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ABSTRACT

Poor eggshell quality is responsible for lost incom e in both the hatching egg 

and table egg industries. Two studies w ere perform ed in order to determ ine dietary 

m eans to increase eggshell quality, and consequently bone m ineral content. In the 

first study, the effects o f  the tim ing o f  increasing dietary Ca levels to young broiler 

breeder hens w ere investigated. D ietary Ca levels w ere increased at various ages and 

the effects exam ined under therm oneutral and heat-stress environm ents. W hen Ca 

levels w ere increased 2  w k before, or 6  w k after photostim ulation, eggshell quality 

was dim inished. Increased eggshell quality often cam e at the expense o f  bone quality 

in the heat-stress environm ent indicating that w hile the tim ing o f  increasing dietary 

Ca level is im portant in a therm oneutral environm ent, it was even m ore so under heat- 

stress conditions. The second study investigated the use o f  m idnight feeding to 

encourage feed consum ption during the dark period (when m ost eggshell form ation 

occurs) and subsequently, to increase eggshell quality  and bone m ineral content o f  

Leghorn hens. The hens w ere divided into 2 experim ents; long-term  (31.5 wk) and 

short-term  (4.5 wk) m idnight feeding. There w ere no differences in  overall feed 

consum ption, egg traits, or bone m ineral content betw een the m idnight fed and 

daytim e fed treatm ents in either study. The results o f  both studies, along w ith past 

research, suggest that the tim ing o f  Ca intake plays a critical role in  C a m etabolism  in 

both broiler breeder and laying hens.
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1.0 INTRODUCTION

In the egg-laying domestic hen, there is a constant Ca demand for the 

maintenance o f skeletal integrity and eggshell formation. Once the hen begins egg 

production, she is presented with the challenges o f supplying Ca for metabolic 

processes daily, and over the length o f the egg production cycle. In the layer industry, 

it is estimated that poor shell quality results in 7 % of all eggs with laid are not able to 

be sold for human consumption (Roland et al., 1996). This number is impossible to 

estimate in the broiler breeder industry.

1.1 EGG FORMATION

A description o f egg formation was given by Johnson (1986). The oviduct of 

the laying hen can be divided into four sections; the infundibulum, magnum, isthmus, 

and shell gland. The funnel-like infundibulum “catches” the follicle once it has been 

released and sends it on its way down the oviduct. In the magnum, layers o f  albumin 

(made o f protein synthesized with amino acids from the blood) are laid down around 

the yolk. This step takes approximately 4 hours. In the isthmus, two shell membranes 

(an inner and an outer membrane) are deposited around the albumin. When these 

membranes are first laid down, they are quite tight around the albumin; however, by 

the time the egg enters the shell gland, they have stretched and become quite loose. 

The first five hours that the egg is in the shell gland, it undergoes a process called 

“plumping” which is the entry of water and salts through the membranes. This 

process draws the membranes tight again and is essential for eggshell formation and 

deposition to begin. The shell is attached to the outer membrane by mammillary 

knobs which are formed between the isthmus and the shell gland. Calcite crystals 

begin to form around the mammillary knobs, by the binding o f Ca ions to the sulfonic 

acid groups present in the mammillary cores. The main part o f the shell is called the
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palisade layer, and is composed o f columns of tightly packed calcite crystals. The 

spaces between the crystals are the pores o f the shell, which run from the surface of 

the shell to the membranes. These pores are used by the embryo to take in oxygen 

and excrete carbon dioxide during incubation. The deposition of the shell usually 

takes 15 to 16 hours. The final stage in the formation of the eggshell is the addition o f 

a waxy layer called the cuticle, which is deposited just before oviposition (Johnson, 

2000).

The domestic hen is not a seasonal breeder, but lays continuously throughout 

the year. A sequence (defined as the number o f consecutive days an egg is produced) 

can continue for months at a time. The average eggshell contains 2.3 g o f Ca, which 

is equivalent to approximately 10 % of the Ca content in the entire skeleton (Etches, 

1987). As a result o f  this constant challenge to maintain Ca equilibrium, the hen has 

developed efficient systems for Ca management and turnover.

Ca metabolism is dependent on several factors including intake, absorption, 

retention, and excretion. Ca intake can be influenced by the time o f day the hen has 

access to feed or the age at which the bird begins to receive a high Ca diet to support 

egg production (Dacke, 1979). Absorption of Ca is influenced by the stage of the 

ovulatory cycle (Hertelendy and Taylor, 1961). More Ca is absorbed from the gut 

during periods o f eggshell formation than during non-laying periods (Hurwitz and 

Bar, 1965). Ca retention can be assessed by measuring bone characteristics such as 

ash content, which is an indicator of Ca content, and Ca excretion is generally 

assessed by measuring eggshell quality which is affected by the amount o f  Ca being 

deposited on the eggshell. Variables within each of these factors can affect the overall 

Ca balance in an egg-laying bird, thereby affecting the health and profitability o f the 

flock. Attention must be given to feeding programs, lighting programs, and other

2
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environmental factors, such as temperature, in order to optimize the Ca output in the 

form of marketable eggs.

1.2 Ca INTAKE

Obviously, intake is the first limiting factor in Ca utilization. Deficiency o f Ca 

in the diet, whether short-term (for example, overnight during eggshell formation) or 

long-term (the entire production cycle), results in increased dependence on bone Ca 

and inability to sustain egg output. Etches (1987) determined that Ca intake is under 

the influence o f several factors. There is a circadian rhythm influencing feed intake, 

and by extension, Ca intake. When Ca is present in the feed and the hen is unable to 

separate it from the other feed ingredients, Ca intake will proceed at a constant rate 

throughout the day in ad libitum fed hens (Mongin and Sauveur, 1974). I f  given the 

choice, a hen will selectively consume Ca at the end o f the photoperiod in an effort to 

supply as much Ca to the digestive system as possible in anticipation of the dark 

period (Mongin and Sauveur, 1974). The stage o f the ovulatory cycle also affects Ca 

intake. If  given free-choice access, a hen will consume 25 % more feed on days when 

eggshell formation is occurring than on days when it does not (Johnson, 2000). When 

readily available, most o f the Ca required for eggshell formation is derived directly 

from the digestive tract. However, if there is a limited amount of feed readily 

available in the gut, or the Ca concentration of the feed is lower than 3.6 %, Ca from 

other sources will be utilized. Even though dietary Ca may be less than required, 

ovarian follicles can still be ovulated (Herteledy and Taylor, 1961); however, without 

a viable eggshell, an egg cannot be sold regardless of its purpose (hatching or human 

consumption).

While Leghorns, which produce table eggs for human consumption, and 

broiler breeders, which produce hatching eggs (hatched for broiler or meat

3
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production) both produce eggs, the rearing, management, and genetic makeup o f the 

two are quite different, resulting in differences in the way Ca is provided. Intensive 

breeding has resulted in differences between Leghorns and broilers in intestinal villi, 

affecting the nutrient uptake by the gut (Yamauchi and Isshuki, 1991). The same is 

assumed to be true between Leghorns and broiler breeders. Broiler breeders are thus 

expected to have villi with increased surface area to facilitate nutrient absorption 

required for the rapid growth and heavier body weight associated with those breeds. 

The intensive breeding for weight gain in the broiler has resulted in the need to restrict 

feed intake o f the breeder in order to keep egg production high (Robinson et a i,

1993). The feed restriction also has the unwelcome effect o f restricting the amount o f 

Ca the hen consumes, and more importantly, the time at which she consumes it. 

Intensive breeding for egg numbers has had the opposite effect on Leghorns. Appetite 

has been reduced and as a result, the challenge with Leghorns is to coax them to 

consume more feed. The layer producer relies on egg numbers for profitability; the 

breeder producer needs both high number o f  eggs and hatchability o f  those eggs.

Both types o f producer can increase profitability by increasing eggshell quality.

In order to control body weight, broiler breeders are commonly weighed on a 

daily or weekly basis, and based on the body weight recommended by the primary 

breeder, feed allocation is determined. Any deviation from the recommended body 

weight can result in poor egg production, so the effort is made to adhere to the 

recommendations. As a result, broiler breeders are fed once per day, usually in the 

morning and have short feed clean-up times. It is common in commercial broiler 

breeder flocks to use “5 + 2” feeding to control body weight before the hens begin to 

lay. The weekly feed allocation is divided into 5 equal allotments, and fed on 5 days 

out of a week. The “skip” days, in which no feed is given are not consecutive.

4
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Typically, the schedule involves feed for 3 days, a “skip” day, feed for 2 days and 

another “skip” day. Hudson et al., (1999) reported increases in bone surface area 

covered by osteoclasts (the cells that break down bone) in broiler breeder hens fed on 

a skip-a-day system (similar to a “5 + 2” system) as compared to those fed a limited 

amount daily. This indicates that if  hens are forming medullary bone when on a “5 + 

2 ” schedule (which is possible just before the hens begin to lay) there may be a 

greater reliance on the breakdown of cortical bone, than in those hens fed less on a 

daily system. This is a problem unique to the broiler breeder industry due to the 

necessity o f feed restriction. In contrast, Leghorn hens are generally given ad libitum 

access to feed with feeders running when the lights are on. Neither feeding system 

takes into account that most eggshell formation occurs at night, and feed is generally 

inaccessible to the birds.

Typically, both Leghorns and broiler breeders are fed versions o f a starter, 

grower, and layer ration in order to meet the nutritional demands o f growth and 

production. The introduction o f each diet must be carefully planned as to meet the 

demands o f the majority o f the flock, however the most important transition appears 

to be that between the low Ca grower and high Ca layer diets. Several studies have 

been conducted examining the effect o f dietary calcium in pre-lay (grower) diets on 

subsequent reproductive performance (Hurwitz 1964, Hurwtiz and Bar 1969, 

Anderson 1967, de Andrade et al. 1977, Tanor et al. 1984, and Clunies et al. 1992) 

however most research has been done in layer-type chickens rather than broiler 

breeders. Differences in egg production level as well as feeding patterns (morning 

versus all day) between Leghorns and broiler breeders require additional research to 

investigate the effect o f pre-lay diet changes in broiler breeder hens.

5
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Hurwitz and Bar (1971) reported that in Leghorns, there is no danger in 

increasing Ca levels 1-2 months before laying. However, the phosphorous level and 

the P:Ca ratio in the pre-lay diet does play a role in egg production with high 

phosphorous reducing production when accompanying a high Ca diet. The 

researchers also concluded that increased dietary Ca helped increase bone 

mineralization and shell quality, however neither pre-lay Ca or P levels affected bird 

response to Ca deficient diets fed one month after the onset o f egg production.

1.3 Ca ABSORPTION 

Once consumed, Ca is not released from the crop at a constant rate throughout 

a 24-hour period (Roland et al., 1972) and may not be readily available to the hen 

during the dark period when the majority o f shell formation is proceeding. 

Unfortunately, increasing the amount o f dietary Ca does not increase the amount 

available in the gut for the future. By supplying more Ca, a larger amount of Ca is 

released from the gut immediately instead of the hen retaining the Ca and releasing 

more over a longer time. For example in Leghorn hens fed a Ca supplement, 43% of 

the Ca was absorbed within 4 hours after feeding and only 15 % was absorbed 

between 4 and 8  hours after (Roland et al., 1973). The same authors theorized that a 

hen laying an egg at 6 : 0 0  pm has twice as many hours o f light during the shell- 

forming period as a hen laying an egg at 6:00 am. Therefore a greater proportion of 

shell calcification is carried out when the hen has access to feed and more Ca in the 

digestive tract to utilize. Increased supply o f Ca directly from feed rather than 

medullary bone results in higher eggshell quality. Roland et al. (1973) found that the 

specific gravity is higher in eggs laid in the afternoon than in the morning due to the 

availability of feed in the digestive tract during shell calcification. Broiler breeder

6
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hens, fed the entire daily feed allocation in the morning, are therefore at a 

disadvantage.

Intestinal Absorption

When dietary Ca is consumed at or above required levels, most Ca will be 

absorbed by passive diffusion. Primary Ca absorption occurs in the duodenum and 

upper jejunum (Hurwtiz, et al., 1973) and is largely regulated by Vitamin D (Castillo 

eta l., 1977). Once Ca is absorbed, it moves to the vascular system for transport. The 

uptake o f Ca from the gut is affected by many factors. Feed (and therefore Ca) 

consumption and the rate at which Ca is absorbed by the intestine both affect the rate 

at which Ca enters the vascular system. The intestine plays an active role in 

controlling Ca absorption rather than acting solely as an entry point. Both Ca 

absorption and its entry into the vascular system are affected by time of day, stage of 

the ovulatory sequence, and the source o f Ca in the feed, as well as the stage of 

eggshell formation. A large diurnal increase in Ca absorption was observed in laying 

hens during the hours o f eggshell formation (Hurwitz and Bar 1965). Once 

calcification was complete, Ca absorption returned to normal (Hurwitz et al., 1973). 

Blood Plasma Concentration

Blood plasma concentrations o f Ca are maintained between 20-25 m g/100 mL 

(Winget and Smith, 1958). The majority o f eggshell calcification usually occurs 

during the dark period (Etches, 1987), when the lights are off and the hen is not 

consuming feed. During this time, the shell gland of the hen will extract 2.0-2.5 g of 

Ca from the blood and medullary bone and transfer it to the eggshell without storing it 

in the interim (Eastin and Spaziani, 1978). This depletion o f Ca from the blood 

occurs at a rate o f 1 0 0  -  2 0 0  rng/h, which if  not replenished, would completely drain 

plasma Ca reserves in 15 minutes (Etches, 1987). Since eggshell calcification lasts

7
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approximately 15 hours (Eastin and Spaziani, 1978), an alternate source o f Ca must be 

available to replenish blood plasma levels and allow the transfer o f Ca to the shell 

gland to continue without interruption. Under normal circumstances, the mechanism 

in place to ensure Ca supply includes the medullary bone.

1.4 Ca RETENTION 

Medullary Bone in Egg-laying Hens

The bone biology o f the laying hen changes considerably at sexual maturity.

In response to estrogen, pullets develop a unique type o f labile bone prior to the onset 

o f egg production called medullary bone (Bloom et a l ,  1941). Medullary bone is a 

type o f non-structural bone located in the marrow cavity o f the long bones and is 

formed approximately 14-16 days before the onset of egg production (Hurwitz, 1964). 

Skeletal weight increases 20 % during this period (Riddell, 1992) and as a result, the 

Ca requirements o f the hen increase substantially. If her Ca requirements are not met 

during this time, the hen will not develop sufficient medullary bone to sustain 

production (Hurwitz, 1964). While the most rapid build-up occurs during this period, 

medullary bone may continue to form throughout the production cycle if  sufficient 

dietary Ca is maintained (Hurwitz and Bar, 1966).

