ABSTRACT

AUTTAWONG, SATID. Interaction of Dietary Coarse @orWith Other Dietary and
Environmental Factors on Broiler Live Performan@@nder the direction of Dr. John T.
Brake.)

An experiment was conducted to examine the effepeccentage coarse corn (CC)
of total dietary corn and distiller’s dried graiw#h solubles (DDGS) on the performance of
broilers to 47 d of age. A total of 2,160 day-oldsR 344 x 708 broiler chicks were used in a
factorial arrangement of treatments consisting die3ary inclusion levels of CC (0, 10, 20%
of total dietary corn in starter and 0, 25, 50%gmower and finisher diets) and 3 inclusion
levels of DDGS (0, 6, 12% in starter and 0, 15, 3@%grower and finisher diets). Feed
consumption and BW were determined at 14, 35, andd4of age and adjusted feed
conversion ratio (AdjFCR) was calculated by inchgiBW of mortalities. Percentage CC of
total dietary corn significantly improved AdjFCR dameduced feed consumption without
negative effects on BW at 47 d of age. Chickens@&dexhibited larger gross and relative
gizzard weights at 48 d of age than broilers fegk fcorn. Broilers fed DDGS exhibited
significantly poorer feed AdjFCR as well as redud®@. Feed consumption was not
affected by DDGS treatments. Mortality rate wasgigantly reduced by increasing DDGS,
probably due to slower growth. The results of thiady demonstrated that increasing
percentage CC of total dietary corn in an ageedlahcreasing manner had a beneficial
effect on feed efficiency and gizzard function with negative effect on BW. There were no
interactions of DDGS and CC inclusion levels, whstiygested that CC could not be used to

improve DDGS utilization.

A second experiment was conducted to evaluate tfeeteof feeding program,

percentage CC of total dietary corn, dietary mdiaable energy (ME), and main site of



liquid fat application on broiler live performant®48 d of age. Ross 344 x 708 male chicks
(n = 1,440) were assigned to a factorial arrangémktieatments consisting of two levels of
coarse corn; two levels of ME; two types of fat lagggion and two feeding programs. The
coarse corn treatments consisted of no coarse (66t or 20, 35, and 50% coarse corn of
total dietary corn in the starter, grower, anddimar diets. Dietary ME treatments consisted
of two low level of 2.95 kcal ME/g and 3.05 kcal ¥En grower and finisher diets and two
high level of 3.05 kcal ME/g and 3.15 kcal ME/ggrower and finisher diets. The two types
of fat application consisted of all fat in mixer @75% in mixer plus the remainder added
post-pellet. The two feeding programs consisteadlibitum or time-limited. Feed intake
(FI) and BW were determined at 14, 28, 35, and 48 dge and adjusted feed conversion
ratio (AdjJFCR) was calculated. The results showeat troilers fed time-limited feeding
significantly reduced BW prior to heat stress brdilers experienced acute heat stress at 5
wk of age exhibited improved AdjFCR and mortalityrilg heat stress. The CC had no
effect on BW at 48 d of age, but significantly redd FI and improved AdjFCR relative to
100% FC. The low and high dietary ME treatmentsipoed the same BW at 48 d of age but
the higher ME level significantly improved AdjFCRlixer fat application increased FI but
AdjFCR was improved by the post pellet fat applmat Broilers fed CC based diets on an
ad libitum basis exhibited better results than broilers fetedlimited while pellet quality

played an important role in the presence oédiibitumfeeding program.
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INTRODUCTION

The production of biofuels has created considerahbdlenges for the animal feed
industry and is generally responsible for the rédeareases in feed ingredient costs that
have increased interest in improving feed efficjeimcthe commercial broiler industry. Until
recently, commercial broiler diets have been largemposed of corn and soybean meal but
distiller’s dried grains with solubles (DDGS), a-psoduct of the corn ethanol industry, has
become widely used as a protein and energy souarbeoiler diets as a result of the large
guantities that have become available and the abseinlower cost alternatives. It has been
generally recognized that pellet quality positiveifluenced feed characteristics (Briggs et
al., 1999) and improved broiler growth rate andife#ficiency (McKinney and Teeter, 2004;
Brickett et al., 2007; Dozier et al., 2010) duentore rapid feed intake than that observed
with feed in mash formThus, major feed ingredients in modern broiler feellls have been
generally ground to smaller particle sizes, whicweh been typically recommended to
improve pellet quality. However, diets with somegkr particle sizes have been suggested to
affect gizzard function in such a manner as to eles® the rate of feed and ingesta passage,
which has been reported to result in improved f&ffidiency (Parson et al., 2006; Amerah et

al., 2008).

High environmental temperature has always beeniderezl to be a limiting factor in
broiler production. There have been many stratethias have received attention in tropical
and subtropical countries to decrease productistsdwy improving heat tolerance. Increased

dietary ME by adding fat to diets has been useddme (Plavnik et al., 1997; Ghazalah et



al., 2008) to ameliorate the adverse effects oh legvironmental temperature but higher
levels of fat can have negative effects on pelieality depending upon the site of fat
application, which can be either in the mixer ostgpellet. Commercial broilers have been
widely fed on anad libitum basis but previous investigations have shown testricted
feeding programs reduced rapid growth rate thattéethcreased mortality due to ascites
syndrome (Acar et al., 1995). There have been athecdotal reports of commercial success
with feed restriction of broilers during periodshaat stress. Several methods of broiler feed
restriction based upon both quantitative and cataleé methodshave been used. Feed
restriction of broilers has generally been congdeto improve feed efficiency while
evidence of compensatory growth that led to regowdr any lost BW following feed
restriction varied among several methods evalu@ddedton et al., 1995; Zhong et al., 1995;

Zhan et al., 2007) based upon severity of feedicésh and the length of the rearing period.

The objectives of the present experiments were Xploee interactions among
percentage coarse corn of total dietary corn, siclu of DDGS, feeding strategy, dietary
ME, and primary site of liquid fat application omober live performance. The effects of
these factors were determined in terms of broilee Iperformance, proventriculus and

gizzard weights, and rectal temperature.



LITERATURE REVIEW

Factors Affecting Broiler Live PerformanceThere have been many factors shown
to either promote or inhibit live performance ofoiers. These have included feeding
program, feed manufacturing, feed quality, feededgents, environmental temperature, and

nutritional program.

Feeding ProgramLimited feeding systems have been used for maaysyt® control
feed consumption and BW during growing and prodauncof broiler breeders. In this system
pullets have been adapted to a time limited quativé feeding system from an early age and
no adverse effects on any productive measure hese boted when such restricted feeding
began during the early growing period (Schumaiealgt1968). By contrast, commercial
broiler chickens have generally been provided feedd libitumconsumption. However, the
practical benefits of an early feed restrictionbobilers have been discussed as early feed
restriction reduced rapid growth rate, which hasnbassociated with the incidence of ascites
syndrome (Acar et al., 1995). Feed restriction bEs® been thought to improve feed
efficiency and growth performance. Yu and RobinEb®92) commented that the method of
broiler feed restriction varied from quantitativeetimods (restricting the amount of feed
consumed) to qualitative methods (restriction af tuality of feed). Zhan et al. (2007)
applied a daily 4 h feed restriction from 1 to 21wthereas Deaton et al. (1995) compared
broilers provided 90, 80, 75, and 60% of feed redato 24 h feed consumption witd
libitum broilers, and Dozier et al. (2003) removed feedaf@4 h period at 8, 10, 12, 14, and

16 d of age. Feed restriction programs have alsorbe a subject of interest based upon the



ability of broiler chickens to regain lost growtly lmarket age because such compensatory
growth has been accompanied by a significant imgmmnt in feed efficiency. However,
Plavnik and Hurwitz (1985) found that severe retdéd feeding for either 2 or 4 wk
beginning from 1 wk of age caused enough loss intB&Y broiler chickens were not able to
compensate for this deficit by 9 wk of age. Thisswet in agreement with the results
reported by Zhan et al. (2007) who found broilexsdf restricted from 1 to 21 d exhibited
significantly lower BW tharad libitum fed broilers at 21 d but there was no difference i
BW at 63 d of age. Plavnik and Hurwitz (1985) notieak feed restriction of male broilers for
6 d from 1 wk of age produced the same amount @it @ie8 wk as full fed broilers. Zhong et
al. (1995) stated that female broilers subjectedetl restriction from 7 to 12 d of age
exhibited lower BW thaiad libitumfed females but BW was not different in males axed
sex groups at 49 d of age. Deaton et al. (199%¢dtdnat male chickens with early feed
restriction (90% feed restriction) from 7 to 14xh#bited reduced BW of 8.4% at 14 d of age
but final BW at 41 d was not affected. Howeverthié broilers were fed 75 or 60% of full
feed and had an 18.2% or greater BW reduction @ d#age, male broilers could not attain
the same BW by 41 d of age when comparedddibitum fed males. Deaton et al. (1995)
also demonstrated that broiler chickens exhibitsdmensatory growth. Broilers were able to
compensate by 41 d of age for an 8% BW reductididal of age. On the other hand, if the
BW at 14 d was reduced by 17% for females and 1&%nales, the chickens were not able
to compensate for the lost BW by 41 d of age. Deatbal. (1995) mentioned that when
broilers were grown to 49 d of age for females d&d of age for males, they could

compensate for a BW reduction at 16 d of age ahrma@1% for females and 27% for



males. Deaton et al. (1995) also provided thatatye of marketing and severity of feed
restriction were factors that must be considerednibroilers of the same BW were required
to be marketed at a particular age. This was nagnreement with Fontana et al. (1992), who
reported BW at 49 d of age was significantly reduéar broilers restricted for 4 or 7 d
beginning at 4 d of age as compared to groups coingufeedad libitum.Saleh et al. (2005)
indicated that broilers were not able to fully canpate in growth even by the age of 63 d
when a severe feed restriction was imposed earlifjenin addition, Palo and Sell (1995)
found that broilers feed restricted from 7 to 1dfcage were not able to regain their BW by
48 d when compared tad libitum birds. In the same manner, Zubair and Leeson (1996
found that 50% feed restriction from 6 to 12 d géaignificantly decreased BW at 42 d of
age when compared withd libitum birds. These data were in agreement with Doziexl.et
(2003) who found that 5 d of feed removal in a skigay manner did not allow for complete
compensatory growth by 54 d of age. However, otffelavnik and Hurwitz, 1985; Cabel et
al., 1989; Fontana et al., 1992; Palo and Sell51980ong et al., 1995; Zubair and Leeson,
1996; Dozier et al., 2003) have reported that entrirestriction generally improved feed
efficiency. Zubair and Leeson (1994) reported tfegd restricted chickens exhibited
significantly lower basal metabolic rate during thstriction period but this was not apparent
during the refeeding period. This suggested thattometabolic rate did not play a role in
the ability of the broilers to exhibit improved teefficiency and compensatory growth.
Increased feed consumption relative to the sm8\&rand associated digestive adaptations
of restricted chickens seemed to be the major factmntributing to improved feed

efficiency. Deaton et al. (1995) stated that feaaversion was significantly improved by



feed restriction, particularly for female broileaad observed that after the first 2 d of feed
restriction, the chickens would scratch and seénehlitter for feed that would probably be

consumed. The broilers provided feed &of libitum consumption did not exhibit the same
type of activity and they appeared less active ratider lethargic when compared with the
broilers subject to the feed restriction program. studies concerning the control of
abdominal fat, Deaton et al. (1995) and Fontanale{1993) reported that the average
amount of abdominal fat was not affected by feestriction. However, Zhan et al. (2007)

reported that restricted broilers at 63 d of agkil@ted a significantly greater amount of
abdominal fat, which indicated that the nutritiomaierience during the critical restriction

period tended to enhance fat deposits during tfeedeng period. The statement was not in
agreement with Zhong et al. (1995) who suggestatlttie reduction in abdominal fat was
due to either decreased lipogenesis or increagedysis. Plavnik and Hurwitz (1985)

suggested that the reduction of body fat was thectleffect of a low body energy balance
and was most likely a reduction in number of adypes due to the early inhibition of

adipocyte hyperplasia caused by the severe enegyiction. Zubair and Leeson (1996)
mentioned that abdominal fat cells were significaféwer in feed restricted birds up to 42 d
of age, even though the rate of increase in fatneehbers after the restriction period ended

was not different between full-fed and restrictad$

Avian Digestive SystemThe avian digestive system acts as a selectivaebar
between the tissues of the bird and its luminalirenment. This barrier has been shown to
be composed of physical, chemical, immunological] aicrobiological components. As

incubation progresses, embryonic small intestirgbit has been found to increase at a



much greater rate than BW. During the last 3 dnetibation, the ratio of small intestinal
weight to BW increased from approximately 1% atdl@f incubation to 3.5% at hatching
(Uni et al., 2003). In the post-hatching periode 8mall intestine continued to increase in
weight more rapidly than the rest of the body. éased intestinal weight and length have
been found to be not identical in the duodenununjm, and ileum. Intestinal development
after hatching was also found to be rapid with eespo enzymatic and absorptive activities
(Uni et al., 1999). In addition, it has been shdhatt during the initial 48 h post-hatching, the
yolk sac contributed to small intestinal maintereaand development. During this period, the
chick made the transition from utilizing energytime form of lipids supplied by the yolk sac
to utilization of exogenous carbohydrate-rich fe@dboy et al., 1999). Sturkie (1986)
suggested that the avian digestive system had &deapted for flight and was a relatively
light weight. Moran (1982) stated that the pouldiigestive system consisted of two main
parts that were the proventriculus or glandulamsich and the ventriculus (gizzard) or
muscular stomach. The proventriculus functionedprily in production and release of the
gastric secretions (pepsin, hydrochloric acid, amdtus) while the gizzard served as the site
for grinding. A complex neural network has beenniduo facilitate recurring cycles of
forward and reverse peristalsis of ingesta to ml®va longer residence period in the
gastrointestinal tract. The three distinct phadeewerse peristalsis have been found to be
important to optimal digestive function (Duke, 199€hickens utilize reverse peristalsis in
combination with forward peristalsis to mix gastaicid, bile, and pancreatic enzymes with
the feed components. Peristalsic rushes have loegrd to be common in chickens. Rushes

have been described as a contraction of the ingesticurring as a wave moving throughout



the entire length of the intestines in a bi-direeél manner, which enhances optimal

absorption of absorbable material from the integtiract (Moran, 1982).

