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Newly hatched chicks may experience long periods of fasting prior to placement in
commercial hatcheries. Three trials were conducted to investigate the effects of early
feed restriction and various supplements on the performance and gut health of broiler
chicks brooded either in battery cages or floor pens. The trials lasted for 14, 21, and, 22
days respectively. In trial 1, chicks were subjected to 3 periods of fasting after hatch (36,
24, or 12 h). A short period of fasting (12 h) was associated with a lower feed:gain ratio
compared to the longer periods (36 and 24 h). In trial 2, chicks were fed 4 dietary
treatments (corn-SBM, corn-SBM + Tylan®, corn-SBM + Bio-Mos®, or corn-SBM +
NuPro® ), subjected to 2 feeding programs (fed immediately or 12 h delay post-hatch),
and brooded in 2 housing systems (cages or floor pens), in a split-plot experiment. Early
feeding led to increased feed intake and body weight of chicks. Brooding chicks in cages
resulted in an improved body weight, increased feed intake, and increased feed:gain ratio.
Dietary treatments had no effects on broiler performance at all time periods measured. In
trial 3, chicks were fasted for 24 h, placed immediately, fed a hatching supplement for 48
h, or fed a hatching supplement for 24 h post-hatch. Chicks placed immediately had
markedly improved body weight. Feeding the hatching supplement numerically
improved body weight at the end of the trial compared to early fasting. In summary,
early feeding is an important factor affecting subsequent performance of chicks.

Lactobacillus and Salmonella, as an index of gut health, were not influenced by early
feed restriction. Lactobacillus is hypothesized to promote the health of the gut while
Salmonella is considered a pathogen. The impact of early feed restriction on the
colonization of these bacteria needs further research.
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Chapter 1: Literature Review
1.1 General Introduction

It is very common in commercial practice that newly hatched chicks do not have
access to feed and water for long periods of time prior to placement. Under these
situations, chicks hatch over a 36 to 48 h period of time and are usually pulled out of the
hatcher only when the majority have hatched. Thus, early hatched chicks remain without
feed and water during the hatching process. Placement may be further delayed due to
some standard operating procedures in hatchery such as sex determination, vaccination,
packaging, and transportation to production facilities (Batal and Parsons, 2002).
Before utilization of feed in the chick brooding area, chicks depend solely on the
residual yolk sac for the first few days post-hatch. Yolk as the only source of energy is
comprised mainly of fat and protein that are used for maintenance and growth
(Romanoff, 1960; Sklan and Noy, 2000). Yolk protein is known to be the source of
antibodies that pass from the hen to the chick (Larsson et al., 1993). An increased posthatch holding period can be stressful to chicks due to potential dehydration and energy
depletion (Boersma et al., 2003). Consequences of delayed placement of chicks have
been reported to include but not be limited to poor response to vaccination, slow
gastrointestinal tract and immune system development, poor resistance to diseases and
pathogens, and adverse effects on long-term performance (Dibner and Knight, 2003).
It has been demonstrated that delayed access to feed and water after hatch negatively
affect subsequent performance in poultry (Moran, 1978; Moran, 1990; Plnchasov and
Noy, 1993). Vieira and Moran (1999) reported that chicks delayed in placement had
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reduced weight gain at 3 wk, reduced carcass weight and a decreased percentage of grade
A’s, and higher mortality compared to chicks fed immediately after hatch. In addition to
these observations, Yang et al. (2009) observed an inverse relationship between a feed
deprivation period and weight gain of chicks. Feeding hatchlings immediately post-hatch
was reported to increase body weights of both chicks and turkey poults (Noy and Sklan,
1999; Henderson et al., 2008). Several studies have indicated that early access to feed
and water not only improved the weight gain of chicks but also reduced mortality (Vieira
and Moran, 1999; Dibner and Knight, 2003; Yi et al., 2005). Dibner et al. (1998)
reported that feeding chicks immediately after hatch results in an improved immune
system and better resistance to disease challenges.
Early feeding is essential for the development and growth of the gastrointestinal
system of the bird. The gastrointestinal tract grows more rapidly than body weight in the
first few days following hatch and plays a critical role in the early stages of chick growth
(Nitsan et al., 1991; Dibner et al., 1996). Delayed feeding has been shown to negatively
affect the development and function of the GI tract of broiler chicks (Dibner and Knight,
1999; Sklan and Noy, 2000; Batal and Parsons, 2002; Yi et al., 2005; Yang et al., 2009)
and turkey poults (Corless and Sell, 1999; Noy et al., 2001; Potturi et al., 2005).
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1.2 Feed restriction and gut health

The gastrointestinal tract (GI tract) is an important organ where the digestion and
absorption of nutrients occurs. The development of this organ begins as early as day four
of incubation. As incubation progresses, the GI tract of the embryo grows rapidly and
increases in weight even more than the increase in body weight at this stage (Uni et al.,
2003). The development of this vital organ continues in the post-hatch period and
undergoes several morphological and physiological changes. The morphological changes
involve increases in intestinal length, villus height, and density which influence the
number of enterocytes and goblet cells. The physiological changes include increases in
the production of pancreatic and intestinal digestive enzymes as well as membrane
transporters.
It has been demonstrated that the intake of exogenous feed can stimulate the growth
and development of the GI tract in newly hatched chicks. Different studies have
indicated that early access to feed is critical for the development of the intestinal tract and
the uptake of yolk by the small intestine of the hatchlings (Uni et al., 1998; Noy and
Sklan, 2001; Noy et al., 2001; Potturi et al., 2005). Corless and Sell (1999) observed a
reduction in the weight and length of the small intestine, pancreas weight, pancreatic
amylase and trypsin activities, and impaired nutrient utilization when poults were
withheld from feed for 54 h post-hatch. In addition, Sklan and Noy (2000) noted an
increase in the activities of intestinal trypsin, amylase and lipase, as well as an increase in
mucosal uptake in early fed-chicks compared to non-fed chicks. They also found in a
different study with poults that feed deprivation depressed intestinal growth, including
that of villi and enterocyte proliferation (Noy et al., 2001). The intestinal wall is covered
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by a mucus layer composed mainly of mucin glycoproteins, which are produced by
goblet cells distributed along the villi. This layer plays an important role in protecting the
brush border against any damage caused by chemicals or harmful microorganisms and
also influences nutrient transport. Early feed restriction could result in adverse effects on
the development of the mucosal layer (Uni et al., 1998; Uni et al., 2003; Maiorka et al.,
2003).
The gastrointestinal tract of the bird is unique in that it supports a micro ecosystem
that harbors a diverse population of microorganisms. The GI tract microflora consists of
bacteria, fungi, and protozoa (Gabriel, 2006). These microbial populations are
distributed throughout the digestive tract and are found in high concentrations in the
caeca (Gabriel, 2006). Bacteria are the major group of microorganisms present in the gut
of chicks. At the time of hatch, the GI tract of the chick is typically sterile and the
establishment of the bacterial populations occurs post-hatch, the number as well as
diversity of these bacteria increase with age and remain relatively stable thereafter
(Verstegen et al., 2005; Yegani and Korver, 2008) .
Numerous reports document that in young chicks the major bacterial species found in
the small intestine and ceca are Lactobacillus, Streptococci, Bifidobacteria, Clostridium,
and E.coli (Mead and Adams, 1975; Amit-Romach, 2004). In older birds, some other
bacteria such as Salmonella, Campylobacter, Bifidobacteria and Bacteroides were found
to colonize the gut in addition to the major groups such as Lactobacillus and Clostridium
species (Amit-Romach, 2004). However, it is hypothesized that a typical microflora of
the adult bird needs approximately two weeks to be established in the gut (Amit-Romach,
2004). It should be noted that the composition of the microflora is not constant and there
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are many factors that can alter this composition including the age of the chicken, diet
composition, breed, and geographic location (Yegani and Korver, 2008).
It’s well known that intestinal bacteria contribute negatively or positively to intestinal
health and, as a result, the health status of the bird. In general, the bacterial populations
of the GI tract can be divided into two groups in terms of their potential effects on the
host, and these groups are pathogenic versus commensal bacteria. Pathogenic bacteria
may cause deleterious effects to the host such as intestinal putrefaction, localized or
systemic infections, and toxin formation (Yegani and Korver, 2008). On the other hand,
the commensal bacteria may be involved in vitamin production, stimulation of the
immune system through nonpathogenic mechanisms, triglyceride lowering, and inhibition
of the growth and colonization of pathogens (Jeurissen et al., 2002). The commensal
bacteria include a variety of species such as Lactobacillus, Bifidobacterium, Lactococcus,
and Streptococcus (Patterson and Burkholder, 2003). These bacteria can contribute to gut
health of the bird by inhibiting the colonization of pathogens. The process by which
those organisms interfere with the growth of pathogenic bacteria is called bacterial
antagonism, bacterial interference, barrier effect, colonization resistance, and competitive
exclusion (Patterson and Burkholder, 2003). Several mechanisms have been proposed to
explain the potential roles of these bacteria in inhibiting the colonization of pathogens
including competition for colonization sites on the intestinal epithelium, competition for
nutrients, production of toxic compounds (antibacterial compounds), unfavorable
conditions (e.g., low pH) , and stimulation of the immune system by increasing antibody
levels, or macrophage activity (Fuller, 1989; Rolfe, 2000).
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1.3 Hatching supplements