Medullaiy bone is responsible for providing Ca to the hen when there is no 

feed present in the digestive tract, and eggshell formation is occurring (Taylor and 

Moore, 1954), for example during the dark period. The turnover rate o f medullary 

bone is almost double that of cortical bone (Hurwitz and Bar, 1965), demonstrating its 

ability to be both deposited and mobilized quickly. Bloom et a l, (1958) observed that 

the period o f shell calcification was marked by an initial rise in both osteoblasts (bone 

forming cells) and osteoclasts (cells that break down bone cells) in the medullary 

bone, followed by a sharp decrease in osteoblast numbers and an increase in

8
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osteoclasts. Candlish (1971) found high levels o f acid phosphatase, (which reflects 

osteoclastic activity) during periods o f eggshell formation, and alkaline phosphatase 

(which reflects osteoblastic activity) when eggshell formation is not occurring. A net 

loss of Ca from the medullary bone occurs when eggshell formation proceeds during 

the dark period, whereas a net gain o f medullary bone proceeds during the day, when 

the hen has access to feed, regardless o f the stage o f eggshell formation (Etches,

1987). Candlish (1971) reported that during shell calcification, the shell gland 

competes with the medullary bone for blood Ca. In fact, 13 to 15 h after the egg 

entered the shell gland, the shell gland is more successful than medullary bone in 

competing for Ca from the blood. If  the only feed o f the day is supplied to the hen 

during this time, the medullary bone will not be replenished with Ca. This 

underscores the importance o f providing feed to laying hens over the course o f the 

day, and possibly overnight.

Effects of Hen Age

Hurwitz and Bar (1969) reported differences in the way young and old laying 

hens utilized bone Ca. The state o f the bone Ca reserves directly affects the ability of 

the hen to lay eggs while consuming a Ca deficient diet and, that the state o f  these 

reserves are directly related to the age of the hen; older hens have more. This 

suggests that young hens (near peak production) are more susceptible to reduced or 

interrupted dietary Ca both on a daily or long-term basis. When hens first come into 

production, shell quality is good, even though little medullary bone may be present. 

Whitehead (2003) hypothesized that while dietary sources of Ca are preferentially 

used, the Ca for the eggshells laid early in production can come from mobilized 

structural bone and not medullary bone. In fact, at peak production, the laying hen 

cannot absorb enough Ca from the diet to meet her requirement for shell formation

9
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and must mobilize bone reserves to meet the demand o f eggshell formation. When 

there is insufficient Ca for eggshell formation coming from the digestive tract and 

medullary bone, structural bone can be mobilized. Additionally, structural bone may 

be attacked by osteoclasts if  it is not covered by a layer of medullary bone 

(Whitehead, 2003). Whereas medullary bone provides Ca in the absence o f  dietary 

Ca, cortical bone appears to provide Ca during periods of chronic Ca deficiency. 

Hurwitz and Bar (1969) reported that the cortical bone in young hens is more labile 

than that o f old hens, and the ability o f the hen to utilize cortical bone decreases with 

age. Since cortical bone is responsible for strength, supplying young hens with 

sufficient Ca, so that they are not forced to utilize structural bone, is o f utmost 

importance to limit the number o f hens experiencing osteoporosis or bone breakage. 

Farmer and Roland (1986) observed that the greater the dependency on skeletal Ca 

(medullary and cortical bone), the less Ca is deposited on the eggshell. W hitehead 

(2003) determined that bone mass formation in broiler breeder hens, prior to lay, is of 

the utmost importance because it will be used by the hens throughout the laying cycle. 

The same study indicated that little cortical bone formation occurs once pullets begin 

to lay, increasing the importance o f pre-lay Ca nutrition in broiler breeder pullets. If 

little medullaiy bone is formed when the hen is young, she will have a smaller supply 

to utilize later in life. McCoy and Reilly (1996) determined as hens aged, structural 

bone (trabecular and cortical bone) reached peak mass at first ovulation and continues 

to decrease in mass throughout lay, whereas medullary bone is initially formed 1 0  to 

14 days before first egg (Hurwitz, 1964).

Effects of Dietary Ca

Clunies et al. (1992) suggests that the Ca level in the pullet diet directly affects 

the amount of medullary bone reserves and hens with larger reserves show an
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increased shell output. However, the relationship between dietary Ca and medullary 

bone reserves is not linear. Clunies et al. (1992) reported hens fed Ca at 2.5% or 

4.5% showed less medullary bone formation than those fed a diet with 3.5% Ca. 

Cheng and Coon (1990) reported that medullary bone levels were more sensitive to 

changes in dietary Ca levels than cortical bone.

Bone Strength

Leghorns are typically reared in cages and broiler breeders are almost always 

housed on the floor o f the bam. The differences in housing have significant effects on 

bone strength and Ca metabolism for the two breeds. Hens kept in cages have been 

shown to have bones with lower breaking strength than those reared and kept in floor 

pens (Fleming et a l ,  1994). Body weight is also a predictor o f bone strength 

(Fleming et al., 1994). Broiler breeder hens typically exhibit greater body weights 

than Leghorns, and therefore tend to have stronger bones.

O f the numerous studies performed on bone mineral characteristics o f egg- 

laying birds, the emphasis has been placed on Leghorn hens, rather than broiler 

breeders. Osteoporosis in caged hens was first described by Couch (1955) who 

observed laying hens in a condition o f paralysis or death. Hens with osteoporosis 

have brittle bones, caused by the erosion o f  cortical bone due to sustained egg 

production. While cortical bone can be utilized with relative ease in periods of Ca 

deficiency, it cannot be built up as easily again during the production cycle, even 

when Ca levels are sufficient, especially as hens age. When hens go out o f  lay, during 

a molt for example, estrogen levels decline, and structural bone can be re-formed 

(Whitehead and Fleming, 2000). The progressive loss o f structural bone throughout 

the production cycle can result in brittle bones and cause high incideftces o f broken 

bones near the end o f production and even into spent hen processing. The attrition of
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structural bone can cause the collapse o f vertebrae, causing the paralysis often 

associated with osteoporosis or cage-layer fatigue (Whitehead and Wilson, 1992). 

Genetics are believed to be a large cause o f the problem. Laying hens are bred for 

low body weight, eat little, and maintain high Ca outputs for prolonged time periods 

(Whitehead and Wilson, 1992). In addition to genetics, there are nutritional and 

environmental factors. Nutrition and housing also play key roles in determining the 

susceptibility o f hens to osteoporosis and caged layer fatigue. Recently, a syndrome 

similar to caged layer fatigue has been reported in broiler breeder hens in addition to 

Leghorns.

Measuring Bone Strength

Several methods o f determining and predicting bone strength in poultry have 

been studied. Although cortical, and to a certain extent, trabecular bone are 

responsible for bone strength, medullary bone does play a role. Fleming et al. (1998) 

found that the humeral breaking strength o f bones is directly related to the amount of 

medullary bone present in the bone; the higher the medullary bone, the greater the 

breaking strength. Although medullary bone has little intrinsic strength, it appeared 

that the interconnected lattice-like structure o f the bone contributed to the overall 

strength. In the same study, the radiographic density o f the bones was measured. It 

was found that the in vivo radiographic density o f bones at 25 wk o f age could predict 

which birds would have the strongest humeri, and therefore most medullary bone at 

the end o f the production cycle. Fleming et al. (1994) determined that breaking 

strength and radiographic density were closely related. Bone breaking force (Kg) is 

sensitive to dietary Ca level (Cheng and Coon, 1990), with dietary Ca levels from 3.0 

% to 4.5 % producing bones with the highest bone breaking force. While bone 

breaking strength is a useful tool to determine the Ca status o f the hen, the condition
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o f the bone prior to the measurement can jeopardize accurate results. Lott et al.

(1980) measured fresh, frozen, and oven dried bones and determined that oven drying 

bones decreased bone breaking strength by 50%. Only minor differences were 

observed between fresh and frozen bones.

Quantitative computed tomography (QCT) is a relatively new tool in 

determining bone density, and by extension, bone strength. First used in human 

patients, QCT is a non-invasive method o f determining bone density in live birds 

(Korver et al., 2003). McCoy and Reilly (1996) found a significant (p<0.001) linear 

relationship between bone density using QCT and breaking strength in Leghorn hens. 

Other methods o f measuring bone strength in vivo include single or dual energy X-ray 

absorptiometry (SXA or DXA), digitized fluoroscopy (DF), and ultrasound (Fleming 

et al., 2000). The advantage possessed by these methods is the ability to scan the 

bones of live hens to make a determination of flock health and welfare.

1.5 Ca EXCRETION

Shell Deposition

Blood plasma supplies all o f the material required to form the calcite crystals 

that make up the palisade layer of the eggshell. The shell gland is highly vascularized 

to allow for the delivery o f raw materials used to form the eggshell. Two kinds o f  Ca 

are found in the blood o f laying hens during egg production; protein bound (also 

referred to as non-diffusible), and ionic (diffusible). The protein phosphovitin is 

synthesized in the liver and has a high affinity for Ca. Phosphovitin is the 

characteristic protein o f the egg yolk and carries Ca to be incorporated into the yolk. 

Ionic Ca is the form of Ca used for eggshell formation. The two forms of Ca in the 

blood appear to be in equilibrium with each other. Once blood passes through the 

shell gland, there is a drop in the concentrations o f both protein-bound and ionic Ca
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(Winget and Smith, 1958). While the shell gland takes the ionic Ca, the protein- 

bound Ca is too large to diffuse, so it is believed that the protein and Ca dissociate 

with one another to maintain the equilibrium (Johnson, 2000).

The eggshell itself contains about 60% carbonate. A complex equilibrium 

exists among H2O, CO2, H 2CO3, HCO3', CO32', H+ and OH\ The formation and 

precipitation o f the carbonate radical involves changes in the concentrations o f all 

seven o f the previously listed species. CO2 is hydrated in the mucosa o f the shell 

gland to form HCO3", a step catalyzed by the enzyme carbonic anhydrase. When 

birds are heat stressed, panting decreases the amount of CO2 present and therefore 

eggshell quality suffers. CaCCb is precipitated onto the forming shell as a result o f  its 

affinity to the organic matrix on the surface o f the shell.

1.6 GENERAL Ca METABOLISM

The regulation o f Ca concentration in body fluids is achieved through the 

action o f a complex feedback-control system that includes several subsystems and 

regulating hormones. The mechanism regulating Ca homeostasis is an endocrine 

feedback loop consisting o f parathyroid hormone (PTH), Vitamin D (1,25 (OH2) 

cholecalciferol), and calcitonin (CT) which interact with the intestine, kidney, and 

bone, the target tissues (Lobach, 1996). The amount of available Ca varies 

throughout the day as a result o f periods o f feeding and fasting. The hen has 

homeostatic systems in place to prevent vast fluctuations in circulation Ca levels. 

Plasma Ca levels are normally in balance with gut, bone, and kidney Ca levels, and 

any change in input or output that is not counterbalanced results in Ca imbalance. 

Hormonal control o f gut, bone, and kidney processes is used to respond to such 

imbalances.
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Hormones

Ca metabolism is regulated by both steroid and peptide hormones. The 

peptide hormones, PTH and CT have short half-life and respond to plasma Ca 

concentrations within minutes, while steroid hormones take longer (Johnson, 2000). 

Bone is the immediate target for the action o f both PTH and CT.

PTH

Changes in blood Ca concentration are sensed by cell-surface receptors on the 

parathyroid gland (Lobach, 1996). In response to low Ca concentration in the blood, 

PTH is secreted from the chief cells o f the parathyroid gland. PTH preserves constant 

blood ionized Ca levels by increasing renal Ca absorption, mobilizing Ca from the 

skeleton, and increasing absorption of Ca from the gut by stimulating the production 

o f  Vitamin D (Lobach, 1996). Once released, the primary targets o f PTH are the bone 

and kidney cells. In bone, PTH receptors are present on osteoblast surfaces (Hurwitz, 

1989) and appear to increase the permeability o f bone-cell membranes. Ca diffuses 

by passive transport from the bone cell to the blood serum, thereby increasing plasma 

Ca levels. Although no PTH receptor has been discovered on osteoclast cells, high 

doses o f PTH will stimulate bone resorption resulting in higher serum Ca levels 

(Lobach, 1996). In the kidney, PTH reduces the resorption o f Ca, sodium, and P in 

the proximal renal tubule. However, it increases absorption o f Ca in the distal portion 

o f the renal tubule resulting in the net retention o f Ca (Lobach, 1996).

CT

Calcitonin has two functions: to correct hypercalcemia, and to protect the 

skeleton from excessive resorption (Brown, 1991). CT is released from the 

ultimobrachial gland (positioned near the parathyroid glands) in response to Ca 

concentrations of greater than 1.5 mmol/L (Brown, 1991). Hypercalcemia usually

15

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



arises immediately before or after ovulation, when Ca has been mobilized from the 

digestive system and bone reserves, but is not quite being absorbed and utilized by the 

shell gland (Lobach, 1996). CT inhibits the action of osteoclasts thereby limiting 

bone resorption.

Vitamin D

Vitamin D is a steroid hormone provided in the diet, or synthesized in the liver 

in response to increased PTH levels. There is both direct and indirect response o f the 

Vitamin D endocrine mechanisms by low blood plasma Ca levels (hypocalcemia). 

Vitamin D is hydrolyzed by the liver to form 25-(OH)-D3. A second hydroxylation to 

l,25-(OH) 2-D3 is completed in the kidney in response to high levels o f  PTH or low 

levels of Ca or P. In a hypocalcemic state, Vitamin D increased both the passive and 

active transport o f Ca from the duodenum into the blood (Tanaka et al., 1976). 1,25- 

(OH) 2-D3 induces the formation o f Ca-binding protein to increase the rate o f  Ca 

absorption from the small intestine (Lobach, 1996). Parathyroid gland cells contain 

receptors that, when occupied by the 1,25-(OH) 2-D3 molecule, inhibit PTH secretion 

(Tanaka et al., 1976).

1.7 QUESTIONS THAT REMAIN

In both Leghorn and broiler breeder bams, profitability is reduced by poor 

eggshell quality; however, the underlying causes are very different. In broiler 

breeders, the emphasis is on egg production and fertility, and to be fertile, the flock’s 

weight must be controlled through feed restriction. Problems in shell quality can arise 

during peak egg production, when the hen may not be able to absorb enough Ca from 

the feed or medullary bone stores, to maintain high levels of eggshell production.

