Fed group 

could be related to their yolk reserve together with the aforementioned physiological and 
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developmental parameters. Large-Fed groups in all phases showed a higher consumption rate 

and finished their available feed in a shorter period compared to other groups. This might be 

another area to be investigated. 

 

A potentially more meaningful explanation would be digestion capabilities of early Large-

Fed compared to other groups. It could be concluded that the digestion system of early 

Large-Feds was not capable of coping with the growth rate, physiological and nutritional 

demands of the hatchlings. In other words, the growth trajectories of body tissues (and 

organs) and intestinal tract were different. There are other potential factors to consider under 

this topic such as failure of specific and essential organs like heart, kidneys, or liver. There 

might be a combination of various factors that resulted in higher mortality for early Large-

Fed poults. Large-Fed of mid-lays recorded the best results in both phases. So it can be 

concluded that it is related to the age of the hens. As mentioned, this was not an issue for 

Small-Fed groups. 

 

As mentionned above, the viability and survival chances of a hatchling are under direct 

influence of several factors such as digestive capabilities of the gastrointestinal tract to utilize 

nutrients from external sources and the ability of the hatchling to survive by using the 

nutrients available in the residual yolk. Uni & Ferket (2002) concluded that the viability and 

development of the late-term embryo and neonate is under the influence of some nutritional 

limitations during embryonic transition. The first would be the limited nutrients in the egg, 

which has a considerable variation that might affect the individuals. The other issue is the 
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digestive and utilization capabilities of the gastrointestinal tract especially with regard to 

exogenous sources rich in carbohydrates and proteins (Noy and Uni, 2009). 

 

According to Noy and Sklan (1999) at the time of hatch, the small intestine has the capacity 

to absorb carbohydrates and amino acids. However, the uptake may be dependent upon the 

development of appropriate circumstances, including adequate pancreatic and brush border 

enzymes for digestion and ample sodium for function of glucose-sodium co-transporters. 

Nitsan et al. (1991) concluded that the level of activity of pancreatic lipase is considered to 

be a limiting factor in young poultry for digesting certain dietary fats. Marcholm and Kulka 

(1967) reported that pancreatic enzymes are present in the intestine of the embryos at late 

stages of embryonic development. In the hatching bird, the yolk contains 1.6 g protein, 

almost all of which disappears by day 4 after hatch. This protein may be source for the amino 

acids required for the preferential gastrointestinal growth observed in all newly hatched 

chicks, including chicks that had no access to feed. According to Corless and Sell (1999) the 

combination of gastrointestinal tract developmental stage and associated production of 

digestive enzymes might be the limiting factors affecting posthatch growth. Corless and Sell 

(1999) suggested that poults may have the ability to control the withdrawal rate of selective 

nutrients from the yolk during fasting. Noy and Sklan (1997) concluded that feed intake 

affect the utilization of yolk through enhancement of yolk transport to the gastrointestinal 

tract under influence of increased motility and activity of the gastrointestinal tract after 

digestion of feed and water. 
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Some effects of nutritional programming may be instantaneous, such as failure to stimulate 

growth of brain cells during early life that results in long-term effects on the animal over its 

lifetime. The inability of fasted birds to catch up in either gastrointestinal weight or total 

body weight after a week of ad libitum feeding could be accounted as an example of 

nutritional programming similar to that observed in the rat (Snoek et al., 1990). Here, 

complex physiological pathways (i.e. hormones, organ development, and nervous system) are 

involved. According to Nitsan (1995) there is a strong correlation between broiler body 

weights in the first 6 days with final body weight at 6–7 weeks, which gives a strong proof of 

the importance of a good start to good overall performance in commercial broilers. From 

hatch to market age of 40 to 42 days, modern lines of broilers show a 50-60 fold weight 

increase (North and Bell, 1990). That means the critical period is a significant portion of the 

growing period and this puts even more importance on this period. Turkey poults show a 2-3 

fold weight increase within the first 7 days and potentially a 300+ fold weight increase 

during the growing period (heavy males). 

 

The adverse effects of delayed access to feed and water on body weight of turkeys are 

reported for up to 28 days of age by Corless and Sell (1999). According to the same 

reference, the absolute weights of small intestine and pancreas along with the length of small 

intestine were reduced at day 5 of posthatch life. In relation to body weight, proventriculus, 

gizzard, and small intestine show a significantly higher weight increase compared to other 

organs and tissues (Uni & Ferket., 2003).  Similarly, according to Moran (1978), a 24-hour 

deprivation period resulted in reduced body weight for up to 14 weeks of age. Deprivation 

for 48 hours resulted in reduced uptake of yolk and greater yolk weights compared to poults 
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with immediate access to feed and water (Moran & Reinhart 1980; Moran 1989; Pinchasov 

& Noy 1993). According to Siddons (1972), at day 16 in chickens, feed deprivation for 72 

hours posthatch resulted in lower total activities of all disaccharides (maltase, sucrase, 

isomaltase and palmatase) in the small intestine compared to those with no access for 24 

hours. The mortality rate observed due to starvation may continue even after access to feed, 

water, and may persist for a few days. 

 

During the first 10 days posthatch, the pancreas shows the fastest growth rate in poults 

(Phelps et al., 1987a). According to Corless and Sell (1999) delayed access to feed and water 

adversely affected the absolute pancreas weight and due to the fact that digestive enzyme 

activity in the pancreas is highly correlated to its weight, then it can be concluded that 

changes in pancreas weight might represent change in digestive capability. Amylase activity 

generally increases with age (Krogduhl and Sell 1989; Sell et al., 1991). Corless and Sell 

(1999) reported that amylase activity was highest in poults with delayed access to feed and 

water.  

 

“The concentrations of triiodothronine (T3) in plasma were depressed in starved poults, but 

increased after feeding” (Noy et al., 2001). Klandorf and Harvey (1985) reported that a 

significant and linear correlation exists between plasma triiodothronine and feed intake. 