As stated earlier, newly hatched chicks are usually subjected to feed deprivation
during the first 48 hours post-hatch in commercial practice. Thus, chicks become
dehydrated and lose energy during the fasting period until they are placed in production
facilities. Recently, there is a growing interest among poultry producers to supply newly
hatched chicks with specific products that prevent dehydration and nourish the chick with
important nutrients prior to full access to feed and water. Hatching supplement products
are among those products being considered for use. Hatching supplements usually
contain high levels of moisture, fat, carbohydrates, proteins, vitamins, and minerals.
Some manufacturers tend to provide a source of probiotics or prebiotics along with those
nutrients in order to enhance the health status of the birds. Fuller (1989) defined
probiotics as “a live microbial feed supplement which beneficially affects the host animal
by improving its intestinal microbial balance”. In contrast, prebiotics are defined as nondigestible feed ingredients that could positively affect the host by selectively stimulating
the growth and/or activity of one or a limited number of bacteria in the gut (Gibson and
Roberfroid, 1995).
It has been shown that feeding hatching supplements immediately after hatch could
enhance the performance of the chicks. Henderson et al. (2008) fed EarlyBird™ 1
hatching supplement to broiler chicks and found an improvement in body weight after 24
h, at day 7, and at slaughter time compared to fasted chicks. Using a different hatching
supplement, Batal and Parsons (2002) reported that feeding Oasis™ 2 hatching

1
2

EarlyBird™: Pacific Vet Group - USA, Inc., 2135 Creek View, Fayetteville, AR 72704, USA.
Oasis™: Novus International, Inc. 20 Research Park Drive. St. Charles, MO 63304, USA.
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supplement to broiler chicks for 48 h resulted in higher weight gains at day 7 and day 21
compared to chicks fasted for the same period. In addition, they also noted an
improvement in the metabolizable energy (MEn) of the corn-SBM diet for the chicks that
consumed Oasis™ compared to the fasted group. Similar studies with Oasis™ showed an
improvement in the body weight of broilers (Noy and Sklan, 1999; Boersma et al., 2003;
Shivazad et al., 2007). Yi et al. (2005) indicated that broilers fed Oasis™ for 48 h had
greater villus height of the mid small intestine at day 2 and 7, lower lesion scores,
improved body weight, and better feed efficiency than the fasted group.

1.4 Bio-Mos® as an alternative to antibiotics

Antibiotics have been used for more than 50 years in poultry production to control
diseases as well as to promote the growth performance of birds. However, there is a
growing concern among scientists, producers, and consumers that uncensored use of
antibiotics in the poultry industry, especially as growth promoters, could result in
bacterial resistance (Bass et al., 1999; Dibner and Richards, 2005). Alternatives to
antibiotics are being developed and used in the poultry industry, and one of these
alternatives is prebiotics (Patterson and Burkholder, 2003). Generally, the prebiotics
family reported in literature includes a variety of oligosaccharide derivatives,
fructooligosaccharide products, trans-galactooligosaccharides, stachyose
glucooligosaccharides, glycooligosacchriades, lactulose, lactitol, maltooligosaccharides,
xylooligosaccharides, raffinose, sucrose thermal oligosaccharides, and
mannanoligosaccharides (MOS) (Patterson and Burkholder, 2003). It is hypothesized
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that the mode of action of these products is to bind pathogenic bacteria removing them
from the intestinal tract and stimulating the immune system (Spring et al., 2000).
Mannanoligosaccharides are a polysaccharide-protein complex derived from the
outer cell wall of the yeast Saccharomyces cerevisiae (Flickinger and Fahey, 2002). The
inclusion of a commercially available MOS product Bio-Mos® 3 (Alltech, 2011) into
poultry diets has shown an improvement in the performance of poultry (Rosen, 2007a;
Rosen, 2007b). Several studies have been conducted with Bio-Mos® to determine
whether or not this product can be a replacement to antibiotics in poultry diets. Parks et
al. (2001) carried out a study to evaluate the effects of Bio-Mos®, bambermycins, and
virginiamycin on the growth performance of male turkeys. They found that Bio-Mos®
improved the growth performance and feed efficiency of male turkeys as much as the
antibiotic treatments. Many other studies conducted with turkeys showed similar
findings (Sims et al., 2004; Fritts and Waldroup, 2000; Fritts and Waldroup, 2003,
Zdunczyk et al., 2005). Studies with broilers support the hypothesis that Bio-Mos® can
be used as an alternative to antibiotics in poultry feeds with no negative effects on
performance. Eseceli et al. (2010) fed an antibiotic versus Bio-Mos® to broilers and
reported that supplementing broiler diets with Bio-Mos® resulted in better broiler
performance with no difference between the Bio-Mos® and the antibiotic treatments.
Production parameters of broilers were documented to improve with the inclusion of BioMos® in other studies as well (Nollet et al., 2007; Sun et al., 2005; Mohamed et al., 2008;
Kim et al., 2011). In addition to these beneficial effects, feeding Bio-Mos® to poultry has
been reported to improve gut health and immune parameters. Kim et al. (2011)
3

BioMos® : Alltech Inc., 3031 Catnip Hill Pike, Nicholasville, KY 40356. USA.
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conducted a study to determine whether or not the inclusion of prebiotics such as BioMos® would affect the performance, small intestinal microflora, and the immune
response of broiler chicks. They observed changes in the small intestinal microbial
community which included a decrease in the populations of Clostridium perfringens and
Escherichia coli at 0.2% Bio-Mos® inclusion and an increase in Lactobacilli populations
at 0.1% supplementation of Bio-Mos®. Additionally, Spring et al. (2000) observed a
reduction in cecal Salmonella numbers that express Type-1 fimbriae (finger-like
projections) when Bio-Mos® was fed to broiler chicks challenged with Salmonella.
Several other studies done with turkey and broilers have documented a decrease in Gram
negative bacteria in the gut as well as an enhancement in the beneficial bacteria
colonization when Bio-Mos® was supplemented (Sims et al., 2004; Zdunczyk et al.,
2005; Baurhoo et al., 2007a; Baurhoo et al., 2007b; Baurhoo et al., 2009). In addition to
the positive influence of Bio-Mos® in modifying the bacterial community of the gut, BioMos® has been reported to promote maturation of the GI tract. Baurhoo et al. (2007a)
reported that feeding broilers with Bio-Mos® led to increased jejunum villi height and a
greater number of goblet cells per villus, compared to non-supplemented chickens.
Similar study indicated an improvement of GI tract development with Bio-Mos®
supplementation (Baurhoo et al., 2009).
Although the positive effects of Bio-Mos on the performance and gut health of poultry
have been reported in various studies as stated above, some other published studies
reported no improvements with Bio-Mos supplementation. Ribeiro et al. (2007)
concluded that feeding diets containing Bio-Mos to broilers had no effects on body
weight, feed intake, or feed conversion ratio in a 28-day study. Baurhoo et al. (2007a)
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found the 42-day body weight and cumulative feed intake (1-42 d) of broilers to decrease
with Bio-Mos compared to non-supplemented chicks. In another study, Baurhoo et al.
(2007b) did not observe any improvements in body weight, feed intake, or feed
conversion ratio of broilers when Bio-Mos was fed for 35 d. The performance of broilers
was not affected by Bio-Mos supplementation in other studies (Iji et al., 2001; Shafey et
al., 2001; Yalcinkaya et al., 2008; Geier et al., 2009). Several studies have reported that
Bio-Mos inclusion in the diet had no effects on Lactobacilli populations (Spring et al.,
2000), Clostridium perfringens (Yang et al., 2007), or Escherichia coli (Biggs et al.,
2007).

1.5 NuPro®
NuPro® 4 is a protein product derived originally from yeast Saccharomyces cerevisiae
and manufactured by Alltech (Alltech, 2011). This product is a rich source of nucleotides
as well as amino acids including glutamic acids. NuPro® is used in poultry nutrition as a
functional protein source to improve gut health. Several studies have indicated the
beneficial effects of feeding NuPro®. Thanissery et al. (2010) conducted a study to
evaluate the efficacy of NuPro® in reducing intestinal C. perfringens levels in broilers.
They fed NuPro® at the rate of 2% of the diet for the first 10 day post-hatch and observed
a reduction in C. perfringens levels in challenged chicks. Shivakumar et al. (2009a)
reported that broilers fed NuPro® had increased weight gain, improved feed efficiency,
and reduced mortality compared to the control. In another study, Shivakumar and
4

NuPro® : Alltech Inc., 3031 Catnip Hill Pike, Nicholasville, KY 40356. USA.
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colleagues (2009b) reported that supplementing broiler diets with 2% NuPro® at different
time intervals resulted in higher antibody titers to Newcastle disease and increases in the
weights of bursa, spleen, breast, and intestine at day 14. In addition to these findings,
improvements in the performance of broilers were shown in many studies (Rutz et al.,
2004; Wang et al., 2009).

12

1.6 Research Objectives
1- To investigate the effect of early feed restriction during delayed placement on the
performance of broilers.
2- To examine the effect of early feed restriction on gut health of broilers.
3- To determine the effects of Bio-Mos and NuPro supplementation on broiler
performance
4- To determine the effects of brooding system (cages vs. floor pens with used litter)
on broiler performance
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Chapter 2: Effect of Early Access to Feed and Water on Broiler Performance
Rashed A. Alhotan and Sheila E. Purdum
Department of Animal Science, University of Nebraska, Lincoln, NE 68588, USA
Abstract: An experiment was conducted to investigate the effect of early access to feed
and water on the performance of broiler chicks during the first two weeks of life. A total
of 64 Ross x Ross 708 broiler chicks were allotted to 3 treatment groups with 3 pens per
group and 6 to 9 chicks per pen. Treatment group 1, 2, and, 3 were fasted for 36, 24, or
12 h post-hatch respectively, followed by ad libitum access to feed and water. Results of
this study showed no differences between treatment groups in body weight, weight gain,
or mortality. However, the 36 h group had reduced feed intake during 7-14 d compared
to the 24 h group. The 12 h group was lower (p ≤ 0.05) in feed intake than the other
treatment groups during 7-14 d and also during 0-14 d compared to the 24 h group only.
The 12 h group was found to have lower (p ≤ 0.05) feed:gain ratio than the 24 h group
during the second week as well as during the entire period of study. Early access to feed
and water may improve the feed:gain ratio and affect feed intake of broilers during the
first two weeks as it was shown in this study.