Two outcomes o f insufficient Ca are poor eggshell quality or poor bone quality, both
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resulting in lost production. Feed restriction in and of itself is a stress to the hen, but 

when combined with other stresses such as excessive heat or the ability o f the hen to 

reproduce is greatly reduced. This problem is exacerbated by such factors as poor 

flock uniformity which makes it difficult to judge the appropriate time to change from 

low Ca grower to a high Ca layer diet. Supplying sufficient Ca at the right time o f the 

laying cycle is critical as studies have shown that Ca given too early may be 

detrimental to medullary bone formation and can lead to problems later in life. There 

is an obvious drawback to providing increased Ca to hens after the majority o f the 

flock has begun laying. Determining the best time to increase Ca to a young breeding 

flock before production starts, especially when there are external stressors, is critical 

to the financial viability o f the breeder operation.

In Leghorns, poor eggshell quality usually appears at peak production, and as 

flocks age. The genetic makeup of the birds is such that they are not as motivated to 

eat as a feed-restricted bird bred for weight gain and, therefore, may not consume 

sufficient Ca. Leghorns have been bred for efficiency; to produce the high number of 

eggs on the least amount o f feed, effectively breeding against appetite. Bred for high 

egg production, by the end o f the cycle, the hens rely heavily on medullary bone Ca 

stores and dietary Ca. Breeding the hens for increased egg output did not increase 

appetite, therefore, another solution must be found in order to increase Ca intake o f 

Leghorns to sustain the high Ca output. One such method may be midnight feeding. 

The theory behind midnight feeding is to supply Ca to laying hens during the dark 

period when most shell formation occurs.

Objectives

The objectives o f the first study were to determine the effect o f timing of 

increased dietary Ca (relative to photostimulation) to broiler breeder females at two
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environmental temperatures (Chapter 2). The objectives of the second study were to

determine the effects o f long-term and short-term midnight feeding on the eggshell

and bone characteristics o f Leghorn hens (Chapter 3).
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2.0 BROILER BREEDER EGG PRODUCTION AND Q UALITY ARE  

AFFECTED BY TIM ING OF INCREASED DIETARY CA  

RELATIVE TO PHOTOSTIM ULATION

2.1 ABSTRACT

Ross 508 broiler breeder pullets (n=400) w ere reared in floor pens in  a light-tight facility 

with feed allocation based on breeder-recom m ended body w eight targets. A t 17 wk, 250 

pullets w ithin 15 % o f  the m ean weight w ere random ly assigned to individual cages in 

one o f  two environm entally-controlled environm ents: 18°C (Experim ent 1, n = 125) o r 

28°C (Experim ent 2, n = 125). The pullets were photo stim ulated at 20 w k o f  age. At 2 

wk intervals from 18 to 26 wk, one group o f  hens (n=25 per environm ent) was sw itched 

from  a 0.88 % Ca grow er diet to a 2.96 % Ca breeder diet. D ietary treatm ent nam es w ere 

based on the tim e (in wk) relative to photostim ulation that the diet w as changed from the 

grower to the breeder diet (PS-2, PS, PS+2, PS+4, and PS+6, respectively). The hens 

were killed at 31 wk o f  age and one leg from  each hen was taken for bone m ineral 

analysis. The birds in both experim ents m aintained target body w eights as described by  

the prim ary breeder, how ever the hens in Experim ent 2 did not consum e the allotted feed 

for the last two weeks. Dietary treatm ent did not affect feed consum ption or body 

weight. Overall % hen day production was not affected by dietary treatm ent in either 

experiment. In Experim ent 1, hens in the PS+4 and PS+6 treatm ents produced larger 

eggs and hens in the PS+4 treatment produced eggs with heavier shells. Shell w eight as a 

percentage o f  egg w eight was significantly lower from the PS+6 hens. T he PS+4 

treatm ent had the highest bone Ca as a percentage o f  ash w eight indicating that four w k 

after photostim ulation was the optim al tim e to increase bone Ca reserves in  that
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environment. In Experim ent 2, the PS+6 treatm ent had the highest egg w eight while the 

PS and PS+2 treatm ents had the highest shell weights. Percent shell was the lowest in  the 

PS+6 and PS+4 treatm ents overall, although it was only significantly different until 27.4 

wk o f  age. Ca as a percentage o f  bone weight was lowest in the PS+2 and PS+6 

treatm ents and Ca as a percentage o f  ash was lowest in the PS+2 treatm ent. Overall the 

results suggest that inappropriate tim ing o f  increasing dietary Ca either before or too 

long after photostim ulation decreased eggshell quality and bone characteristics. 

Environm ental tem perature exacerbated these effects, therefore the change from a low Ca 

grower to a h igh Ca breeder diet m ust be m ade with greater precision in ho t climates.
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2.2 INTRODUCTION

Calcium m etabolism  o f  Leghorn and broiler breeder hens is sim ilar, yet vast 

differences in m anagem ent and feeding practices exist betw een the two. W hereas 

considerable research has been done on the Ca requirem ents o f  the Leghorn, little has 

been done with the feed-restricted broiler breeder hen. The m ain em phasis o f  broiler 

breeder research has been on controlling body weight to keep egg production high and 

few studies have exam ined the im portance o f  pre-lay and pre-peak dietary Ca on Ca 

m etabolism  during egg production.

Calcium Resorption from the Medullary Bone

The m edullary bone is a highly specialized type o f  bone that is used by the hen as 

a labile source o f  Ca. M edullary bone can be either built up or broken dow n rapidly in 

response to Ca supply and needs o f  the hen. W hen insufficient Ca is absorbed from  the 

digestive tract, Ca from  the m edullary bone is m obilized into the b lood (Sim kiss, 1967). 

At peak egg production, the hen may not be able to absorb enough C a from  the diet to 

m eet her requirem ent for shell form ation and m ust therefore rely  on m edullary bone to 

provide the Ca to sustain egg production.

Hurwitz (1964) determ ined that m edullary bone in Leghorn hens is form ed 14 to 

16 d before the first oviposition, under the influence o f  reproductive horm ones. The 

skeletal weight o f  Leghorns increases 20 % in the two wk before the first oviposition and 

as a result, the Ca requirem ent o f  the hen increases substantially during this tim e (Riddell, 

1992). This period is likely the optimal tim e to change from a low -Ca grow er diet to a 

high-Ca breeder diet, as birds will be physiologically capable o f  depositing increased Ca 

into the m edullary bone.
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Clunies et al. (1992) reported that 40 wk old laying hens fed a 4.5 %  Ca diet 

showed less m edullary bone form ation than those fed a 3.5 % Ca diet. In that study, 

m ore Ca was supplied by the diet than was needed for eggshell form ation, but the excess 

was excreted rather than stored as a defence against future Ca deficits. A lthough Clunies 

et al. (1992) used older Leghorn hens it is possible that feeding a high Ca diet to pullets 

prior to m edullary bone form ation m ay also be ineffective in protecting against future 

dietary Ca insufficiencies.

The optim um  tim e to change the diet from a low Ca grow er diet to the high Ca 

broiler breeder diet m ay not be solely dependant on the age o f  a flock. Rather, 

characteristics such as hypothalam ic m aturation (initiated by light stim uli), body w eight 

and tim e relative to photostim ulation are better predictors o f  sexual m aturation, and 

therefore, w hen m edullary bone form ation will occur (Robinson et a l., 1993). 

H ypothalam ic m aturation is considered to be the state w hen the bird is physiologically  

capable o f  responding to photostim ulation by  initiating the onset o f  sexual m aturity, as 

m ediated by the hypothalam us.

Effect of Pre-lay Feeding Programs

Several studies have exam ined the effect o f  dietary calcium  levels in  pre-lay diets 

on subsequent reproductive perform ance o f  laying hens (Hurwitz, 1964; H urw itz and Bar, 

1969; Anderson, 1967; de A ndrade et al., 1977; Tanor et al., 1984; C lunies et al., 1992). 

Hurwitz and B ar (1971) reported that there was no detrim ental effect o f  increasing Ca 

from a pre-lay diet (0.5 %) to a layer diet (3.5 %) 1 to 2 m onths before the onset o f 

production in laying hens. Increasing the Ca level at that tim e appeared to increase bone 

m ineralization and shell quality at the onset o f  egg production. In that study, pre-lay C a
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level had no effect on the rate at which shell quality declined when the hens w ere fed a 

Ca-deficient diet one m onth after egg production began. Those results suggest that there 

is a physiological lim it to the am ount o f  m edullary Ca that can be stored; sim ply 

increasing dietary Ca m ay not protect against future situations in w hich dem and is greater 

than dietary supply.

Environmental Temperature

Although several studies have been conducted on the effects o f  heat stress on egg 

production, m ost have been perform ed under conditions o f short-term  heat- stress or cyclic 

variations due to the lack o f  precise environm ental controls (de A ndrade e t al., 1977). 

Also, the little work done in this area has been on the interaction o f  heat stress and diet on 

laying hens rather than feed-restricted broiler breeder hens. Tanor e t al. (1984) reported 

decreased feed consum ption and body weight due to short-term  heat stress and de 

A ndrade et al. (1976) reported sim ilar results under constant, long-term  heat stress, de 

Andrade (1977) reported that heat stress decreased egg production and blood pCC>2 in 

hens. Since CO? is a precursor to calcium  carbonate (the structural com ponent o f  

eggshell), eggshell quality m ay be com prom ised by heat stress-induced panting and 

subsequent increase in CO 2 exhalation, de Andrade et al. (1977) and M ueller (1959) 

indicated that decreases in shell quality were in response to heat and not a result o f  

decreased feed consum ption or Ca intake.

The objective o f  the present experiments was to study the effect o f  tim ing o f 

increased dietary Ca (relative to photostim ulation and first ovipositon) at two 

environm ental tem peratures on body weight, feed consum ption, egg production, egg shell 

quality, blood chemistry, carcass traits and bone m ineral content. The first hypothesis
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tested was that increasing Ca either before photostim ulation or near peak production, 

would reduce egg production, egg shell quality, and bone m ineral content o f  broiler 

breeders. The second hypothesis tested was that birds in the high tem perature (28 C) 

environm ent in Experim ent 2 w ould m ore affected by the extremes in dietary treatm ents 

in term s o f  egg production, egg shell quality and bone mineral content as com pared to 

those in the therm oneutral environm ent (18 C) in Experim ent 1.

2.3 MATERIALS AND METHODS

Stocks and Housing

Four hundred Ross 508 broiler breeder pullets (A viagen N orth Am erica, 

Huntsville, AL, USA, 35805) w ere reared in floor pens in a light-tight facility w ith 24 h 

o f  light per day for the first 3 d and w ith 8 h o f light per d to 20 wk o f  age. The pullets 

received a com m ercial-type starter diet containing 1.00 % Ca, 18.21 % CP, and 2,783 

kcal M E/kg (Table 2-1) from  hatch to 3 w k o f  age. From  3 to 17 w k o f  age all pullets 

were fed a com m ercial-type grow er ration containing 0.88 % Ca, 15.04 % CP, and 2,711 

kcal M E/kg. Birds w ere individually w eighed on a weekly basis; feed allocation was 

based on breeder-recom m ended body w eight targets.

Experimental Design

At 17 weeks o f  age, the pullets were individually weighed and 250 birds w ithin 

+15%  o f  the m ean w eight were selected for the experiment. The m ean w eight was the 

same as the target w eight recom m ended by the breeder guide (Ross 508 Breeder 

M anagem ent Guide). The birds were fed following a 5 + 2 feeding regim e (fed five days 

per w k and not fed Sunday and W ednesday), until 17 w k o f  age to keep the body w eight 

o f  the flock uniform , when they were transferred into the laying bam s. The birds were
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random ly divided into one o f  two environm ents: 18°C (Experim ent 1, n = 125) or 28°C 

(Experiment 2, n = 125) where they were individually housed and fed in laying cages.

The two experiments w ere run concurrently. At 20 wk, the photoperiod w as increased 

from 8 h to 11 h per d. The photoperiod was increased an additional 1 h per d on a 

weekly basis until it reached 16 h per d w hen the birds were 24 wk o f  age. W ithin each 

experiment, the hens w ere random ly assigned to one o f  five dietary treatm ents. D ietary 

treatm ent names w ere based on the num ber o f  w k relative to photostim ulation that the 

diet was changed from  the grower to the breeder ration, ranging from  2 w k prior to 

photostim ulation to 6 w k after photostim ulation. Beginning at 18 w k, two w k before 

photostim ulation (PS-2 treatm ent), 25 hens per experim ent were changed from  the 0.88 

% Ca grower ration to a com m ercial-type breeder ration containing 2.96 %  Ca, 15.8 %  

CP, and 2,619 kcal M E/kg (Table 2-1). Subsequent groups o f  hens (n = 25 per group) 

within each experim ent were switched to the high Ca breeder ration at 20, 22, 24, and 26 

wk o f  age (PS, PS+2, PS+4, PS+6 treatm ents, respectively). Individual body w eight data 

o f  all birds was recorded once per week; feed allocation was based on average body 

weights in each o f  the experim ents. The entire feed allocation was provided to the hens 

once per day and daily feed intake was recorded. Once per week, a b lood sam ple was 

taken from two hens per diet (n = 10 per week per experim ent) for blood chem istry 

analysis (p02, pC 02, N a and pH). A ll eggs w ith normal eggshells w ere w eighed, and two 

eggs w ere collected each w eek from  each hen (M onday and Friday) for m easurem ent o f  

specific gravity using the flotation m ethod (Nordstrom  and Ousterhout, 1982). The range 

o f  saline solutions used was 1.062 to 1.094 in increm ents o f 0.002. W eight o f  the shell 

w ithout the m em branes was m easured by first rinsing the shells in w arm  w ater and gently

28

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



m assaging the inside o f  the shell to rem ove the m em brane; the m em brane-free shells 

were then weighed. At 31 weeks o f  age the birds were killed by cervical dislocation and 

the body weight was recorded. Carcasses from  the birds were dissected to determ ine 

Pectoralis m ajor (P. m ajor), Pectoralis  m inor (P. m inor), liver, heart, oviduct, and strom a 

(the ovary without the large yellow  follicles, that is follicles greater than 10 mm in 

diam eter) weights. The left leg was rem oved from each carcass and frozen for 

subsequent bone ash and Ca analysis.