Feed Manufacturing and Particle Sizeln commercial poultry production, feed
represents the major component of the total coshedt and egg production. Broilers have
always consumed feed rapidly if they were to grapidly. However, broilers must also
efficiently digest the feed if wastes were to benimized and the full benefit of the
nutritional value of the feed realized. To effidigrmanage the modern broiler it has become
necessary to understand how to better manage thplew physiological processes involved
in broiler digestion. Donohue and Cunningham (20@€)cated that the increased demand
for ethanol production and increased world demaod féed grains have resulted in
unprecedented feed prices and increased broileluption costs. Broiler diets have generally
been based mainly on corn and soybean meal so thewas will likely continue to put
pressure on poultry companies as they seek to amaiprofitability. Briggs et al. (1999)
outlined the benefits of pelleting feed to incluetéhanced handling characteristics, improved
animal performance, increased bulk density, impdoflewability, and decreased spillage.
Bennett et al. (2002) reported that feeding mastvesti broiler growth at all ages and clearly
demonstrated the widely known principle that growths proportional to feed intake.
McKinney and Teeter (2004) found that BW gain ai@RFwere significantly enhanced by
nonnutritive factors such as pellet quality. Aslgtefuality increased chickens spent less
time eating and rested more frequently with assediadecreased energy expenditure.
Brickett et al. (2007) reported that growth ratesvgggynificantly influenced by feed form as

growth rate decreased when diets were fed as mastod reduction in feed intake, which



was likely a reflection of the reduced ability afds to consume bulkier and possibly less
palatable feed. Dozier et al. (2010) stated thdétoeg was a costly process but broilers fed
pelleted diets grew faster and consumed more fea broilers fed mash diets. Moreover,
broiler chickens fed high quality pelleted diethixted advantages in growth rate and feed
consumption compared to chickens fed poor qualdéileped diets. The combination of
increased feed mill associated cost and expensae ihgredients have created a demand for
new strategies to control costs while optimizing #fficiency of broiler performance. In
modern feed mill operations most of the major idggats have to be ground to particles of
various sizes depending on the feed type and femuufacturing process. The purpose of
grinding feed ingredients has been to improve fdegkstion, improve binding ability
between particles during pelleting, improve the ingxefficiency of ingredients in a feed,
increase particle homogeneity, and prevent ingreédseparation. Many studies have been
conducted regarding the optimum particle size fbcient poultry feed production and feed
utilization by the bird. Douglas et al. (1990) sagted that the good performance of broilers
fed diets with finely ground grains might have beer to defeating the normal tendency of
birds to selectively eat coarse particles and é&ssly digested the seed coat of the coarse
grains were not properly disrupted to ensure watal substrate access for enzymatic
digestion. However, feeding larger particle sizad ahole grains to poultry has received
attention in recent years. It has been hypothestzatdfeeding whole grains or larger particle
sizes of ingredients improved the health of thecladms as well as strongly influenced
gizzard size and function (Amerah et al., 2008pddrly developed gizzard was associated

with an increased feed passage rate that led te mdrients being present in the lower



gastrointestinal tract where they promoted micriopialiferation. Noy et al. (1999) reported
that nutrient digestibility was suboptimal in chsckntil about 14 d of age and that improving
the digestibility of nutrients during the first xwof life was critical to improve early BW. To
maximize the possible effects on intestinal healtld gizzard size and function that may
occur from feeding larger particle sizes, it may lmneficial to expose chicks to diets
containing large corn particle sizes as early asipte. Jacobs et al. (2010) reported feeding
larger corn particle sizes resulted in increaséative gizzard weights as corn particle size
increased in the diets up to the largest corn @arsize of 1,387 micron. Amerah et al.
(2007) observed that the optimum particle size roflér diets based on maize or sorghum
should be between 600 and 900 microns and that geaticle size was more critical in mash
diets than pelleted or crumble diets. Amerah e{2008) also found evidence that coarser
grinding had beneficial effects on feed efficientiie explanation was that increased gizzard
activity resulted in a longer residence time, whecinanced digestion. In addition, Parson et
al. (2006) indicated that broilers fed diets camtay coarse corn had significantly increased
feed intake and improved feed efficiency comparét troilers fed diets containing smaller
particles. The study indicated that increased particle size significantly increased nitrogen

and lysine retention.

Alternative Ingredients.Broiler diets have historically contained a largaton of
corn but corn has become widely used for ethanadlysction. One major by-product from
ethanol plants is distiller’'s dried grain with sbles (DDGS). This DDGS has recently been
used in poultry diets as a protein source. Evenghdhe price of DDGS has been increasing

but it has not been increasing as rapidly as coegpir other protein rich sources. This was



probably limited demand because of nutritional &eetl mill limitations of its use in poultry
diets (Donohue and Cunningham, 2009). As any ne@duymut, it was initially difficult to fully
understand the potential limitations and challergfassing high inclusion levels of DDGS in
poultry diets. Furthermore, little data existedléscribe limitations with feed mill throughput
and pellet quality. Loar et al. (2010) reportedt theeed production rate was decreased by
inclusion of 30% DDGS in the diet. This effect wattributed to the decrease in the dietary
level of inorganic phosphate that was known to hegerubbing effect inside the pellet die.
High DDGS inclusions also resulted in decreasetepguality because this ingredient has a
reduced starch component in comparison to ground, cohich resulted in less starch
gelatinization and decreased pellet binding. Oftegher amounts of added fat have been
used with higher DDGS inclusion in order to achi@letary balance and this could also
negatively affect pellet quality. Loar et al. (201€oncluded DDGS to be safe at 8%
inclusion from 0 to 14 d of age and between 7.5 &5% in grower diets. It may also be
advantageous for the chicks to have experienced ®Gthe starter diet before being
exposed to higher levels in the grower diet. Sicigllet al. (2010) concluded that feeding
broilers 0 to 12% DDGS would not affect the qualifybroiler breast meat. Corzo et al.
(2009) also concluded that the quality of broilezdst and thigh meat had minimal effect on
consumer acceptability from broilers that had beehup to 8% DDGS. However, Lumpkins
et al. (2004) suggested that a 15% inclusion of BD®ay be excessive during the starter
period. It appeared that chicks up to 18 d wereaht¢ to tolerate high levels of DDGS but
no significant differences were observed during ¢mewer and finisher periods, which

suggested that following the starter period chusld efficiently use higher levels of



DDGS. The maximum level of DDGS in starter dietsvaund to be 12% and DDGS could
be used in the grower and finisher diets from betw&2 and 15%. It was possible that
variability in nutrient content could become a nmmagsue due to excessive heating of DDGS
during processing. Batal and Dale (2006) sugget$tadthe variation in true metabolizable
energy and amino acid digestibility among DDGS esesrshould be analyzed prior to

utilizing samples from a new supplier.

Environmental Temperature, Dietary Energy Level, dmietary Fat.Many feeding
strategies have been implemented in tropical artdrapical countries to increase broiler
feed intake and the development of the gastrointsttract. In most cases, the
implementation of these strategies considered fieeadi highly digestible ingredients to be
important. Gonza'lez-Alvarado et al. (2007) sugegsthat rice was an alternative
ingredients for post-hatching chicks because ri@s Wwigh in starch content and low in
nonstarch polysaccharide content and other antitiomial factors. However, Jimenez-
Morenzo et al. (2009) concluded that young chickghinrequire a minimal amount of fiber
in the diet to maximize performance. The first wedKife has been found to be a critical
time for chicks as it represents approximately 1g%the growing period and 8-10% with
respect to the final BW. In hot regions, high tenapgre has been a major limiting factor for
broiler production because broilers have a low helgrance due to rapid growth rate and
feather coat. The body temperature of adult chiskeas been reported to be in the range of
41 to 42°C. The depression of growth rate and dese feed consumption of broilers grown
in high environmental temperatures has been repdriemany studies. Several authors

(Cooper and Washburn, 1998; Gonzalez-Esquerra aesldn, 2005; and Lu et al., 2007)



reported that broilers grown in heat stress tenpera exhibited a significant reduction in
BW gain, poorer FCR, and increased body temperafilms result was confirmed by Lott et
al. (1992) who indicated that increased ambientpeature significantly suppressed BW
gain. Quinteiro-Filho et al. (2010) demonstratedttheat stress decreased BW gain, feed
intake, and worsened feed conversion. QuinteirbeFdt al. (2010) explained that heat stress
activated the hypothalamic-pituitary-adrenal axidPA) and increase corticosterone
production and consequently decreased immune avgaght and innate immunity. Immune
dysfunction influenced the intestinal immune l&arrwhich caused pathogenic bacteria to
migrate easily through the intestinal mucosa. TimBammation might have changed
intestinal absorption. The extensive changes inodlsystem,alteration in oxygen
consumption and heat dissipation by panting wer¢ glathe thermoregulatory responses
during broilers exposed to constant and diurnatntia¢ fluctuations (Yahav et al., 1997).
Increased dietary ME has been widely recommendetll¢wiate the effects of heat stress.
Plavnik et al. (1997) illustrated that growth rated feed efficiency improved linearly with
dietary energy. This was in agreement with Ghazatad. (2008) who reported that broilers
fed diets containing a high level of metabolizableergy avoided the side effects of heat
stress. Fat has been a common energy source leripooduction, so that addition of fat has
become a common practice to increase the energy ¢é\the diet. Tufft and Jensen (1992)
found that increasing poultry fat in the diet imyed BW gain, feed efficiency, and increased
feed retention time. Krogdahl (1985) mentioned thié¢ salts played an important role as
moderators of emulsification and micelle formatiorthe intestinal tract. The lipid digestion

and absorption ability of chicks has not fully deyed at hatching due to less bile salts



secretion but increases gradually with age. Sadrtts decreased feed passage rate due to
being less polar, which caused more difficultiesrfocelle formation (Krogdahl, 1985). The
effect of lipids on gut passage rate increasedlifpestibility of other nutrients by extending
the time of exposure to enzymes and absorptive.ditewever, it has been understood that
mechanical shearing in the pellet die caused dmeti heating, which was responsible for
extensive gelatinization. In addition, ingrediesti©ngly influenced pellet quality. Increasing
the protein content increased pellet durability selas increasing the oil content decreased
pellet durability. Briggs et al. (1999) reportedrdaental effects of fat on pellet durability as
the oil content reached 7.5%. He suggested th&tpmkirability was not affected when the
oil content was below 5.6% and the protein contesd about 20%. Ghazalah et al. (2008)
found that adding fat up to 5% of the diet helpgdi@ the negative effects of heat stress.
Plavnik et al. (1997) explained that energy suppbg fat could decrease growth rate if there

was a reduction in pellet quality.
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INTRODUCTION

Recent increases in feed costs associated withptbduction of biofuels have
dramatically increased broiler live production sogts feed is a very large percentage of live
costs, there has been an increased interest insmeamprove feed efficiency either through
improved digestive efficiency or increased feedaket leading to more rapid growth and
early processing ages. Excellent pellet qualityrie means to increase feed intake and major
feed ingredients in modern operations have beeerghy finely ground to improve pellet
quality. However, previous studies found that lapgeticle sizes in broiler feeds decreased
feed passage rate and improved feed efficiencys@Paet al., 2006; Amerah et al., 2008)
irrespective of pellet quality. Thus, more attentiwas needed to find a balance between
particle size and pellet quality. Further distiedried grain with solubles (DDGS), which
have been produced by the corn ethanol industrypbesme widely used in broiler diets due
to availability and costs but limitations for theeuof this product were not fully understood.
It was thought that an increased particle sizeash ¢hat would lead to decreased passage
rate would improve the digestibility of this higibér ingredient. This study was conducted to

determine the effects of coarse corn and DDGSaoildsrdiets on live performance.

MATERIALS AND METHODS

Hatching Eggs and IncubationA total of 2,880 broiler hatching eggs were ociiel
from 30 wk old a flock of Ross 344 x 708 broileeeders maintained at the research site and
set in a Natureform NMC-1000 incubator initially espted at 38.0°C. The dry bulb

temperature was decreased to 37.5°C after threddys$ at the initial temperature and



gradually decreased thereafter as follows; 37.566h fE3 to E12, 37.4°C from E13 to E15,
and 37.2°C from E16 to E18 to maintain an inteewd temperature below 37.8°C. The dry
bulb temperature was independently confirmed witheacury thermometer. Ventilation of
the machine with fresh air was at a minimum inlyigbut was gradually increased after 12 d
of incubation. The relative humidity was maintainad 53% RH throughout incubation,

which was independently confirmed with an electcdmimidistat.

Broiler Management. The experiment was conducted in House 1 at thethNor
Carolina State University Chicken Educational UAitp8 Lake Wheeler Road, Raleigh, NC.
Broiler chicks were hatched, feather sexed, and &eparate by breeder pen source before
and after sexing. Thirty broilers per pen, 15 ofteaex, were randomly selected with one
chick of each sex from each breeder pen such tiestdbr source effects were equalized.
Chicks were then permanently identified with nesjst group weighed, and distributed onto
used wood litter shavings after manual introductionwater and feed. Each pen had a
dimension of 1.2 m width by 3.6 m length and thecking density was 7 birds per square
meter. Each pen contained one bell-type drinkertaradmanual tube feeders. The brooding
temperature at reception of 35.0-36.7°C on therlitivhich was determined by an infrared
thermoscan gun, was maintained through the firghtnbefore being decreased to no more
than 33.5°C the following morning. The temperatwaes maintained from 2 to 7 d at 32 to
33.5°C, 8o 14 d at 29 to 30°C, 15 to 21 d at®?B#°C, and at ambient temperature without
supplemental heat thereafter. Water and broiletsdigere provided forad libitum
consumption. Three supplemental feeder flats weesl wntil 7 d of age, two flats to 10 d,

and one flat to 14 d of age. There was 0.45 kgaifdr starter crumbles added per bird at 1



d of age. Small amounts of feed were moved ouhefttibe feeders onto the feeder flats
twice daily for the first week. At 7 d of age, Hess were counted and starter feed per bird
adjusted. About 0.45 kg of broiler starter diet vaasled to bring the total to 0.9 kg per bird
alive. The broiler feeding program was 0.9 kg/lofdstarter, 2.7 kg/bird of grower, and 3.6
kg/bird of finisher diets. Feeders were shaken guereday to 14 d, and twice per day from
15 to 47 d to maintain the flow of feed from tulw® pans. The lighting program schedule
was 23 h of light from 1 to 7 d, 21 h of light fro8nto 21 d, and natural light thereafter.
House environment and birds were closely monitaaad mortalities were weighed and

recorded twice daily throughout the experiment.

Feed Formulation and Manufacturing.Broiler diets (Tables I-1, I-2, I-3) were
manufactured at the North Carolina State UniverSigd Mill Educational Unit. The diets
were formulated to a ME content of 2,850, 2,90@ 25950 kcal/kg for the starter, grower,
and finisher diets, respectively. The corn, SBMJ &DGS were ground using a hammermill
(Model: 1522, Roskamp Champion, Waterloo, IA) egeg with two 2.4 mm (6/64 inch)
screens to produce fine ground ingredients. A tao-mller mill (Model: RGZP, 2x15 HP,
RSM, Sea, SD) was used to produce the coarse gmund Basal mash diets were used to
reduce ingredient variation. Initially, two basatmtaining either the minimum or maximum
DDGS with only fine corn were produced. Equal port of these diets were then blended to
produce the intermediate DDGS basal. To these thasal diets appropriate amounts of
either fine or coarse corn and poultry fat wereeatldefore a final mixing in a single ribbon
mixer (Model: SRM 304, Scott Equipment Co., Newdaies MN). Complete mash diets

were then conditioned (Model: C18LL47F6, CaliforRiallet Mill Co,. Crawfordsville, IN)



at 82 to 85°C and pelleted with a pellet mill (Mbd@M1112-2, California Pellet Mill Co.,
Crawfordsville, IN) equipped with a 4.4 mm X 45 nthe (11/64 inch x 1 % inch). Pelleted
diets were cooled with ambient air in a countewfloooler (Model: VKO9X09KL, Geelen
Counterflow USA Inc., Orlando, Florida). The startikets were produced as crumbles and

grower and finisher diets were produced as pellets.

Data Collection.Initial pen group BW was determined and recordedh® day of
placement. Thereafter, BW and feed intake wereraéed on a pen basis at 14, 35, and 47
d of age. All dead birds were removed, recorded, &righed twice daily. Adjusted feed
conversion ratio (AdjFCR) was calculated at 14, &% 47 d of age by including BW of all
dead birds. At 48 d of age, 288 birds (4 of each & pen) from 32 pens in two of the
blocks were killed and individually weighed. Thezzard and proventriculus of each bird
was excised, fat trimmed, and contents removedh Bj¢zard and proventriculus were
weighed after rinsing and blotting dry, and expeesss both gross weight and relative
weight per 100 g BW. The particle size of groundredients and mash diets were
determined by dry sieving according to ASAE mett82119.3 ASABE, 2007; Stark and
Chewning, 2012ith the addition of sieve agitators and 0.5 g digpersing agent per 100

g of sample (Silicon Dioxide, model SSA-58, Gilstewis Center, OH).

Data Analysis.The 72 pens were divided into 4 blocks with 18eneach block.
Each pen was assigned to one of nine dietary texarwith eight replicates per treatment.
The experimental design was a 3 x 3 factorial ramded complete block design with 4

blocks with three percentage coarse corn of toehdy corn and three percentage inclusions



of DDGS as treatments. The data were analyzeddtiM procedure of SAS. Differences
in treatment means were partitioned by LS MEAN&t&hents of statistical significance

were based updn < 0.05 unless otherwise stated.



Table I-1. The composition of broiler starter diets usingethtevels of DDGS, and three levels of coarse (0@).