20

2.1 Introduction

It is very common in commercial practice that newly hatched chicks do not have
access to feed and water for long periods of time prior to placement. Under these
situations, chicks hatch over a 36 to 48 h period of time and are usually pulled out of the
hatcher only when the majority have hatched. Thus, early hatched chicks remain without
feed and water during the hatching process. Placement may be further delayed due to
some hatchery operations such as sex determination, vaccination, packaging, and
transportation to production facilities (Batal and Parsons, 2002).
Before utilization of available feed in the chick brooding area, chicks depend solely
on residual yolk from the eggs for the first few days post-hatch. At this time, yolk as the
only source of energy is comprised mainly of fat and protein that are used for
maintenance and growth (Romanoff, 1960; Sklan and Noy, 2000). Yolk protein is known
to be the source of antibodies that pass from the hen to the chick (Larsson et al., 1993).
An increased post-hatch holding period can be stressful to chicks due to potential
dehydration and energy depletion (Boersma et al., 2003). Consequences of delayed
placement in chicks have been reported to include but not be limited to poor response to
vaccination, slow gastrointestinal tract and immune system development, poor resistance
to diseases and pathogens, and adverse effects on long-term performance (Dibner and
Knight, 2003).
It has been demonstrated that delayed access to feed and water after hatch negatively
affect subsequent performance in poultry (Moran, 1978; Moran, 1990; Plnchasov and
Noy, 1993). Vieira and Moran (1999) reported that chicks delayed in placement had
reduced weight gain at 3 wk, reduced carcass weight and a decreased percentage of grade
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A’s, and higher mortality compared to chicks fed immediately after hatch. In addition to
these observations, Yang et al. (2009) observed an inverse relationship between a feed
deprivation period and weight gain of chicks. Feeding hatchlings immediately post-hatch
was reported to increase body weights of both chicks and turkey poults (Noy and Sklan,
1999; Henderson et al., 2008). Several studies have indicated that early access to feed
and water not only improved the weight gain of chicks but also reduced mortality (Vieira
and Moran, 1999; Dibner and Knight, 2003; Yi et al., 2005). Dibner et al. (1998)
reported that feeding chicks immediately after hatch resulted in an improved immune
system and better resistance to disease challenges.
In addition, early feeding is essential for the development and growth of the
gastrointestinal system of the bird. The gastrointestinal tract grows more rapidly than
body weight during the first few days following hatch and plays a critical role in the early
stages of chick growth (Nitsan et al., 1991; Dibner et al., 1996). Delayed feeding has
been shown to negatively affect the development and function of the GI tract of broiler
chicks (Dibner and Knight, 1999; Sklan and Noy, 2000; Batal and Parsons, 2002; Yi et
al., 2005; Yang et al., 2009) and turkey poults (Corless and Sell, 1999; Noy et al., 2001;
Potturi et al., 2005). The objective of this study was to investigate the effect of early
access to feed and water on the performance of broiler chicks during the first two weeks
of life under battery cages conditions.
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2.2 Materials and Methods
2.2.1 Birds and Housing
A total of 64 Ross x Ross broiler 708 chicks were used in this study. Chicks were
hatched in the department hatchery (Department of Animal Science, University of
Nebraska-Lincoln). Newly hatched Chicks were allotted to 3 treatment groups in a nonrandomized design while in the hatching trays. Group 1 was fasted for 36 h post-hatch in
the hatching trays followed by ad libitum access to feed and water. Groups 2 and 3 were
fasted for 24 and 12 h post- hatch respectively and were provided with feed and water in
hatching trays. Hatch in our study was defined as the time when the majority of chicks
completely cleared the shell. At this time, the three feeding programs were applied
accordingly. After being removed from the hatching trays, chicks within each treatment
group were individually weighed, wing banded, and randomly assigned to 3 pens (Table
2.6.1). Applying treatments to the hatching trays resulted in pseudo-replication, therefore
the pens were not considered replications of the treatments. The chicks were brooded in
electrically heated battery brooder pens with ambient temperature and 24 h of light until
the end of the trial at day 14. Chicks were allowed a space of 755 to 1133 sq. cm per
bird.
2.2.2 Diets
All the birds in all treatment groups were fed crumbled starter diet 5. The chemical
analysis of the diet was guaranteed by the manufacturer to have a minimum of 22% crude

5

Orscheln Farm and Home, LLC. P.O. BOX 868 Moberly, MO 65270.
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protein, a minimum of 2.5% crude fat, and a maximum of 7% crude fiber. The diet was
analyzed for crude protein to be 24.9% 6.
2.2.3 Measurements

Chicks were weighed individually at day 0, 7, and 14 and the average body weights
were obtained per pen to calculate weight gain. Feed intake was measured by weighing
back remaining feed in the feeders at day 7 and 14 and subtracting those values from the
amount of feed provided to each pen. These amounts then were divided by the number of
birds in each pen to estimate feed/bird/week. Feed to gain ratio was calculated by
dividing average feed intake per bird per week by corresponding weight gain. Mortality
was recorded daily throughout the trial.

2.2.4 Statistical Analysis
Data including body weight, weight gain, feed intake, and feed:gain ratio were
analyzed by repeated measures using Mixed Models Procedures of SAS (2008) for a
completely randomized design. The best model was selected based on the smallest AIC
and BIC values which were obtained from several covariance pattern models. These
covariance patterns included first-order autoregressive (AR (1)), compound symmetry
(CS), Toeplitz (TOEP), first-order ante dependence (ANTE (1)), and unstructured (UN).
Mortality data were analyzed using the GLIMMIX Procedure assuming Poisson
distribution. Differences between treatment groups were considered to be significant
when p ≤ 0.05.
6

Crude protein (%) in dry weight basis as analyzed by Midwest Labs. Midwest Laboratories, Inc. 13611 B
Street, Omaha, Nebraska, USA.
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2.3 Results

Production data LS means and p-values are shown in Table 2.6.3. No significant
differences were found between treatment groups on body weight at either day 7 or 14
(Figure 2.7.1). Treatment groups did not differ in body weight gain in all time periods
examined (Figure 2.7.2). However, all treatment groups were found to be different from
each other (p ≤ 0.05) in feed intake for the second week of study (7—14 d) with the 24 h
group having the highest intake and the 12 h group having the lowest (Figure 2.7.3).
Furthermore, chicks in the 24 h group had higher (p ≤ 0.05) cumulative feed intake
during (0—14 d) than the 12 h group. Chicks in the 36 h group had numerically higher
(p ≤ 0.06) cumulative feed intake than those in the 12 h group. The 12 h group was
found to have a lower feed:gain ratio (p ≤ 0.05) than the 24 h group during the second
week and during the entire period of study (Figure 2.7.4). No significant difference was
observed between treatment groups for mortality rates (Table 2.6.2).
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2.4 Discussion
It has been shown that holding chicks or poults for more than 24 h without feed and
water resulted in impaired growth performance during the starter phase. Gonzales et al.
(2003) observed a reduction in body weight of broiler chicks at day 7 when fasting for 30
h post-hatch or more. Noy and Sklan (1999) reported a decrease in the body weight of
chicks and poults held for 34 h or more at 7, 8, 14 day compared to chicks and poults
allowed immediate access to feed, water, or a combination of feed and water. Early
feeding has also been reported to increase the growth performance of chicks in the starter
period (Yi et al., 2005; Henderson et al., 2008; Panda et al., 2010). However, in the
current study holding chicks for 36 h had no negative effects on the body weight or
weight gain. The inconsistency between these findings could be attributed to several
factors. In our study, fasted chicks were held within the hatcher without exposure to
stressors during the holding period other than fasting such as transportation, vaccination,
disease challenging, wing band insertion, or holding outside the hatcher for sexing or
counting. Some other factors such as the small replication number in our study and
variations in hatching time may be involved. In our study, the variation in hatching time
was less than 24 h. It was not possible to assess the variation in hatching time for the
previous studies. In fact, the duration of the fasting period is affected by the variation in
hatching time and 36 h fasting outside the hatcher may not be the actual time of fasting if
we take the variation in hatching time into consideration.