Bone Mineral Analysis

To determ ine the degree o f  Ca retention and bone quality, a bone m ineral analysis 

was perform ed on the hens at 31 wk o f  age. Each entire leg was thaw ed and placed in a 

drying oven for 6 h  at 100°C to loosen the soft tissue to allow for easier separation from 

the bone; the toes, foot, and all other rem aining soft tissues were rem oved from  the shank 

after cooking. The bone was placed into an alum inum  cup and weighed to determ ine the 

wet bone weight. The bone and alum inum  cup were placed into a drying oven at 100°C 

overnight to rem ove all m oisture. After rem oval from  the oven, the bones and alum inum  

dishes were placed in a dessicator to cool. O nce cool, the bones w ere w eighed again to 

determ ine a dry bone weight. The bones w ere transferred into weighed ceram ic crucibles 

and placed into an ashing oven at 600°C overnight. To cool, the crucibles were placed in 

a dessicator. The bones were allowed to return to room  tem perature, weighed, and ash 

w eight was determ ined. The ashed bone was crushed into a fine pow der, m ixed and 200 

m g o f  the ash was w eighed into a 75 m L beaker. Fifteen m L o f  1:1 H C kdistilled, de

ionized water and 10 drops o f  concentrated nitric acid were added to the ash and stirred 

until dissolved. The volum e was diluted to 50 mL with a 0.5 %  LaCI3 solution in water.
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A 100 (iL aliquot o f  the sam ple solution was transferred to a volum etric flask and further 

diluted to 50 mL with LaC ^. Five standard solutions (0, 1, 2, 3, and 4 ppm ) were 

prepared by serial dilution o f  a 1,000 ppm  Ca reference solution (Fisher Scientific, 

Nepean, ON, Canada K 2E 7L6). Samples and standards were read at the sam e tim e w ith 

a Perkin-Elm er M odel 4000 A tom ic Absorption Spectrophotom eter (N orw alk, CT, 

06856) at a wavelength o f  422.7 nm  to determ ine Ca content.

Statistical Analysis

Two experim ents were perform ed, w ith diet as the m ain effect. The birds were 

individually housed; the bird was the experim ental unit. Data were analysed as a one

way ANOV A using the General L inear M odels (GLM ) procedures o f  SA S®  (SAS 

Institute, 1999). All statem ents o f  significance w ere assessed at P  < 0.05. Seven hens in 

Experim ent 2 died during the course o f  the experim ent (not from Ca-related illness) and 

were rem oved from  the data set. The SEM  (standard error o f  the m ean) values reported 

were based on the treatm ent or interaction group w ith the fewest birds.

2.4 RESULTS 

Body Weight and Feed Consumption

The birds in both experim ents were m anaged to m aintain target body w eights as 

described by the prim ary breeder. On average, the hens in Experim ent 2, consum ed 440 

g less feed in the last 2 w k o f  the experiment. In Experim ent 1, the total feed intake per 

bird was 2238 g in the last two wk and in Experim ent 2, the total feed intake for the sam e 

period was 1798 g. The body w eight at the end o f  the trial o f  the hens in Experim ent 1 

was 3.448 kg, and 3.334 kg in Experim ent 2. No significant differences in body w eight 

or feed consum ption w ere observed among dietary treatm ents at any age.
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Egg Production

Overall % hen day egg production (the num ber o f  hens laying an egg as a 

percentage o f  the num ber o f  live hens in the bam ) was not affected by  dietary treatm ent 

(Table 2-2). Hens in  Experim ent 2 reached 50 % production sooner, but had a low er peak  

egg production than hens in Experim ent 1. The hens in Experim ent 2 reached peak 

weekly production (75.7 %) at 26 wk o f  age while the hens in Experim ent 1 reached peak 

production (87.4 %) at 28 wk o f  age. Total egg production over the course o f  the studies 

was sim ilar betw een Experim ents 1 and 2 and among dietary treatm ents w ithin each 

experiment (data not shown).

Egg Weight

In Experim ent 1, the average egg weight over the course o f  the experim ent was 

significantly greater in the PS+4 and PS+6 treatm ents (Table 2-3). In Experim ent 2, the 

PS+6 treatment had the highest egg w eights overall and the PS-2 treatm ent had the lowest 

(Table 2-3). The overall average egg weight produced by  the hens in  Experim ent 1 was 

56.30 g (+ 4.95g) while the overall average egg w eight in Experim ent 2 w as 54.19 g (+ 

5.56g).

Shell Weight

In Experim ent 1, over the course o f  the experim ent (Table 2-4) eggs from the PS- 

2, PS and PS+6 hens had low er shell w eights than the PS+4 treatm ent. The highest shell 

w eights in Experim ent 2 were from hens in the PS and PS+2 treatm ent groups (Table 2- 

4). The average shell weight across dietary treatm ents was 5.01 g (+ 0.57 g) in 

Experim ent 1, and 4.80 g (+ 0.59 g) in  Experim ent 2.
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Shell Weight as a % o f  Egg Weight

The overall percent shell in Experim ent 1 was 8.91 % (+ 0.84 %) as com pared to 

8.88 % (± 0.90 %) in Experim ent 2 (Table 2-5). In the therm oneutral environm ent o f  

Experim ent 1, there w ere no significant differences among dietary treatm ents from 29 wk 

until the end o f  the trial, how ever in Experim ent 2, there were no differences from  27.4 

wk until the end (Table 2-5). The PS+6 treatm ent resulted in the lowest shell percentage 

in both trials. Egg specific gravity (data not shown) followed the sam e pattern.

Bone Mineral Analysis

In Experim ent 1, the PS+4 treatm ent resulted in significantly h igher Ca as a 

percent o f  ash weight than all other treatm ents except PS-2 (Table 2-6). In Experim ent 2, 

the PS+2 treatm ent group had the low est Ca as a percentage o f  ash w eight o f  all the 

treatm ents (Table 2-6). Ca as a percent o f  bone was highest in the PS+4 and PS-2 

treatm ents and lowest in the PS+6 and PS+2 treatm ents in Experim ent 2.

2.5 DISCUSSION  

Body Weight and Feed Consumption

The feed consum ption o f  the hens in  elevated tem perature conditions o f  

Experim ent 2 declined at the end o f  the trial, as did body weight. W hen hens are feed 

restricted to m aintain breeder-recom m ended target body weights, their feed intake is 

below  the level o f  voluntarily consum ption. It is possible that, earlier in Experim ent 2, 

any reductions in voluntary feed intake w ere m asked by the level o f  feed restriction 

imposed. As the end o f  the experim ent approached (29 and 30 wk o f  age), the voluntary 

feed intake o f  the hens in Experim ent 2 dropped below  the am ount that was being fed and 

therefore, reductions in feed intake were observed. The experim ents were run
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concurrently, w ith birds from  the same initial population, therefore the differences in feed 

intake and body w eight are likely attributable to the differences in tem perature. Previous 

work on heat stress in egg laying birds has involved non-feed restricted table egg strains 

o f hens. Vo et al. (1978) found the feed intake o f  Leghorn hens raised at 35 C was h a lf  

o f  that o f  hens kept at 21 C. Loss o f  appetite has also been reported in hens subjected to 

heat stress, accom panied by decreases in body w eight (de A ndrade et al. 1976). One 

theory is that hens reduce feed intake during heat stress because o f  the therm ic effect o f  

feeding. Physical activity is also decreased .during heat stress with the exception o f 

panting, thus further low ering the energy requirem ents o f  the hen.

Egg Production

In both experim ents, the PS+2 treatm ent peaked at the highest level; 90.3 % in 

Experim ent 1,81.1 % in Experim ent 2; the difference was not significant in  either case. 

Across dietary treatm ents, the hens in Experim ent 1 reached peak production (87.4 %) at 

28 wk o f  age while the hens in Experim ent 2 reached peak production (75.7 %) at 26 w k 

o f  age. H en day percent production was m easured using all eggs produced, including 

eggs w ith poor eggshell quality and soft-shelled eggs to dem onstrate w hether or not 

differences in production w ere a result o f  changes in ovulation rate or shell quality. In a 

com m ercial breeder operation, eggs w ith very poor shell quality are likely to break before 

or during collection, and m ay therefore reflect artificially low egg production. The 

individual caging system  used in the present experim ents allowed the enum eration o f 

ovipositions, rather than the production o f  eggs w ith sufficient shell quality  to arrive at a 

collection point. The average total num ber o f  eggs produced per hen to 31 wk o f  age was 

36 in Experim ent 1 w ith the average num ber o f  ovulations being 36. In Experim ent 2,
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the average num ber o f  eggs produced per hen to 31 w k o f age was 34 w ith 34 ovulations, 

dem onstrating that differences in shell quality did not affect percent production.

Stockland and Blaylock (1974) found that laying hens reared at 29.4 C laid few er eggs 

from 20 to 46 wk o f  age than those reared at am bient room  tem perature.

Egg Traits

The relationship betw een dietary treatm ent and hen age m ay be best explained 

when examined in term s o f  Ca intake (feed consum ption) and Ca output (production level 

and eggshell deposition). W hen placed on the breeder diet, the PS-2 birds in both 

experiments had a high Ca input from  the diet, and a low Ca output because this group 

was not yet producing a large num ber o f  eggs. At that time, it is unlikely that m edullary 

bone form ation had begun in the m ajority o f  those hens, and the excess Ca was m ost 

likely excreted. Early in production, the hens in the PS-2 treatm ent w ere producing eggs 

with a low percent shell even though the egg size was also low (below the 52g low er lim it 

for hatching eggs in Canada; F. E. Robinson, personal com m unication) until 26 wk.

The num ber o f  eggs produced per hen was not affected by dietary treatm ent, suggesting 

that lim ited Ca availability for eggshell form ation resulted in hens in the PS-2 group 

laying sm aller eggs, rather than reducing egg num bers in order to decrease the am ount o f  

Ca needed to m aintain a functional eggshell. This is supported by Sim kiss (1967) who 

observed sm aller eggs produced by young hens under Ca restriction. The percent shell 

from the PS+2 and PS (Experim ents 1 and 2) and PS-2, PS+4 birds (Experim ent 1 only) 

was consistently higher than the other treatm ents. The variable results for the PS+4 

treatm ent group indicate that there m ay be an interaction o f  environm ental tem perature 

with diet on eggshell quality. The PS+6 treatm ent consistently resulted in the poorest
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shell quality in both experim ents. The longer-term  im plications o f  poor C a supply on egg 

num bers were not determ ined in the present study.

The PS-2 hens in the current trials probably excreted excess dietary Ca prior to 

onset o f  sexual m aturity rather than storing it in bone reserves. W hen pre-lay diets o f  0.9 

% Ca and 3.5 % Ca w ere fed prior to maturity, Leeson et al. (1986) found no difference 

in daily Ca retention in the bone o f  Leghorn hens. In fact, m ore Ca was excreted by the 

hens fed the 3.5 % Ca diet, supporting the theory that giving Ca before m aturity  m ay be  

detrim ental to the developm ent o f  m edullary bone reserves. At the other extrem e, birds 

in the PS+6 treatm ent began egg production during a period o f  low C a intake and 

produced eggs w ith the low est shell weight, percent shell, and specific gravity at the 

beginning o f  egg production. The PS+6 hens w ere unable to m eet the dem and for Ca 

output as egg production increased and reached its peak near 28 wk or 26 w k 

(Experim ents 1 and 2, respectively). After 28.4 wk or 26 wk (Experim ent 1 and 2 

respectively), there w ere no differences in shell w eight as a percentage o f  egg weight 

(Table 2-5), suggesting that the PS+6 hens were able to return to a norm al shell 

percentage when given sufficient dietary Ca. This supports the findings by  Hurwitz and 

Bar (1966) that showed feeding a normal layer ration to Ca-depleted hens resulted in 

eggshell Ca returning to the sam e level as that o f  Ca-replete hens in 6 to 8 d. In 

Experim ent 1, the eggshell showed this im provem ent 2.4 wk after the increase in dietary 

Ca while in Experim ent 2, the eggshell improved im m ediately (at 26 wk). The eggs 

produced by the PS, PS+2, and PS+4 treatments had high shell weight, percent shell, and 

specific gravity throughout m ost o f  the experimental period. Thus, the tim ing o f  

increasing dietary Ca to breeder hens relative to onset o f  sexual m aturity has a m ajor
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impact on eggshell quality. Increasing dietary Ca too early (ie the PS-2) as well as too 

late (ie PS+6) are both potentially detrim ental to egg production and shell quality.

The optimal tim ing o f  increased dietary Ca supply was also dependent upon the 

environm ental tem perature. In hens under no tem perature stress (Experim ent 1) the best 

eggshell traits in general were seen in the PS+4 treatm ent w hich had the am ong the 

highest egg weight, shell weight, and shell weight as a percentage o f  egg weight. U nder 

conditions o f  heat stress (Experim ent 2), the best results were observed in the PS and 

PS+2 treatm ents, which w ere consistently among the highest in  egg w eight, shell w eight, 

and shell weight as a percentage o f  egg weight. W hereas the PS, PS+2, and PS+4 

treatm ents resulted in equivalent levels o f  production and egg quality in Experim ent 1, 

the results o f  Experim ent 2 suggest that under conditions o f  heat stress, the change to a 

high Ca breeder diet has to be m ade w ith m ore precise tim ing. The best egg production 

and shell quality in Experim ent 2 w ere in the PS and PS+2 treatm ents only. The PS+4 

treatm ent resulted in different effects in each o f  the experim ents in term s o f  peak egg 

production. The age at w hich the birds in this treatm ent group in the two experim ents 

reached peak production m ay offer an explanation. The increase in d ietary Ca to PS+4 

hens in Experim ent 2 occurred 2 w k before the hens reached peak production (at 26 w k 

o f  age), w hereas the increase in Experim ent 1 was given 3 wk before peak (at 27 wk o f  

age), during a tim e when egg production in this group was very low. As a result, the hens 

in Experim ent 2 hens m ay have had less o f  an opportunity to develop m edullary bone 

reserves before peak production than the hens in Experim ent 1. Low er m edullary bone 

reserves would then have m ade the hens in Experim ent 2 m ore susceptible to poorer 

eggshell quality, especially during peak production. This effect may be am plified
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because broiler breeders, unlike Leghorns, are feed restricted and cannot consum e extra 

feed to m eet increased Ca dem and for eggshell formation. Increasing the supply o f 

dietary Ca prior to the expected initiation o f  m edullary bone form ation began decreased 

eggshell quality o f  broiler breeder hens.

Stockland and B laylock (1974), M ueller (1961), and de A ndrade (1976; 1977), all 

reported decreased egg size in heat-stressed Leghorn hens. Roland et al. (1996) found 

that differences in egg weight due to environm ental tem perature w ere due to differences 

in shell weight in Leghorn hens. As in the current experiment, N ordstrom  (1973) showed 

that along with decreasing egg size, heat-stress also decreased shell w eight as a 

percentage o f  egg w eight in Leghorn hens. H uston and Carmon (1961) reported an 

overall decline in specific gravity as hens aged, and reported that this decline was m ore 

rapid in hens exposed to high environm ental temperatures.