0% DDGS 6% DDGS 294 DDGS
Ingredients 0%CC 10%CC 20%CC 0%CC 10%CC 20%C@%CC 10%CC 20%CC
Fine corn (7.41% CP) 53.77 48.40 43.02 50.51 .461540.41 47.23 4251 37.78
Coarse corn (7.41% CP) 0.00 5.37 10.75 0.00 .055 10.10 0.00 472 945
SBM (48% CP) 36.65 36.65 36.65 33.79 33.33.79 30.95 30.95 30.95
DDGS (26.2% CP) 0.00 0.00 0.00 6.00 6.06.00 12.00 12.00 12.00
Poultry fat 3.14 3.23 3.32
Poultry by-product meal (53% CP) 2.00 2.00 02.0
Dicalcium phosphate (18.5% P) 1.99 1.93 1.86
Limestone 0.92 0.97 1.01
L-Threonine 0.11 0.12 0.11
DL-Methionine 0.29 0.28 0.27
L-Lysine-HCL (78%) 0.07 0.12 0.18
Salt 0.50 0.50 0.50
Choline chloride 60% 0.10 0.10 0.10
Mineral premix* 0.20 0.20 0.20
Vitamin premix? 0.05 0.05 0.05
Selenium premix 0.10 0.10 0.10
Coccidiostat 0.05 0.05 0.05
Vermiculite filler 0.05 0.05 0.05
Calculated nutrients
ME, kcal/kg 2,850
Protein, % 23.00
Calcium, % 1.00
Available phosphorus, % 0.50
Total lysine, % 1.31
Total methionine + cysteine, % 0.96

1 The mineral premix supplied the following per kgfeéd: Mn 108 mg, Zn 108 mg, Fe 72.5 mg, Cu 9 n@g2@ mg.

2The vitamin premix supplied the following per kgfeéd: vitamin A, 6000 IU, vitamin D 1200 IU; vitamE 30 IU,
niacin 50 mg, thiamine 1.8 mg, riboflavin 6 mgridoxine 3.6 mg, pantothenic acid 10 mg, folicdatimg, biotin 0.1
mg, vitamin B12 0.02 mg.

3The selenium premix supplied Se at 0.5 mg per Kged.

4 Coccidiostat supplied monensin sodium at 90 mgkgesf feed.



Table I-2. The composition of broiler grower diets using thtevels of DDGS, and three levels of coarse cG@)(

0% DDGS 15% DDGS 30BGS
Ingredients 0%CC 25%CC 50%CC 0%CC 25%6@6CC 0%CC 25%CC 50%CC
Fine corn (7.41% CP) 62.52 46.89 31.2654.33 40.75 27.16 46.134.61 23.07
Coarse corn (7.41% CP) 0.00 15.63 1.2 0.00 13.58  27.16 0.0011.53  23.07
SBM (48% CP) 30.43 3043 30.43 3.33 23.35 23.35 16.28 16.286.28
DDGS (26.2% CP) 0.00 0.00 0.00 15.00 15.00 15.00 30.000.08  30.00
Poultry fat 2.24 2.47 2.71
Poultry by-product meal (53% CP) 1.00 1.00 01.0
Dicalcium phosphate (18.5% P) 1.57 1.41 1.25
Limestone 0.82 0.93 1.04
L-Threonine 0.10 0.10 0.10
DL-Methionine 0.19 0.13 0.07
L-Lysine-HCL (78%) 0.09 0.22 0.35
Salt 0.50 0.50 0.50
Choline chloride 60% 0.10 0.10 0.10
Mineral premix* 0.20 0.20 0.20
Vitamin premix? 0.05 0.05 0.05
Selenium premix 0.10 0.10 0.10
Coccidiostat 0.05 0.05 0.05
Vermiculite filler 0.05 0.05 0.05
Calculated nutrients
ME, kcal/kg 2,900
Protein, % 20.00
Calcium, % 0.80
Available phosphorus, % 0.40
Total lysine, % 1.13
Total methionine + cysteine, % 0.80

1 The mineral premix supplied the following per kgfeéd: Mn 108 mg, Zn 108 mg, Fe 72.5 mg, Cu 9 mg2@ mg.

2The vitamin premix supplied the following per kgfeéd: vitamin A, 6000 IU, vitamin D 1200 IU; vitamE 30 IU,

niacin 50 mg, thiamine 1.8 mg, riboflavin 6 mgridoxine 3.6 mg, pantothenic acid 10 mg, folicdatimg, biotin 0.1

mg, vitamin B12 0.02 mg.

3The selenium premix supplied Se at 0.5 mg per Kged.

4 Coccidiostat supplied monensin sodium at 90 mggef feed.



Table I-3. The composition of broiler finisher diets usingeth levels of DDGS, and three levels of coarse (Of).

0% DDGS 15% DDGS 30BGS
Ingredients 0%CC 25%CC 50%CC 0%CC 25%6@6CC 0%CC 25%CC 50%CC
Fine corn (7.41% CP) 69.70 52.28 34.8561.50 46.13 30.75 53.389.98  26.65
Coarse corn (7.41% CP) 0.00 17.42 34.8 0.00 15.37 30.75 0.0013.32  26.65
SBM (48% CP) 23.20 23.20 23.20 6.12 16.12 16.12 9.05 9.05 9.05
DDGS (26.2% CP) 0.00 0.00 0.00 15.00 15.00 15.00 30.000.08  30.00
Poultry fat 2.22 2.46 2.70
Poultry by-product meal (53% CP) 1.00 1.00 01.0
Dicalcium phosphate (18.5% P) 1.62 1.46 1.30
Limestone 0.84 0.95 1.06
L-Threonine 0.08 0.08 0.08
DL-Methionine 0.15 0.09 0.03
L-Lysine-HCL (78%) 0.15 0.28 0.41
Salt 0.50 0.50 0.50
Choline chloride 60% 0.10 0.10 0.10
Mineral premix* 0.20 0.20 0.20
Vitamin premix? 0.05 0.05 0.05
Selenium premix 0.10 0.10 0.10
Coccidiostat 0.05 0.05 0.05
Vermiculite filler 0.05 0.05 0.05
Calculated nutrients
ME, kcal/kg 2,950
Protein, % 17.00
Calcium, % 0.80
Available phosphorus, % 0.40
Total lysine, % 0.97
Total methionine + cysteine, % 0.68

1 The mineral premix supplied the following per kgfeéd: Mn 108 mg, Zn 108 mg, Fe 72.5 mg, Cu 9 n@g2@ mg.

2The vitamin premix supplied the following per kgfeéd: vitamin A, 6000 IU, vitamin D 1200 IU; vitamE 30 IU,

niacin 50 mg, thiamine 1.8 mg, riboflavin 6 mgridoxine 3.6 mg, pantothenic acid 10 mg, folicdatimg, biotin 0.1

mg, vitamin B12 0.02 mg.

3The selenium premix supplied Se at 0.5 mg per Kged.

4 Coccidiostat supplied monensin sodium at 90 mgkpesf feed.



RESULTS

The mean diameter particle size of ground ingradiés shown in Table I-4 and
similar data for mash starter, grower, and finisthets are shown in Table I-5, I-6, and I-7,
respectively. Mash starter diets had the smalliggarsize and least number in percentage
coarse corn. As the percentage of coarse cornasedemean particle size in the diets so the

mean patrticle size in grower and finisher diets adjsisted by the increased coarse corn.

The main effects of percentage inclusion of cositilter's dried grains with solubles
(DDGS) and percentage coarse corn of total dietaryg on broiler BW and BW gain to 47 d
of age is detailed in Table I-8. Percentage inclugif DDGS had no effect on BW or BW
gain to 14 d of age when the percentage inclusidb@GS was 0, 6, and 12%. However,
BW was decreased in a stepwise manner at 35 artiaf7age as DDGS inclusion levels
increased from O to 30%. The BW gain was similafiiected from 15 to 35 d but only the
12-30-30% DDGS treatment significantly decreased @i from 36 to 47 d. With respect
to coarse corn, there were no effects on BW or BEAivi gxcept for BW gain from 36 to 47 d
of age where BW gain was increased by the 10-2&8r2b520-50-50% coarse corn treatments
as compared to the 0-0-0% coarse corn treatmemteTlere no significant interactions of

coarse corn and DDGS as shown in Table [-9.

The main effects of percentage inclusion of costiltgr's dried grains with solubles
(DDGS) and percentage coarse corn of total dietarg on cumulative feed intake (FI) and
period Fl to 47 d of age is shown in Table 1-10eTh 6, and 12% inclusion of DDGS to 14

d and 0, 15, and 30% to 35 d produced no signifiddferences with respect to cumulative



FI. However, at 47 d chickens fed the 6-15-15% DD@atment exhibited greater feed
consumption than the other two DDGS treatmentdo@étl from 15-35 d was increased by
the 6-15-15 and 12-30-30% DDGS treatments while 12e30-30% DDGS treatment
decreased FI from 36 to 47 d of age. Chickens éedse corn exhibited no significant effects
on Fl and period Fl to 35 d when 0, 10, 20 and5) 5P percentage coarse corn treatments in
starter and grower diets, respectively, were coeghaidowever, cumulative FI and period Fl
from 36 to 47 d were significantly decreased atl4f age by the highest percentage coarse
corn treatment series. There were no significatéractions due to the percentage coarse

corn of total dietary corn and percentage incluebBDGS as shown in Table I-11.

The main effects of percentage inclusion of cositilter's dried grains with solubles
(DDGS) and percentage coarse corn of total diemmn on cumulative adjusted feed
conversion ratio (AdjFCR) and period AdjFCR of beoichickens to 47 d of age is shown in
Table 1-12. The AdjFCR was not affected by percgat®DGS at 14 d of age. However,
cumulative AdjFCR was poorer when consumed the 0040-6-15-15, and 12-30-30%
DDGS treatments at 35 and 47 d of age in a stepmisener. The period AdjFCR was
similarly affected from 15 to 35 d but only the 3@-30% DDGS treatment significantly
increased AdjFCR from 36 to 47 d. The AdjFCR was aftected prior to 14 d by coarse
corn but AdjFCR was improved by coarse corn additib 35 and 47 d of age. At 35 d, the
10-25-25% CC treatment exhibited improved AdjFCRewicompared to the 20-50-50% CC
treatment but this difference was no longer appaaed9 d of age. The period AdjFCR was
significantly improved by the 10-25-25 and 20-5@4%CC treatments as compared to the 0-

0-0% CC treatment from 36 to 47 d. There were goicant interactions due to percentage



coarse corn of total dietary corn and percentagesion of DDGS as shown in Table I-13.
The main effects of percentage inclusion of costikir's dried grains with solubles
(DDGS) and percentage coarse corn of total dietarg on cumulative mortality and period
mortality of broiler chickens to 47 d of age is ®imoin Table I-14. Percentage DDGS had no
effect on cumulative mortality prior to 35 d of agowever, cumulative mortality at 47 d of
age was increased by the 0-0-0% DDGS treatment wbempared to the 6-15-15 treatment
with the 12-30-30% treatment intermediate. Theres wa@ significant effect on period
mortality. With respect to coarse corn, there weece effects on cumulative or period
mortality. There were no significant interactionfspercentage coarse corn and DDGS as

shown in Table I-15.

The main effects of percentage inclusion of costiltgr's dried grains with solubles
(DDGS) and percentage coarse corn of total dietarg on gross and relative weights of the
proventriculus and gizzard of broiler chickens & d of age is shown in Table I-16.
Percentage DDGS had no effect on gross and relptoweentriculus weights. Gross gizzard
weight was not different when percentage DDGS veaspared but the 12-30-30% DDGS
treatment significantly increased relative gizzareight at 48 d of age. Percentage coarse
corn had no effect on gross and relative proveutrg weights at any age. However, gross
and relative gizzard weights were significantly reesed in a stepwise manner when
percentage coarse corn was compared. There wesgmficant interactions of coarse corn

and DDGS as shown in Table I-17.



DISCUSSION

The mean particle size of mash diets was increbgdadcreasing percentage CC of
total dietary corn (Table I-5, I-6, I-7). The resusuggested that early Fl were not negatively

affected by gradually increasing CC (Table 1-10).

The effects of DDGS could be observed across alabkes measured. In the present
study, BW and BW gain were not affected by inclasiof DDGS to 14 d of age but
decreased in a stepwise manner thereafter witBxbeption that BW gain from 36 to 47 d in
the 12-30-30% DDGS treatment (Table 1-8). The FBfod was not affected but at 47 d
chickens fed the 6-15-15% DDGS treatment exhibitegher FI than the other two DDGS
treatments. Period FI from 15-35 d was increasedhdip 6-15-15 and 12-30-30% DDGS
treatments but only the 12-30-30% DDGS treatmegtedesed Fl from 36 to 47 d of age
(Table 1-10). The AdjFCR was not affected by petage DDGS at 14 d of age but AdjFCR
was increased in a stepwise manner thereafter.p&€hed AdjFCR was similarly stepwise
affected from 15 to 35 d but only the 12-30-30% [®teeatment significantly increased 36
to 47 d AdjFCR (Table 1-12). Mortality at 47 d ofexwas increased by the 0-0-0% DDGS
treatment (Table I-14). Only, the 12-30-30% DDG&atment significantly increased relative
gizzard weight at 48 d of age while proventriculusight was unaffected (Table I-16).
DDGS had no effect on BW at 14 d of age. This maybcause the digestive tract of the
chick had not been fully developed so any DDGSusicn was without effect during this
period. Loar et al. (2010) concluded that an 8% usion might be safe for chicks but

Lumpkins et al. (2004) noted that chicks were ri¢ @0 tolerate a 15% inclusion of DDGS



during the starter period. After 14 d of age thespnt results suggested that 15 to 30%
inclusion of DDGS may be excessive during the gromeziod. Loar et al. (2010) suggested
that broilers that have experienced low levels @@% as young chicks may have an
advantage when exposed to higher levels at oldes Agt it should not be increased to an
excessive level. The present data also suggess¢ahicks consumed extra feed during the
grower period in order to meet their needs andtopensate for lost BW. This indicated that
the chick digestive tract required 2 to 4 wk to@daeir digestive mechanisms. If they could
adapt to the inclusion of ingredient then they kemhsuming. However, if they could not
either adapt or tolerate the ingredient, then tieelyiced feed consumption as exhibited in the
36-47 d period (Table 1-10). Poorer AdjFCR suggedtet chicks could not fully digest or
utilize DDGS. The increased relative gizzard weiglsb demonstrated that the gizzard was
stimulated by the addition of high DDGS, which laakigh fiber content. This was another

physiological adaptation mechanism and supports ifake observations.

Coarse corn (CC) had effects across all variablegsored. CC had no effects on BW
or BW gain except for BW gain from 36 to 47 d obaghere BW gain was increased by the
10-25-25 and 20-50-50% CC treatments (Table [-8hickens fed CC exhibited no
significant effects on FI and period FI to 35 d.wéwer, cumulative FI and period FI from
36 to 47 d were significantly decreased at 47 dgef by the highest percentage CC treatment
series (Table I-10). The AdjFCR and period AdjFCBrevnot affected prior to 14 d by CC
but AdjFCR was improved by CC at 35 and 47 d of.agee period AdjFCR was
significantly improved by the 10-25-25 and 20-504%CC treatments as compared to the 0-

0-0% CC treatment from 36 to 47 d (Table 1-12). €&3rand relative gizzard weights were



significantly increased in a stepwise manner whercgntage CC was compared (Table I-
16). These results confirmed that an appropriategp¢age CC of total dietary corn could be
used to improve FCR, and gizzard activity withoagative effect on final BW. In contrast,

Douglas et al. (1990) reported that properly disgdgine particle sizes insured water and
substrate availability for enzymatic digestion anebulted in improved performance.

However, the present results were in agreement Ratisons et al. (2006) and Amerah et al.
(2008) who found that coarse particles significamthproved feed efficiency because of a
longer residence time in the gastrointestinal traidte results demonstrated that CC
significantly increased gross and relative gizaaeights, which confirmed data of Noy et al.

(1999) and Jacob et al. (2010). It could be coreduthat CC stimulated gizzard function and
probably resulted in a longer ingesta residence imthe gizzard and upper gastrointestinal

tract that improved digestion and absorption.