26

Feed deprivation has been documented to increase mortality in broilers and poults
(Moran, 1978; Fanguy et al., 1980; Yi et al., 2005). Holding chicks up to 36 h without
feed and water in our study had no adverse effects on mortality. In the current study,
chicks that were withheld from feed and water for 36 h post-hatch consumed less feed
from 7-14 day than those fasted for 24 h. It has been reported that delayed access to feed
and water decreased feed consumption in chicks and poults (Noy and Pinchasov, 1993;
Corless and Sell 1999; Vargas et al., 2009). Chicks had lower intake when feed was
restricted for 36 h compared to 24 h delay group and that is in agreement with the
previous findings. However, it was not possible to explain the low intake by group 3
which was allowed access to feed and water 12 h post-hatch.
Our results also indicate an improvement in feed:gain ratio for broilers provided with
access to feed and water 12 h post-hatch compared to chicks fasted for 24 h after hatch
and that is in agreement with Yi et al. (2005). Batal and Parsons (2002) noted an
improvement in feed efficiency of broilers fed immediately after hatch in the first week
compared to chicks fasted for 48 h. The improvement in the feed:gain ratio of broilers
could be attributed to the development of the GI tract that is stimulated by early feeding.
Several studies have demonstrated the positive effect of early feeding on the development
of the GI tract in poultry (Corless and Sell, 1999; Noy et al., 2001; Maiorka et al., 2003).
This study indicates that early access to feed and water may improve the feed:gain ratio
and influence feed intake of broilers during the first two weeks under cage conditions.
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2.6 Tables

Table 2.6.1 Experimental treatments
Treatment
group1
1

Number of Pens

Feed restriction period

3

Number of birds per
treatment group
22

2

3

17

24 hours

3

3

25

12 hours

36 hours

1

Chicks in all treatment groups were fed the same diet which contained a minimum of 22% crude protein, a
minimum of 2.5% crude fat, and a maximum of 7% crude fiber.

Table 2.6.2 Effects of early access to feed and water on chick mortality.

a

Treatment group

Mortality (%)

36 h delay

9a

24 h delay

5.8a

12 h delay

0a

Values sharing the same superscripts are not significantly different (p-value = 0.85)

Table 2.6.3 Production data LS means and p-values

Treatment
group
36 h
24 h
12 h
SEM

Feed intake
(g/bird/week)
0-7
7-14
200.1 470.4
193.3 547.9
209.8 396.7
7.646 15.96

Body weight (g)

Weight gain
(g/bird/week)
0-7
7-14
134.0 230.7
108.3 244.5
137.0 226.4
18.28 18.28

0-14
681.9
741.2
606.5
33.92

0
44.53
44.36
47.59
0.979

0-14
364.8
352.9
363.5
27.02

0-7
1.50
1.78
1.55
0.18

0.0141

0.0207

0.392

0.891

0.891

0.066

0.05

0.0002

-

0.209

0.204

-

0.382

-

7
178.60
152.72
184.68
12.57

14
409.37
397.28
411.14
26.65

Feed:gain ratio
7-14
2.04
2.28
1.75
1.18

0-14
1.84
2.12
1.66
0.14

p-values
Treatment
Main effects
TRT*Time
Interaction
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2.7 Figures

Figure 2.7.1 Effect of early access to feed and water on body weight of broiler chicks.

LS means at all time periods are not significantly different.
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Figure 2.7.2 Effect of early access to feed and water on weight gain of broiler chicks.

LS means at all time periods are not significantly different.
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Figure 2.7.3 Effect of early access to feed and water on feed intake of broiler chicks.

a-c

LS means with different letters are significantly different (p≤0.05).
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Figure 2.7.4 Effect of early access to feed and water on feed:gain ratio.

a-b

LS means with different letters are significantly different (p≤ 0.05).
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Chapter 3: Effects of Feeding Program, Housing System, and Dietary
Supplementation on Broiler Performance

Rashed A. Alhotan and Sheila E. Purdum
Department of Animal Science, University of Nebraska, Lincoln, NE 68588, USA
Abstract: The objective of this trial was to investigate the effects of early feed
restriction, housing system, and dietary supplementation on broiler performance. A total
of 432 Ross x Ross 708 broilers were utilized in a split-plot experiment. The hatching
trays were the whole plot experimental units and dietary treatment by feeding program by
housing system replicates were the split plot experimental units. Chicks were fasted for
12 h post-hatch or fed immediately and housed either in battery cages or floor pens. Four
dietary treatments were utilized including: 1) Negative control, corn-SBM; 2) Positive
control, corn-SBM + 630 mg / kg of Tylan (Antibiotic growth promoter); 3) Corn-SBM +
0.2% of Bio-Mos® (mannanoligosaccharide from yeast); 4) Corn-SBM + 2% of NuPro®
(functional protein from yeast). Each dietary treatment was replicated 6 times with 9
chicks per replicate cage or pen. Cage chicks consumed more feed than floor chicks
during the first week (p ≤ 0.0004), the third week (p ≤ 0.0001), and in the entire period of
study (0-21 d) (p ≤ 0.0001). When examining the main effects of feeding program on
feed intake, the fed group had higher (p ≤ 0.0143) feed intake than the fasted group. No
significant differences were found in body weight between cage and floor chicks at day
14 or 21. However, cage chicks had higher (p ≤ 0.023) body weight at day 7 compared to
floor chicks. There was a significant main effect of feeding program on body weight in
which the fed group had greater (p ≤ 0.002) body weight than the fasted group.
Compared to floor chicks, cage chicks had higher feed:gain ratio during the third week (p
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≤ 0.0001) and in cumulative feed:gain ratio (0-21 d) (p ≤ 0.0001). The difference in
feed:gain ratio was approaching significance (p ≤ 0.075) during the second week with
cage chicks being higher than floor chicks. The three-way interaction of dietary
treatment, housing system, and time, the two-way interaction between dietary treatment
and housing system, and the two-way interaction between dietary treatment and time
were not significant for any of the above production parameters measured. Mortality
rates were not significantly affected by feeding program or housing system. Furthermore,
there was no significant dietary treatment by housing system interaction effect on
mortality. Our results indicate that a short period of feed restriction (12 h) at the time of
placement could impact the growth performance and feed intake of broilers during the
starter phase. Brooding broiler chicks in battery cages may improve the growth
performance up to 7 days but with poorer feed:gain ratio thereafter compared to chicks
brooded in floor pens on used litter.
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3.1 Introduction
In commercial hatcheries, newly hatched chicks may experience long periods of
fasting prior to placement. Under these conditions, chicks hatch over 24 to 36 h periods
of time and are removed from the hatcher when the majority have hatched. Chicks that
hatch early remain without feed and water during the hatching process. Placement may
be further delayed due to vaccination, packaging, and transportation to production
facilities. Chicks delayed in placement might be susceptible to stress, dehydration, and
pathogens. Several studies have indicated that chicks withheld from feed and water prior
to placement had impaired growth performance (Noy and Sklan, 1999; Gonzales et al.,
2003), reduced feed efficiency (Batal and Parsons, 2002; Yi et al., 2005), and increased
mortality rates (Fanguy et al., 1980; Vieira and Moran, 1999).
Numerous attempts have been made to improve the performance and health of
broilers by supplementing broiler diets with additives such as antibiotics, prebiotics, and
probiotics. The use of antibiotics in poultry diets is being minimized worldwide due to
concerns about bacterial resistance (Dibner and Richards, 2005; Janardhana et al., 2009).
Recently, global demands for safe poultry meat have led to the emergence of natural
alternatives which can be used in the poultry industry without concerns of residues and
human health. Prebiotics, especially yeast products have been used as replacements to
antibiotics in order to promote the performance and health status of broilers. Two of
several commercially available yeast products being considered for use are Bio-Mos® 7
and NuPro® 8.