According to Oppenheimer et al. (1987) triiodothronine (T3) plays a major role in oxidative 

metabolism. It also stimulates the crypt cell proliferation and mucosal thickness in rats.  
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Inaccessibility of glucose from carbohydrate sources and increased dependence of newly 

hatched chicks on fat for energy leads to progressive ketosis (Best, 1966). Under conditions 

where energy is restricted, the embryo preferentially allocates energy to maintenance at the 

expense of growth (Ricklefs, et al., 1998), which may lead to weight loss and retardation of 

development of critical tissues such as muscle and intestine (Uni & Ferket, 2002). 

 

Fed groups outperformed Unfed groups in terms of body weight gain. It can be concluded 

that early feeding enhanced digestive capabilities of the FED poults, which in turn resulted in 

significant improvement of their performance. Body weight gains of Fed groups, both in 

terms of absolute and percentage, were significantly better than Unfed groups. Smaller poults 

(Small-Fed) and especially early-lays benefited the most from combination of a proactive 

incubation profile and early feeding. 

 

4.7: Conclusions 

The results indicate that egg size is an important factor with direct effects on hatchability, 

during the first few weeks of the production (early-lay) compared to the eggs laid in the later 

stage of the cycle or mid-lay.  

 

Fertility increases sharply during the first weeks (week 1-2) and then gradually declines. 

Hatchability is highest during the mid-lay period, but applying a pro-active incubation profile 

has a major impact and can improve the results of early-lay eggs including their early 

posthatch liveability results. 
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Early access to feed supplement has beneficial effects in terms of liveability, however the 

hatchling size plays a major role that needs to be investigated, and better understood. Our 

results indicate the early access to feed supplements resulted in significantly better body 

weight gain at day 7 and improved yolk absorption rate. 

 

In conclusion, incubation profiling plays a key role in the success of embryos during the 

incubation period and their posthatch life. The combination of proactive and advanced 

incubation profiling and proper early feeding results in the best outcomes in terms of 

hatchability, liveability, and finally body weight gain. 

 

It would be very interesting to study the effects of yolk reserve at hatching on the liveability 

of hatchlings. 

  



 

  
 

123 
 

Figure 4.1: Comparison Fertility, HOES, HOF, and Yield 

 

 
 

I-AS: Phase I-A (Small eggs)  

I-AL: Phase I-A (Large eggs) 

I-BS: Phase I-B (Small eggs) 

I-BL: Phase I-B (Large eggs) 

II-AS: Phase II-A (Small eggs) 

II-AL: Phase II-A (Large eggs) 

II-BS: Phase II-B (Small eggs) 

II-BL: Phase II-B (Large eggs) 

HOES: Hatch of Eggs Set 

HOF: Hatch of Fertile 

YIELD: Chick Yield (compared to initial egg weight at setting) 
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Table 4.1: Comparison of hatch results, and poult and yolk weights (mean + S.D.)for Phae I 

and II 

Phase Treat Groups Fertility% HOES % HOF % Yield % 
Poult weight 

g. 
Yolk Weight 

g. 
I-A Early-lay Small 92.90 89.69 96.51 66.78 50.39±3.01 4.27±1.35 
I-A   Large 88.77 87.03 98.04 69.03 56.95±2.88 a 5.17±1.26 
I-B Midlay Small 89.53 84.23 94.07 70.30 63.05±4.59 8.16±2.02 
I-B   Large 92.41 85.71 92.75 69.52 66.35±2.88 b 7.52±1.77 
II-A Early-lay Small 93.65 86.15 91.99 66.70 49.03±3.72 4.50±1.08 
II-A   Large 94.55 85.28 90.19 67.30 54.72±3.50 c 5.02±1.30 
II-B Midlay Small 87.50 75.66 86.47 63.36 56.83±5.14 6.57±2.72 
II-B   Large 89.86 79.72 88.72 63.03 59.75±3.27 6.31±1.93 
 

Values with differenet superscript letters (a, b, c, d, …) within clumns are significantly 
differnet at P <0.05. 
 

 
Table 4.2: Comparisons of body weight change (mean + S.D.)and mortality at day 1 and day 
7. 
 

Phase Treatment TO weight(g) D7 weight (g)  W C perc     Mortality % 

I-A 

Small - Fed 54.53±3.18 132.25±3.73 a 142.53±0.07 2.00 
Small - Unfed 54.53±3.18 103.33±5.06 89.50±0.09 3.67 a 
Large - Fed 56.73±3.35 133.33±8.84 b 136.53±0.16 8.33 b 
Large - Unfed 56.73±3.35 127.08±1.63 125.44±0.03 2.67 

I-B 

Small - Fed 62.20±3.29 136.17±7.29 c 118.92±0.12 0.33 
Small - Unfed 62.20±3.29 122.83±3.79 97.48±0.06 1.00 c 
Large - Fed 67.49±3.85 140.25±2.83 d 107.81±0.04 0.00 
Large - Unfed 67.49±3.85 133.79±3.32 98.24±0.05 1.67 d 

       

II-A 

Small - Fed 48.46±3.89 120.08±6.74 a 147.80±0.14 3.67 
Small - Unfed 48.46±3.89 99.88±1.50 106.01±0.04 3.00 
Large - Fed 53.72±3.14 128.25±1.65 b 138.74±0.03 6.00 a 
Large - Unfed 53.72±3.14 120.21±0.63 123.77±0.01 4.33 

II-B 

Small - Fed 56.62±3.22 133.41±1.34 c 135.62±0.02 5.67 
Small - Unfed 56.62±3.22 127.28±2.72 124.80±0.05 9.00 b 
Large - Fed 57.93±4.77 135.30±0.85 133.56±0.01 3.33 
Large - Unfed 57.93±4.77 134.40±1.48 132.00±0.03 5.00 c 

 

Values with differenet superscript letters (a, b, c, d, …) within clumns are significantly 
differnet at P <0.05. 
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Table 4.3: comparison of body weight, yolk weight (mean + S.D.) and respective range 
weights and percentages for Phase I and II. 
 