Although there was a complete absence of intenastitween CC and DDGS, other
interactions with litter quality were observed.general, caking of litter increased with level
of DDGS but was diminished by increasing percent@a@e(Figure 1-1, 1-2, 1-3, I-4, and I-5).
Water consumption was not measured in the studyt wds probably the DDGS containing
high fiber and its ability sucking water from intieésl and was diminished by increasing
percentage CC due to the ability of water reabsmrdtom extending ingesta time in lower

gastrointestinal reflux.



Figure I-1. Litter condition at 42 d of age with 0-0-0% DDQ8dtment.



Figure I-2. Litter condition at 42 d of age with 6-15-15% DD@8&atment.



Figure I-3. Litter condition at 42 d of age with 12-30-30% DB@&eatment.



Figure I-4. Litter condition at 42 d of age with 6-15-15% DD@&atment
and 20-50-50% CC treatment.



Figure I-5. Litter condition at 42 d of age with 12-30-30% DB@&eatment
and 20-50-50% CC treatment.



Table I-4. Mean diameter particle size of ground ingredients.

Ingredients DgWw() Sgvw
Coarse corn 1452 3.22
Fine corn 289 3.02
Soybean meal 386 2.47
DDGS 462 1.87

! Geometric mean diameter was determined by dryrgieatcording to ASAE method S319.3 with the additbsieve agitators
and 0.5 g of a dispersing agent per 100 g of EaWSABE, 2007; Stark and Chewning, 2012)
2 Geometric standard deviation of mean particle size.



Table I-5. Mean diameter patrticle size of mash starter diets.

DDGS' (%) Coarse Cof(%) Dgw?® () Sgw/
0 0 376 2.65
0 10 405 2.66
0 20 453 2.73
6 0 419 2.40
6 10 455 2.49
6 20 482 2.58
12 0 431 2.30
12 10 446 2.34
12 20 447 2.39

! Percentage inclusion of DDGS in starter diets.

%Percentage coarse corn of total dietary corn inestdiets.

3 Geometric mean diameter was determined by dryrsieatcording to ASAE method $319.3 with the additbsieve agitators
and 0.5 g of a dispersing agent per 100 g of EMSABE, 2007; Stark and Chewning, 2012)

* Geometric standard deviation of mean particle size.



Table I-6. Mean diameter particle size of mash grower diets.

DDGS' (%) Coarse Cof(%) Dgw?® () Sgw/
0 0 390 2.37
0 25 460 2.79
0 50 603 3.01
15 0 399 2.38
15 25 501 2.60
15 50 598 2.81
30 0 403 2.21
30 25 494 2.45
30 50 581 2.65

! Percentage inclusion of DDGS in grower diets.
ZPercentage coarse corn of total dietary corn invgraliets.
3 Geometric mean diameter was determined by dryrsieatcording to ASAE method $319.3 with the additbsieve agitators

and 0.5 g of a dispersing agent per 100 g of EMSABE, 2007; Stark and Chewning, 2012)
* Geometric standard deviation of mean particle size.



Table I-7. Mean diameter particle size of mash finisher diets.

DDGS' (%) Coarse Cof(%) Dgw?® () Sgw/
0 0 435 2.11
0 25 522 2.52
0 50 635 2.85
15 0 416 2.30
15 25 513 2.52
15 50 596 2.62
30 0 439 2.06
30 25 532 2.33
30 50 607 2.49

! Percentage inclusion of DDGS in finisher diets.
ZPercentage coarse corn of total dietary corn isHir diets.
3 Geometric mean diameter was determined by dryrsieatcording to ASAE method $319.3 with the additbsieve agitators

and 0.5 g of a dispersing agent per 100 g of EMSABE, 2007; Stark and Chewning, 2012)
* Geometric standard deviation of mean particle size.



Table I-8. Cumulative BW and period BW gain of broiler chiokeas affected by main effects of percentage irmriusf corn
distiller's dried grains with solubles (DDGS), gretcentage coarse corn of total dietary corn.

BW Period BW Gain
DDGS' Coarse Corn n° 1d 14d 35d 47d 1-14d 15-35d 36-47 d
(%) (9
0-0-0 24 38.7 454 22583418 415 1804 1156
6-15-15 24 385 450 22263367 411 1778 1141
12-30-30 24 38.7 450 21631229 411 1712 1068
P= 0.351 0.502 0.001 0.001 0.514 0.001 0D.0
0-0-0 24 38.7 454 2223 3325 415 1768 1101
10-25-25 24 38.6 452 2220 3354 413 1767 3133
20-50-50 24 38.5 448 2204 3333 409 1756 3128
P= 0.444 0.263 0.283 0.324 0.277 0.420 0.026
SEM* 01 27 90 138 27 7.6 8.7

2 PMeans in a column within each age that possesardift superscripts differ significantl ( 0.05).
A B.CMeans in a column within each age that possessreiff superscripts differ significantl ( 0.01).

! Percentage inclusion of DDGS in starter, growed, famisher diets, respectively.

%Percentage coarse corn of total dietary corn inestagrower, and finisher diets, respectively.

®Number of replicate pens of 30 birds each.

“SEM for n = 24 pens.



Table 1-9. Cumulative BW and period BW gain of broiler chiokeas affected by interaction of percentage incfusif corn
distiller's dried grains with solubles (DDGS), gretcentage coarse corn of total dietary corn.

BW Period BW Gaih
DDGS' Coarse Corn n° 1d 14d 35d 47d 1-14d 15-35d 36-47d
(%0) (9}
0-0-0 0-0-0 8 38.6 454 2264 3404 416 18091139
0-0-0 10-25-25 8 38.8 455 2255 3415 416 1799 0116
0-0-0 20-50-50 8 38.6 452 2255 3425 414 1803 9116
6 -15-15 0-0-0 8 38.6 455 2237 3378 416 17821141
6 -15-15 10-25-25 8 38.4 447 2224 3360 409 17771135
6 -15-15 20-50-50 8 38.4 448 2217 3363 410 1768 1146
12-30-30  0-0-0 8 38.9 454 2168 3193 415 1714 1024
12-30-30  10-25-25 8 38.5 453 2180 3286 415 1726 1105
12-30-30  20-50-50 8 38.5 444 2140 3210 405 1696 1069
P= 0.635 0.747 0.740 0.157 0.753 0.786 7®.0
SEM° 02 47 155 239 46 13.2 15.0

! Percentage inclusion of DDGS in starter, growed, famisher diets, respectively.
ZPercentage coarse corn of total dietary corn inestagrower, and finisher diets, respectively.
3 Number of replicate pens of 30 birds each.

*No significant interactions.

®SEM for n = 8 pens.



Table I-10. Cumulative feed intake (FI) and period FI of beoithickens as affected by main effects of percgntaclusion of
corn distiller's dried grains with solubles (DDG&0d percentage coarse corn of total dietary corn.

Fl Period FI
DDGS' Coarse Corn n  14d 35d 47d 1-14 d 15-35 d 36-47 d
(%) (9)
0-0-0 24 541 3471 6058 541 2930 2596'
6 -15-15 24 546 3521 6146 546 2974 2623
12-30-30 24 540 3514 6061 540 2973 254PF
P= 0.447 0.071 0.044 0.447 0.049 0.002
0-0-0 24 547 3529 6154 547 2981 2675
10-25-25 24 543 3494 6087 543 2951 2593
20-50-50 24 538 3483 6034 538 2945 2550
P= 0.241 0.121 0.008 0.241 0.158 0.003
SEM* 3.7 15.9 25.9 3.7 14.2 14.8

2 PMeans in a column within each age that possesardift superscripts differ significantl ( 0.05).

A BMeans in a column within each age that possesaréliff superscripts differ significantli ( 0.01).
! Percentage inclusion of DDGS in starter, growed, famisher diets, respectively.

%Percentage coarse corn of total dietary corn inestagrower, and finisher diets, respectively.

¥ Number of replicate pens of 30 birds each.

*SEM for n = 24 pens.



Table I-11. Cumulative feed intake (FI) and period FI of beoithickens as affected by interaction of percentaglusion of corn
distiller's dried grains with solubles (DDGS), gretcentage coarse corn of total dietary corn.

Ff Period F
DDGS' Coarse Corn P 14d 35d 47 d 1-14d 15-35d 36-47 d
(%0) (9}
0-0-0 0-0-0 8 548 3505 6139 548 2956 2633
0-0-0 10-25-25 8 541 3446 6017 541 2905 2571
0-0-0 20-50-50 8 534 3463 6049 534 2928 2585
6 -15-15 0-0-0 8 556 3540 6211 556 2983 2671
6 -15-15 10-25-25 8 542 3526 6136 542 2984 0926
6 -15-15 20-50-50 8 541 3497 6092 541 2955 2595
12-30-30  0-0-0 8 536 3541 6112 536 3005 2571
12-30-30  10-25-25 8 546 3510 6109 546 2963 2599
12-30-30  20-50-50 8 538 3490 5962 538 2952 2471
P= 0.365 0.909 0.396 0.365 0.761 0.070
SEM° 6.4 27.6 44.9 6.4 14.2 14.8

! Percentage inclusion of DDGS in starter, growed, famisher diets, respectively.
ZPercentage coarse corn of total dietary corn inestagrower, and finisher diets, respectively.
3 Number of replicate pens of 30 birds each.

*No significant interactions.

®SEM for n = 8 pens.



Table 1-12. Cumulative adjusted feed conversion ratio (AdjF@RY period AdjFCR of broiler chickens as affecbydmain

effects of percentage inclusion of corn distillettted grains with solubles (DDGS), and percentaggrse corn of total dietary
corn.

AdjFCR Period AdiFCR
DDGS' Coarse Corn P 14d 35d 47d 1-14 d 15-35 d 36-47 d
(%) (9:9
0-0-0 24 131 1.58 1.8 1.31 1.68 2.36¢°
6 -15-15 24  1.33 1.82 1.8% 1.33 1.68 2.32
12-30-30 24 131 1.66 1.90" 1.31 1.74 2.41
P= 0.122 0.001 0.001 0.130 0.001 0.001
0-0-0 24 1.32 1.63 1.88' 1.32 1.69 2.42
10-25-25 24  1.31 1.81 1.84 1.31 1.67 2.3
20-50-50 24  1.32 1.82 1.84 1.32 1.68 2.78
P= 0.924 0.045 0.001 0.899 0.059 0.001
SEM® 0.007 0.004 0.005 0.007 0.006 0.017

b %\eans in a column within each age that possesarelift superscripts differ significantli ( 0.05).
A B.CMeans in a column within each age that possesareliff superscripts differ significantl ( 0.01).
! Percentage inclusion of DDGS in starter, growed, famisher diets, respectively.

ZPercentage coarse corn of total dietary corn inestagrower, and finisher diets, respectively.

3 Number of replicate pens of 30 birds each.

* AdjFCR = Feed intake per pen/total body BW gainliding BW of mortality that occurred during the &meriod.
°>SEM for n = 24 pens.



Table I-13. Cumulative adjusted feed conversion ratio (AdjF@RJ period AdjFCR of broiler chickens as affedbgdnteraction
of percentage inclusion of corn distiller's drigdigs with solubles (DDGS), and percentage coavse af total dietary corn.

AdjFCR'® Period AdjFCR°
DDGS' Coarse Corn n  14d 35d 47d 1-14 d 15-35 d 36-47 d
(%) (9:9
0-0-0 0-0-0 8 1.32 1.59 1.83 1.32 1.64 2.35
0-0-0 10-25-25 8 1.30 1.57 1.80 1.30 1.62 282.
0-0-0 20-50-50 8 1.30 1.57 1.80 1.30 1.63 262.
6 -15-15 0-0-0 8 1.34 1.63 1.87 1.34 1.68 392.
6 -15-15 10-25-25 8 1.33 1.62 1.85 1.33 1.68  2.29
6 -15-15 20-50-50 8 1.32 1.61 1.83 1.32 1.67 2.26
12-30-30  0-0-0 8 1.29 1.66 1.94 1.29 1.76 2.52
12-30-30  10-25-25 8 1.32 1.65 1.89 1.32 1.72 2.39
12-30-30  20-50-50 8 1.33 1.67 1.88 1.33 1.75 2.32
P= 0.091 0.371 0.577 0.081 0.284 0.461
SEM° 0.012 0.007 0.008 0.013 0.010 0.029

! Percentage inclusion of DDGS in starter, growed, famisher diets, respectively.

ZPercentage coarse corn of total dietary corn inestagrower, and finisher diets, respectively.
3 Number of replicate pens of 30 birds each.

* AdjFCR = Feed intake per pen/total body BW gainliding BW of mortality that occurred during the gmeriod.
®>No significant interactions.

®SEM for n = 8 pens.



Table I-14. Cumulative mortality and period mortality of bemlchickens as affected by main effects of percgntaclusion of

corn distiller's dried grains with solubles (DDG&0d percentage coarse corn of total dietary corn.

Mortality Period Mortality
DDGS' Coarse Corn n  14d 35d 47d 1-14 d 15-35 d 36-47 d
(%) (%)
0-0-0 24  1.39 3.19 436 1.39 1.81 1.67
6 -15-15 24  0.56 1.81 250 0.56 1.25 0.69
12-30-30 24 153 3.19 381 1.53 1.67 0.42
P= 0.166 0.132 0.025 0.166 0.630 0.052
0-0-0 24 111 3.33 4.03 1.11 2.22 0.69
10-25-25 24  0.83 2.50 3.75 0.83 1.67 1.25
20-50-50 24 153 2.36 3.19 1.53 0.83 0.83
P= 0.445 0.410 0.604 0.445 0.075 0.549
SEM* 0.38 0.55 0.59 0.38 0.42 0.37

2 PMeans in a column within each age that possesardift superscripts differ significantl ( 0.05).
! Percentage inclusion of DDGS in starter, growed, famisher diets, respectively.

ZPercentage coarse corn of total dietary corn inestagrower, and finisher diets, respectively.
¥ Number of replicate pens of 30 birds each.

*SEM for n = 24 pens.



Table 1-15. Cumulative mortality and period mortality of bmilchickens as affected by interaction of percentiaglusion of

corn distiller's dried grains with solubles (DDG&0d percentage coarse corn of total dietary corn.

Mortality’ Period Mortalit§
DDGS' Coarse Corn n  14d 35d 47d 1-14 d 15-35 d 36-47 d
(%) %)
0-0-0 0-0-0 8 1.67 4.17 5.00 1.67 2.50 0.83
0-0-0 10-25-25 8 0.42 2.50 4.58 0.42 2.08 082.
0-0-0 20-50-50 8 2.08 2.92 5.00 2.08 0.83 082.
6 -15-15 0-0-0 8 0.42 2.92 3.33 0.42 2.50 420.
6 -15-15 10-25-25 8 0.83 1.67 3.33 0.83 0.83 1.67
6 -15-15 20-50-50 8 0.42 0.83 0.83 0.42 0.42 0.00
12-30-30  0-0-0 8 1.25 2.92 3.75 1.25 1.67 0.83
12-30-30  10-25-25 8 1.25 3.33 3.33 1.25 2.08 0.00
12-30-30  20-50-50 8 2.08 3.33 3.75 2.08 1.25 0.42
P= 0.558 0.671 0.542 0.558 0.644 0.232
SEM° 0.67 0.96 1.03 0.67 0.73 0.64

! Percentage inclusion of DDGS in starter, growed, famisher diets, respectively.
ZPercentage coarse corn of total dietary corn inestagrower, and finisher diets, respectively.
3 Number of replicate pens of 30 birds each.

*No significant interactions.

®SEM for n = 8 pens.



Table I-16. Gross and relative weights of the proventriculod gizzard of broiler chickens at 48 d of age dscééd by main
effects of percentage inclusion of corn distillettted grains with solubles (DDGS), and percentaggrse corn of total dietary
corn.