7
8

Bio-Mos® : Alltech Inc., 3031 Catnip Hill Pike, Nicholasville, KY 40356. USA.
NuPro® : Alltech Inc., 3031 Catnip Hill Pike, Nicholasville, KY 40356. USA.
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Bio-Mos® is composed of a sugar called mannanoligosaccharide (MOS) derived from
the outer cell wall of the yeast Saccharomyces cerevisiae (Alltech, 2011). Mannose, the
main component of MOS, is hypothesized to bind to specific receptors in some bacteria
called Type 1 fimbriae, which are important in attachment of the bacteria to the gut wall
of the host (Oyofo et al., 1989; Griggs and Jacob, 2005). In fact, bacterial adherence to
the gut wall is important for the invasion and colonization by pathogenic microbes. By
binding to MOS binding sites, the pathogenic bacteria are blocked from binding to the
wall of the intestine and are flushed out as a result. MOS is also hypothesized to
modulate the immune response and to improve the integrity of mucosa in poultry
(Baurhoo et al., 2007a; Gómez-Verduzco et al., 2009).
Several studies have been conducted to investigate the effect of MOS supplementation
on the performance of broilers and turkeys. Hooge et al. (2003) reported that Bio-Mos®
supplementation improved 49-d body weight and feed conversion during 0-49 d of
broilers compared to non supplemented chickens. Mohamed et al. (2008) noted an
improvement in feed conversion of broiler chicks at 14 and 28 d when 1 g per kg of BioMos® was included in the diet. Body weight gain of broilers was also shown to improve
with Bio-Mos® inclusion (Kim et al., 2011). Furthermore, several published studies have
documented the positive effects of Bio-Mos® on live performance of broiler chickens
(Sun et al., 2005; Nollet et al., 2007; Benites et al., 2008).
In addition to these beneficial effects, feeding Bio-Mos® to poultry have been reported
to improve gut health and immune parameters. Recently, Kim et al. (2011) observed
changes in the small intestinal microbial community of broilers which included a
decrease in the populations of Clostridium perfringens and Escherichia coli at 0.2%
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Bio-Mos® inclusion and an increase in Lactobacilli populations at 0.1% supplementation
of Bio-mos®. Additionally, Spring et al. (2000) noted a reduction in cecal Salmonella
numbers that express Type-1 fimbriae when Bio-Mos® was fed to broiler chicks
challenged with Salmonella. Several other studies conducted with turkeys and broilers
documented a decrease in Gram negative bacteria in the gut as well as an enhancement in
the beneficial bacteria colonization when Bio-Mos® was supplemented (Sims et al., 2004;
Zdunczyk et al., 2005; Baurhoo et al., 2007a; Baurhoo et al., 2009) . In addition to the
influence of Bio-Mos® in modifying the bacterial community of the gut, Bio-Mos® has
been reported to promote integrity of the GI tract. Baurhoo et al. (2007b, 2009) found
that feeding broilers with Bio-Mos led to increased jejunum villi height and a higher
number of goblet cells per villus, compared to non-supplemented chickens.
NuPro® is a protein product derived originally from yeast Saccharomyces cerevisiae
(Alltech, 2011). This product is a rich source of nucleotides as well as amino acids
including glutamic acid. NuPro® is used in poultry nutrition as a functional protein
source to improve gut health. Several studies have indicated the beneficial effects of
feeding NuPro®. Thanissery et al. (2010) conducted a study to evaluate the efficacy of
NuPro® in reducing intestinal C. perfringens levels in broilers. They fed NuPro® at the
rate of 2% of the diet for the first 10 days post-hatch and observed a reduction in C.
perfringens levels in challenged chicks. In addition, Shivakumar et al. (2009a) reported
that broilers fed NuPro® had increased weight gain, improved feed efficiency, and
reduced mortality rates compared to the control. In another study, Shivakumar and
colleagues (2009b) reported that supplementing broiler diets with 2% of NuPro® at
different time intervals resulted in higher antibody titers to Newcastle disease and
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increases in the weights of bursa, spleen, breast, and intestine at day 14. In addition to
these findings, improvements in body weights, carcass yield, feed intake, and feed
conversion of broilers were shown in several studies (Rutz et al., 2004; Wang et al.,
2009).
Broiler performance and health can be influenced by housing system. Two housing
systems are used in broiler production including floor pens with used or new litter and
battery cages. Several studies have been conducted to investigate the effect of housing
system and litter quality on the performance and microbial populations of the gut of
broilers. Reese et al. (1971) found both 8-week body weight and feed:gain ratio of
broilers reared in cages to be greater compared to broilers reared in floor pens. Hypes et
al. (1994) observed a decrease in mortality rate of female broilers brooded in floor pens
during 0-21 d compared to females brooded in cages. Hypes and colleagues (1994) also
observed the feed conversion of male broilers during 0-21 d to improve when reared in
floor pens compared to cages. Fouad et al. (2008) reported that broilers reared in floor
pens had greater body weight at 6 wks compared to broilers reared in cages. Microbial
populations of broiler gut have been shown to be affected by housing system. Cecal
Salmonella populations were found to decrease in 42-d-old broilers reared in floor litter
compared to broilers reared in cages (Santos et al., 2008). In contrast, higher isolates of
Campylobacter jejuni were obtained from broilers raised in floor pens throughout 12
month period compared to broilers kept in cages (Willis et al., 2002). Several studies
have reported the effects of litter quality on broiler performance and gut health. Rearing
broilers on used litter depressed early growth performance compared to rearing on new
litter (Vieira and Moran, 1999; Torok et al., 2009). Furthermore, litter quality can
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modify microbial composition of broiler gut (Torok et al., 2009). Corrier et al. (1992)
reported that chicks reared on used litter had lower Salmonella numbers than chicks
reared on new litter.
The objectives of this study were (1) to investigate the effect of a short period of
fasting (12 h) during delayed placement on the performance of broiler chicks, (2) to
determine the effect of supplementing an antibiotic or yeast derived supplement BioMos® or NuPro® on the performance of broiler chicks under two housing (brooding)
systems, and (3) to examine the effect of housing systems (battery cages vs. floor pens
with used litter on the performance of these chicks.
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3.2 Material and Methods
3.2.1 Birds and Housing
All procedures used in this study were approved by the University of NebraskaLincoln Institutional Animal Care and Use Committee. Four hundred and thirty-two
Ross x Ross 708 broiler chicks were used in this study. Chicks were hatched in the
department hatchery (Department of Animal Science, University of Nebraska-Lincoln).
At day 18 of incubation, eggs were candled and placed in 8 hatching trays. When the
majority of chicks had hatched, all chicks in the upper four trays were held without feed
or water for 12 h (group A). At this time, chicks in the other trays (group B) were
provided with feed (four different diets; one diet per tray) and water for 12 h. Dietary
treatments were corn-SBM, corn-SBM + Tylan® 40 9, corn-SBM + Bio-Mos® 10, and
corn-SBM + NuPro® 11. After being removed from the hatching trays, chicks were
individually weighed and wing banded. Chick in group A were assigned to 4 dietary
treatments in a completely randomized design and housed either in batter cages or floor
pens, while chicks in group B were randomly assigned to floor pens or battery cages with
the same treatment as hatchery. Each treatment was replicated 6 times with 9 chicks per
replicate in either floor pens with used litter or battery cages, resulting in 48 replicate
pens (24 battery cages + 24 floor pens) (Table 3.6.1). Floor chicks and cage chicks were
allowed a space of 2408 sq. cm / bird and 755 sq. cm/ bird respectively at the time of
placement. The lighting program was 24 hr of light during the entire period. The study
was conducted from August 10, 2010, to August 31, 2010 (21 d).

9

Tylan® 40; Elanco Animal Health, Eli Lilly and Company, Indianapolis, IN 46285, USA
BioMos® : Alltech Inc., 3031 Catnip Hill Pike, Nicholasville, KY 40356. USA.
11
NuPro® : Alltech Inc., 3031 Catnip Hill Pike, Nicholasville, KY 40356. USA
10
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3.2.2 Diets
A corn- SBM basal diet was formulated to meet or exceed broiler requirements during
the starter phase according to National Research Council (NRC, 1994). Composition and
analysis is given in Table 3.6.2. All of the feed additives Tylan 40 12, Bio-Mos® 13, and
NuPro® 14 were mixed into the basal diet at the rate of 630 mg/ kg, 2 g / kg (0.2%), and
20 g / kg (2%) respectively. Chicks were allowed ad libitum access to feed and water
throughout the study with the exception of the fasted, delayed placement treatment group.

3.2.3 Measurements
Pen weights were obtained, at 7 d, 14 d, and 21 d. Weight gain for each bird was
calculated as the difference between the final and the initial average body weights for
each period. Feed intake was measured at 7d, 14d, and 21 d. Feed to gain ratio was
calculated by dividing average feed intake per bird per week by corresponding weight
gain. Feed intake for cage chicks was corrected for feed wastage by subtracting the
amount of wasted feed from the total feed provided for each cage during this week
Mortality was recorded daily throughout the trial.

12

Tylan® 40; Elanco Animal Health, Eli Lilly and Company, Indianapolis, IN 46285, USA.
BioMos® : Alltech Inc., 3031 Catnip Hill Pike, Nicholasville, KY 40356. USA.
14
NuPro® : Alltech Inc., 3031 Catnip Hill Pike, Nicholasville, KY 40356. USA.
13
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3.2.4 Statistical Analysis
Data (feed intake, body weight, and feed:gain ratio) were analyzed as repeated
measures using the GLIMMIX procedure of SAS (SAS 9.2, 2008). The experimental
design of this study was a split-plot design with the hatching trays being the whole plot
experimental units and each dietary treatment by feeding program by housing system
replicate being the split plot experimental units. Data were tested for the main effects of
feeding program (early feeding vs. fasting) and housing system (cages vs. floor pens).
Furthermore, the 3-way interaction of dietary treatment, housing system, and time; the 2way interaction of dietary treatment and housing system; the 2-way interaction of housing
system and time; and the 2-way interaction of dietary treatment and time were examined.
It was not possible to test dietary treatment main effects due to lack of replications inside
the hatcher. Dietary treatment by feeding program interaction was considered the whole
plot error for testing the feeding program while the residual was used for testing the rest
of the main effects and interactions. Repeated measures analysis was used to measure
housing system effect over time and the possible housing system by time interactions.
Repeated measures were also utilized to identify possible covariance patterns in the
repeated measurements and to determine the appropriate model to describe the time and
measurement relationship. The appropriate covariance pattern for model fit was selected
based on the smallest AIC and BIC values (information criteria) which were obtained
from several covariance pattern models. These covariance patterns included: first-order
autoregressive (AR (1)), compound symmetry (CS), Toeplitz (TOEP), first-order ante
dependence (ANTE (1)), and unstructured (UN).
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Mortality data are count data that follow Poisson distribution and were analyzed by Proc
Glimmix and the relative rates were generated to compare treatment groups.