Phase Groups Poult 
Weight (g) 

Yolk 
Weight(g) 

Yolk % to 
BW 

Yolk Weight 
range (g) Yolk % range 

 
I-A 

small 50.39±3.01 4.27±1.35 8.46±0.02 2.1 - 7.0 4.32 - 13.23 
Large 56.95±2.88 a 5.17±1.26 9.08±0.02 3.1 - 7.6 4.98 - 13.50 

I-B 
small 63.05±4.59 8.16±2.02 12.94±0.03 5.3 - 12.1 7.03 - 16.37 
Large 66.35±2.88 b 7.52±1.77 11.33±0.02 5.3 - 11.5 8.0 - 16.02 

II-A 
small 49.03±3.72 4.50±1.08 9.18±0.02 1.9 - 7.1 5.68 - 11.35 
Large 54.72±3.50 c 5.02±1.30 9.17±0.02 2.4 - 7.4 4.93 - 14.83 

II-B 
small 56.83±5.14 6.57±2.72 11.52±0.04 2.12 - 12.1 4.26 - 18.33 
Large 59.75±3.27 6.31±1.93 10.57±0.03 2.14 - 9.83 3.83 - 17.01 

 
Values with differenet superscript letters (a, b, c, d, …) within clumns are significantly 
differnet at P <0.05. 
  



 

  
 

126 
 

Chapter 5: 

Effects of early feeding on poult feeding behaviour. 

 

5.1: Abstract 

Turkey poults, especially when hatched from early lay eggs (week 1 – 5 of laying), have a 

slow start and high mortality compared to poults hatched from mid-lay (week 6 – 18 of lay) 

eggs. For this project, we decided to investigate the effects and benefits of introducing 

hatchling supplement on feeding behavior of poults during the first week posthatch. Eggs 

were collected from a heavy line of Hybrid turkeys at early and mid-laying period, divided in 

groups of small (< 80 g) and large (> 80 g) at setting, and then either exposed to hatchling 

supplement (Novus® Hatchling Supplement – Oasis®) at hatch in the hatchery (FED) and 

brooding barn or without supplement (UNFED). 

 

Early exposure to feed and in this case hatchling supplement had a significant effect on early 

feeding behaviour. Poults exposed to Oasis after hatch visited feeders significantly more 

often (|P < 0.05) and for longer duration than the ones with no Oasis. FED poults had better 

weight gain and performed more synchronized feeding, resting and drinking behaviour 

compared to UNFED poults. Foraging activity was affected by time of day or potentially the 

time of feeding. Observations indicated that 3 pm, one hour after introduction of fresh feed 

and hatchling supplement, was the peak for visiting feeders and consumption of feed (feed 

disappearance from the feeders).  

 

Overall, small poults (hatched from smaller eggs) had a higher number of visits to the feeders 

compared to large poults (hatched from larger eggs). Although data and observations do not 
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support a correlation between number of visits and body weight gain percentage, there 

appeared to be a correlation between the number of visits and the liveability of poults (p< 

0.05). 

 

5.2: Introduction 

Feeding behaviour has a major innate component, however, it is obvious that in hatchlings 

this behaviour improves significantly over the first few hours and days after hatch. The 

innate component of the behaviour is essential for the survival of the hatchlings from 

precocial species. This is especially true during the critical first week of life, but practicing or 

performing the behaviour helps hatchlings learn and perfect their feeding and foraging skills.  

 

Behaviour of an animal can be analyzed and investigated under ontogeny, function, 

phylogeny and causation (Tinbergen, 1963). In this project, the primary focus was on the 

functional aspect of the behaviour or “the beneficial consequences of behaviour, which 

confer an increase in reproductive success on the possessor’s genotype” (Duncan, 1995).  

 

Early exposure to feed may act as a positive stimulant that triggers hatchlings early learning, 

which in turn improves success chances and/or fitness of the animals. This could be 

categorized under function. The sight of the feed and possibly the smell are motivating  

stimuli contributing to the causation of feeding. Early experience and early learning has 

received significant attention in ontogenic research (Andrew 1966; Lill, 1968).  
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According to Nicol and Pope (1996), social learning may be important in the acquisition of 

behaviour in gallinaceous birds. This could be a critical issue to consider when investigating 

early feeding in turkeys. Most, if not all, brooding farms use brooding rings for the first 6-8 

days after placement that may hold between 400 and 2,000 poults. Obviously, this enhances 

social interactions and learning amongst the hatchlings. Nicol and Pope (1992, 1993 & 1994) 

concluded that prior observation (or early learning) of a trained conspecific demonstrator 

facilitates the acquisition of an operant task in domestic hens (Gallus gallus domesticus).  

 

Panning (1995) studied the role of mother turkey but could not find any indication that it 

stimulates poults to feed. Raising poults in the absence of a mother resulted in lack of 

synchronization in their rest (Duncan, 1995), and Panning (1995) thus speculated that the 

mother turkey might stimulate synchronized resting. Synchronized resting might be 

important for conserving energy in poults until neural brain circuits matured and switched on 

feeding behaviour (Panning, 1995).  

 

Some socially acquired preferences are known to result in stable cultural traditions i.e. 

feeding behaviour (Lynch 1987; Laland and Plotkin, 1992). In principle, social learning can 

result in the cultural transmissions of new behaviour patterns within a population (Boyd and 

Richercorn 1988; Galef, 1992). Social facilitation may occur during hatching in some species 

(Vince 1964). In Certain Gallinaceus birds, such as Japanese quail, synchronous hatching is 

due partly to auditory stimuli. Olfactory cues can be very important in communicating 

information about advertising food source, either by attracting the early foragers or 

communicating to other members of the foraging group. Quality of food, quantity of food, 
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food experience and dispersion of food items have significant effects on food calling 

(Wauters & Richard-Yris, 2003). 

 

Time of the day may have an impact on the behaviour of the birds as well. Behavioural 

observations (in chickens) show that there is a time effect in pecking at the feeder and 

foraging and it has been shown that a peak in foraging activities and eating occurs towards 

the end of the light period (Savory et al., 1978).  