Bone Mineral and Calcium Content

The PS+4 treatm ent group in Experim ent 1 had the highest bone Ca as a 

percentage o f  ash and eggshell quality. In Experim ent 2, the PS+2 treatm ent had am ong 

the lowest Ca as a percentage o f  bone and o f  ash; the PS and PS+2 treatm ents 

dem onstrated generally better egg traits. The PS+4 hens had the h ighest C a as a 

percentage o f  bone and ash o f  any group in Experim ent 2. This m ay be related to the 

significantly low er % shell deposited by the PS+4 hens, thus sparing bone Ca reserves. 

This experim ent ended at 31 wk o f  age, future experiments m ight be designed to exam ine 

the long-term  effects o f  increasing dietary Ca before or after expected m edullar bone 

formation. Increasing the Ca level before expected initiation o f  m edullary bone 

form ation (i.e. the PS-2 treatm ent) im proved bone Ca retention during production, but
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came at the expense o f  egg size and eggshell quality. Thus, prem ature increases in dietary 

Ca supplem entation appear to cause broiler breeder hens to preserve bone m ass at the 

expense o f  eggshell quality. The effect on egg num bers seem s to be less severe.

Hurwitz (1964) found that m edullary bone is form ed approxim ately 2 w eeks 

before the first oviposition, and is accom panied by  an increased dem and for Ca.

Therefore, the optimal tim e to introduce the high Ca breeder diet w ould be at or near 

initiation o f  m edullary bone form ation (i. e. the PS treatm ent in  the current study). In the 

present study, the optim al tim e to increase dietary Ca for eggshell quality w as at or soon 

after the initiation o f  expected m edullary bone form ation (i.e. the PS and PS+2 treatm ent 

groups). The treatm ents in which Ca was increased before or after this interval resulted 

in impaired eggshell quality. The PS+2 treatm ent resulted in several bone characteristics 

at 31 wk o f  age that were am ong the poorest o f  the dietary treatm ents. It m ust be stressed 

that these experiments ended at 31 wk o f  age and therefore did not address the 

im plications o f  Ca supply over an entire laying cycle. In the long term , the ability o f the 

PS+2 birds to sustain high levels o f  egg production and quality m ay be im paired by their 

reduced bone Ca status. The form ation o f  high-quality eggshells appears to com e at the 

expense o f  bone Ca stores. The treatm ents that resulted in increased bone m ineral status 

(PS-2 and PS+4), tended to result in poorer eggshell traits. The tim ing o f  increased 

dietary Ca to breeder hens m ay affect the w ay in which the birds partition Ca betw een 

eggshell formation and m aintaining bone m ineral reserves. The PS+6 treatm ent resulted 

in poor eggshell quality and bone m ineralization, indicating that breeder hens m ust be 

supplied increased dietary Ca sooner than 6 w k after photostim ulation.
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Table 2-1. Ingredient and calculated nutrient composition o f broiler breeder diets

Diets

Ingredients___________________________________ Starter_________ Grow er________ Breeder
............... -.........................g/kg--------------- --------

W heat 442.3 344.2 337.6
Com  141.4 164.4 143.1
W heat shorts 75.0 150.0 12.9
Oats 50.0 125.0 100.0
Barley 50.0 100.0 150.0
Soybean meal, 48%  173.4 73.7 134.2
Lim estone 16.5 17.2 76.8
B iofos1 15.8 8.6 10.6
Choline prem ix2 5.0 5.0 5.0
Broiler prem ix3 5.0 5.0 —
Layer prem ix4 —  —  5.0
Iodized Salt 3.8 3.3 2.8
L -lysine HC15 0.3 1.6 0.3
D L -m ethionine6 1.4 1.3 1.7
Tallow 20.0 0.7 20.0
M onensin7 0.7 0.5 —

Nutrient Com position
Crude protein, % (analyzed) 18.21 15.04 15.80
M E, kcal/kg 2,783 2,711 2,619
Linoleic acid, % 0.81 0.87 0.89
Fat, % (analyzed) 4.43 2.96 4.40
Fibre, % (analyzed) 3.74 4.81 2.40
Calcium , % (analyzed) 1.00 0.88 2.96
A vailable Phosphorous, % 0.47 0.32 0.34
Total Phosphorous, % 0.73 0.58 0.68
Potassium, % 0.70 0.59 0.66
Chloride, % 0.29 0.27 0.24
Sodium, % (analyzed) 0.19 0.17 0.14
Lysine, % 0.84 0.72 0.70
M ethionine, %  0.41 0.34 0.40
Cystine, % 0.32 0.27 0.28
1 A gri-Feed Products Lim ited. W innipeg, M B. R2M  5P9
2 Choline chloride provided at 100 m g per Kg o f  diet. BASF Toronto, ON. N IG  4T2.
3 Supplied per Kg o f  diet: vitam in A, 10,000 IU; vitam in D 3, 2,500 IU; vitam in E 35 IU;
m enadione, 2 m g; D -pantothenic acid, 14 mg; riboflavin, 5 mg; folic acid, 0.8 m g; niacin,
65 m g; thiam ine, 2 mg; pyridoxine, 4 mg; vitam in Bi?, 0.015 mg; biotin, 0.18 m g; iodine,
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0.5 mg; iron, 100 mg; zinc, 80 mg; m anganese, 70 mg; copper, 8.5 m g; selenium , 0.1 m g. 
BASF Toronto, ON. N IG  4T2.
4 Supplied per Kg o f  diet: vitam in A, 12,000 IU; vitam in D3, 3,000 IU; vitam in E 40 IU; 
m enadione, 2 mg; D -pantothenic acid, 14 mg; riboflavin, 6.5 m g; folic acid, 1 m g; niacin, 
40 mg; thiamine, 3.3 mg; pyridoxine, 6 mg; vitam in B 12, .02 mg; biotin, 0.1 mg; iodine, 
0.5 mg; iron, 100 mg; zinc, 80 mg; m anganese, 75 mg; copper, 15 mg; selenium , 0.1 mg. 
BASF Toronto, ON. N IG  4T2.
5 A jinom oto-H eartland, Inc. Chicago, IL. 60631-3421, USA.
6 Degussa AG C anada Inc. B urlington ON. L7R 3Y6.
7 Elanco Anim al Health, Guelph, ON. N IG  4T2.
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Table 2-2. Mean weekly egg production (hen day %) o f Ross 508 hens housed at 18C (Experiment 1) or
28C (Experiment 2) and fed one of five dietary treatments

M ain Effect T rt1 22 23 24 25
H en A ge (wks)

26 27 28 29 30

Experim ent 1
—% --------

n3 28 133 406 476 707 756 791 742 679
D iet PS-2 0.02 21.98 50.00 67.58 85.16 88.46 86.26 80.77 79.49

PS 2.75 13.74 49.36 67.03 79.12 80.77 87.92 81.87 83.33
PS+2 1.14 8.57 35.33 64.57 77.71 88.59 90.32 88.00 86.78
PS+4 2.29 17.71 36.67 59.43 81.24 85.71 85.71 84.00 76.08
PS+6 0.01 16.57 35.33 57.71 81.67 79.43 86.86 85.14 82.62

O verall m ean 1.24 15.71 41.34 63.26 80.98 84.59 87.41 83.96 81.66
SEM 6.15 15.85 26.47 29.96 22.54 21.05 22.34 24.78 20.98
P  value NS NS NS NS NS NS NS NS NS

E xperim ent 2
n 14 168 441 569 665 644 602 581 553
Diet PS-2 0.01 18.86 57.33 74.29 73.71 72.00 69.14 65.34 62.67

PS 0.57 18.86 56.67 70.78 77.97 78.29 78.23 74.89 72.66
PS+2 0.57 16.00 49.23 70.65 81.14 72.57 69.72 72.11 65.94
PS+4 2.29 16.98 40.89 60.57 73.65 73.14 68.97 66.89 57.44
PS+6 1.65 23.08 50.94 61.54 71.98 70.32 64.29 .59.34 55.49

O verall m ean 1.01 18.76 51.01 67.57 75.69 73.26 70.07 67.71 62.84
SEM 5.61 17.93 21.33 26.77 23.80 21.35 24.69 20.21 19.76
P  value NS NS NS NS NS NS NS NS NS

4^ a’b,c W ithin  an experim ent, m eans w ithin a colum n (dietary treatm ent) w ith no com m on superscript differ significantly.
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1 T reatm ent nam e. PS = Photostim ulation (20 w k), the num ber refers to the num ber o f  wk before (-) o r after (+) 
photostim ulation that the birds were sw itched from  a low Ca grow er diet to a h igh Ca breeder diet.

In Experim ent 1, birds were m aintained at 18 C throughout the study, in Experim ent 2, the birds w ere 
housed at 28 C throughout the trial.
3n = total num ber o f  eggs produced for each w eek o f  the study.
* < 0 .0 5 ,* *  < 0 .0 1 .
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Table 2-3. Mean egg weight of Ross 508 hens housed at 18C (Experiment 1) or 28C (Experiment 2) and fed one of five dietary
treatments

H en A ge (wks)
M ain Effect T r t1 25 25.4 26 26.4 27 27.4 28 28.4 29 29.4 30 30.4  31 O verall2

    (g)

Experim ent l 3 
n
Diet PS-2 49 .24b 50.46 50.49 52.95a 52.52b 53.81 55.41b 57.49 56.28 55.83b 57.70 59.50 59.17 55.34b

PS 49 .28b 51.09 52.36 52.71a 54.37b 54.74 56.25b 56.56 56.85 57.99ab 57.53 58.90 61.47 56.08b
PS+2 50.92b 49.50 50.51 50.05b 53.71b 54.34 57.89ab 57.12 56.75 57.41ab 57.73 59.92 59.89 55.97b
PS+4 53.46a 51.89 53.24 53.61a 57.41“ 54.37 56.04b 57.11 58.03 58.63“ 59.37 60.19 60.76 57.26“
PS+6 51,40b 53.16 50.61 52.69“ 55.01ab 54.40 58.90“ 57.77 58.51 58.93“ 58.69 59.72 60.13 57.00“

Overall m ean 50.86 51.22 51.44 52.40 54.60 54.33 56.90 57.21 57.28 57.76 58.20 59.65 60.28 56.30
SEM 0.93 0.64 0.63 0.56 0.51 0.53 0.52 0.55 0.53 0.55 0.55 0.57 0.55 0.32
P value * NS NS * * NS ** NS NS * NS NS NS **

Experim ent 2 
n
Diet PS-2 46.79 48.90 48.72 50.66b 53.43 53.61 52.28° 54.54 54.82 52.54b 54.74 54.99b 56.10 52.79°

PS 49.09 50.23 50.12 55.54“ 55.09 52.31 55.23bc 55.56 54.83 56.89“ 57.58 56.61ab 57.51 54.73ab
PS+2 47.51 49.48 51.91 52.95ab 53.34 52.85 55.88“b 53.26 56.84- 57.12“ 57.41 56.17b 56.36 54.35ab
PS+4 49.47 49.58 49.92 53.29“b 52.48 52.28 54.25bc 53.20 55.48 57.14“ 55.75 56.60ab 55.53 53.93b
PS+6 49.38 50.60 51.65 54.27“ 52.93 53.65 56.85“ 55.24 56.12 57.71“ 57.93 59.98“ 57.29 55.11“

Overall m ean 48.45 49.76 50.46 53.34 53.45 52.94 54.90 54.36 55.62 56.28 56.68 56.87 56.56 54.19
SEM 0.85 0.69 0.74 0.53 0.82 0.82 0.79 0.87 0.56 0.71 0.81 0.78 0.91 0.72
P value NS NS NS * NS NS * NS NS ** NS ** NS **

^  a- ’’c w ith in  and experiment, means within a column (dietary treatment) with no common superscript differ significantly.
^  1 Treatment name. PS = Photostimulation (20 wk), the number refers to the number o f  wk before (-) or after (+)

photostimulation that the birds were switched from a low Ca grower diet to a high Ca breeder diet.
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2 Egg w eight over the course o f  the experim ent.
3 In Experim ent 1, birds were m aintained at 18 C throughout the study, in Experim ent 2, the birds w ere housed at 28 C throughout the 
trial, n  = 25 observations per treatm ent; each observation was the average o f  one egg per hen  per sam pling day. I f  a hen did not lay on the 
sam pling day, it w as excluded from that day’s analysis.
* < 0 .0 5 , * * < 0 .0 1 .

4^



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

Table 2-4. Mean shell weight o f Ross 508 hens housed at 18C (Experiment 1) or 28C (Experiment 2) and fed one o f five dietary
_____________  treatments ______

H en A ge (wks)
M ain Effect V T rt1 25 25.4 26 26.4 27 27.4 28 28.4 29 29.4 30 30.4 31 O verall2

................................................................   (g)
Experim ent l 3 
n
Diet PS-2 4.12 4.68 4.70ab 4.82 5.06b 5.02ab 5.13 4.73 4 . 7  r b 4.99 5.34 5.40 5.30 4.99b

PS 4.56 4.78 4.97a 4.85 5 . 18ab 4.82b 5.13 4.68 4 .62b 5.15 5.14 5.13 5.34 4.98b
PS+2 4.53 4.68 4.60ab 4.58 5.12ab 5.03ab 5.35 4.79 4.63b 5.14 5.20 5.35 5.49 5.02ab
PS+4 4.61 4.56 5 .01a 4.86 5.44a 5.22a 5.22 4.71 4.94a 5.07 5.38 5.33 5.30 5.10a
PS+6 4.25 4.64 4.27b 4.52 4.94b 4.98ab 5.25 4.57 4.78ab 5.05 5.28 5.23 5.31 4.95b

Overall m ean 4.41 4.67 4.71 4.73 5.15 5.01 5.22 4.70 4.74 5.08 5.27 5.29 5.35 5.01
SEM 0.09 0.08 0.07 0.06 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.57
P value NS NS * NS * * NS N S * NS NS NS NS *

Experim ent 2 
n
Diet PS-2 4.12 4 .40abc 4.67ab 4.69b 5.02ab 4.89 4.84b 4.24 4.41 4.59b 4.87b 4.91b 4.93ab 4.67b

PS 4.31 4.65ab 4.79a 5.07a 5.14a 4.81 5.1 l ab 4.50 4.41 4.95a 5.10ab 5.10ab 5 .18a 4.89a
PS+2 4.64 4.76a 4.88a 4.92a 5.04a 4.86 5.22a 4.38 4.63 5.04a 5.23a 4.94b 4.89ab 4.90a
PS+4 4.22 4.30bc 4.64ab 4.82ab 5.10a 4.78 4.95ab 4.33 4.45 5.04a 4 .91ab 4.86b 4.77b 4.75b
PS+6 4.12 4 .13C 4.31b 4.47b 4.70b 4.89 5.06ab 4.53 4.58 5.28a 5.17ab 5.35a 5.08ab 4 .77b