3.3 Results

Production data LS means, main, and interaction effects are shown in Table 3.6.3.
Feed intake data showed that the three-way interaction of dietary treatment, housing
system, and time , the two-way interaction between dietary treatment and housing
system, and the two-way interaction between dietary treatment and time were not
significant. However, there was a significant housing system by time interaction effect
on feed intake of broilers. Looking at the simple effects, cage chicks consumed more
feed than floor chicks during the first week (p ≤ 0.0004) as well as during the third week
of study (p ≤ 0.0001) (Figure 3.7.1). The difference in feed intake was not significant
during the second week (p ≤ 0.857). Moreover, cage chicks were found to be higher (p≤
0.0001) than floor chicks in cumulative feed intake during the entire period of study.
When examining the main effects of feeding program on feed intake, the fed group had
higher (p ≤ 0.0143) feed intake than the fasted group.
As with feed intake, the three-way interaction of dietary treatment, housing system,
and time , the interaction between dietary treatment and housing system, and the two-way
interaction between dietary treatment and time were not significant for body weight.
Housing system by time interaction was found to be significant. Examining the simple
effects revealed that the body weight was not significantly different between cage and
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floor chicks at day 0, 14, and 21. However, cage chicks had higher (p ≤ 0.023) body
weight at day 7 compared to floor chicks (Figure 3.7.2). There was a significant main
effect of feeding program on body weight in which the fed group had greater (p ≤ 0.002)
body weight than the fasted group.
A significant housing system by time interaction was found for feed:gain ratio of
broilers. During the first week, no significant difference was found between cage and
floor chicks. However, during the second week the difference was approaching
significance (p ≤ 0.075) and became significant ( p≤ 0.0001) during the third week with
the cage chicks having higher feed:gain ratio in both weeks (Figure 3.7.3). In addition,
cage chicks had higher (p ≤ 0.0001) cumulative feed:gain ratio (0-21 d). None of the 3way interaction of dietary treatment, housing system, and time, the two-way interaction
between dietary treatment and housing system, and the two-way interaction between
dietary treatment and time was significant. Also, the main effect of feeding program was
not significant for feed:gain ratio.
Mortality rates were not significantly affected by feeding program or housing system.
The mean numbers of live chicks for the fed and fasted group were 7.72 and 8.38
respectively with a relative rate of fed over fasted group being 0.92. The mean numbers
of live chicks for the cage and floor chicks were 7.88 and 8.20 respectively with a relative
rate of cage over floor group being 0.96. Dietary treatment by housing system interaction
was not significant for mortality.
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3.4 Discussion
In the current study, the 12 h feed restriction resulted in lower feed intake for the
fasted group compared to the fed group. The reduced feed intake may be due to a shortterm delay in GI tract development caused by early fasting. It is well known that early
feed restriction has adverse effects on the development of the GI tract (Maiorka et al.,
2003). Chicks raised in the battery cages consumed more feed than those raised in the
floor pens during 0-7, 14-21, and 0-21 d. The increased intake during 0-7 d for the cage
chicks may be attributed to a better intestinal health compared to floor chicks. Increased
feed wastage was observed during the last week of study (14-21 d) in the battery cages.
Feed intake for cage chicks was corrected for feed wastage by subtracting the amount of
wasted feed from the total feed provided for each cage during this week; however, it was
not possible to collect all the wasted feed since small amounts of feed were found to be
mixed with fecal material. The increased feed intake for the cage chicks during 14-21 d
could be due to some feed wastage and as a result increased the cumulative feed intake
(0-21 d). The fed group had greater body weight than the fasted group. The impaired
growth performance for the fasted group may be due to retardation in the development of
important organs such as GI tract and the immune system of the chick. Early feeding has
been shown to trigger the growth of the GI tract and immune system (Uni et al., 1998;
Dibner et al., 1998). Chicks housed in floor pens had decreased body weights at day 7
compared to those brooded in battery cages. The reduction in body weight of the floor
chicks was probably due to the exposure to pathogens present in the used litter. It has
been documented that a used litter contains a high load of pathogens (Kelley et al., 1995).
After 7 days, no differences were found between floor and cage chicks in body weight.
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The compensatory growth shown by floor chicks after 7 days could be due to a developed
resistance to pathogens and/or advancement in the developing immune system. The cage
chicks had increased feed:gain ratio compared to the floor chicks during 14-21 d and 0-21
d in our study. The inferior feed:gain ratio of the cage chicks was probably due to
increased feed wastage as stated earlier. Our results showed no difference in mortality
between the fed and the fasted group. A short period of feed restriction (12 h) did not
appear to influence broiler mortality during the first three weeks of life. It was concluded
that a short period of fasting (12 h) during delayed placement may depress early growth
performance and reduce feed intake of broilers throughout the starter period. Brooding
broiler chicks in cages to 21 days might enhance the growth up to 7 days but with poorer
feed:gain ratio thereafter compared to chicks reared in floor pens on used litter.
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3.6 Tables

Table 3.6.1 Description of the experimental treatments
Diets
1
2
3
4

Number of replications in
Floor pens
Fasted group (A)1
Fed group (B)1
3
3
3
3
3
3
3
3
1

Total
reps/ Trt
6
6
6
6

Number of replications
In battery cages
Fasted group (A) Fed group (B)
3
3
3
3
3
3
3
3

Total
reps/ Trt
6
6
6
6

A= Hatch +12 hrs feed restriction, B= Hatch + feed access immediately
The feed restricted chicks were fed the 4 diets after 12 hr of holding when they were housed in
battery cages and floor pens
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Table 3.6.2 Composition of the basal diet
Item
Ingredient (%)
Corn
Soybean meal-48
Distiller grain with soluble
Animal-veg fat
Dicalcium phosphate
Limestone
Salt
DL.Methionine
Mineral premix
Calculated composition
Metabolizable energy, kcal/kg
Crude protein %
Calcium %
Available phosphorus %
Sodium %
Lysine %
Methionine %
Methionine + cystine
1

Percentage
50.6
33.2
10.0
3.00
1.33
1.31
0.28
0.12
0.10

3,012
23 (24.6)1
0.90
0.42
0.18
1.19
0.50
0.87

Crude protein (%) in dry weight basis as analyzed by Midwest Labs. Midwest Laboratories, Inc. 13611 B
Street, Omaha, Nebraska, USA.

Table 3.6.3: Production data LS means, main, and interaction effects
Variable

Feed Intake (g/bird/day)

Body Weight (g)

Feed: Gain Ratio

0-7

7-14

14-21

0-21

0

7

14

21

0-7

7-14

14-21

0-21

Battery Cages

18.5

46.2

97.0

53.9

43.1

150.2

398.4

762.5

1.23

1.31

1.87

1.58

Floor Pens

16.2

46.0

82.4

48.2

43.1

140.5

397.0

768.2

1.16

1.25

1.56

1.39

0.0004

0.857

˂ .0001

˂ .0001

0.92

0.023

0.874

0.686

0.200

0.075

˂ .0001

˂ .0001

0.61

1.31

3.20

1.13

0.43

4.18

8.64

14.16

0.05

0.02

0.07

0.03

Hosing System

p-values
SEM

Main effects
Feeding Program
Fed Group

52.3

339.6

1.41

Fasted Group

49.9

336.2

1.38

p-values

0.0143

0.002

0.550

SEM

0.682

0.654

0.03

Interaction Effects ( p-values)

Feed Intake

Body Weight

Feed:Gain Ratio

Dietary Treatment*Housing System*Time

0.306

0.522

0.453

Dietary Treatment* Housing System

0.291

0.168

0.855

Housing System*Time

0.001

0.015

0.008

Dietary Treatment* time

0.254

0.436

0.174
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3.7 Figures

Figure 3.7.1: Effect of housing system on feed intake

a-b

Values with no common superscripts differ significantly (p ≤ 0.05)
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Figure 3.7.2: Effect of housing system on body weight

a-b

Values with no common superscripts differ significantly (p ≤ 0.05)
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Figure 3.7.3: Effect of housing system on feed:gain ratio

a-b

Values with no common superscripts differ significantly (p ≤ 0.05)
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Chapter 4: Effects of Hatching Supplements on the Performance and Gut Health of
Broilers
Rashed A. Alhotan and Sheila E. Purdum
Department of Animal Science, University of Nebraska, Lincoln, NE 68588, USA
Abstract: An experiment was conducted to determine the effect of early feed restriction,
feeding a hatching supplement, or feeding a corn-soybean meal diet immediately after
hatch on the performance and gut health of broiler chicks during the first 3 weeks of life.
A total of 480 Ross X Ross 708 broiler chicks were allotted to 4 treatment groups in a
completely randomized design with 6 replicate floor pens per treatment group and 20
chicks per replicate. The treatment groups included: 1) Negative control, held without
feed and water in boxes for 24 h post-hatch; 2) Positive control, placed and fed
immediately; 3) HS48, provided with a hatching supplement for 48 h (24 h in boxes + 24
h as top dressing on feed); 4) HS24, provided with a hatching supplement for 24 h in
boxes and then placed in floor pens. Cecal samples were collected from 2 birds per pen
at 8 d, 15 d, and 21 d for Lactobacilli count determination and Salmonella detection.
Lactobacilli counts were determined by plating on Rogosa agar while Salmonella were
determined using Reveal® 2.0 One-Step for Salmonella (Neogen corporation). Chicks
placed immediately (the positive control group) were heavier (p ≤ 0.0001) after 24 h
post-hatch compared to the other treatment groups. The improvement in body weight for
the positive control group was maintained to 14 d. Feed intake during 7-14 d for the
positive control group was higher (p ≤ 0.004) than treatment group 4 and numerically
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higher than the negative control (p ≤ 0.06). Treatment group 3 had higher (p ≤ 0.03) feed
intake than treatment group 4 only during 7-14 d. No significant differences were found
between treatment groups in feed:gain ratio or mortality. Treatment groups did not differ
in cecal Lactobacillus counts or incidence of Salmonella. These results confirm the
previous findings that early feeding is an important determinant for subsequent growth
performance.