 

5.3: Hypotheses and objectives 

5.3.1: The hypotheses of this study were set out as follow: 

1. Time of the day has a positive effect on foraging behaviour of the poults measured by 

number of visits to the feeders; 

2. Poult size (Small vs. Large) and early exposure to feed affect the foraging behaviour 

of the poults measured by number of visits to feeders.  

3. Enhanced foraging activity in terms of higher number of visits to feeders improves 

liveability during the critical first 7 days.  

 

5.3.2: Objectives: 

1. To investigate the effects of early exposure to feed on foraging/feeding behaviour in 

terms of frequency of visiting feeders. 

2. To investigate the effects of improved foraging/feeding behaviour on body weight 

gain and liveability during the critical first 7 days. 
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5.4: Materials and methods 

In order to control for external factors such as seasonal effect, the experiment was performed 

in two different phases with each phase contributing both early-lay and mid-lay eggs to the 

results. Phase I (flock 1) took place in December 2003 (early-lay) and March 2004 (mid-lay) 

and phase II (flock 2) took place in June 2004 (early-lay) and December 2004 (mid-lay).  

 

5.4.1: Experimental design – Eggs: 

Eggs for each experiment were selected randomly as described in chapter 4 except the total 

number of eggs set was increased to 4,032 to ensure enough samples are available at the time 

of hatch. Eggs were candled into two groups as small (< 80 g) and large (> 80 g) eggs. Eggs 

were from a flock of Hybrid turkeys (heavy line).  

All eggs were set in Robbins incubator (H-10) for the period of incubation – 672 hours.  

 

5.4.2: Experimental design – Animals and housing: 

All hatched poults were counted, weighed, and then kept separately based on their treatment 

and group: Small and Large. Each group of Small and Large eggs was randomly divided into 

two subgroups as FED and UNFED. Each group was further subdivided into 3 sub-subgroups 

(n=3) to be placed in their respective brooding rings at placement. FED groups received 

Novus Hatchling Supplement (NHS) “Oasis” right after take off (100 g for 100 poults) in the 

poult baskets (contain 100 poults for delivery to farms) . UNFED group did not receive any 

supplement in the hatchery or during the period of observations for this project (Figure 5.1).  

A total of 1200 poults (600 Small and 600 Large) were allocated into treatment 

(Small/Fed:SF, Small/Unfed:SU, Large/Fed:LF and Large/Unfed:LU, 300 poults each) with 
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100 per brooding ring (three rings per treatment group). All poults were weighed at hatch and 

then again on day 7 of placement for calculating body weight change. 

 

All treatments received the normal ration produced by Cold Springs Farm feed mill based on 

the guidelines of Hybrid Turkeys for the specific heavy line strain. For the FED groups, the 

hatchling supplement was introduced right after Take-Off in the hatcher rooms and in the 

poult transport boxes. All poults were placed at noon of hatch day. The brooding space was 

divided in 3 main (large) brooding rings; each divided in 4 sections with equal floor space, 

two feeders, 2 drinkers and 1 brooder heater for each large or main ring. Each main brooding 

ring held 400 poults, 100 per treatment in their specific and separated sub-ring (Figure 5.1). 

All poults were fed at 2 pm, but the FED groups received an additional 100 g (50 g per feeder 

or 1 g per poult per day) of Novus Hatchling Supplement® (Oasis ®).  

 

The analysis concentrated on the foraging behaviour of the poults on days 1, 2, 3, 5 and 7 

after placement of fresh feed in feeders. This was done by visually observing and counting 

the number of poults visiting the feeder on the aforementioned 5 observation days. Two sets 

of observations were taken for each treatment at each time, where one was observed from 

close to the feeder (feeder 1) one from farther away from the feeder (feeder 2). Observations 

were collected at three different times, which were 2 PM, 3 PM, and 4 PM on each of the 

observation days. 
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The lighting program was based on the guidelines of Hybrid Turkeys program for heavy 

lines. It consisted of 24L:0D for the first 2 days at 40-50 lux intensity, and then reduced to 

22L:2D for days 3 to 5, and 18L:6D until day 7. 

 

5.4.3: Statistical Analysis: 

Data were analysed by ANOVA followed by multiple post-hoc comparison tests. Bonferroni 

adjustment was used to avoid type I error if the factor had fewer 5 levels. All the statistical 

tests were performed with a 5 % confidence level.  

The feeding behaviour was also analysed to see if there were significant differences between  

small eggs and large eggs. This was done using a t-test with unequal variance.  

 

5.5: Results 

In phase I, small poults accounted for 54.08 % of visits and large poults 45.92 %. As for 

Time of Day (TOD), the highest number of visits was recorded at 3 PM, statistically higher 

than the other time slots of 2 and 4 PM (p < 0.05). In general, chicks from the Small groups 

had higher number of visits compared to Large groups. FED groups had higher numbers of 

visits compared to UNFED groups (Tables 5.1 to 5.4). 

 

In phase II, FED poults had the highest number of visits at 57.39 % versus 42.61 % for 

UNFED. Similarly to phase IA, Small poults accounted for 52.96 % of visits and Large 

poults 47.04 %. Again, in phase II the highest number of visits to feeders was recorded at 3 

PM. However, unlike in phase IA, on day one LF groups displayed the highest number of 

visits to feeders followed by SF. The UNFED groups behaved similarly to the UNFED 
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groups from Phase I and overall, all results in terms of order of groups (based on number of 

visits to feeders) were similar to Phase IA with FED higher than UNFED  (57.30 vs. 42.70 

%) and Small higher than Large (53.80 % vs. 46.20 %), (Tables 5.1 to 5.4, and Figure 5.2). 

Once again, 3 PM was the highest for TOD (Tables 5.1 to 5.4, and Figure 5.2). In general, 

Small was higher than Large, but the difference were not as great as for the other phases, 

with 51.02 % and 48.98 %, respectively. For the first time, UNFED totals at 51.77 %,  higher 

than FED (48.23 %), (Tables 5.1 to 5.4, and Figure 5.2).  