Proventriculus

Gizzard
DDGS' Coarse Corn P Gross Weight Relative Weight Gross Weight RetatWeight
(%) (9) (9/100 g BW) (9) (9/100 g BW)
0-0-0 12 9.39 0.26 35.67 98
6 -15-15 12 9.40 0.26 35.63 ¢.98
12-30-30 12 9.49 0.27 37.29 £.04
P= 0.960 0.699 0.159 0.039
0-0-0 12 9.77 0.27 3091 0.86°
10-25-25 12 9.11 0.25 37707 1.02
20-50-50 12 9.40 0.26 40%1 1.1
P= 0.278 0.176 0.001 0.001
SEM* 0.082 0.002 0.195 0.006

2 PMeans in a column within each age that possesareliff superscripts differ significantl ( 0.05).

A B.CMeans in a column within each age that possesareliff superscripts differ significantl ( 0.01).
! Percentage inclusion of DDGS in starter, growed, famisher diets, respectively.

ZPercentage coarse corn of total dietary corn inestagrower, and finisher diets, respectively.
3Means of 8 birds, 4 of each sex, for the numbgrenis shown.
*SEM for n = 12 pens.



Table I-17. Gross and relative weights of the proventriculasl gizzard of broiler chickens at 48 d of age decaéd by

interaction of percentage inclusion of corn distld dried grains with solubles (DDGS), and pemgatcoarse corn of total
dietary corn.

Proventriculus Gizzard
DDGS' Coarse Corn P Gross Weight Relative Weight Gross Weight RetatWeight
(%) (9) (9/100 g BW) (9) (9/100 g BW)
0-0-0 0-0-0 4 9.06 0.25 31.20 0.85
0-0-0 10-25-25 4 8.92 0.24 35.54 0.98
0-0-0 20-50-50 4 10.18 0.28 40.26 1.10
6 -15-15 0-0-0 4 10.07 0.28 30.41 0.84
6 -15-15 10-25-25 4 9.00 0.25 36.54 1.01
6 -15-15 20-50-50 4 9.12 0.25 39.93 1.10
12-30-30 0-0-0 4 10.17 0.29 31.12 0.88
12-30-30 10-25-25 4 9.41 0.26 39.13 1.09
12-30-30 20-50-50 4 8.90 0.25 41.62 1.16
P= 0.145 0.104 0.649 0.812
SEM® 0.246 0.006 0.585 0.017

! Percentage inclusion of DDGS in starter, growed, famisher diets, respectively.
ZPercentage coarse corn of total dietary corn inestagrower, and finisher diets, respectively.
®Means of 8 birds, 4 of each sex, for the numbgrenfs shown.

“No significant interactions.

®SEM for n = 4 pens.



INTRODUCTION

Improved feed efficiency has become the most affeananner in which to reduce
broiler live production costs. Although broilersvieagenerally been fed on ad libitum
basis to maximize feed intake and growth rate & Ib@en recognized that restricted feeding
programs can reduced certain problems associatéd reypid growth, such as the ascites
syndrome (Acar et al., 1995), with improved feeficefncy recognized as an additional
benefit. One means of restricted feeding has beeplys using a mash form of feed rather
than pelleted feed to slow feed intake but this Maenerally worsen feed efficiency to a
greater extent than desired. Furthermore, prevétugdies have found that large particle size
ingredients in broiler feeds, which can negativeipact pellet quality and feed consumption
rate, decreased feed passage rate and improveeffezency (Parson et al., 2006; Amerah
et al., 2008). In tropical or subtropical regiohggh ambient temperature has been a limiting
factor for the broiler industry due to the redu@d@ and increased mortality. Fat addition
has been generally recommended to increase dietangy level to avoid the effects of heat
stress (Ghazalah et al., 2008) but pellet qualdg been reduced by the addition of fat
(Plavnik et al., 1997) unless the site of applmatwas post-pelleting. Thus, more attention
was needed to understand the balance between &tdesize, pellet quality, and limit-
feeding during increased ambient temperatures ay@t summer. The present experiment
was conducted to explore interactions among pesgentoarse corn of total dietary corn,
feeding strategy, dietary ME, and primary site ijuid fat application on broiler live
performance during high ambient temperatures. Tleets of these factors were determined
in terms of broiler live performance, proventriceilland gizzard weights, and rectal

temperature.



MATERIALS AND METHODS

Hatching Eggs and IncubationA total of 3,780 broiler hatching eggs were cdkekc
from a flock of Ross 344 x 708 broiler breedersntaned at the research site at 26 wk of
age. Eggs were moved into the setters at 7:00 RMprieheating at 26.7°C for 12 h. The
temperature was then increased to 38.0°C. Thewbytbmperature was decreased to 37.5°C
after five full days at the initial incubation tesmature and gradually decreased thereafter as
follows; 37.5°C from E3 to E12, 37.2°C from E13E&4, and 36.9°C from E15 to E18 in
order to maintain an internal egg temperature be3@8°C. A mercury thermometer was
used to insure proper calibration of the dry belmperature. Ventilation of the machine with
fresh air was at a minimum initially, but was grathy increased after 12 d of incubation.
The relative humidity was maintained at 53% RH tigiwout incubation and confirmed
independently by an electronic humidistat. Incubatesed were two Natureform NMC-1000

and a single NMC-2000 that were operated in a amnilanner.

Broiler Management. The experiment was conducted in House 7 at thehNor
Carolina State University Chicken Educational UaltD8 Lake Wheeler Road, Raleigh, NC.
Broiler chicks were hatched, feather sexed, and &eparate by incubator tray and incubator
source before and after sexing. Fifteen male biter pen were randomly selected with
each chick coming from a different incubator traxcts that breeder source and incubator
effects were equalized. The chicks were then peemtinidentified with neck tags, group
weighed, and distributed in to used wood litterveiigs after manual introduction to water
and feed. Each pen had dimensions of 1.2 m width.8ym length and the stocking density

was 7 birds per square meter. Each pen containete@htype drinker and one manual tube



feeder. The brooding temperature at reception o 3& 36.7°C on the litter, which was
determined by infrared thermoscan gun, was maieththrough the first night before being
decreased to no more than 33.5°C the next morilimg .temperature was maintained from 2
to 7 d at 32 to 33.5°C, 8 to 14 d at 29 to 30°Ctd 21 d at 26 to 27°C, and at ambient
temperature without supplemental heat thereaftetevwand broiler diets were provided for
ad libitumconsumption. Three supplemental feeder flats weegl until 7 d of age, two flats
to 10 d, and one flat to 14 d of age. There waskf.8f broiler starter crumbles added per
bird at one day of age. Small amounts of feed weoged out of the tube feeders onto the
feeder flats twice daily for the first week. At 7ofl age, broilers were counted and starter
feed per bird adjusted. About 0.23 kg of broilartgr diet was added to bring the total to
1.13 kg per bird alive. At 15 d of age, all feedersthe west end of the house were raised
and a time-limited feeding program was initiateda®ws; feeders raised 7:30 AM to 1:30
PM from 15 to 21 d of age, raised 7:30 AM to 5:0@ fom 22 to 29 d of age, and raised
7:30 AM to 9:00 PM from 30 to 48 d of age whereasders on the east end of house
provided feed fomd libitum consumption. The broiler feeding program was kd®ird of
starter, 2.7 kg/bird of grower, and 3.6 kg/birdfiofsher. Feeders were shaken once per day
to 14 d, and twice per day from 15 to 48 d to namthe flow of feed from tube into pan.
The lighting program schedule was 23 h of lightvrd to 7 d, 21 h of light from 8 to 21 d,
and 16 h of light thereafter. House environment &aimds were closely monitored and

mortality was weighed and recorded twice daily tigfoout the experiment.

Feed Formulation and Manufacturing.Broiler diets (Tables II-1, 1I-2, 1I-3) were

manufactured at the North Carolina State Univerisagd Mill Educational Unit. In general,



the starter diets were formulated to a ME contér2, 850 kcal/kg. Low dietary ME and high
dietary ME grower diets were formulated to a ME teom of 2,950 and 3,050 kcal/kg,
respectively. Low dietary ME and high dietary MBigher diets were formulated to a ME
content of 3,050 and 3,150 kcal/kg, respectivelye Torn was ground using a hammermill
(Model: 1522, Roskamp Champion, Waterloo, IA) egegb with two 2.4 mm (6/64 inch)
screens to produce fine ingredients. A two-paiteromill (Model: RGZP, 2x15 HP, RSM,
Sea, SD) was used to produce the coarse ground Aostarter basal diet was made that
excluded the maximum percentage coarse corn dfdigiary corn in final diets. Grower and
finisher basal diets were made with low and higétatiy ME that excluded the maximum
percentage coarse corn of total dietary corn ahdnfdinal diets. Basals were made in a
double ribbon mixer (Model: TRDB126-0604, Hayes &ol3, Fort Worth, TX). Final
complete mash diets were then made by adding coarsefine corn, and fat as appropriate
for the formulation in a single ribbon mixer (Mod&lRM 304, Scott Equipment Co., New
Prague, MN). Complete mash diets were then comgitioModel: C18LL47F6, California
Pellet Mill Co., Crawfordsville, IN) at 82 to 85°@nd pelleted with a pellet mill (Model:
PM1112-2, California Pellet Mill Co., Crawfordswll IN) equipped with a 4.4 mm X 45 mm
die (11/64 inch x 1 % inch). Pelleted diets werentlcooled with ambient air in a counter-
flow cooler (Model: VKO9XO09KL, Geelen CounterflowSA Inc., Orlando, Florida). The
starter diets were produced as crumbles while grame finisher diets were produced as

pellets.

Data Collection.Initial pen group BW was determined and recordedh® day of

placement. Thereafter, BW and feed intake wererghed on a pen basis at 14, 28, 35, and



48 d of age. All dead birds were removed, recorded, weighed twice daily. Adjusted feed
conversion ratio (AdjFCR) was calculated at 14,38,and 48 d of age by including BW of
all dead birds. At 49 d of age, the rectal tempeeabdf 288 birds (3 from each pen) from 96
pens was measured by digital thermometer (Model:1RD, Bestmed, Golden, CO80401).
At 50 d of age, 192 birds (4 from each pen) frompé8@s on the west end of the house were
killed by cervical dislocation and individually vggied. The gizzard and proventriculus of
each bird was then excised, fat trimmed, and cémteemoved. Both gizzard and
proventriculus were weighed after rinsing and bigttdry and expressed as both gross
weight and relative weight per 100 g BW. The péstgize of ground ingredients and mash
diets were determined by dry sieving according @AE method S319.3AGABE, 2007;
Stark and Chewning, 201®yith the addition of sieve agitators and 0.5 g afispersing
agent per 100 g of sample (Silicon Dioxide, mod8AS%8, Gilson, Lewis Center, OH).
Pellet Durability Index (ASAE, 1991) was determir@mdsamples collected at the pellet mill

die.

Data Analysis.The 96 pens were divided into 2 blocks with 48peneach block.
The east end of the house was assigned smldibitumfeeding program and the west end of
the house was assigned to a time-limited feediognam. Each pen was assigned to one of
eight dietary treatments. The experimental desigs w2 x 2 x 2 x 2 factorial design with
two blocks and two feeding programs, two percentaggse corn of total dietary corn, two
dietary ME, and two main site of liquid fat applica treatments. The data were analyzed by
the GLM procedure of SAS. Differences in treatmemeans were partitioned by LS
MEANS. Statements of statistical significance wbased uporP < 0.05 unless otherwise

stated.



Table 1I-1. The composition of broiler starter diets usindgetiént percentage coarse corn (CC).

Ingredients 0% CC 20% CC
(%)

Fine corn (7.41% CP) 54.67 43.74

Coarse corn (7.41% CP) 0.00 10.93

SBM (48% CP) 30.78

DDGS (26.2% CP) 5.00

Corn gluten meal 2.00

Poultry by-product meal (53% CP) 2.00

Dicalcium phosphate (18.5% P) 1.96

Poultry fat 1.00

Limestone 0.97

L-Threonine 0.11

DL-Methionine 0.21

L-Lysine-HCL (78%) 0.19

Salt 0.50

Choline chloride 60% 0.20

Mineral premix* 0.20

Vitamin premix? 0.05

Selenium premix 0.10

Coccidiostaf* 0.05

Calculated nutrients

ME, kcal/kg 2,847

Protein, % 23.00

Calcium, % 1.00

Available phosphorus, % 0.50

Total lysine, % 1.30

Total methionine + cysteine, % 0.96

1 The mineral premix supplied the following per kgfeéd: Mn 108 mg, Zn 108 mg, Fe 72.5 mg, Cu 9 n@g2@ mg.

2The vitamin premix supplied the following per kgfeéd: vitamin A, 6000 IU, vitamin D 1200 IU; vitamE 30 IU,

niacin 50 mg, thiamine 1.8 mg, riboflavin 6 mgridoxine 3.6 mg, pantothenic acid 10 mg, foliccatimg, biotin 0.1 mg,

vitamin B12 0.02 mg.

3The selenium premix supplied Se at 0.5 mg per Kged.
4 Coccidiostat supplied Salinomycin at 60 mg per kfged.



Table II-2. The composition of broiler grower diets using eliint percentage coarse corn (CC), different eitést addition, and different

dietary ME.
Low dietary ME High dietary ME
Mixer Post pellet Mixer Post pellet
Ingredients 0%CC  35%CC 0%CC 35%CC 0%CC  36%@%CC 35%CC
(%)
Fine corn (7.41% CP) 62.74 40.78 62.74 40.78 360. 39.24 60.37 39.24
Coarse corn (7.41% CP) 0.00 21.96 0.00 21.96 0.00 21.13 0.00 21.13
Poultry fat (Mixer) 1.00 1.00 0.75 0.75 3.00 @B.0 0.75 0.75
Poultry fat (Post pellet) 0.00 0.00 0.25 0.25 00.0 0.00 2.25 2.25
SBM (48% CP) 23.54 23.92
DDGS (26.2% CP) 5.00 5.00
Corn gluten meal 2.00 2.00
Poultry by-product meal (53% CP) 2.00 2.00
Dicalcium phosphate (18.5% P) 1.39 1.40
Limestone 0.83 0.82
L-Threonine 0.07 0.07
DL-Methionine 0.13 0.13
L-Lysine-HCL (78%) 0.20 0.19
Salt 0.50 0.50
Choline chloride 60% 0.20 0.20
Mineral premix* 0.20 0.20
Vitamin premix? 0.05 0.05
Selenium premix 0.10 0.10
Coccidiostaf 0.05 0.05
Calculated nutrients
ME, kcal/kg 2,953 3,047
Protein, % 20.00 20.00
Calcium, % 0.80 0.80
Available phosphorus, % 0.40 0.40
Total lysine, % 1.10 1.10
Total methionine + cysteine, % 0.81 0.81

1 The mineral premix supplied the following per kgfeéd: Mn 108 mg, Zn 108 mg, Fe 72.5 mg, Cu 9 mg2@ mg.

2The vitamin premix supplied the following per kgfeéd: vitamin A, 6000 IU, vitamin D 1200 IU; vitamE 30 IU,

niacin 50 mg, thiamine 1.8 mg, riboflavin 6 mgrigoxine 3.6 mg, pantothenic acid 10 mg, foliccatimg, biotin 0.1 mg,

vitamin B12 0.02 mg.

®The selenium premix supplied Se at 0.5 mg per Kged.

“Coccidiostat supplied salinomycin at 60 mg per kfged.



Table 11-3. The composition of broiler finisher diets usindfetient percentage coarse corn (CC), differensgifefat addition, and different dietary ME.