Overall m ean 4.28 4.45 4.66 4.79 5.00 4.85 5.04 4.40 4.50 4.98 5.06 5.03 4.97 4.80
SEM 0.10 0.07 0.07 0.06 0.05 0.06 0.05 0.06 0.06 0.06 0.06 0.06 0.06 0.59
P value NS * * * * NS * NS NS * * * * **

,c Within an experiment, means within a column (dietary treatment) with no common superscript differ significantly.
^  1 Treatment name. PS = Photostimulation (20 wk), the number refers to the number o f  wk before (-) or after (+)

photostimulation that the birds were switched from a low Ca grower diet to a high Ca breeder diet.
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2 Shell w eight over the course o f  the experim ent.
3 In Experim ent 1, birds were m aintained at 18 C throughout the study, in Experim ent 2, the birds w ere 
housed at 28 C throughout the trial.n  =  25 observations per treatm ent; each observation w as the average o f  
one egg per hen per sam pling day. I f  a hen did not lay on the sam pling day, it was excluded from  that d a y ’s 
analysis.
* < 0 .0 5 , * * < 0 .0 1 .
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Table 2-5. M ean shell weight as a percentage o f Ross 508 hens housed at 18C (Experiment 1) or 28C (Experiment 2) and fed one of 
_________     five dietary treatments  _ _ _ _ _ _ _ _ _ _

H en A ge (wks)
M ain Effect T r t1 25 25.4 26 26.4 27 27.4 28 28.4 29 29.4 30 30.4 31 O verall2

  -   (%)
Experim ent l 3 
n
D iet PS-2 8.37b 9.28 9.32a 9.1 l ab 9.64a 9.35ab 9.26 8.25b 8.36 8.93 9.25 9.08 8.96 9.02a

PS 9.25° 9.37 9.49a 9.20a 9.50a 8.81cd 9.13 8.28b 8.13 8.88 8.93 8.71 8.73 8.88a
PS+2 9.03ab 9.45 9.10ab 9.14ab 9.53a 9.25abc 9.27 8.42a 8.16 8.95 9.00 9.08 9.17 8.99a
PS+4 8.68ab 8.79 9.43a 9 .10ab 9.49a 9.65a 9.34 8.23ab 8.54 8.67 9.07 8.87 8.74 8.94a
PS+6 8.30b 8.75 8.53b 8.62b 8.98b 9.17bc 8.97 7.92b 8.18 8.61 9.02 8.77 8.84 8.69b

Overall m ean 8.73 9.13 9.17 9.03 9.43 9.25 9.19 8.22 8.27 8.81 9.05 8.90 8.89 8.91
SEM 0.14 0.12 0.10 0.08 0.08 0.08 0.08 0.07 0.07 0.07 0.07 0.07 0.07 0.84
P value * NS ** * * * NS * NS NS NS NS NS **

Experim ent 2 
n
D iet PS-2 8.81b 8 99bc 9.59a 9.29a 9.44a 9.12 9.26 7.78 8.11 8.90 8.91 8.97 8.80 8.93ab

PS 8.86b g 27ab 9.55a 9.18“ 9.40a 9.18 9.29 8.10 8.01 8.69 8.89 8.99 9.00 8.95a
PS+2 9.74a 9.65a 9.43a 9.28a 9.47a 9.22 9.39 8.23 8.15 8.84 9.11 8.79 8.67 9.03a
PS+4 8.58b 8.69cd 9.33a 9.08a 9.75a 9.13 9.13 8.13 8.02 8.83 8.81 8.61 8.59 8.82bc
PS+6 8.34b 8.17d 8.35b 8.23b 8.89b 9.14 8.92 8.20 8.16 9.16 8.93 8.99 8.87 8.67°

Overall mean 8.87 8.95 9.25 9.01 9.39 9.16 9.20 8.09 8.09 8.88 8.93 8.87 8.79 8.88
SEM 0.09 0.14 0.12 0.11 0.11 0.11 0.09 0.10 0.10 0.12 0.11 0.12 0.11 0.90
P value * ** ** ** * NS N S NS NS . NS NS NS NS **

a’b’c’d W ithin and experiment, means within a column (dietary treatment) with no common superscript differ significantly.
■'J 1 Treatment name. PS = Photostimulation (20 wk), the number referes to the number o f  wk before (-) or after

(+) photostimulation that the birds were switched from a low Ca grower diet to a high Ca breeder diet.
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2 Shell w eight as a percentage o f  egg w eight over the course o f  the experim ent (m easured on 3500 eggs; tw o per hen per week).
3 In  Experim ent 1, birds w ere m aintained at 18 C throughout the study, in Experim ent 2, the birds 
w ere housed at 28 C throughout the trial,.n  = 25 observations per treatm ent; each observation was 
the average o f  one egg per hen per sam pling day. I f  a hen  did not lay on the sam pling day, it was 
excluded from  that day’s analysis.
* < 0 .0 5 , * * < 0 .0 1 .
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Table 2-6. Tibiotarsus characteristics o f 31 \vk old Ross 508 hens housed at 18C 
(Experiment 1) or 28C (Experiment 2) and fed one of five dietary treatments

M ain Effect T rt . 2 B one wt. A sh wt.
Param eter M easured 1 

Ca wt. A sh/B one

i

Ca/Bone Ca/Ash
____ r a t — . ______ r % t — ■------ fg j—- ------t /oj—

Experim ent l 3

11

D iet PS-2 4.66 2.29 0.79 49.50 18.15 36.67afa
PS 4.59 2 . 2 0 0.83 47.77 17.12 35.75b
PS+2 4.54 2.32 0.85 51.27 18.47 36.05b
PS+4 4.76 2.36 0.85 49.86 18.49 3 7 .12a
PS + 6 4.59 2.19 0.81 48.07 17.24 35.89b

SEM 0.53 0.29 0 . 0 1 5.52 2 . 1 1 1.48
P value NS NS NS NS NS *

Experim ent 2
n11

Diet PS-2 4.47 2.32 0.80 49.37 18.053 36.53a
PS 4.68 2 . 2 2 0.84 47.45 17.48ab 36.86a
PS+2 4.62 2.19 0.81 47.42 16.51b 34.76b
PS+4 4.70 2.29 0.81 48.89 18.29a 37.43a
PS + 6 4.95 2 . 2 2 0.82 45.18 16.48b 36.48a

SEM 0.52 0.26 0 . 0 2 4.46 1.82 1.70
P value NS NS NS NS ** **

’c’ W ithin an experim ent, m eans w ithin a colum n (dietary treatm ent) w ith no com m on 
superscript differ significantly  

^  1 Bone = dry  bone w eight, Ash = ash w eight, C a = g o f  Ca present in the bone, A sh/B one = ash w eight 
10 as a percentage o f  dry bone w eight, Ca/Bone = g o f  Ca as a percentage o f  dry bone w eight, C a/A sh = g 

o f  Ca as a percentage o f  ash w e ig h t.
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2 T reatm ent name. PS = Photostim ulation (20 wk), the num ber refers to the num ber o f  w k before (-) o r after 
(+) photostim ulation that the birds w ere sw itched from  a low Ca grow er det to a h igh  Ca breeder diet.
3 In Experim ent 1, b irds were m aintained at 18 C throughout the study, in  Experim ent 2, the birds w ere 
housed at 28 C throughout the trial n =  25 observations per treatm ent.
4 Hens w ere photostim ulated at 20 wk o f  age. D ietary treatm ents refer to the num ber o f  w k relative to 
photostim ulation that hens w ere sw itched from  a 0.88%  grow er diet to a 2.96%  C a breeder diet. H ens 
w ere sw itched at 18, 20, 22, 24, and 26 w k o f  age (treatm ents PS-2, PS, PS+2, PS+4, and PS+ 6  

respectively).
* < 0 .0 5 , ** < 0 .0 1 .

o
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3.0 THE EFFECT OF MIDNIGHT FEEDING ON FEED 

CONSUMPTION AND EGGSHELL QUALITY IN LAYING HENS1

3.1 ABSTRACT

The effect o f allowing laying hens access to feed for 1 hr at midnight on 

eggshell quality and calcium status was investigated. Two 4.5-wk-long trials were 

performed using individually-caged, 60 wk old SCWL Shaver 2000 hens (48 

hens/experiment). In Experiment 1, the hens were exposed to midnight feeding for 27 

wk prior to the study, beginning at 33 wk o f age. At 60 wk o f age, half o f the hens 

(n=24) were allowed continued midnight feeding (MF treatment) while the other half 

(n=24) had feed removed at 2000 h and replaced at 0500 h to prevent overnight feed 

intake (CONT treatment). In Experiment 2, the experimental conditions and 

treatments were as described in Experiment 1, except the hens had no prior exposure 

to midnight feeding. In each experiment, diumal (0500 h to 2000 h), nocturnal (2000 

h to 0500 h) and total daily feed consumption were recorded daily for each hen; 

Individual BW was recorded every two weeks. All eggs were collected and shell 

quality assessed. Egg weight, specific gravity, yolk weight, and dry shell weight were 

measured every two weeks, starting at 60 wk. The MF hens in Experiment 1 gained 

more weight during the experiment than CONT birds (MF, 49.3 g +_94.4; CONT, -

15.5 g ±_94.4; P = 0.0246) and BW gain relative to weight at the start o f the 

experiment was also higher (MF, 2.52 % ii5 .07; CONT, -0.77 % di5.07; P = 0.0331); 

no differences in BW or BW change were observed in Experiment 2. Egg production 

did not differ in either study, although differences in total (MF, 27 + 6 ; CONT, 24 +

6 ; P = 0.0573) and marketable (MF, 27 ± 6 ; CONT, 23± 6 ; P = 0.0600) egg 

production rates approached significance in Experiment 1. Egg weight, shell weight,

1 Data from Experiment 1 in this chapter was generated by Carmen Zayac and Graham O lson as part o f  
an A N SC  471 project.
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specific gravity, and yolk weight were not different in either experiment. In 

Experiment 1 (prior exposure to midnight feeding), there were no differences between 

treatments in daytime or total weekly feed consumption. In Experiment 2 (no prior 

exposure to midnight feeding), daytime consumption o f the CONT hens was higher 

for each week o f the study. Under the conditions o f the present studies, the midnight 

feeding program did not improve shell quality nor egg production.
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3.2 INTRODUCTION

Laying hens have a large requirement for Ca in order to support normal 

metabolic processes, and especially eggshell formation. The ultimate source o f this 

Ca is the diet. However, during periods o f peak eggshell formation, hens cannot 

absorb Ca from the intestine rapidly enough to meet the requirements of the shell 

gland; during these periods, Ca is normally mobilized from the stores in the medullary 

bone, which can be rapidly depleted and replenished (Taylor, 1970).

The lighting program in a layer bam can affect feed consumption. In 

commercial laying operations, the lights are commonly off for 8  hours per day. Little, 

if any, feed consumption occurs during the dark period (Squibb and Collier, 1979).

As a result, hens in commercial laying operations are limited as to when they can 

consume feed and therefore Ca. However, if  hens are able to selectively consume 

particulate Ca (eg. oyster shell), they will consume little throughout the day and will 

preferentially consume the Ca at the end o f the photoperiod (Mongin and Sauveur, 

1974). Increasing Ca consumption at the end o f the photoperiod ensures that the hen 

has Ca readily available in the digestive tract during the dark period when demand for 

Ca is typically at its peak for eggshell formation (Etches, 1987).

The feed consumption o f laying hens under diurnal feeding programs has 

fallen due to intensive breeding for increased egg production (Roland and Bryant, 

1994). This may further aggravate the problems o f inadequate Ca available in the 

digestive tract during the nocturnal period.

Turning the lights on in the middle o f the dark period (midnight feeding), is 

expected to stimulate the hens to consume feed resulting in Ca in the digestive tract 

during the night. By providing the hen with dietary Ca during the dark period, 

midnight feeding may reduce the dependence and utilization o f  medullary bone
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reserves and improve eggshell quality. Work in our laboratory has shown that 

midnight feeding can be an effective means o f reversing the deleterious effects o f a 

metabolic Ca insufficiency (unpublished observations). Previous research by Harms 

et al. (1996) involved turning the lights in the bam on, and running the feeders for 45 

min every night. After 4 days o f midnight feeding, eggshell quality was measured. 

The results indicated that there was an increase in the specific gravity, shell weight, 

and percent shell in the eggs from the midnight fed hens.

The objective o f the current experiment was to study the effects o f long-term 

and short-term midnight feeding on feed consumption, eggshell quality, and egg 

production o f laying hens and the effect o f  long-term midnight feeding on bone 

mineral density, Ca content, and breaking strength. The hypothesis tested was that 

midnight feeding (both short- and long-term) would increase feed consumption, egg 

production, eggshell quality, and bone mineral content.

3.3 MATERIALS AND METHODS

Stocks and Housing

The study consisted o f two experiments, each using 48 Single Comb White 

Leghorn Shaver 2000 hens. The hens were individually caged and fed a commercial- 

type laying hen mash (Table 3-1). The hens were 60 wk o f age at the start o f  the 

experiments and 64.5 wk o f age when the experiments ended.

Experimental Design

The hens used in Experiment 1 were part o f a research flock in which a 

decrease in egg production, eggshell quality and bird skeletal health were observed.

A midnight feeding program was instituted at 33 wk o f age, and an almost immediate 

improvement in egg production, eggshell quality and bird health were observed 

(unpublished data). Therefore, all hens (n = 48) in Experiment 1 were exposed to
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light and ad libitum feed from 0500 h to 2000 h (15L:8D) and from 2400 h to 0100 h 

prior to data collection beginning at 60 wk of age. The lights were only turned on for 

1 h so that the birds would not perceive the light as the start o f  a new day.

Experiment 2 was conducted in the same facility, using the same strain o f hens, one 

year later. Experimental conditions and treatments were the same for Experiment 2 as 

for Experiment 1, except the hens had no exposure to midnight feeding prior to 60 wk 

o f age.

In each experiment, 48 hens were divided into two treatment groups labelled 

control (CONT, n = 24) and midnight fed (MF, n = 24). Feed consumption o f the 

individually- caged and fed hens was measured and recorded daily. A known amount 

o f feed (greater than expected feed consumption; no hen ever consumed all o f the feed 

in the feeder) was allocated to each hen immediately before the lights in the bam 

came on at 0500 h. After the lights went off at 2000 h, the feeders were removed and 

weighed. The feed consumed during this period was defined as the diumal feed 

consumption. The feeders o f the CONT treatment remained off from 2000 h to 0500 

h the next day, while those o f the MF treatment were immediately replaced. When 

the lights went on at 2400 h, all hens were exposed to light, however only those in the 

MF treatment had access to feed. The feeders were weighed again just before 0500 h 

and the feed consumed during this time was defined as nocturnal feed consumption. 