 

In terms of mortality, Phase IB recorded lower mortality (the lowest of all four phases) 

compared to IA. Although the same pattern was expected for Phase II, poults from phase IIA 

had lower mortality compared to IIB (Tables 5.5 to 5.8). It thus appears that there is a pattern 

and correlation between mortality and number of visits to the feeder with the exception of LF 

groups in Phase IA. 

 

An important part of the investigation was the effect of time of day on feeding behaviour of 

poults. The analysis of Phase I showed significant differences among the time of the day on 

all days except day 5. Multiple comparison tests showed that all three different hours 

contributed to the overall significance on days 1, 2 and 7 and 3 PM contributed to the 

significance in day 3. It was also evident that the foraging behaviour of the poults was 

significantly different between days and multiple comparison tests showed that day 5 differs 

significantly from other days. When the results from all days were combined for each hour, 

all factors were significantly different at 2 and 3 PM but none at 4 PM. 
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5.6: Discussion 

As we intended to investigate significant differences and trends, it was decided to focus on 

the average frequency of feeding events as done in previous studies by Kyriazakis & 

Emmans (1991), Forbes (1995),  Friggens et al. (1998) and Tolkamp et al. (1998).  

 

As expected, the FED groups recorded more visits to the feeder than UNFED groups. A 

number of factors may account for this. Early exposure of poults to Oasis may stimulate 

feeding behaviour and learning about food, which is in line with the findings of Andrew 

(1966), Lill (1968), and  Nicol and Pope (1996). It seems likely that visual stimuli and 

possibly olfactory stimuli emanating from the Oasis are contributing factors. It is also 

possible that auditory stimuli from the poults pecking may also be a contributing factor. 

 

FED poults were significantly more vocal and active compared to UNFED poults. Every time 

the supplement was introduced (top dressing of feed in feeders), one or two poults 

approached the feeders first and then in a matter of few seconds more poults went to the 

feeders. This was quite obvious and resulted in significant synchronization in feeding and 

resting behaviour. However, this was not measured objectively, but was noted during the 

observations. Wauters & Richard-Yris (2003) suggested that feed quality, quantity, and early 

experience are important and affect the behaviour and vocal signals, which is in agreement 

with our findings.  

 

Interestingly, vocalization of FED groups stimulated UNFED poults that were close to them 

(adjacent sub-rings). In other words, the neighbouring UNFED poults became stimulated and 
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approached the feeders within a few minutes, usually after a peak in vocalization of FED 

poults. This could be interpreted as a case of group dynamics (Nicol and Pope, 1996) or 

cultural transmission (Boyd and Richerson, 1988; Galef 1992) or simply vocal signals.  

 

It was also obvious that the feeding is arranged in bouts, especially in FED groups. This is in 

agreement with findings of Tolkamp et al., (1998). Each wave or bout of feeding was 

followed by a period of drinking in large numbers which was more synchronized than in 

UNFED poults. The drinking was followed in turn by synchronized resting periods. The 

resting behaviour and calmness after feeding was much more evident and apparent for FED 

groups compared to UNFED groups.  

 

The data and observations indicate that time of day has an impact on feeding behaviour. In 

this project, 3 pm or one hour after introducing fresh feed and hatchling supplement (for FED 

poults) accounted for most of that day’s feeding in all 4 phases, irrespective of the season or 

the age of the parent flock. Taken together, our results suggest that seasonal effect has no 

impact on the feeding time, but rather the time of the day or more specifically the time of 

feeding or introducing the feed is more important in this case. 

 

The data do not support a correlation between number of visits and weight change. But it 

seems there is a correlation between number of visits and liveability. With the exception of 

LF poults from phase IA, the data show that a higher number of visits to the feeder was 

correlated with higher liveability. Interestingly, phase IA had almost a perfect liveability for 

the first 4 days with only 2 poults dead (out of 300); both from one ring on day 4. The peak 
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of mortality for this phase was on day 6 when the rest of the groups had no or very low 

mortality rates. 

 

The incidence of pecking on objects was lower in FED groups, but they were more agile and 

mobile than the UNFED poults. Furthermore, after each bout of feeding, a few poults were 

seen running in straight lines from side to side. In most cases, the poults used the long axis 

for their runs and flapped their wings as they moved. Although this was occasionally 

observed in UNFED poults, the incidence was significantly higher in FED groups. 

 

5.7: Conclusions 

Early feeding has a significant stimulating effect on the learning and future feeding 

behaviour of the hatchlings. FED poults visited the feeders significantly more than UNFED 

poults. FED poults also recorded higher percentage of body weight gain compared to 

UNFED poults. The effects of early feeding are more pronounced for smaller poults (hatched 

from smaller eggs). 

 

Introduction of feed and Oasis had a significant effect on feeding and consequently resting 

behaviour. Our data indicate that there is no seasonal effect and 3 pm was the most popular 

time of feeding. It seems that instead of TOD, the time of feeding or introducing feed to the 

hatchlings might be the primary factor. If the latter is the case, then usually a period of one 

hour is required to see the peak of feeding or visiting the feed source by the poults. FED 

poults show more synchronized behaviour in regards to feeding, resting and even drinking. 

FED poults are more vocal, especially at the time of feeding. 
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Figure 5.1: Experimental design – from egg room to placement 
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Figure 5.2: Total number of visits to feeders per group 
 

 

IASF: Phase IA, small fed group 

IASU: Phase IA, small unfed group 

IALF: Phase IA, large fed group 

IALU: Phase IA,  large unfed group 

IBSF: Phase IB,  small fed group 

IBLF: Phase IB,  large fed group 

IBLU: Phase IB,  large unfed group 

IIASF: Phase IIA, small fed group 

IIASU: Phase IIA, small unfed group 

IIALF: Phase IIA, large fed group 

IIALU: Phase IIA, large fed group 

IIBSF: Phase IIB, small fed group 

IIBSU: Phase IIB, small unfed group 

IIBLF: Phase IIB, large fed group 

IIBLU: Phase IIB, large unfed group 
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Table 5.1: Visit to feeders per treatment per day for Phase IA (mean + S.D.) 
 