Low dietary ME High dietary ME

Mixer Post pellet Mixer Post pellet

Ingredients 0%CC 50%CC 0%CC 50%CC 0%CC 50%CC CO0% 50%CC
(%)

Fine corn (7.41% CP) 64.29 32.15 64.29 32.15 052. 31.01 62.02 31.01
Coarse corn (7.41% CP) 0.00 32.14 0.00 32.14 000 3101 0.00 31.01
Poultry fat (Mixer) 2.00 2.00 0.75 0.75 4.00 @.0 0.75 0.75
Poultry fat (Post pellet) 0.00 0.00 1.25 1.25 000. 0.00 3.25 3.25
SBM (48% CP) 7.33 7.24
DDGS (26.2% CP) 5.00 5.00
Corn gluten meal 11.12 11.47
Poultry by-product meal (53% CP) 2.00 2.00
Dicalcium phosphate (18.5% P) 1.59 1.61
Limestone 0.83 0.83
L-Threonine 0.15 0.15
DL-Methionine 0.01 0.01
L-Lysine-HCL (78%) 0.56 0.57
Salt 0.50 0.50
Choline chloride 60% 0.20 ®.2
Mineral premix* 0.20 0.20
Vitamin premix? 0.05 0.05
Selenium premix 0.10 0.10
Coccidiostat 0.05 0.05
Vermiculite 4.00 4.00
Calculated nutrients
ME, kcallkg 3,050 3,150
Protein, % 18.00 18.00
Calcium, % 0.80 0.80
Available phosphorus, % 0.40 0.40
Total lysine, % 0.99 0.99
Total methionine + cysteine, % 0.75 0.75

1 The mineral premix supplied the following per kgfeéd: Mn 108 mg, Zn 108 mg, Fe 72.5 mg, Cu 9 my2Q2 mg.

2The vitamin premix supplied the following per kgfeéd: vitamin A, 6000 IU, vitamin D 1200 IU; vitamE 30 U,
niacin 50 mg, thiamine 1.8 mg, riboflavin 6 mgridoxine 3.6 mg, pantothenic acid 10 mg, folicdatimg, biotin 0.1 mg,
vitamin B12 0.02 mg.

3The selenium premix supplied Se at 0.5 mg per Kged.

“Coccidiostat supplied salinomycin at 60 mg per kgged.



RESULTS

The mean diameter particle size of ground ingradiésn shown in Table 1I-4 and
mash starter, grower, and finisher diets are shiowrable II-5, 1I-6, and 1I-7, respectively.
Mash starter diets exhibited a narrow differencengan particle size compared with 0 and

20% CC treatments but the variation increased ishngaower and finisher diets.

The pellet durability index (PDI) of pelleted growand finisher diets are shown in
Table 1I-8, and 1I-9, respectively. Determined nfatl PDI with hex nuts was poorer in

mixer fat application with high dietary ME.

The house temperature is detailed in Table II-lmperature was generally higher
in the west side than the east side during the2ingk of age and broilers were subjected to

heat stress during 5 wk of age in growing period.

The main effects of feeding program, percentageseoaorn (CC) of total dietary
corn, dietary metabolizable energy (ME), and mdie of liquid fat application on broiler
BW and BW gain to 48 d of age is shown in Tabl&ll-The BW from 14 to 48 d of age was
significantly decreased by the time-limited feedprggram. Although period BW gain was
decreased from 1 to 14 d and 15 to 28 d by timéduinfeeding there were no effects on
period BW gain from 29 to 35 and 36 to 48 d follog/iheat stress. The BW and BW gain to
14 d of age were significantly decreased when #regmntage inclusion of CC was 20% in
starter diets. However, effects on BW and BW ga@meano longer apparent after 14 d of age
when the 0-0-0 and 20-35-50% CC treatments werepaoed. The high dietary ME

treatment significantly increased BW at 35 d but BM& similar at 48 d of age following



heat stress. The BW gain during heat stress wasadsed only from 29 to 35 d by high
dietary ME. There was no significant effect of maite of liquid fat application on either

cumulative BW or period BW gain.

The two-way interactions of feeding program by petage coarse corn of total
dietary corn, feeding program by dietary ME, fegdprogram by main site of liquid fat
application, percentage coarse corn of total dyetarn by dietary ME, percentage coarse
corn of total dietary corn by main site of liquiakt fapplication, and dietary ME by main site
of liquid fat application on broiler BW and BW gaim 48 d of age are shown in Table 1I-12.
There was no evidence of interaction of feedingymm with percentage coarse corn of total
dietary corn on cumulative BW but the period BWrgaom 29 to 35 d during heat stress
was decreased in the presence of 0-0-0% CC in ecmnbn with thead libitum feeding
program. The BW at 28 d was decreased by timeduinfeeding but to a greater extent in
combination with low dietary ME. The BW gain wamdarly affected from 15 to 28 d but
only the low dietary ME in combination witd libitumfeeding decreased BW gain from 36
to 48 d after heat stress. The BW and BW gain at @&re numerically decreased by dte
libitum birds but there were numerically increased by time-limited feeding in
combination with post pellet fat application. Themas an absence of interactions of
percentage CC of total dietary corn by dietary Mtae 20-35-50% CC with mixer fat
application increased BW gain from 36 to 48 d afteat stress. There was no significant

interaction of dietary ME with main site of liquidt application.

The main effects of feeding program, percentageseoaorn of total dietary corn,

dietary metabolizable energy (ME), and main sitéqefid fat application on cumulative feed



intake (FI) and period FI to 48 d of age is shownTable 1I-13. Thead libitum feeding
program significantly increased FI to 48 d of agee period Fl was similarly affected lag
libitum feeding program. The 0-0-0% CC treatment exhibgieshter feed consumption at all
ages and period Fl was increased from 1 to 14 drédfeat stress and from 36 to 48 d after
heat stress. Dietary ME exhibited no significariéef with respect to FI. Cumulative Fl was

increased by mixer fat application at 48 d of agethere was no effect on period FI.

The two-way interactions of feeding program by petage coarse corn of total
dietary corn, feeding program by dietary ME, fegdprogram by main site of liquid fat
application, percentage coarse corn of total dyetarn by dietary ME, percentage coarse
corn of total dietary corn by main site of liquiat fapplication, and dietary ME by main site
of liquid fat application on cumulative feed intakel) and period Fl to 48 d of age are
shown in Table 1I-14. There was no significant ratgion of feeding program and
percentage CC of total dietary corn. High dietari Mignificantly decreased FI at 28 d
before heat stress and 35 d after heat stressiprésence add libitum feeding but there
was no significant effect when time-limited feedipigpgram was applied. Moreover, period
FI was similarly affected from 15 to 28 d beforahstress and 29 to 35 d during heat stress.
The interaction of feeding program and main sitéicpfid fat application demonstrated that
mixer fat application improved FI at 28 d of agel dnereafter when feed were provided for
ad libitum consumption. However, main site of liquid fat apglion had no effect on Fl in
the presence of the time-limited feeding progranxevifat application improved period Fl
from 15 to 28 d before heat stress in the preseheal libitum feeding only but the effect

was not apparent thereafter. There was no significéeraction of percentage coarse corn of



total dietary corn by dietary ME, percentage coam® of total dietary corn by main site of
liquid fat application, and dietary ME by main siteliquid fat application.

The main effects of feeding program, percentageseoaorn of total dietary corn,
dietary metabolizable energy (ME), and main sitdigdiid fat application on cumulative
adjusted feed conversion ratio (AdjFCR) and pedaFCR to 48 d of age is shown in
Table 1I-15. Time-limited feeding program did nqipgar to be affected by heat stress and
produced improved AdjFCR and period AdjFCR at gés The 20-35-50% CC treatment
significantly improved AdjFCR at 28, 35, and 48fdage and period AdjFCR was similarly
affected from 15 to 28 d and 36 to 48 d, irrespectf heat stress. The high dietary ME
treatment improved AdjFCR at 28, 35, and 48 d &, agespective of heat stress and period
AdjFCR from 15 to 28 d before heat stress. The &@Fvas improved by the post pellet fat
application following heat stress at 48 d of agky.on

The two-way interactions of feeding program by petage coarse corn of total
dietary corn, feeding program by dietary ME, fegdprogram by main site of liquid fat
application, percentage coarse corn of total dyetarn by dietary ME, percentage coarse
corn of total dietary corn by main site of liquiatt fapplication, and dietary ME by main site
of liquid fat application on cumulative adjustecdeconversion ratio (AdjFCR) and period
AdjFCR to 48 d of age are shown in Table 1I-16. Phesence of coarse corn in combination
with ad libitumfeeding program improved AdjFCR at 35 d followimgat stress but this was
no longer apparent at 48 d of age while the presehcoarse corn with time-limited feeding
program had no effect on AdjFCR. The period AdjF@&s similarly affected from 15 to 28

d prior to heat stress. There was evidence that digtary ME significantly improved



AdjFCR at 48 d when thad libitum feeding program was applied and the period effiext
similar following heat stress from 36 to 48 d otaét 48 d of age, post pellet fat application
improved AdJFCR in the presence of 0-0-0% CC treatmbut the effect exhibited no
interaction with the 20-35-50% CC treatment. Theas no significant interaction of feeding
program by main site of liquid fat application, pemtage coarse corn of total dietary corn by
dietary ME, and dietary ME by main site of liquit fipplication.

The main effects of feeding program, percentageseoaorn of total dietary corn,
dietary metabolizable energy (ME), and main sitdigdiid fat application on cumulative
mortality and period mortality to 48 d of age isogim in Table II-17. The time-limited
feeding program significantly reduced mortality idgrheat stress, which was evident at 35
and 48 d of age. The period mortality from 29 tod3%vhich corresponded to the heat stress
event, was also reduced by the time-limited feegirggram. There was no significant main
effect of percentage coarse corn of total dietary cdietary metabolizable energy (ME), and
main site of liquid fat application on mortality.

The two-way interactions of feeding program by petage coarse corn of total
dietary corn, feeding program by dietary ME, fegdprogram by main site of liquid fat
application, percentage coarse corn of total dyetarn by dietary ME, percentage coarse
corn of total dietary corn by main site of liquiatt fapplication, and dietary ME by main site
of liquid fat application on cumulative mortalityné period mortality to 48 d of age are
shown in Table 11-18. The time-limited feeding pram decreased mortality at 28 d with
high dietary ME before heat stress but the effead wo longer apparent following heat stress

at 35 and 48 d of age. Thd libitumfeeding decreased mortality following heat sties35



and 48 d of age in combination with low energy MiBere was no significant interaction of
feeding program by percentage coarse corn of théthry corn, feeding program by main
site of liquid fat application, percentage coarsencof total dietary corn by dietary ME,
percentage coarse corn of total dietary corn bynra@e of liquid fat application, and dietary
ME by main site of liquid fat application.

The main effects of feeding program, percentageseoaorn of total dietary corn,
dietary metabolizable energy (ME), and main siteliqlid fat application on rectal
temperature at 49 d of age is shown in Table II-IBe time-limited feeding program
significantly decreased the rectal temperatureQatl 4f age. There was no significant main
effect of percentage coarse corn of total dietary cdietary metabolizable energy (ME), and
main site of liquid fat application on rectal temguere.

The two-way interactions of feeding program by petage coarse corn of total
dietary corn, feeding program by dietary ME, fegdprogram by main site of liquid fat
application, percentage coarse corn of total dyetarn by dietary ME, percentage coarse
corn of total dietary corn by main site of liquiatt fapplication, and dietary ME by main site
of liquid fat application on rectal temperature4td of age are shown in Table [I-20. The
20-35-50% CC treatment significantly decreasedateeimperature at 49 d when feed was
provided forad libitum consumption. However, the 20-35-50% CC treatmeagrtifccantly
increased the rectal temperature with time-limifedding. The rectal temperature was
numerically decreased by tlael libitum birds with high dietary ME. The rectal temperature
was not affected by dietary ME in the presenceimidimited feeding. There was no

significant interaction of feeding program by maite of liquid fat application, percentage



coarse corn of total dietary corn by dietary ME;ceatage coarse corn of total dietary corn
by main site of liquid fat application, and dietde by main site of liquid fat application.
The main effects of percentage coarse corn of taligtary corn, dietary
metabolizable energy (ME), and main site of liqéedl application on gross and relative
weights of the proventriculus and gizzard of brnodeickens at 50 d of age is shown in Table
[I-21. The 0-0-0% CC treatment produced larger gra@mnd relative weights of the
proventriculus at 50 d of age. However, with respedhe gross and relative weights of the
gizzard, the 0-0-0% CC treatment exhibited smatess and relative weights of the gizzard
at 50 d. There was no significant main effect etaiy metabolizable energy (ME), and main
site of liquid fat application on gross and relativeights of the proventriculus and gizzard.
There were no significant interactions of two-wayeractions of percentage coarse corn of
total dietary corn by dietary ME, percentage coam® of total dietary corn by main site of
liquid fat application, and dietary ME by main sié liquid fat application on gross and
relative weights of the proventriculus and gizzafdbroiler chickens at 50 d of age is shown

in Table 11-22.



DISCUSSION

The mean diameter particle size of mash startds diere less variable in mean
particle size compared with 0 and 20% CC treatmikutdhe range increased more in mash
grower and finisher diets (Table II-5, II-6, 1I-7Yhese would be beneficial for feed

consumption in young chicks that could not handtge particles size.

The pellet durability index (PDI) was more likelyegatively affected in mixer fat
application with high dietary ME due to increasatlds energy source (Table 1I-8, 11-9). The
results suggested that poultry fat could be addeda mixer with up to 2% inclusion without

negative effect on PDI.

The house temperature was generally higher in st side than the east side during
the first 2 wk of age (Table 11-10), which probalaigused the slightly depressed early growth
rate (Table 1I-11) due to physiological heat diasipn by panting and broilers were

subjected to heat stress that resulted in highatiyrduring 5 wk of age in growing period.

The effects of feeding program were the most praned of all the treatments. The
BW was significantly decreased by time-limited fimgdprogram. Although period BW gain
was decreased from 1-14 d and 15-28 d by time#unieeding before heat stress, there were
no effects on period BW gain from 29-35 and 36-4fltbwing heat stress (Table 11-11).
Thead libitumfeeding program significantly increased FI to 48fége (Table 1I-13). Time-
limited feeding produced improved AdjFCR and perajFCR at all ages (Table 11-15) and
significantly reduced mortality at 35 and 48 d afeafollowing heat stress. The period

mortality from 29 to 35 d associated with heatssr@as also reduced by time-limited



feeding (Table 11-17). Time-limited feeding sigmidintly decreased rectal temperature at 49 d
of age (Table 11-19). The results demonstrated Bi\at at 14 d was low in the time-limited
feeding treatment even prior to its applicationisTmay have been due to temperature
variation. Time-limited feeding significantly deased FI and BW but improved AdjFCR. It
could be that chickens had a limited time to consuhe feed. However, they exhibited an
ability to compensate for lost growth following hestress. Zubair and Leeson (1994)
reported that digestive adaptations could be irewland Deaton et al. (1995) reported that
limited fed chickens were be able to search therland consume feed. Time-limited broilers
may also have consumed litter that would improvejF&R. Time-limited feeding
significantly decreased mortality when broilers &eexposed to high environmental
temperature probably due to a reduction of basdl/lemperature, which gave them more
room to increase body temperature during heatsstres

The effects of coarse corn were observed in manghlas. The BW and BW gain to
14 d of age were significantly decreased when #regntage inclusion of coarse corn was
20% in starter diets. However, effects on BW and &h were no longer apparent after 14
d of age when the 0-0-0 and 20-35-50% CC treatmgate compared (Table 1I-11). The O-
0-0% CC treatment exhibited greater Fl at all e@s period FI was increased from 1 to 14
d and from 36 to 48 d (Table 11-13). The 20-35-5@% treatment significantly improved
AdjFCR at 28, 35, and 48 d of age and period Adj@R similarly affected from 15 to 28 d
prior to heat stress and 36 to 48 d following heta¢ss (Table 1I-15). The 0-0-0% CC
treatment produced larger gross and relative weightthe proventriculus at 50 d of age.

However, with respect to the gross and relativegivsi of the gizzard, the 0-0-0% CC



treatment exhibited smaller gross and relative wisigf the gizzard at 50 d (Table 11-21).
Fine corn increased FI probably due to increasgdsta passage rate. Coarse corn improved
AdjFCR as reported by Amerah et al. (2008) who rigabthat coarse particle sizes strongly
affected gizzard function and decreased feed passdg. However, coarse corn decreased
gross and relative proventriculus weights, whichggasted that improved gizzard function
reduced the necessity to produce more secretions.

The effects of dietary ME were limited to a few iadtes. The high dietary ME
treatment significantly increased BW at 35 d but B¥s similar at 48 d of age. The BW
gain was increased only from 29 to 35 d during séa&iss by high dietary ME (Table 11-11).
Dietary ME exhibited no significant effect with pesct to FI (Table 11-13). The high dietary
ME treatment improved AdjFCR at 28, 35, and 48 dgd and period AdjFCR from 15 to 28
d (Table 11-15). High dietary ME due to adding poylfat was reported by Tufft and Jensen
(1992) to increase ingesta retention time, whiandase digestibility of nutrients (Krogdahl,
1985).