Thus, total feed consumption for the CONT treatment occurred between 0500 h and 

2000 h (diumal feed consumption) whereas total feed consumption for the MF 

treatment resulted from adding the diumal feed consumption to the nocturnal feed 

consumption.

Eggs were collected at 1300 h each day over the course of the experiment; 

each egg was identified with the hen and date o f  production. Each egg was weighed
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and a grade was assigned to each egg to describe the condition o f the egg or eggshell 

(normal, soft shelled, no shell, double yolk, broken, abnormal or pecked). At 60, 62, 

and 64 wk o f age, eggs were collected and stored overnight. Specific gravity was 

measured the next day using the flotation method (Nordstrom and Ousterhout, 1982) 

in saline solutions ranging from 1.062 to 1.094 with the saline concentration 

increasing by 0.002 in each subsequent container. After floating, the eggs were dried, 

broken, and yolk and dry eggshell weights were obtained. From this, shell weight as a 

percentage o f egg weight was calculated. Individual hen body weights were measured 

at 60, 62, and 64 wk o f age; weight gain as a percentage o f 60 wk body weight was 

calculated. At 64.5 wk o f age, the hens were killed by cervical dislocation.

Bone Mineral Analysis

After the birds were killed, the left leg was removed from the carcass and 

frozen for further analysis. Once the leg was thawed and soft tissue and toes 

removed, tibia cross-sectional area and density were measured at the mid-point using 

a Norland XCT2 scanner with XMENU software version 5.40C (Korver et al., 2003). 

An inner threshold level was set at 400 mg/cm3 to separate cortical and trabecular 

bone, and it was assumed that trabecular bone reflected the amount o f medullary bone 

present. The tibia were dried for 24 h (100 C) and dry bone weight determined. The 

dried bones were placed in an ashing oven (600 C) for 16 h and the ash dissolved in a 

hydrochloric acid solution. The Ca content o f the solution was measured using a 

Perkin-Elmer Model 4000 Atomic Absorption Spectrophotometer3 and compared to 

standard solutions o f known Ca content. In Experiment 1 only, the breaking strength 

o f the bones was measured prior to drying and ashing using an Instron Materials

2 Norland Corp., Fort Atkinson, W l, U SA  53538
3 Perkin Elmer, Norwalk CT, U SA  06856
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Tester4 with Automated Materials Test System software version 8.09, a standard 50 

kg load cell, and a modified sheer plate ( 8  cm in length and 1 mm in width). A 3 cm 

distance between the two fixed points supporting the bone, and a crosshead speed of 

1 0 0  mm/minute were held constant throughout each measurement.

Statistical Analysis

The main effect in both experiments was the feeding program; the 

experimental unit was the individual bird. Data were analysed as a one-way ANOVA 

using the General Linear Models (GLM) procedures o f SAS® (SAS Institute, 1999). 

Least square means were compared using the pdiff procedures o f SAS. All statements 

o f significance were assessed at P < 0.05. Two hens in Experiment 1, one from each 

treatment died during the course o f the experiment and were removed from the data 

set. The causes o f death were unrelated to the experimental treatments or Ca 

metabolism.

3.4 RESULTS AND DISCUSSION 

Body Weight and Feed Consumption

Experim ent 1. In the long-term midnight feeding study, there were no 

differences in body weight between the CONT and MF hens at any time point. 

However, over the course o f the experiment (from 60 to 64 wk of age), the MF hens 

gained more weight than the CONT hens (P = 0.0246; Table 3-2). W eight gain as a 

percentage o f 60 wk body weight was also greater in the MF hens (P = 0.0331).

There were no differences in daytime feed consumption between the MF and CONT 

treatments. At wk 1 and 4 (P = 0.0663, 0.0608 respectively; Table 3-3), the MF hens 

consumed a nearly significantly greater amount o f feed. Hurwitz and Bar (1969) 

reported that when given free access to Ca (e.g. oystershell), hens would preferentially

4 M odel 4411, Instron Corp., Canton, M A, USA 02021
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consume more Ca on days they were forming an eggshell than on non-shell-forming 

days. Feed consumption of hens on days when eggshell formation is occurring is 

increased by 25 % over days when no shell is being formed (Johnson, 1986).

Midnight feeding gives hens the opportunity to consume feed when it is required and 

may explain the propensity o f the MF hens to consume more total feed than their 

CONT counterparts. This indicates that having access to feed, and especially feed 

with appropriate levels of Ca during eggshell formation is important and will affect 

eggshell quality. It is possible that the CONT hens, which had previously adjusted to 

consuming feed in the overnight period, lost weight as a result o f the change in 

feeding pattern. Although the differences in overall feed consumption only 

approached significance, they may have been enough to cause the differences in 

weight described above; a significant weight loss or gain is not necessarily the result 

o f  a significant decrease or increase in feed consumption. Squibb and Collier (1979) 

determined that broilers, when given alternating 1 2  h periods o f light and dark 

increased feed consumption 2 to 3 h before the lights went out as compared to birds in 

all-light or all-dark treatments. In the same manner, the CONT hens may have 

increased their diumal consumption in anticipation o f the nocturnal period without 

feed. Given that broilers are more motivated to eat than Leghorns (Squibb and 

Collier, 1979), the hens in the present experiment probably consumed the feed during 

the 1 hour of light, rather than when the lights were out. Harms et al. (1996) reported 

that previous attempts at midnight feeding involving hand-feeding, such as performed 

in the present study, were not successful as the hens would not consume feed when 

the lights were turned on at midnight. However, when the experiment was performed 

using automatic feeders, the hens responded to the sound cue by consuming feed. In 

the current experiment, the hens were accustomed to hand feeding before the trial
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started, so it is possible a similar sound cue would not have encouraged significantly 

greater consumption. Had the experiment continued, the differences in body weight 

gain would probably be eliminated as the CONT hens adjusted to the midnight 

feeding schedule.

Experim ent 2. In the short-term midnight feeding study, there were no 

differences between the CONT and MF hens in body weight or gain at any week 

(Table 3-2). Total feed consumption was the same for both treatments throughout the 

experiment, however, the CONT treatment had a higher average daytime feed 

consumption than the MF treatment for each week (Table 3-3). As a major proportion 

o f eggshell formation occurs at night (Etches, 1987), it is possible that the MF hens in 

this short-term study responded by increasing nocturnal feed intake at the expense of 

diumal intake, without changing total daily consumption. Thus, hens given access to 

feed during active eggshell formation (e.g. the MF treatment) may be more motivated 

to consume fed than during times when a shell is not being formed. Differences in 

intake patterns between hens exposed to short-term (Experiment 2) and long-term 

(Experiment 1) midnight feeding are puzzling, and may be due to the relative novelty 

o f the feeding program.

Previous research has shown that hens given the choice between Ca-deficient 

and Ca-rich diets will preferentially consume the Ca-rich diet when eggshell 

formation is occurring (Hurwitz and Bar, 1966). The current study could not confirm 

those results, as feed consumption was measured only twice per day. However there 

was no significant difference in total feed consumption between the two treatments.

A possible explanation may lie in the Ca status o f the hens before the experiments 

started. Hurwitz and Bar (1965) found that when dietary Ca levels were 3.56 % or 

higher, Ca from the intestine was the primary source o f eggshell Ca. At dietary Ca
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levels lower than 1.95 %, the medullary bone reserves provided 30 to 40 % of the Ca 

required for eggshell formation. The other 60 to 70 % Ca required for eggshell 

formation comes directly from the diet. I f  hens have insufficient dietary Ca and 

medullary bone reserves, poor eggshell quality and metabolic disorders can result 

(Couch, 1955). The hens in the current experiment were fed adequate Ca throughout 

the grower and pre-lay periods and, although not measured, should have been in a 

positive Ca balance at the beginning o f the experiments. Perhaps, i f  the hens were in 

a negative Ca balance, the MF treatment would have been more motivated to consume 

feed.

Egg Production and Egg Traits

Experim ent 1. The MF hens produced 27 eggs, o f which all 27 were 

marketable over the 32 days o f the experiment. The CONT hens produced 24 eggs of 

which 23 were marketable. The difference between total and treatments in marketable 

eggs approached significance (P = 0.0573 and 0.0600 respectively). The weight loss 

exhibited by the CONT hens and the additional feed consumption o f the MF hens, 

while not significant, may be associated with the difference in egg production. There 

were no differences between the two treatments in any o f the egg traits measured 

(Table 3-4).

Experim ent 2. No differences existed in the number o f total or marketable 

eggs produced between treatments over the 32 days o f the experiment. As in 

Experiment 1, there were no differences between the treatments in any o f the egg 

traits measured (Table 3-4).

Supplying Ca to the gut when eggshell formation is occurring to increase 

eggshell quality has been well documented. Roland et al. (1973) found that the 

specific gravity o f eggs laid in the afternoon is higher than that o f eggs laid in the
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morning. This was due to the availability o f Ca directly from feed for a greater 

proportion o f the eggshell calcification process rather than from medullary bone 

sources. This effect was not observed in the current experiment. Based on nocturnal 

feed consumption, the MF hens would be expected to have had feed in the gut during 

the day and for a proportion o f the night.

It is interesting to note that the MF hens in Experiment 1 produced a nearly 

significantly greater number o f  both total and marketable eggs, and also had a nearly 

significant increase in feed consumption at several time points. This, coupled with 

the lack o f effect in eggshell characteristics suggests that the hens in Experiment 1 

were not limited by diet or calcium reserves to produce eggs. The lack o f effects o f 

the midnight feeding program on total feed intake, egg production and shell quality 

suggest a similar status in Experiment 2. 

jBone Mineral Analysis

There were no differences in bone weight, ash weight, Ca, ash weight as a 

percentage o f bone weight, Ca as a percentage o f ash weight, or Ca as a percentage of 

bone weight (Table 3-5). Bone density was not affected by treatment. Cheng and 

Coon (1990) determined dry weight and ash weight of the whole bone was an 

indicator of daily Ca intake and could therefore be used to reflect bone status.

It was hypothesized that the MF treatment would reduce the dependence on 

medullary bone for eggshell formation by supplying feed to the gut for absorption 

during the day and especially overnight when a large proportion o f eggshell formation 

takes place (Simkiss, 1967). Eggshell quality and bone quality were the same 

between the CONT and MF treatment groups in both experiments, suggesting that the 

hens were never over-dependant on bone stores o f Ca for egg production. It appeared
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that the hens in both experiments were able to mobilize sufficient Ca from the diet to 

support both eggshell formation and the maintenance o f bone Ca reserves.

A wide variety o f production and compositional analyses were performed in 

this study; it is clear that the midnight feeding program employed did not affect 

production or skeletal health. The present data contradicted previous observations by 

our group and work by others regarding the efficacy o f midnight feeding programs. 

Based on production traits, shell quality, and bone mineralization, it was clear that the 

hens in both treatments were not impaired in their ability to absorb and metabolize Ca 

from the diet. Under conditions where Ca status may be impaired, such as dietary 

deficiency, a loss o f appetite due to high environmental temperature, improper pre-lay 

nutrition, or impaired ability to form medullary bone, midnight feeding may provide 

additional metabolizable Ca and prevent Ca-related problems.
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Table 3-1. Ingredient and calculated nutrient composition of laying hen diet
Ingredient_____________________________________ Amount o f Ingredient______

---------------- g/K g---------------------
Wheat, Hard Red Spring 633.91
Soybean Meal, 48% CP 199.0
Com Gluten Meal 2 0 . 0

Canola Oil 21A
Limestone 95.2
Dicalcium Phosphate 10.75
Choline Cl Premix1 5.0
Layer Premix2 5.0
NaCl 2.5
D,L-methionine3 1.24

Nutrient composition
Crude Protein, % (analyzed) 20.4
ME, kcal/kg 2,833
Calcium, % (analyzed) 3.89
Available Phosphorous, % 0.35
Lysine, % 0.83
Methionine, % 0.41
Methionine + Cystine, % 0.74
Linoleic acid, % 1.49

Choline chloride premix provided 100 mg per Kg o f diet. BASF Toronto, ON. N IG  4T2. 
2Layer premix provided the following (per kg o f diet): Vitamin A, 10,000 IU; vitamin D3, 
2,500 IU; vitamin E, 35 IU, vitamin K, 2.0 mg; pantothenic acid, 14.0 mg; riboflavin, 5.0 
mg; folacin, 0.8 mg; niacin, 65.0 mg; thiamine, 2.0 mg; pyridoxine, 4.0 mg; vitamin B 12, 
0.015 mg; biotin, 0.18 mg; iodine, 0.5 mg; manganese, 70.0 mg; copper, 8.5 mg; zinc, 80.0 
mg; selenium, 0.1 mg; iron, 100.0 mg. BASF Toronto, ON. N IG  4T2.
3Degussa AG Canada Inc. Burlington ON. L7R 3Y6.
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Table 3-2. Effect of midnight feeding on mean body weight and weight gain of laying hens
Experiment l 1 Experiment 22

Age (wk)
Treatment 

MF CONT P  Value Pooled SEM
Treatment 

MF CONT P  Value Pooled SEM

60
----------Kg----------

1.812 1.814 NS 0.249
-------- Kg-----------

1.835 1.808 NS 0.180
62 1.807 1.779 NS 0.257 1.830 1.794 NS 0.184
64 1.854 1.804 NS 0.281 1.834 1.804 NS 0.198

Gain4 49.3 8  -15.5 0.0246 94.4 -1.1 8  -3.42 NS 67.2

% Gain5 
l , , •

2.52 -0.77 0.0331 5.07 -0 . 1 2  -0 . 2 0 NS 3.89

64.5 wk o f  age by Carmen Zayac and Graham Olsen as part o f an AnSc 471 project.
2 Midnight feeding treatment applied from 60 to 64.5 weeks o f age.
3 MF = midnight feeding treatment (lights on and access to feed from 0500 h to 2000 h and from 
2400 h to 0100 h each day, n = 24), CONT = control treatment (lights on and access to feed from 
0500 h to 2000 h, lights on without access to feed from 2400 h to 0100 h, n = 24).
4 Weight gain over the course o f the experiment.
5 Percent gain (weight gain as a percent o f 60 wk body weight).
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Table 3-3. Effect of midnight feeding on average daily feed consumption of laying hens

Experiment 11

Age 60 61 62 63 64
Treatment3 Diurnal4 Nocturnal5 Total6 Diurnal Nocturnal Total Diurnal Nocturnal Total Diurnal Nocturnal Total Diurnal Nocturnal Total

MF 107 13 1 2 0 108 14 1 2 2 105
g

17 122 1 1 2 18 130 113 13 126
CONT 1 0 0 — 1 0 0 1 1 2 — 1 1 2 106 106 1 1 1 — 1 1 1 1 1 0 — 1 1 0

Pooled SEM 34 — 36 35 — 38 36 38 32 — 34 31 — 33
P Value NS — NS NS — NS NS NS NS — NS NS — 0.1005

2
Experiment 2

MF 105 1 2 117 108 14 1 2 2 109 15 124 108 15 123 1 1 1 17 128
CONT 1 2 0 — 1 2 0 123 — 123 124 124 124 — 124 124 — 124

Pooled SEM 19 — 2 0 17 — 17 18 18 15 — 15 17 — 17
P Value 0.0071 — NS 0.0028 — NS 0.0074 NS 0.0008 — NS 0.0109 — NS

1 Midnight feeding treatment applied from 33 to 64.5 weeks o f age, data was collected from 60-64.5 wk o f age by Carmen Zayac and Graham Olsen as 
part o f an AnSc 471 project.