DAY Small  Fed Small Unfed Large Fed Large Unfed 

1 1,790±51.21 1,286±31.37 1,650±44.62 1,206±34.63 

2 2,201±73.82 1,449±33.47 1,923±67.64 1,121±31.05 

3 1,769±12.82 1,395±12.07 1,484±13.82 1,093±9.05 

5 844±11.07 603±8.59 619±12.31 604±11.65 

7 1,845±46.50 1,733±40.88 1,751±37.12 1,213±24.69 

TOTAL *8,449±504.25 6,466±419.67 *7,427±509.84 5,237±253.31 

     
Total Small 14,915*    

Total Large 12,664    

Total Fed 15,876*    

Total Unfed 11,703    
 
*: significant difference at P< 0.05 
 
 
Table 5.2: Visit to feeders per treatment per day for Phase IB (mean + S.D.) 
  

DAY Small  Fed Small Unfed Large Fed Large Unfed 

1 426 ±9.81 215 ±4.69 823 ±12.85 181 ±4.87 

2 2,709 ±33.34 2,030 ±12.47 2,312 ±38.20 1,473 ±14.27 

3 1,921 ±36.23 1,381 ±12.38 1,531 ±26.44 999 ±17.51 

5 1,560 ±23.42 1,514 ±11.19 1,740 ±13.80 1,043 ±8.62 

7 2,593 ±45.64 2,385 ±40.36 2,519 ±55.20 2,245 ±37.17 

TOTAL *9,209 ±922.83 7,525 ±826.07 *8,925 ±672.39 5,941 ±753.04 

     
Total Small *16,734    

Total Large 14,866    

Total Fed *18,134    

Total Unfed 13,466    
 

*: significant difference at P< 0.05 
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Table 5.3: Visit to feeders per treatment per day for Phase IIA (mean + S.D.) 
 

DAY T 1 (A,B & C) T 2(A,B & C) T 3 (A,B & C) T 4 (A,B & C) 

1 1,853 ±51.33 1,368 ±30.48 1,643 ±44.70 1,263 ±34.43 

2 2,327 ±76.13 1,539 ±32.54 2,006 ±67.34 1,154 ±30.42 

3 1,786 ±13.04 1,532 ±11.33 1,531 ±13.80 1,170 ±8.27 

5 817 ±10.30 628 ±8.63 685 ±13.96 626 ±13.07 

7 1,909 ±45.67 1,804 ±44.12 1,809 ±36.47 1,309 ±23.52 

TOTAL *8,692 ±556.76 6,871 ±445.43 *7,674 ±507.71 5,522 ±275.06 

     

Total Small *15,563    

Total Large 13,196    

Total Fed *16,366    

Total Unfed 12,393    
 
*: significant difference at P< 0.05 
 
Table 5.4: Visit to feeders per treatment per day for Phase IIB (mean + S.D.) 
 

DAY T 1 (A,B & C) T 2(A,B & C) T 3 (A,B & C) T 4 (A,B & C) 

1 341 ±3.51 268 ±3.47 352 ±2.86 314 ±3.41 

2 1,228 ±10.82 1,293 ±9.65 1,120 ±7.60 1,332 ±7.51 

3 444 ±5.94 631 ±15.22 490 ±5.33 419 ±8.45 

5 1,108 ±6.85 1,029 ±7.57 898 ±10.50 1,081 ±7.09 

7 976 ±17.48 1,005 ±15.75 911 ±12.24 1,073 ±10.50 

TOTAL *4,097 ±401.42 4,226 ±399.65 3,771 ±320.40 *4,219 ±449.52 

     

Total Small 8,323    

Total Large 7,990    

Total Fed 7,868    

Total Unfed 8,445    
 
*: significant difference at P< 0.05 



 

Table 5.5: Mortality Phase IA 
 
Hatch date: December 02, 2003            
Placement date: Same            
Flock: H - 88            
Week of Lay: 2            
Total poults placed: 1200            
                

 

 
Small Fed 

 

 
Small Unfed 

 

 
Large Fed 

 
Large Unfed 

Dates 
Brooding rings Brooding rings Brooding rings Brooding rings 
1 5 9 2 6 10 3 7 11 4 8 12 

December 2, 2003 0 0 0 0 0 0 0 0 0 0 0 0 

December 3, 2003 0 0 0 0 0 0 0 0 0 0 0 0 

December 4, 2003 0 0 0 0 0 0 0 0 0 0 0 0 

December 5, 2003 0 1 0 0 0 0 2 0 0 0 0 2 

December 6, 2003 0 4 0 0 4 0 1 2 3 2 1 0 

December 7, 2003 0 1 0 0 0 2 3 1 7 0 0 0 

December 8, 2003 0 0 0 0 4 1 4 0 2 0 3 0 

Total - 7 days 0 6 0 0 8 3 10 3 12 2 4 2 

Totals - treatments 6 11 25 8 
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Table 5.6: Mortality Phase IB 
 

Hatch date: March 26, 04             
Placement date:  Same              
Flock:  H-88              
Week of Lay:  19              
Total poults placed:  1200              
                

 

 
Small Fed 

 

 
Small Unfed 

 

 
Large Fed 

 
Large Unfed 

Dates 
Brooding rings Brooding rings Brooding rings Brooding rings 

1 5 9 2 6 10 3 7 11 4 8 12 

March 26, 2004 0 0 0 0 0 0 0 0 0 0 0 0 

March 27, 2004 0 0 0 0 0 0 0 0 0 0 0 0 

March 28, 2004 0 0 0 0 0 0 0 0 0 0 0 0 

March 29, 2004 0 0 0 0 0 0 0 0 0 0 0 0 

March 30, 2004 0 0 0 0 0 0 0 0 0 1 0 0 

March 31, 2004 0 0 1 1 0 1 0 0 0 1 1 0 

April 1, 2004 0 0 0 0 1 0 0 0 0 0 1 1 

Total - 7 days 0 0 1 1 1 1 0 0 0 2 2 1 

Totals - treatments   1     3     0     5   
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Table 5.7: Mortality Phase IIA 
 