Effects of site of fat application were manifestada limited number of variables.
There was no significant effect of main site otiidfat application on either cumulative BW
or period BW gain (Table 1I-11). Cumulative FI wiasreased by mixer fat application at 48
d of age but there was no effect on period FI (@dblL3). The AdjJFCR was improved by
the post pellet fat application at 48 d of age qfilgble 1I-15). The results suggested that
AdjFCR was improved when high fat level was apppedt pellet, which probably improved
pellet quality and decreased feed spillage whenpawed to mixer fat application. The data

suggested that adding poultry fat up to 2% in mixas not negative effect on PDI.



Period BW gain from 29 to 35 d was decreased inpttesence of 0-0-0% CC in
combination with thead libitum feeding program during heat stress (Table II-I)e
presence of coarse corn in combination veithlibitum feeding program improved AdjFCR
at 35 d immediately following heat stress but th&s no longer apparent at 48 d of age while
the combination of coarse corn with time-limite@deng program had no effect on AdjFCR.
The period AdjFCR was similarly affected from 152@®d (Table 1I-16). The 20-35-50% CC
treatment significantly decreased rectal tempeeasird9 d when feed was provided &af
libitum consumption. However, the 20-35-50% CC treatmagmifscantly increased rectal
temperature in the presence of time-limited feedifaple 11-20). The results suggested that
coarse corn may be beneficial only when broilerd &el libitum because coarse corn
improved AdjJFCR and decreased rectal temperatiireould be coarse corn increased
ingesta retention time, spending less time eatiagting more frequently, and low basal

metabolic heat production (low energy expenditwiich resulted improved AdjFCR.

The BW at 28 d was decreased by time-limited fegdint to a greater extent in
combination with low dietary ME. The BW gain wamdarly affected from 15 to 28 d prior
to heat stress but only the low dietary ME in camaltion withad libitum feeding decreased
BW gain from 36-48 d following heat stress (Tablkl2). High dietary ME significantly
decreased FI at 28 d before heat stress and 3&rchaft stress in the presencadflibitum
feeding but there was no significant effect whenetiimited feeding program was applied.
Moreover, period FI was similarly affected from tth28 d before heat stress and 29 to 35 d
during heat stress (Table 1I-14). There was evideti@at high dietary ME significantly

improved AdjFCR at 48 d when tlagl libitumfeeding program was applied and the period



effect was similar from 36 to 48 d of age (Tabldél). The time-limited feeding program
decreased mortality at 28 d with high dietary Miopto heat stress but the effect was no
longer apparent at 35 and 48 d of age following bgass. Thad libitumfeeding decreased
mortality following heat stress at 35 and 48 d gé anh combination with low energy ME
(Table 11-18). The rectal temperature was numeyad¢creased by thad libitumbirds with
high dietary ME and was not affected by dietary MEhe presence of time-limited feeding
(Table 11-20). Improved AdjFCR was exhibited by teos fed high dietary ME foiad
libitum during the late growing period. However, broildrat were experiencing heat stress

benefited from low dietary ME as evidenced by loartality.

The interaction of feeding program and main site liguid fat application
demonstrated that mixer fat application increaskedt 28 d of age and thereafter when feed
were provided ford libitum consumption. However, main site of liquid fat apglion had
no effect on Fl in the presence of time-limiteddieg. Mixer fat application increased period
FI from 15 to 28 d in the presenceanf libitumfeeding only but the effect was not apparent
thereafter (Table II-14). The results suggested improved Fl was probably due to pellet
quality that played an important role in tad libitum feeding program. Poor pellet quality
probably increased FI due to feed spillage frondées. With time-limited feeding, hungry

broilers did not select their feed in a manner thatle pellet quality important.

The 20-35-50% CC with mixer fat application incredBW gain from 36 to 48 d
(Table 11-12). At 48 d of age, post pellet fat apation improved AdjFCR in the presence of

0-0-0% CC treatment but the effect was absenttefaction with the 20-35-50% CC



treatment. This suggested that post pellet fatiegpdn played a role in fine corn probably

due to improved pellet quality.



Table II-4. Mean diameter particle size of ground ingredients.

Ingredients DgW() Sgvw
Coarse corn 1082 3.25
Fine corn 262 2.65
Soybean meal 897 2.28
DDGS 719 1.86
Corn gluten meal 301 2.19
Poultry meal 327 2.47

! Geometric mean diameter was determined by dryrsieatcording to ASAE method S319.3 with the additbsieve agitators
and 0.5 g of a dispersing agent per 100 g of EaMWSABE, 2007; Stark and Chewning, 2012)
2 Geometric standard deviation of mean particle size.



Table 1I-5. Mean diameter particle size of mash starter diets.

Coarse Corh(%) Dgw’ (1) Sgw?
0 455 2.77
20 532 2.74

! Percentage coarse corn of total dietary corn inestdiets.

2 Geometric mean diameter was determined by dryrajeatcording to ASAE method S319.3 with the additbsieve agitators
and 0.5 g of a dispersing agent per 100 g of EaWSABE, 2007; Stark and Chewning, 2012)

3 Geometric standard deviation of mean particle size.



Table II-6. Mean diameter particle size of mash grower diets.

Coarse Corh(%) Dietary ME Dgw® (1) Sgw*
0 Low 487 2.61
0 High 532 2.40
35 Low 648 2.54
35 High 669 2.50

! Percentage coarse corn of total dietary corn invgraliets.
’Dietary ME: 2,950 in grower diets was low dietarfgMnd 3,050 kcal/kg in grower diets was high dieME.

% Geometric mean diameter was determined by dryrsjeatcording to ASAE method $319.3 with the additbsieve agitators

and 0.5 g of a dispersing agent per 100 g of EaWSABE, 2007; Stark and Chewning, 2012)
* Geometric standard deviation of mean particle size.



Table II-7. Mean diameter particle size of mash finisher diets.

Coarse Corh(%) Dietary ME Dgw® (1) Sgw*
0 Low 478 2.09
0 High 477 2.00
50 Low 653 2.80
50 High 644 2.76
! Percentage coarse corn of total dietary corn istier diets.

2 Dietary ME: 3,050 in finisher diets was low dietd® and 3,150 kcal/kg in finisher diets was higatdiy ME.

% Geometric mean diameter was determined by dryrsieatcording to ASAE method $319.3 with the additbsieve agitators

and 0.5 g of a dispersing agent per 100 g of EaWSABE, 2007; Stark and Chewning, 2012)
* Geometric standard deviation of mean particle size.



Table 11-8. Pellet durability index (PDI) of pelleted groweets.

Coarse Corh(%) Dietary ME Added Fat PDI Modified PDP
0 Low Mixer 86.5 62.5
0 Low Post-pellet 85.1 57.5
0 High Mixer 77.1 41.3
0 High Post-pellet 83.7 58.7
35 Low Mixer 83.1 54.3
35 Low Post-pellet 82.5 59.0
35 High Mixer 79.3 45.8
35 High Post-pellet 85.2 61.5

! Percentage coarse corn of total dietary corn inwgraliets.

Dletary ME: 2,950 in grower diets was low dietarfeMnd 3,050 kcal/kg in grower diets was high dieME.
3Main site of liquid fat application in grower diets

*Pellet Durability Index (ASAE, 1991) was determir@dsamples collected at the pellet mill die.
®Pellet Durability Index (ASAE, 1991) was determir@dsamples collected at the pellet mill die withu8s (diameter = 19 mm).



Table 11-9. Pellet durability index (PDI) of pelleted finisheiets.

Coarse Corh(%) Dietary ME Added Fat PDI Modified PDP
0 Low Mixer 90.5 65.5
0 Low Post-pellet 91.5 68.5
0 High Mixer 79.7 36.5
0 High Post-pellet 87.3 57.8
50 Low Mixer 90.2 68.8
50 Low Post-pellet 90.7 67.2
50 High Mixer 86.8 50.7
50 High Post-pellet 85.5 71.4

! Percentage coarse corn of total dietary corn iistier diets.

%Dietary ME: 3,050 in finisher diets was low dietdt§ and 3,150 kcal/kg in finisher diets was higatdiy ME.
3 Main site of liquid fat application in finisher dge

“Pellet Durability Index (ASAE, 1991) was determir@tsamples collected at the pellet mill die.
®Pellet Durability Index (ASAE, 1991) was determir@dsamples collected at the pellet mill die withu8s (diameter = 19 mm).



Table 11-10. Weekly minimum, maximum, and average temperattitbeoeastdd libitumfeeding) and west (time-limited

feeding) side of the house.

East sidead libitumfeeding)

West side (time-limited feeding)

3

4

3

4

Wk Min.? Max. Avg. Min. 2 Max. Avg.
(°C)

1 31.6 37.9 33.8 32.3 36.8 34.2
2 28.7 34.7 315 30.1 34.4 31.8
3 27.6 35.8 29.8 28.8 35.3 30.6
4 19.8 34.3 27.4 20.3 33.9 27.5
5 23.6 38.6 30.3 23.4 38.8 30.3
6 22.9 37.8 28.9 23.6 37.6 29.2
7 22.4 34.5 28.1 23.1 34.3 28.4

! Week of growing period.

2Minimum temperature within week.
3 Maximum temperature within week.
* Average temperature within week.



Table 1I-11. Cumulative BW and period BW gain of broiler chioketo 48 d of age as affected by main effects etlifeg
program, percentage coarse corn of total dietamy, @betary metabolizable energy (ME), and maia sitliquid fat application.

Feeding Coarse Dietary Added BW Perivd Bain
Program Corrf ME? Fat nw 1d 14d 28d 35d 48d 1-14d 15-28d 29-35 d86-4
(%) (R
Ad libitum 48  36.1 451 1532 2063 3093 4158 1081 531 1030
Time-limited" 48  36.3 436 1457 1999 3036 39 102Ff 542 1037
P= 0.204 0.001 0.001 0.001 0.010 0.001 0.0@214 0.646
0-0-0 48  36.2 447 1497 2029 3056 4%1 1050 532 1027
20-35-50 48  36.2 439 1492 2034 3073 403 1052 542 1040
P= 0.940 0.039 0.539 0.715 0.409 0.038 0.738264 0.384
High 48  36.0 443 1501 20%73083 407 1058 547 1036
Low 48  36.4 443 1488 20953046 407 1044 537 1031

= 0.063 0.919 0.132 0.019 0.088 0.988 0.054033) 0.765

Mixer 48 36.2 443 1493 2028 3067 407 1050 5 53 1039
Post-pellet 48 36.2 443 1495 2034 3062 407 210%39 1027
P= 0.707 0.953 0.833 0.666 0.782 0.967 0.769 54).60.420

SEI\/I6 0.1 2.6 6.0 9.6 152 25 4.8 6.4 10.4

*PMeans in a column within each age that possessrdift superscripts differ significantlip ( 0.05).

A Means in a column within each age that possesaréliff superscripts differ significantl ( 0.01).

! Feeding program applied from 15-48 d of age as\l feeder raised 7:30 AM-1:30 PM from 15-21 edfer raised 7:30 AM-5:00
PM from 22-29 d, feeder raised 7:30 AM-9:00 Plhir30-48 d.

*Percentage coarse corn of total dietary corn iestagrower, and finisher diets, respectively.

®Dietary ME: 2,950 and 3,050 kcal/kg in grower amisher diets were low dietary ME; 3,050 and 3,kB@l/kg in grower and
finisher diets were high dietary ME.

*Main site of liquid fat application in grower andisher diets.

>Number of replicate pens of 15 birds each.

®SEM for n = 48 pens.




Table II-12. Cumulative BW and period BW gain of broiler chiokeo 48 d of age as affected by two-way interastiof feeding
program by percentage coarse corn of total dietarg, feeding program by dietary ME, feeding progrhay main site of liquid
fat application, percentage coarse corn of totefady corn by dietary ME, percentage coarse conotal dietary corn by main
site of liquid fat application, and dietary ME byam site of liquid fat application.

Feeding Coarse Dietary Added BW Perivd Bain
Program Corrf ME? Fat n 1d 14d 28d 35d 48d 1-14d15-28d 29-35 d36F
(%) (),
Ad libitum  0-0-0 24  36.0 456 1535 2050 3086 420 1079 5° 511036
Ad libitum  20-35-50 24  36.2 445 1528 2075 3100 409 108247 51024
Time-limited" 0-0-0 24  36.4 438 1458 2007 3025 401 1021 8 541018
Time-limited* 20-35-50 24  36.3 433 1455 1992 3047 397 10XB6° 1055
P= 0.499 0.378 0.812 0.144 0.855 0.358 0.848017 0.105
Ad libitum High 24 35.9 449 15262068 3115 413 1077 542 104%
Ad libitum Low 24  36.3 453 15382058 3070 417 1085 520 1018
Time-limited' High 24  36.2 437 14962027 3051 401 1088 551  102%
Time-limited* Low 24  36.4 434 14881972 3022 397 1064 534 105D
P= 0.409 0.260 0.004 0.102 0.716 0.273 0.0@8773 0.042
SEMP 0.17 36 85 136 215 36 6.8 9.1 146

2 PMeans in a column within each age that possesardift superscripts differ significantl ( 0.05).

A8 CMeans in a column within each age that possesardiff superscripts differ significantli ( 0.01).

! Feeding program applied from 15-48 d of age as¥l feeder raised 7.30 AM-1.30 PM from 15-21 edier raised 7.30 AM-5.00
PM from 22-29 d, feeder raised 7.30 AM-9.00 Pbhir30-48 d.

*Percentage coarse corn of total dietary corn iestagrower, and finisher diets, respectively.

®Dietary ME: 2,950 and 3,050 kcal/kg in grower amisher diets were low dietary ME; 3,050 and 3,kB8l/kg in grower and
finisher diets were high dietary ME.

*Main site of liquid fat application in grower andither diets.

>Number of replicate pens of 15 birds each.

®SEM for n = 24 pens.



Table 11-12 (continued). Cumulative BW and period BW gain of broiler chioketo 48 d of age as affected by two-way
interactions of feeding program by percentage eeosn of total dietary corn, feeding program bstally ME, feeding program
by main site of liquid fat application, percentagmrse corn of total dietary corn by dietary ME;ceatage coarse corn of total
dietary corn by main site of liquid fat applicati@nd dietary ME by main site of liquid fat apptioa.

Feeding Coarse Dietary Added BW Perivd Bain
Program Corrf ME? Fat n 1d 14d 28d 35d 48d 1-14d15-28d 29-35 d36F
(%) (%
Ad libitum Mixer 24 36.2 454 15412072 3109 417 1087 532 1037
Ad libitum Post-pellet 24 35.9 448 1522053 3076 412 1075 530 1023
Time-limited' Mixer 24 36.2 433 14361984 3026 397 10£3 538 1042
Time-limited* Post-pellet 24 36.4 438 14682015 3047 401 1030 547 1032
P= 0.156 0.139 0.022 0.065 0.211 0.154 0.038542 0.909
0-0-0 High 24 36.1 447 1509 2050 3090 411 106342 1039
0-0-0 Low 24 36.3 447 1485 2007 3021 410 103821 1015
20-35-50 High 24 36.0 439 1493 2044 3076 403 105851 1032
20-35-50 Low 24 36.4 440 1490 2023 3071 404 105832 1048
P= 0.599 0.743 0.226 0.424 0.148 0.760 0.182949 0.167
SEM? 0.17 36 85 136 215 36 6.8 9.1 14.6

2PMeans in a column within each age that possessrdiif superscripts differ significantl ( 0.05).

! Feeding program applied from 15-48 d of age as¥l feeder raised 7.30 AM-1.30 PM from 15-21 edier raised 7.30 AM-5.00
PM from 22-29 d, feeder raised 7.30 AM-9.00 Pbhir30-48 d.

?Percentage coarse corn of total dietary corn iestagrower, and finisher diets, respectively.

®Dietary ME: 2,950 and 3,050 kcal/kg in grower aimisher diets were low dietary ME; 3,050 and 3,kB8l/kg in grower and
finisher diets were high dietary ME.

*Main site of liquid fat application in grower andiher diets.