Midnight feeding treatment applied from 60 to 64.5 weeks o f age.
3 MF = midnight feeding treatment (lights on and access to feed from 0500 h to 2000 h and from 2400 h to 0100 h each day), CONT = control treatment 
(lights on and access to feed from 0500 h to 2000 h, lights on without access to feed from 2400 h to 0100 h).
4 Average diurnal feed consumption (feed consumed from 0500 h to 2000 h).
5 Average nocturnal feed consumption (feed consumed from 2400 h to 0100 h).
6 Average total daily feed consumption.
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Table 3-4. Effect of midnight feeding on egg traits from laying hens
Experiment 11 Experiment 2"

Treatment3 Treatment
MF CONT P  value Pooled SEM MF CONT P  value Pooled SEM

Egg Weight (g) 65.7 64.2 NS 2.4 64.7 63.9 NS 4.0
Shell Weight (g) 5.6 5.6 NS 0.5 5.5 5.4 NS 0.3
Percent Shell ( % ) 4 8.5 8.7 NS 0 . 8 8 . 6 8.5 NS 0.5
Specific Gravity 1.077 1.078 NS 0.003 1.078 1.077 NS 0.004
Yolk Weight (g)
1 » i i . r .•

18.5 18.0 NS 0 . 8 17.7 18.0 NS 0 . 8

Midnight feeding treatment applied from 33 to 64.5 weeks o f age, data was collected from 
60-64.5 wk of age by Carmen Zayac and Graham Olsen as part o f  an AnSc 471 project.
2 Midnight feeding treatment applied from 60 to 64.5 weeks o f age.
3 MF = midnight feeding treatment (lights on and access to feed from 0500 h to 2000 h and 
from 2400 h to 0100 h each day, n = 24), CONT = control treatment (lights on and access to 
feed from 0500 h to 2000 h, lights on without access to feed from 2400 h to 0100 h, n = 24).
4 Shell weight as a percentage o f  egg weight.
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Table 3-5. Effect of midnight feeding on bone characteristics from laying hens
Experiment 11 

Treatment3

Experiment 22

Treatment
Parameter Measured4 MF CONT P  value Pooled SEM MF CONT P  value Pooled SEM
Bone (g) 4.34 4.30 NS 0.54 3.85 3.87 NS 0 . 6 6

Ash (g) 2.69 2.73 NS 0.44 2.14 2.15 NS 0.59
Ca (g) 0.87 0 . 8 8 NS 0.15 0.75 0.70 NS 0 . 0 1

Ash/Bone (%) 62.0 62.8 NS 6.70 49.9 48.9 NS 8.91
Ca/Bone (%) 2 0 . 1 20.3 NS 2.46 17.7 17.6 NS 1.77
Ca/Ash (%) 32.4 32.3 NS 1.37 31.6 32.3 NS 19.73
Total Density (mg/cm3) 634 611 NS 69 627 616 NS 72
Total Area (mm2) 32 33 NS 2 29 23 NS 2

Trabecular Density (mg/cm3) 2 0 2 . 206 NS 35 198 197 NS 29
Trabecular Area (mm2) 13 14 NS 3 13 1 2 NS 4
Cortical Density (mg/cm3) 995 1009 NS 52 967 959 NS 63
Cortical Area (mm2) 17 16 NS 3 15 14 NS 2

Midnight feeding treatment applied from 33 to 64.5 weeks o f age, data collected by Carmen Zayac and Graham Olsen 
as part o f an AnSc 471 project.
2 M idnight feeding treatment applied from 60 to 64.5 weeks o f age.
3 MF = midnight feeding treatment (lights on and access to feed from 0500 h to 2000 h and from 2400 h to 0100 h each 
day, n = 24), CONT = control treatment (lights on and access to feed from 0500 h to 2000 h, lights on without access to 
feed from 2400 h to 0100 h, n = 24).
4 Bone = dry bone weight, Ash = ash weight, Ca = g o f Ca present in the bone, Ash/Bone = ash weight as a percentage of 
dry bone weight, Ca/Bone = g o f Ca as a percentage o f dry bone weight, Ca/Ash = g o f  Ca as a percentage o f ash weight.
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4.0 GENERAL DISCUSSION

Poor eggshell quality causes num erous problem s in the broiler breeder and table 

egg industries every year. In the broiler breeder industry, where producers are paid on 

the basis o f  saleable chicks, poor eggshell quality results in reduced hatchability  and a 

financial loss. In the table egg industry, eggs with poor shells cannot be sold as table 

eggs, and m ust instead be sold into the further processing m arket at a m uch low er price. 

Spent hens are no longer being accepted for use in traditional further processing as the leg 

and wing bones are too fragile. Instead, the hens are rendered for use in anim al feed 

which is an added cost to the producer rather than getting com pensated for the birds. 

Therefore, bone breakage as a result o f  m ineral depletion is fast becom ing im portant in 

the table egg industry both as an econom ical and an animal w elfare issue. W hile the 

concerns are sim ilar betw een the two industries, the solutions are not.

In broiler breeders, the pressure to produce broiler chicks w ith high growth 

potential has led to years o f  selection for growth rate and appetite in the m ale lines, and 

egg production in the fem ale lines. Together, this results in breeders that cannot be g iven 

ad  libitum  access to feed or they will over-consum e, leading to decreased fertility and leg 

problem s. Feed restriction reduces Ca intake and lim its the am ount o f  tim e in which 

birds have access to feed. In a typical broiler breeder operation, the d ay ’s feed is given 

once, early in the m orning. Feed is therefore not available directly from  the  digestive 

tract during the overnight period when m ost eggshell form ation is occurring (Roland et 

a l  1973). To supply Ca for eggshell formation, hens have a specialized type o f  bone 

called m edullary bone, that serves as a readily accessible reservoir for Ca (Sim kiss,

1967). M edullary bone is broken down in tim es o f  Ca shortfall, and re-m ineralized w hen
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there is available Ca in the gut that is not im m ediately required for eggshell form ation. 

M edullary bone is form ed approxim ately 2 weeks before first egg and is accom panied by 

an increased physiological dem and for Ca (Hurwitz and Bar, 1969).

4.1 Ca NUTRITION IN BROILER BREEDER HENS 

In com m ercial b roiler breeder operations, the birds are supplied w ith a grow er diet 

(approxim ately 1 % Ca) o r a pre-breeder diet (approxim ately 2 % Ca) until the flock 

reaches 5 % production. In order to m eet the dietary needs o f  the m ajority  o f  the flock, 

the feed is then changed to a high Ca breeder diet (over 3 % Ca). Several factors can 

influence the tim ing o f  this dietary change but one o f  the m ost im portant is flock 

uniform ity in body weight. I f  a flock is not uniform  in body w eight and stage o f  sexual 

m aturity, some birds can begin production w eeks before others, creating a dilem m a as to 

w hen to increase Ca; to m eet the requirem ents o f  the first birds or the last to enter 

production. The research presented in  this thesis indicated that increasing Ca too soon, 

such as 2 w eeks before photostim ulation (PS-2; Chapter 2), can have detrim ental effects 

on eggshell quality and bird health. Conversely, supplying Ca after the hens begin 

production and have an increased need for Ca, such as 6  w eeks after photostim ulation 

(PS+ 6 ; Chapter 2), does not m eet the nutritional needs o f  the flock. The results show ed 

that, in a therm oneutral environm ent (Experim ent 1; Chapter 2), there w ere no 

detrim ental effects to increasing Ca before photostim ulation. How ever, in a high- 

tem perature environm ent (Experim ent 2; Chapter 2), the tim ing o f  increasing Ca becam e 

m ore im portant. Peak egg production averaged across the dietary treatm ents in the 

therm oneutral environm ent was alm ost 2 0  %  higher and the birds reached peak 2  weeks 

later than in the hot environm ent. In addition, eggshell quality in the PS-2 and PS+ 6
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treatm ents was com prom ised when the hens were exposed to heat stress. C ontradictory 

results were seen for bone characteristics. In the therm oneutral environm ent (C hapter 2), 

bone characteristics were the worst in the PS (diet changed at photostim ulation), PS+2 

(diet changed 2 wk after photostim ulation), and PS+6 treatm ents. The PS+2 treatm ent 

also showed the worst bone characteristics in the high-tem perature environm ent. The 

results suggest that eggshell quality was m aintained at the expense o f  bone quality. T he 

results discussed here are recom m endations based on the experim ent perform ed in w hich 

the birds were photostim ulated at 20 wk. It is important to rem em ber that the decision o f  

when to increase dietary Ca m ust be m ade based on when m edullary bone is expected to 

form in the flock, based on w hen the birds are photostim ulated. Proper supervision and 

m anagem ent on a flock-by-flock basis will better determ ine the best tim e to increase C a 

rather than arbitrarily choosing an age at which Ca should be increased.

W hen review ing the results, it is important to keep in m ind the practical 

application to industry. In com m ercial broiler breeder operations, it is com m on for the 

pullets to be m oved into a laying bam  at approxim ately 22 wk o f  age, and vaccinated at 

the sam e time. The vaccination involves penning up the birds, picking each up by hand, 

and injecting the vaccine w ith a needle. In addition, soon after the hens are transferred, 

the m ales are added to the bam , adding further stress. Besides being m oved, broiler 

breeder hens are subjected to the ongoing stress o f  feed restriction. W hile it is difficult to 

compare one type o f  stress with another, we can speculate that any o f  these procedures 

m ight exacerbate the effects o f  the stress felt by the hens in the high environm ental 

tem perature treatm ent and m ake the results relevant to a com m ercial operation.
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In all experim ents there are restrictions placed on the experim ental design by cost, 

m anpower, and time. The same is true in the current studies. The quantitative com puted 

tom ography (QCT) used in Chapter 3 was not available when running the experim ent 

discussed in Chapter 2. The ability to see changes in bone density in vivo w ould have 

added valuable data. In addition, m any m etabolic disorders becom e apparent as hens age, 

so lengthening the experim ent to include the entire production cycle m ay have given 

some insight to the effects o f  pre-lay nutrition in broiler breeders hens; a valuable 

resource since all o f  the research in the area has been perform ed on Leghorns. It is w ell 

docum ented that one o f  the m ost im portant predictors o f  bone quality is the housing in  

which birds are m aintained (Flem ing et al. 1994). Birds reared in cages typically  show 

signs o f  osteoporosis and other m etabolic disorders m ore often than those reared on the 

floor. U nlike com m ercial bam s, the birds used in the current experim ent w ere in cages to 

m easure individual feed consum ption, however, had the hens been kept on the floor, 

different results m ay have been observed.

4.2 CA NUTRITION IN LAYING HENS 

The concerns in the table egg industry are two-fold; poor eggshell quality  and 

poor bone strength. In order to increase bone strength, and consequently eggshell quality, 

m idnight feeding has been suggested as a w ay o f  supplying Ca to the hens overnight 

when it can be directly deposited into the eggshell, rather than depleting m edullary bone. 

In the Chapter 3, m idnight feeding did not affect eggshell or bone quality in either 

experiment. H ow ever there were subtle differences in feed consum ption betw een the two 

experiments. W hen the hens were subjected to long-term  m idnight feeding, the total fe e d : 

consum ption o f  the m idnight fed (M F) hens w'as alm ost significantly different from  that
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o f  the daytim e-fed (CONT) hens 60 and 63 wk o f  age, while the diurnal feed 

consum ption was the same. W hen the hens were exposed to short-term  m idnight feeding, 

the dium al feed consum ption o f  the CO NT hens was higher than that o f  the MF hens for 

every wk except 62 wk o f  age. Nonetheless, the total feed consum ption was not different 

between the two groups. The results suggested that the additional feed available to the 

MF hens during the nocturnal period was not used to increase eggshell quality. Previous 

research has stated that i f  given free-choice access, hens will consum e m ore feed when 

form ing an eggshell. The results from  Chapter 3 suggested that the Ca requirem ents o f  

the hens were m et by the am ount o f  feed available to the CO NT hens. The MF hens 

appeared to spread out their feed consum ption over the dium al and nocturnal periods but 

did not consum e additional feed.

A lthough previous studies have been perform ed looking at m idnight feeding, it is 

unclear what the Ca status o f  the hens in the current study was when m idnight feeding 

began. W hile not m easured, the experim ents perform ed in Chapter 3 were perform ed on 

hens showing no outw ard signs o f  Ca deficiency. The results m ay have been different if  

the hens were in a negative Ca balance when the experim ents began, even i f  it was 

induced by unusually low dietary Ca levels. The QCT technology w as only available 

after the trials w ere com plete, however, the bone density at the beginning o f  the 

experim ents would have been a useful tool to determ ine i f  there was any change over 

tim e as well as betw een treatm ents. Observing changes in bone quality throughout the 

production cycle from  an in vivo point o f  view  would be invaluable. This research is 

im portant, not only from  a production standpoint, but from an animal w elfare standpoint
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as well. As agriculture m oves further into the future, animal w elfare is becom ing a larger 

issue in the poultry industry.

Both experim ents perform ed in this field o f  study dem onstrated that sim ply 

providing m ore Ca does not guarantee increased shell and bone quality. The tim ing o f  

providing Ca to flocks in relation to m edullary bone form ation and the onset o f  egg 

production is critical to eggshell quality and m aintaining m arketable egg production. 

Stress also affects how  effective the tim ing o f  a particular feeding program  is, m aking the 

decision o f  w hen to increase dietary Ca m uch m ore critical. In addition, the tim e o f  day 

in which the hens have access to feed can influence their ability to produce and m aintain 

high quality eggshell and prolific egg production. A lthough the current results show ed 

no differences in eggshell or bone quality in m idnight fed hens as com pared to those on  a 

dium al feeding system, previous studies have dem onstrated that m idnight feeding is 

effective. The experim ents w ere designed and conducted differently w hich m ay explain 

the discrepancies found in the results. However, both experim ents exhibit that the tim ing 

o f  Ca intake plays an im portant role in m aintaining or im proving the Ca m etabolism  o f  

egg laying birds.
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