Hatch date: July 16, 04             
Placement date: Same             
Flock: H-94             
Week of Lay: 2             
Total poults placed: 1200             
                

 

 
Small Fed 

 

 
Small Unfed 

 

 
Large Fed 

 
Large Unfed 

Dates 
Brooding rings Brooding rings Brooding rings Brooding rings 

1 5 9 2 6 10 3 7 11 4 8 12 

July 16, 2004 0 0 0 0 0 0 0 0 0 0 0 0 

July 17, 2004 0 0 0 1 0 0 0 0 0 0 1 0 

July 18, 2004 0 0 0 0 0 0 0 0 0 1 0 1 

July 19, 2004 0 1 1 0 0 0 3 0 3 0 1 1 

July 20, 2004 3 2 0 1 1 1 2 6 3 0 1 1 

July 21, 2004 1 0 1 2 2 1 0 0 1 2 2 1 

July 22, 2004 0 0 1 0 0 0 0 0 0 0 1 0 

Total - 7 days 4 3 3 4 3 2 5 6 7 3 6 4 

Totals - treatments   10     9     18     13   
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Table 5.8: Mortality Phase IIB 
 
Hatch date: December 20, 2014             
Placement date: Same             
Flock: H-94             
Week of Lay: 19             
Total poults placed: 1200             
                

 
Small Fed 

 
Small Unfed 

 

 
Large Fed 

 
Large Unfed 

Dates 
Brooding rings Brooding rings Brooding rings Brooding rings 

1 5 9 2 6 10 3 7 11 4 8 12 

December 21, 2004 0 2 0 3 0 0 0 0 0 0 0 0 

December 22, 2004 0 0 1 1 0 0 0 0 0 0 0 0 

December 23, 2004 0 0 0 2 3 0 1 0 0 3 0 0 

December 24, 2004 1 0 0 2 4 0 2 1 0 0 0 1 

December 25, 2004 3 1 0 1 1 0 2 0 0 1 1 1 

December 26, 2004 1 3 1 0 6 0 0 2 0 0 5 0 

December 27, 2004 0 3 1 2 1 1 1 0 1 1 1 1 

Total - 7 days 5 9 3 11 15 1 6 3 1 5 7 3 

Totals - treatments   17     27     10     15   
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Chapter 6:  
General Conclusion 
 
 
In general, a production cycle can be divided into three main phases as early-lay from week 0 

to week 4 or 5, mid-lay up to week 16 to 18, and late-lay which covers the rest of the 

production cycle. To date, there is a significant body of research showing that as the hen or 

flock ages, egg weight, and size increase. In this project we showed that this weight increase 

is not continuous. Instead, a few stages of increase are evident throughout the egg production 

cycle with the most significant changes occuring during the first 7 weeks of lay. The increase 

in weight and size starts at a very early stage  from 2 to 5 weeks of production. The change is 

principally due to a significant increase in yolk and albumen weight. Yolk weight and yolk 

percentage increase simultaneously, whereas albumen and shell show a decrease in 

percentage to egg weight. There are also significant physical differences between albumen 

from early-lay eggs compared to late-lay eggs, and factors such as increase in moisture 

content, change in viscosity, albumen height, ratio of thin and thick albumen (changes in 

favour of thin albumen) are the main and most obvious differences. However, other 

characteristics such as inner layers, chalazae, and internal/external pigmentation may also 

change and should be investigated in future studies. 

 

The chemical characteristics of the internal compartments of an egg are proteins, 

carbohydrates, lipids (fat), ash, minerals, and moisture. Results from this study indicate that 

protein and carbohydrate content of eggs do not differ significantly between weeks (1 to 24), 

but energy, fat level and ash content increase significantly between early lay and mid-lay. 

The egg is a container that provides all the required nutrients except oxygen and heat for the 
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growing embryo throughout the incubation and early posthatch period (as yolk reserve). Yolk 

is the main source of energy in the form of fat and protein for the embryo. After hatch, the 

yolk reserve is used for maintenance and development of the vital organs such as the 

gastrointestinal tract, development and maturation of the nervous system, thermoregulation 

and initiation of vital metabolic pathways. The observed significant variation in yolk size 

may be a contributing factor to the optimal growing and developmental conditions required 

by the embryo and the future success of the hatchling. In terms of absolute (and percentage) 

yolk weight, hatchlings hatched from early-lay eggs are at a disadvantage compared to 

hatchlings from mid-lay and late-lay eggs. This is a key difference which may play an 

important role in terms of hatchability and liveability results. 

 

It has previously been shown that there is a strong and positive correlation between egg size 

and hatchling size. However, egg size is not the only factor contributing to hatchling size and 

other factors such are nutritional reserves, the surrounding microenvironment, egg porosity, 

gas exchange and consequently water vapour loss are also important. All of these affect 

embryonic growth and development, and consequently hatchling size. Our results indicate 

that there is a positive correlation between egg weight, embryo weight and amnion volume. 

Egg weight is not correlated with yolk weight, but there is a positive correlation between 

amnion volume and yolk weight. Older flocks produce eggs that have higher percentage of 

amnion and bigger embryos compared to younger flocks, which results in heavier egg 

weight. Embryonic weight show a significant spurt during day 20 to 25 of the incubation 

period. As the embryo weight increases, the amnion volume declines due to higher 

consumption rate by the embryos chiefly on days 23 and 24 of incubation period or stage 43- 
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44 for turkeys. Thus, properly defining and monitoring embryonic stages is an important tool 

that can be used to manage incubation, calculate transfer time, and perform in-ovo 

manipulation (vaccination, feeding).  