4.1 Introduction

In commercial operations, broiler chicks can be held without feed or water up to 48 h
post-hatch or more, due to variations in hatching time, vaccination, packaging, and
transportation. As a result, chicks become dehydrated and loose energy during the
fasting period until they are placed in production facilities. It has been reported that early
access to feed and water enhanced growth performance (Noy and Sklan, 1999; Sklan et
al., 2000; Saki, 2005) and reduced mortality rates in broilers (Vieira and Moran, 1999).
Furthermore, early feeding was shown to stimulate the development of the
gastrointestinal tract (Uni et al., 1998; Gonzales et al., 2003; Maiorka et al., 2003) and
immune system (Dibner et al., 1998; Bar-Shira et al., 2005).
Recently, there is a growing interest among poultry producers to supply newly hatched
chicks with specific products that prevent dehydration and nourish the chick with
important nutrients prior to full access to feed and water. Hatching supplement products
are among those products being considered for use. Hatching supplements usually
contain high levels of moisture, fat, carbohydrates, amino acids, vitamins, and minerals.
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Two of several hatching supplements available in the market are Oasis™ 15 and
EarlyBird™ 16. Both products are good sources of moisture, protein, fat, and fiber (Table
4.6.1). It has been shown that feeding hatching supplements immediately after hatch
could enhance the performance of chickens. Henderson et al. (2008) fed EarlyBird™
hatching supplement to broiler chicks and found an improvement in body weight after 24
hr, at day 7, and at slaughter time compared to fasted chicks. Using a different hatching
supplement, Batal and Parsons (2002) reported that feeding Oasis™ hatching supplement
to broiler chicks for 48 h resulted in higher weight gains at day 7 and day 21 compared to
chicks fasted for the same period. In addition, they also noted an improvement in the
metabolizable energy (MEn) of the corn-SBM diet for the chicks that consumed Oasis™
compared to the fasted group.
Little is known about the impact of early feed restriction on gut health of broiler
chicks during the first 3 weeks of life. Additionally, the response of broiler performance
to changes in bacterial composition of the gut resulting from early feeding needs to be
elucidated. Therefore, the objective of this study was to investigate the effect of early
feed restriction, feeding a hatching supplement, or feeding a corn-soybean meal diet
immediately after hatch on the performance and gut health of broilers reared to 22 day of
age.

15
16

Oasis™: Novus International, Inc. 20 Research Park Drive. St. Charles, MO 63304, USA
EarlyBird™: Pacific Vet Group - USA, Inc., 2135 Creek View, Fayetteville, AR 72704, USA
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4.2 Materials and Methods
4.2.1 Birds and Housing

Four hundred and eighty Ross x Ross 708 broiler chicks (a mixture of males and
females) were used in the current study. Chicks were obtained from our hatchery
(Department of Animal Science, University of Nebraska-Lincoln) for a 22-day study. At
day 21 of incubation, chicks were removed from hatching trays and allotted to four
treatment groups in a completely randomized design, with 6 replicate pens per treatment
and 20 chicks per pen. The treatment groups were (1) Negative control, holding without
feed and water for 24 h post-hatch followed by full access to feed and water; (2) Positive
control, immediate access to the starter diet and water after hatch; (3) HS48, immediate
access to a hatching supplement for the first 24 h and for another 24 h as top dressing on
feed; (4) HS24, immediate access to a hatching supplement for the first 24 h followed by
the common starter diet (Table 4.6.2). All chicks in treatment groups 1, 3, and 4 were
weighed and placed into boxes of 20 chicks per box for 24 h to simulate the shipping and
transportation period. At this time, Chicks in group 3 and 4 were provided with 50 g per
box of the test hatching supplement, while the chicks in group 1 (the negative control)
were fasted during this period. These boxes (n=18) were placed on the floor (6 boxes per
treatment group; 20 chicks in each box) in a completely randomized design in which no
two replicates of the same treatment occur in a row of three boxes (done by drawing lots).
The birds in Group 2, the positive control, were weighed after hatch and placed into floor
pens having immediate access to the common starter diet and water. The randomization
of floor pens was done by drawing lots in which each treatment had the chance to appear
only once in a row of four floor pens. The test hatching supplement was provided by
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Land O’Lakes Purina Feeds 17. The nutritional content of the test product is given in
Table 4.6.1. All birds were raised in floor pens with used litter left from previous broiler
and turkey trials. Used litter was utilized to challenge the chicks with pathogens after
post-hatch assuming that the used litter contained a high load of pathogens (Kelley et al.,
1995). Chicks were allowed a floor space of 1580 sq. cm / bird at the time of placement.
The lighting program was continuous throughout the experiment. The experimental
protocols were approved by the University of Nebraska-Lincoln Institutional Animal
Care and Use Committee.

4.2.2 Diets

Birds were fed a starter diet composed of corn- soybean meal. The diet was
formulated to meet or exceed National Research Council recommendations (NRC, 1994).
Feed was provided ad libitum in mash form throughout the experiment. No
antimicrobials were added into the feed. The composition of the diet is presented in
Table 4.6.3.

4.2.3 Measurements

Pen weights were obtained at hatch and 24 hrs post-hatch, and 7 d, 14 d, and 22 d.
Feed intake was measured at 7 d, 14 d, and 22 d. Mortality was also collected throughout
the trial as it occurred. At 8, 15, and 21 day of age, two chicks per pen were randomly
17

Land O’Lakes Purina Feeds: 3562 HWY MM Gray Summit, MO 63039, USA.
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selected, individually weighed and euthanized by cervical dislocation. Digesta samples
from the cecum of each bird were collected for Lactobacilli count determination and
Salmonella detection. Viable cell counts of Lactobacilli were determined by plating on
Rogosa agar (Difco Rogosa SL agar). Approximately 1.2 ± 0.3 g of digesta sample was
transferred to 15-ml plastic tubes containing 8 ml of phosphate buffered saline (PBS) to
make 1:10 dilution (tube 10-1). The sample-buffer suspension was homogenized for 30
seconds and 900 µl of sterile saline solution (0.9 % NaCl) was added to each of six 1.5ml microcentrifuge tubes. Serial dilutions were prepared by transferring 100 µl from
tube 10-1 to the first microcentrifuge tube and then 100 µl was transferred from this tube
to the second microcentrifuge tube and so on. An aliquot of 10 µl from each dilution
tube was spread on Rogosa agar plates and the plates were incubated at 37° C for two
days in an anaerobic glove chamber. After two days, all plates having 10-100 colony
forming units (CFU) were counted. At this time, dilution tubes 1, 2, and 3 were
considered too many to count (TMTC) since the CFUs exceeded 100, while dilution
tubes 5 and 6 had less than 10 CFUs. The ideal tube to count was tube number 4 which
was diluted 4 times. Reveal® 2.0 One-Step for Salmonella enterica of serogroups A-E
(Neogen corporation 18) was used for Salmonella detection (960801) by A.O.A.C
procedures (A.O.A.C, 2010). A 200 µl sample was transferred from the 15-ml plastic
tubes which contained the sample- buffer suspension to Reveal sample cups. Reveal for
Salmonella test devices were then placed into the sample cups and incubated for 15
minutes at room temperature according to manufacturer instructions. The results were

18

Neogen Corporation: 620 Lesher Place Lansing, MI 48912, USA
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interpreted as the following: (1) Positive, line in both control and test zone of the device
after 15 minutes; (2) Negative, line in control zone only after 15 minutes of incubation.

4.2.4 Statistical Analysis

Production data (body weight, feed intake, and feed:gain ratio) were analyzed using
Mixed Models Procedures of SAS (2008) for a complete randomized design. Salmonella
data were statistically compared using the chi-square test of independence to determine
differences between treatment groups. Lactobacilli counts (in colony forming units,
CFUs) were transformed to log10 bases then compared using the Mixed Model procedure
of SAS. The separation of means was done using LS means statement with diff option.

4.3 Results
Production data LS means and p-values are presented in Table 4.6.4. Results of this
study revealed that treatment group 2 (the positive control) had increased feed intake
during 7-14 d compared to treatment group 1 (the negative control) (p ≤ 0.06) and
treatment group 4 (p ≤ 0.004) (Figure 4.7.1). Feed intake for treatment group 3 was
higher (p ≤ 0.03) than treatment group 4 during the same period (Figure 4.7.1). Chicks in
the positive control group had higher (p ≤ 0.0001) body weights and weight gains than
any other treatment group after 24 h holding period (Figure 4.7.2). Chicks fed the
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hatching supplement for 48 h had a slightly decreased (p ≤ 0.01) weight loss compared to
treatment group 4 and the negative control (Figure 4.7.2). The positive control group was
found to have greater body weight than all other treatment groups at 7 d (p ≤ 0.006) and
14 d (p ≤ 0.001) (Figure 4.7.3). Treatment groups did not affect feed:gain ratio (Figure
4.7.4). No significant difference was found in terms of mortality rates (Table 4.6.4). In
addition, no differences were found in Lactobacillus counts or incidence of Salmonella
(Tables, 4.6.6 and 4.6.7). Incidence rates of Salmonella were high at all sampling days
for all treatment groups and exceeded 58 %. Overall incidence rates of Salmonella for
treatments 1, 2, 3, and 4 were found to be 67, 72, 75, and 78 % respectively.
4.4 Discussion
In the current study, chicks that were placed immediately had increased feed intake
during 7-14 d compared to the negative control. Early feeding has been associated with
increased feed intake (Noy and Pinchasov, 1993; Vargas et al., 2009). It has been shown
that chicks allowed early access to nutrients had reduced weight loss compared to chicks
held prior to placement. Henderson et al. (2008) reported that feeding newly hatched
chicks EarlyBird™ 19 hatching supplement resulted in a decreased weight loss after a 24
h of simulated shipping period compared to held chicks. Vieira and. Moran (1999)
observed a 13% reduction in body weight of chicks held for 24 h post-hatch compared to
chicks placed immediately. In the current study, chicks allowed early access to feed and
water (Treatment group 2) had markedly greater body weight and weight gain after 24 h
post-hatch compared to other treatment groups. Treatment groups 3 and 4 received the
same treatment during the first 24 h but their response to the hatching supplement was

19

EarlyBird™: Pacific Vet Group - USA, Inc., 2135 Creek View, Fayetteville, AR 72704, USA