 

Embryonic development in turkeys is defined by and categorized into 46 stages and some of 

the major differences between strains are detectable during the late stages. Duration of each 

stage is under direct influence of environmental factors, principally temperature and 

humidity, and it can be prolonged or shortened by adjusting these incubation factors. The 

best periods to implement changes are the setter period (predominantly during early stages) 

and close to transfer. Thus, knowing differences in embryonic development between strains 

can be used to implement the best management of incubation and related practices to 

accommodate for embryos’ requirements. More specifically in this study, we show that the 

embryonic growth trajectory and thus the duration of stages vary between Hybrid and BUTA 

strains. This is most obvious in the pattern of amnion consumption, incidence of engulfed 

yolk, and emergence or hatching behaviour. 

 

Fertility and hatchability are affected by the age of the hen or flock. Fertility shows a sharp 

increase during the first 2 weeks, reaches a peak during the first 5-7 weeks and gradually 

declines as the flock ages. Hatchability shows a similar pattern with lower levels observed 

during the first 4-5 weeks (usually with high mortality) followed by an improvement 

reaching a peak that may be sustained for 10-14 weeks, and a gradual or sharp decline. 
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As, there is a positive correlation between fertility and hatchability in most avian species, it is 

important to make the distinction between hatchability of eggs set and hatchability of fertile 

eggs set. A number of contributing factors such as nutrition, fertility, age (eggs and flock), 

and health affect these parameters. However, hatchability of fertile eggs set is a better 

indicator of the success of the incubation process.  As discussed, egg size increases as the hen 

ages, but variation in egg size is more pronounced during the early-lay period compared to 

later stages of the production. The results from this study indicate that there is no significant 

difference in fertility between large and small eggs but, eggs from mid-lay flocks have the 

lowest embryonic mortality, the highest yield, and the best liveability results compared to 

early- and late-lay eggs. Thus, advanced and pro-active incubation profiling to minimize 

differences in hatchability between eggs from early-lay, mid-lay, and late-lay flocks is 

essential.  

 

Early feeding has received particular attention in recent years. Research has shown that early 

feeding has significant positive effects on gastrointestinal development, immune response, 

thermoregulation and other extremely important physiological aspects of a hatchling’s life. 

This study indicate that poults with early access to hatchling supplement (Novus Hatchling 

Supplement – Oasis ®) had significantly better body weight gain compared to poults reared 

under normal hatchery practices with no supplement. Data also indicate that small poults had 

a higher number of visits to feeders compared to large poults, and poults from small and 

early-lay eggs gained weight more rapidly. Furthermore, time of feeding has a significant 

effect on feeding and consequently resting behaviour. Although there was no seasonal effect, 

one hour after introducing the supplement and fresh feed is the most popular time of feeding. 
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It should be mentioned that instead of time of day, the time of feeding or introduction of feed 

to the hatchlings might be the primary factor. In that case, a period of one hour is required to 

see the peak visit to the feed source. Interestingly, our data do not support a correlation 

between number of visits and body weight gain percentage, but there is a correlation between 

number of visits and liveability of poults. Early feeding has a significant stimulating effect on 

the learning and future feeding behaviour of the hatchlings. As fed poults visited the feeders 

significantly more than unfed poults and recorded higher percentage of body weight gain, 

exposure to Novus® Hatchling Supplement Oasis® appears to have a positive impact on 

feeding. In addition, fed poults showed more synchrony in feeding, resting, and drinking 

behaviour.  This may be in part due to more vocalization, especially at the time of feeding. 

 

Nonetheless, more research is required to understand the details of these mechanisms. An 

interesting area would be the combination of in-ovo and early posthatch feeding, of course 

under proactive incubation profiling. It would also be critical to study the physiological 

changes during late stages of development, implement various compounds for in-ovo feeding 

(potentially a mixture of nutrients and vaccines), and continue the process during early 

posthatch life to optimize the incubation, gastrointestinal development and its absorptive 

capabilities and finally decrease the stress during nutritional transition time. Taken together, 

this could positively impact health, welfare and well-being of the birds during the production 

cycle in addition to significantly improve cost. 

 

Finally, results from this study could lead to the redesign or improvement of artificial 

incubators to optimize incubation. For example, improper transfer from incubator to hatcher 
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can result in significant embryonic loss due to temperature drop (embryos are very sensitive 

at this stage), rough handling, cracks and breakage of shell resulting in severe weight loss or 

infection. Thus, with proper incubation profiling based on the results of this study, transfer 

might not be needed and a single machine (with the appropriate design and mechanics) could 

be sufficient for the whole process. Such a design will  result in hightened biosecurity, 

improved hatchability, and hatchling quality.  

 
In summary, this study shows that a proactive and flexible incubation profile is extremely 

important to optimize the incubation environment and therefore maximize the hatching 

success both quantitatively and qualitatively. Different age groups require different 

incubation treatments according to their physical and chemical characteristics. The optimal 

incubation profile differs for each strain and this can affect the hatch success and incubation 

duration. Proactive incubation profile is mainly based on detailed control of incubation factor 

throughout the incubation period. The most important factor to monitor and adjust is shell 

temperature, which should be kept within the range of 99.2 to 100.5 F, irrespective of type of 

incubators or stage of incubation. Aside from eggshell temperature, weight loss shall be 

monitored to ensure a proper range bewteen 10 – 12.5 % at transfer and any deviaton needs 

to be corrected. Incubation profile starts from the time eggs are collected at farms. Storage 

temperature and humidity are very important and the optimal range for temperature is 16.5 – 

17.5 C at 75-80 % relatvie humidity. For any proactive incubation to be successful, it is 

extremely important to ensure eggs are sorted based on weight and age at setting. This will 

result in more uniform hatch and improved hatchling quality. Another important factor to 

monitor and control is the hatch window, which shall be managed to be less than 28 hours. 

Hatch window can be controled by proper management of temperature (gradual decrease) 
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and humidity (constant for the first 12-18 hours, increased for 12 to 24 hours, and then 

sharply decreased) during hathcer period. Thus, tthe key to maximize hatch results, early 

start, liveability, and performance is a well-balanced combination of proactive, flexible 

incubation profiling and proper early nutritional management (in-ovo and posthatch feeding). 

Of these factors, incubation profiling is the most crucial. 
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