68

different. Group 3 had statistically higher weight gain and body weight and that was
unexpected. The difference (≈1 gram) was statistically significant, but it was small and
not significant biologically. Feeding the hatching supplement did not result in a
noticeable decrease in weight loss as we expected. The increase in body weight gain for
chicks in the positive control after 24 h post-hatch was probably due to ingested feed and
water rather than growth. Feed and water consumption after 24 h of placement are
around 5 and 10 grams respectively (Brake et al., 1992). The importance of early feeding
on the subsequent growth performance may be linked to the development of the initial
gastrointestinal tract (GI tract) of the bird. Several reports have indicated that early
access to feed and water is critical for the development of the GI tract and the uptake of
yolk by the small intestine in chicks and poults (Uni et al., 1998; Noy and Sklan, 2001;
Noy et al., 2001). Impaired GI tract development may lead to poor nutrient utilization
and consequently depressed body weights.
In the current study, chicks placed immediately had higher body weight than all
treatment groups at day 7 and 14. The response of chicks to the hatching supplement to
improve body weight was poor until 21 d. At 21 d, feeding the hatching supplement for
24 or 48 hr post-hatch resulted in numerical improvement in body weight (46 g and 23 g
increases) compared to the negative control. Early access to feed, hatching supplements,
or water have been shown to improve the subsequent growth performance in both chicks
and poults (Noy and Sklan, 1999; Batal and Parsons, 2002., Henderson et al., 2008). Our
results are in agreement with the previous studies for treatment 2 only. Feed:gain ratio
and mortality were not significantly influenced by 24 h fasting or early feeding in the
current study. These findings are consistent with Vieira and Moran (1999). In contrast,
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Yi et al. (2005) and Fanguy et al. (1980) reported that chicks fasted for 48 h or more had
higher mortality rates compared to chicks provided with immediate access to feed and
water. In our study, 24 h of fasting did not increase mortality compared to long periods
of feed restriction (e.g.48 h). Microbiology data did not show any differences in cecal
Lactobacillus counts or incidence of Salmonella in the current study. Overall incidence
rates of Salmonella were found to exceed 67%. Rearing chicks on floor litter have been
associated with reduced Salmonella colonization in broilers. Gustafson and Kobland
(1984) reported that broilers reared on used litter had lower incidence of Salmonella
compared to broilers reared on clean litter (33.1 vs. 53.4 % positive). Corrier et al.
(1992) noted the percentage of Salmonella positive chicks to be lower when reared on
used litter. In our study the high rates of Salmonella were unexpected. Holding chicks
for 24 h may not impact Lactobacillus or Salmonella populations in the gut as shown in
the current study. However, holding chicks for more than 24 hr post-hatch needs further
research to elucidate the effects of prolonged fasting in Lactobacillus and Salmonella
colonization in the gut.
This study indicates that early access to feed and water influences growth
performance of broilers during the first 2 weeks of life. In addition, feeding the test
hatching supplement for 24 or 48 h may numerically improve body weights of broiler at
the end of starter period.
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4.6 Tables

Table 4.6.1 Description of nutrient content of hatching supplements
Product
Oasis1

Moisture (%)
25 (Min)

Protein (%)
20 (Min)

Fat (%)
0.5 (Min)

Fiber (%)
3 (Max)

EarlyBird2

14 (Max)

21 (Min)

2.2 (Min)

10 (Max)

Test product3

76.43

5.24

1.32

1.484

1

Oasis™: Novus International, Inc. 20 Research Park Drive. St. Charles, MO 63304, USA
EarlyBird™: Pacific Vet Group - USA, Inc., 2135 Creek View, Fayetteville, AR 72704, USA
3
Land O’Lakes Purina Feeds: 3562 HWY MM Gray Summit, MO 63039, USA. Nutrient content of the test
product was analyzed by Midwest Labs. Midwest Laboratories, Inc. 13611 B Street, Omaha, Nebraska,
USA.
4
Acid Detergent Fiber in as fed basis
2

Table 4.6.2 Description of the experimental treatments
Treatment
(-) control
(+) control
HS48
HS24

Hatching Supplement
No
No
Yes for 48 hours (24 in boxes + 24 in pens)
Yes for 24 hours in boxes

Feed access
After 24 hours
Immediately
After 24 hours
After 24 hours
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Table 4.6.3 Composition of the basal diet
Item
Ingredient (%)
Corn
Soybean meal-48
Distiller grain with soluble
Animal-veg fat
Dicalcium phosphate
Limestone
Salt
DL.Methionine
Mineral premix
Calculated composition
Metabolizable energy, kcal/kg
Crude protein %
Calcium %
Available phosphorus %
Sodium %
Lysine %
Methionine %
Methionine + cystine
1

Percentage
50.6
33.2
10.0
3.00
1.33
1.31
0.28
0.128
0.10

3,012
23 (24.1)1
0.90
0.42
0.180
1.19
0.50
0.87

Crude protein (%) in dry weight basis as analyzed by Midwest Labs. Midwest Laboratories, Inc. 13611
B Street, Omaha, Nebraska, USA.

Table 4.6.4 Production data LS means and p-values
Treatment
(-) Control

Feed Intake (g/bird/day)
0-7
7-14
14-22
0-22
15.9a 41.1ac
80.3a
47.3a

0
40.4a

(+) Control

17.0a

44.9b

79.7a

48.7a

40.0a

46.4b

HS48

16.7a

42.9ab

80.1a

48.1a

40.3a

HS24

16.4a

38.5c

78.4a

46.0a

p-value

0.91

0.02

0.90

1.97

2.76

1.61

SEM

a-b

Body Weight (g)
After 24 h
7
37.5a
130a

14
357a

22
780a

0-7
1.24a

Feed: Gain Ratio
7-14
14-22
1.26a
1.56a

0-22
1.42a

144b

392b

842a

1.13a

1.27a

1.43a

1.33a

38.7c

133a

370a

803a

1.26a

1.27a

1.48a

1.39a

40.3a

37.5a

128a

363a

826a

1.30a

1.15a

1.37a

1.29a

0.13

0.89

0.0001

0.006

0.001

0.34

0.38

0.17

0.32

0.10

0.80

0.50

0.46

4.34

7.72

35.1

0.09

0.06

0.10

0.04

Values with no common superscripts differ significantly
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Table 4.6.5 Effect of early feeding Vs. early feed restriction on mortality rates
Treatment1
(-) Control
(+) Control
HS48
HS24

Mortality rates (%)
3.33
2.5
2.5
7.8

1

Treatment groups are: (-) Control, fasted for 24 h; (+) Control, placed immediately; HS48, fed a hatching
supplement for 48 h; HS24, fed a hatching supplement for 24 h
Treatment groups are not significantly different. p ≥ 0.50

Table 4.6.6 Salmonella as detected by Reveal 2.0 for Salmonella1 at three sampling days
Treatment1

1st sampling (8 d ) 2nd sampling (15 d )
Positive /total
Positive /total

3rd sampling (21 d )
Positive /total

Total
Positive /total

(-) Control

7/12 (58%)

10/12 (83%)

7/12 (58%)

24/36 (67%)

(+) Control

9/12 (75%)

9/12 (75%)

8/12 (67%)

26/36 (72%)

HS48

9/12 (75%)

10/12 (83%)

8/12 (67%)

27/36 (75%)

HS24

9/12 (75%)

10/12 (83%)

9/12 (75%)

28/36 (78%)

1

Neogen Corporation: 620 Lesher Place Lansing, MI 48912, USA
Treatment groups are: (-) Control, fasted for 24 h; (+) Control, placed immediately; HS48, fed a hatching
supplement for 48 h; HS24, fed a hatching supplement for 24 h
Treatment groups at all sampling days are not significantly different. p > 0.05
2
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Table 4.6.7 Effect of early feeding Vs. early feed restriction on Lactobacilli population counts

Treatment1
(-) Control
(+) Control
HS48
HS24

1

Lactobacilli concentrations (log10 CFU)
Day 8
1.15
1.34
1.32
1.72

Day 15
1.22
0.62
1.07
0.85

Day 21
0.86
1.47
0.94
1.13

Treatment groups are: (-) Control, fasted for 24 h; (+) Control, placed immediately; HS48, fed a hatching
supplement for 48 h; HS24, fed a hatching supplement for 24 h
Treatment groups at all sampling days are not significantly different. p ≥ 0. 51
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4.7 Figures

Figure 4.7.1 Effect of treatments on feed intake of broiler chicks.

Treatment groups are: (-) Control, fasted for 24 h; (+) Control, placed immediately; HS48, fed a hatching
supplement for 48 h; HS24, fed a hatching supplement for 24 h
a-c
Values with different letters are significantly different (p ≤ 0.05).
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Figure 4.7.2 Effect of treatments on body weight and weight gain of broiler chicks after
24 h post-hatch.

Treatment groups are: (-) Control, fasted for 24 h; (+) Control, placed immediately; HS48, fed a hatching
supplement for 48 h; HS24, fed a hatching supplement for 24 h
a-c
Values with different letters are significantly different (p ≤ 0.05).
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Figure 4.7.3 Effect of treatments on body weight of broiler chicks.

Treatment groups are: (-) Control, fasted for 24 h; (+) Control, placed immediately; HS48, fed a hatching
supplement for 48 h; HS24, fed a hatching supplement for 24 h
a-b
Values with different letters are significantly different (p ≤ 0.05).
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Figure 4.7.4 Effect of treatments on feed:gain ratio of broiler chicks.

Treatment groups are: (-) Control, fasted for 24 h; (+) Control, placed immediately; HS48, fed a hatching
supplement for 48 h; HS24, fed a hatching supplement for 24 h
Treatment groups at all time periods are not significantly different. p-value > 0.05