®>Number of replicate pens of 15 birds each.

®SEM for n = 24 pens.



Table 11-12 (continued). Cumulative BW and period BW gain of broiler chioketo 48 d of age as affected by two-way
interactions of feeding program by percentage eeosn of total dietary corn, feeding program bstally ME, feeding program
by main site of liquid fat application, percentagmrse corn of total dietary corn by dietary ME;ceatage coarse corn of total
dietary corn by main site of liquid fat applicati@nd dietary ME by main site of liquid fat apptioa.

Feeding Coarse Dietary Added BW Perivd Bain
Program Corrf ME? Fat n 1d 14d 28d 35d 48d 1-14d15-28d 29-35 d36F
(%) (%
0-0-0 Mixer 24 36.1 449 1499 2033 3051 413050L 535 1017
0-0-0 Post-pellet 24 36.3 445 1495 2024 3061 409 105@9 5 1037
20-35-50 Mixer 24 36.3 437 1488 2023 3084 401051 535 1061
20-35-50 Post-pellet 24 36.1 441 1495 20446230405 1054 549 1048
P= 0.262 0.257 0.532 0.267 0.459 0.233 0.860282. 0.036

High Mixer 24 36.1 443 1500 2046 3080 407 105B45 1034
High Post-pellet 24 36.0 442 1501 2049 30866 401059 548 1037
Low Mixer 24 36.4 443 1486 2010 3055 407 104324 1045
Low Post-pellet 24 36.3 444 1489 2019 3037 407045 530 1017

P= 0.940 0.834 0.914 0.835 0.555 0.830 0.982 3.8B291

SEM? 0.17 36 85 136 215 36 6.8 9.1 14.6
*P’Means in a column within each age that possessrdift superscripts differ significantl ( 0.05).
ZPercentage coarse corn of total dietary corn inestagrower, and finisher diets, respectively.
®Dietary ME: 2,950 and 3,050 kcal/kg in grower aimisher diets were low dietary ME; 3,050 and 3,kB@l/kg in grower and
finisher diets were high dietary ME.
*Main site of liquid fat application in grower anidisher diets.
®>Number of replicate pens of 15 birds each.
®SEM for n = 24 pens.




Table 1I-13. Cumulative feed intake (FI) and period FI of beoithickens to 48 d of age as affected by mairctsfef feeding
program, percentage coarse corn of total dietamy, @betary metabolizable energy (ME), and maia sitliquid fat application.

Feeding Coarse Dietary Added FI Peribd F
Program Corrf ME? Fat n 14d 28d 35d 48d 1-14 d 15-28 d 29-35 d 36-48 d
(%) (R
Ad libitum 48 567 2243 3204 5608 567 1675 962 2402
Time-limited* 48 561 2079 3008 5257 561 1518 928 2248
P= 0.295 0.001 0.001 0.001 0.295 0.00100%®. 0.001
0-0-0 48 571 2177 3132 5493 572 1606 955 2361
20-35-50 48 587 2148 3080 537¢ 557 1588 935 2289
P= 0.027 0.024 0.012 0.001 0.027 0.063 @®.08.001
High 48 561 2152 3091 5419 561 1591 939 2823
Low 48 567 2169 3121 5444 567 1603 952 2232
= 0.364 0.212 0.139 0.508 0.364 0.226 0.261798
Mixer 48 565 2170 3122 54%0 565 1605 952 2347
Post-pellet 48 563 2151 3090 5393 563 1589 939 2303
P= 0.656 0.173 0.113 0.042 0.656 0.099 0.245052
SEM® 42 97 143 26.0 42 6.9 8.1 15.7

& t’Means in a column within each age that possesardiit superscrlpts differ S|gn|f|cantll}’( 0.05).
® Means in a column within each age that possessrdiif superscripts differ significantl ( 0.01).
1Feedlng program applied from 15-48 d of age as¥d| feeder raised 7:30 AM-1:30 PM from 15-21 éder raised 7:30 AM-5:00
PM from 22-29 d, feeder raised 7:30 AM-9:00 Plhir30-48 d.
Percentage coarse corn of total dietary corn intestagrower, and finisher diets, respectively.
®Dietary ME: 2,950 and 3,050 kcal/kg in grower amisher diets were low dletary ME; 3,050 and 3,kBal/kg in grower and
flnlsher diets were high dietary ME.
Maln site of liquid fat application in grower andiher diets.
Number of replicate pens of 15 birds each.
®SEM for n = 48 pens.



Table 1I-14. Cumulative feed intake (FI) and period Fl of beoithickens to 48 d of age as affected by two-wégractions of
feeding program by percentage coarse corn of tieghry corn, feeding program by dietary ME, fegdpomogram by main site of
liquid fat application, percentage coarse cornotdltdietary corn by dietary ME, percentage coam® of total dietary corn by
main site of liquid fat application, and dietary O main site of liquid fat application.

Feeding Coarse Dietary Added FI Peribd F
Program Corrf ME? Fat n 14d 28d 35d 48d 1-14 d 15-28 d 29-35 d 36-48
(%) (%
Ad libitum  0-0-0 24 573 2263 3225 5671 573 1691 9622446
Ad libitum  20-35-50 24 562 2222 3184 5541 562 1661 9622357
Time-limited* 0-0-0 24 569 2090 3039 5315 569 1522 9492276
Time-limited® 20-35-50 24 553 2068 2977 5198 553 1515 90@221
P= 0.703 0.502 0.615 0.860 0.703 0.241 0.092454
Ad libitum High 24 563 2217315 5570 563 1654 942 2411
Ad libitum Low 24 571 2268 3250' 5642 571 1697 98F 2392
Time-limited' High 24 560 20873023 5268 560 1528 938 2245
Time-limited* Low 24 562 2071 299% 5245 562 1509 922 2253
P=

SEM°

0.596 0.016 0.004 0.204

59 138 20.2 36.8

0.596 0.002 3.0D.552

59 9.8 11.4 22.2

3P %Means in a column within each age that possesaréiff superscripts differ significantli ( 0.05).
A B CMeans in a column within each age that possessrdift superscripts differ significantli ( 0.01).

! Feeding program applied from 15-48 d of age as¥l feeder raised 7.30 AM-1.30 PM from 15-21 edier raised 7.30 AM-5.00
PM from 22-29 d, feeder raised 7.30 AM-9.00 Pbhir30-48 d.

2Percentage coarse corn of total dietary corn irestagrower, and finisher diets, respectively.
®Dietary ME: 2,950 and 3,050 kcal/kg in grower aimisher diets were low dietary ME; 3,050 and 3,kB8l/kg in grower and

finisher diets were high dietary ME.
*Main site of liquid fat application in grower andiher diets.

®Number of replicate pens of 15 birds each.

®SEM for n = 24 pens.



Table 11-14 (continued). Cumulative feed intake (FI) and period FI of beoithickens to 48 d of age as affected by two-way
interactions of feeding program by percentage eeosn of total dietary corn, feeding program bstally ME, feeding program
by main site of liquid fat application, percentagmrse corn of total dietary corn by dietary ME;ceatage coarse corn of total
dietary corn by main site of liquid fat applicati@nd dietary ME by main site of liquid fat apptioa.

Feeding Coarse Dietary Added FI Peribd F
Program Corrf ME? Fat n 14d 28d 35d 48d 1-14 d 15-28 d 29-35 d 36-48
(%) (R
Ad libitum Mixer 24 573 2271 324% 568% 573 1698 974 2444
Ad libitum Post-pellet 24 561 22%43164 5523 561 1653 950 2360
Time-limited" Mixer 24 557 20703006 5250 557 1512 930 2250
Time-limited* Post-pellet 24 564 2088016 5263 564 1524 928 2247
P= 0.110 0.007 0.017 0.017 0.110 0.005 0.33D073
0-0-0 High 24 569 2173 3119 5489 569 1604 9462370
0-0-0 Low 24 572 2181 3145 5498 572 1608 9652352
20-35-50 High 24 554 2132 3063 5350 554 157832 9 2286
20-35-50 Low 24 561 2158 3097 5390 561 1597 9 93 2292
P= 0.761 0.500 0.855 0.671 0.761 0.443 0.625590
SEMP 59 13.8 20.2 36.8 59 9.8 11.4 222

2P °%Means in a column within each age that possesaréliff superscripts differ significantl ( 0.05).

A8 CMeans in a column within each age that possesardiif superscripts differ significantli ( 0.01).

! Feeding program applied from 15-48 d of age as¥ feeder raised 7.30 AM-1.30 PM from 15-21 edfer raised 7.30 AM-5.00
PM from 22-29 d, feeder raised 7.30 AM-9.00 Pbhir30-48 d.

?Percentage coarse corn of total dietary corn iestagrower, and finisher diets, respectively.

®Dietary ME: 2,950 and 3,050 kcal/kg in grower aimisher diets were low dietary ME; 3,050 and 3,kB8l/kg in grower and
finisher diets were high dietary ME.

*Main site of liquid fat application in grower andither diets.

®>Number of replicate pens of 15 birds each.

®SEM for n = 24 pens.



Table 11-14 (continued). Cumulative feed intake (FI) and period FI of beoithickens to 48 d of age as affected by two-way
interactions of feeding program by percentage eeosn of total dietary corn, feeding program bstally ME, feeding program
by main site of liquid fat application, percentagmrse corn of total dietary corn by dietary ME;ceatage coarse corn of total
dietary corn by main site of liquid fat applicati@nd dietary ME by main site of liquid fat apptioa.

Feeding Coarse Dietary Added " FI Period Fi
Program Corrf ME? Fat n 14d 28d 35d 48d 1-14 d 15-28 d 29-35 d 36-48
(%) (%
0-0-0 Mixer 24 574 2192 3160 5539 574 161868 2379
0-0-0 Post-pellet 24 567 2162 3105 5447 567 1595 9432343
20-35-50 Mixer 24 556 2149 3085 5400 556 3159936 2315
20-35-50 Post-pellet 24 558 2141 3076 5339 58 5 1583 935 2264
P= 0.437 0.423 0.263 0.673 0.437 0.509 0.312749
High Mixer 24 562 2162 3106 5445 562 1600449 2339
High Post-pellet 24 560 2142 3076 5393 560 8215 934 2317
Low Mixer 24 568 2178 3138 5494 568 1610 096 2355
Low Post-pellet 24 565 2161 3104 5394 565 6159943 2289
P= 0.941 0.912 0.925 0.517 0.941 0.842 0.76h324
SEM° 5.9 13.8 20.2 36.8 5.9 9.8 11.4 22.2

“Percentage coarse corn of total dietary corn iiestagrower, and finisher diets, respectively.

®Dietary ME: 2,950 and 3,050 kcal/kg in grower aimisher diets were low dietary ME; 3,050 and 3,kB@l/kg in grower and
finisher diets were high dietary ME.

*Main site of liquid fat application in grower anidisher diets.

> Number of replicate pens of 15 birds each.

®SEM for n = 24 pens.

" No significant interactions.



Table 1I-15. Cumulative adjusted feed conversion ratio (AdjFGRY period AdjFCR of broiler chickens to 48 d gkeaas
affected by main effects of feeding program, petage coarse corn of total dietary corn, dietaryaielizable energy (ME), and
main site of liquid fat application.

Feeding Coarse Dietary Added AdjFCR Period AdjFCR
Program Corrf ME? Faf n T4d 28d 35d 48d 1-14 d 15-28d 29-35 d 36-48 d
(%) (9:0)
Ad libitum 48 1.3% 150" 1.68' 1.80" 1.37% 158 3.6% 241
Time-limited* 48 1.4% 1.47 157 1.75 1.4 149 19P 217P
P= 0.001 0.001 0.001 0.001 0.001 0.00100D. 0.001
0-0-0 48 1.39 1.%0 1.62 1.8¢" 1.39 154 308 235
20-35-50 48 1.38 1.481.6¢ 1.7% 1.38 158 254 228
P= 0.494 0.007 0.005 0.001 0.494 0.004 3.19.003
High 48 138 147 160 1.76 1.38 15% 295 226
Low 48 1.39 1.5 1.63 1.80¢" 1.39 154 267 232
= 0.237 0.001 0.001 0.001 0.237 0.001 0.492173
Mixer 48 1.39 149 162 159 139 153 244 227
Post-pellet 48 139 148 161 P77 139 152 3.18 231
P= 0.590 0.054 0.059 0.020 0.590 0.056 0.08D326
SEM? 0.008 0.005 0.005 0.006 0.008 0.006 0.29%5028

« gMeans in a column within each age that possesarelift superscripts differ signif_ig:antllf?( 0.05).
. Meansin a column within each age that possesardift superscripts differ significantl ( 0.01). _
Feeding program applied from 15-48 d of age as\d| feeder raised 7:30 AM-1:30 PM from 15-21 eéder raised 7:30 AM-
,2:00 PM from 22-29 d, feeder raised 7:30 AM-900 from 30-48 d. _ _
5 Percentage coarse corn of total dietary corn inestsgrower, and finisher diets, respectively. _
Dietary ME: 2,950 and 3,050 kcal/kg in grower amisher diets were low dietary ME; 3,050 and 3,kBal/kg in grower and
4flnlsher diets were high dietary ME.
Main site of liquid fat application in grower andiSher diets.
. Number of replicate pens of 15 birds each.
-SEM for n = 48 pens. o _ _ o
AdjFCR = Feed intake per pen/total body BW gairudmg BW of mortality that occurred during the &meriod.



Table 1I-16. Cumulative adjusted feed conversion ratio (AdjFGRY period AdjFCR of broiler chickens to 48 d gkeaas
affected by two-way interactions of feeding prograynpercentage coarse corn of total dietary carading program by dietary
ME, feeding program by main site of liquid fat apption, percentage coarse corn of total dietamm &y dietary ME, percentage
coarse corn of total dietary corn by main sitei@did fat application, and dietary ME by main sfdiquid fat application.

Feeding Coarse Dietary Added AdjFCR Period AdjFCR
Program Corrf ME? Fat n 14d 28d 35d 48d 1-14 d 15-28 d 29-35 d 36-48
(%) (9:%)
Ad libitum  0-0-0 24 137 152 1681.83 1.37 158 4.25 247
Ad libitum  20-35-50 24 137 149 1%41.78 1.37 154 3.05 235
Time-limited* 0-0-0 24 142 147 187177 142 149 1.92 224
Time-limited® 20-35-50 24 140 146 1%71.73 1.40 149 202 211
P= 0.213 0.183 0.005 0.511 0.213 0.022 0.12%4989
Ad libitum High 24 137 150 1.64 177 1.37 155 399 233
Ad libitum Low 24 137 151 1.68 1383 1.37 157 331 229
Time-limited* High 24 140 145 155 194 1.40 147 192 220
Time-limited* Low 24 142 148 159 176 1.42 151 202 235
P= 0.477 0.458 0.652 0.016 0.477 0.578 3.39.012
SEM? 0.010 0.007 0.007 0.008 0.010 0.008 0.4XB040

P “Means in a column within each age that possesardiff superscripts differ significantlp ( 0.05).

’1* B.CMeans in a column within each age that possessrelift superscripts differ significantli ( 0.01).
Feeding program applied from 15-48 d of age as\d| feeder raised 7.30 AM-1.30 PM from 15-21 edfer raised 7.30 AM-
,2.00 PM from 22-29 d, feeder raised 7.30 AM-%00 from 30-48 d. . _
5 Percentage coarse corn of total dietary corn inestagrower, and finisher diets, respectively. _
Dietary ME: 2,950 and 3,050 kcal/kg in grower amasher diets were low dietary ME; 3,050 and 3,kB8l/kg in grower and
,finisher diets were high dietary ME. o .
s Main site of liquid fat application in grower andither diets.
. Number of replicate pens of 15 birds each.
-SEM for n = 24 pens. S _ . o
AdjFCR = Feed intake per pen/total body BW gairudimg BW of mortality that occurred during the grperiod.



Table 11-16 (continued). Cumulative adjusted feed conversion ratio (AdjF@R{l period AdjFCR of broiler chickens to 48 d of
age as affected by two-way interactions of feeginggram by percentage coarse corn of total dietarg, feeding program by
dietary ME, feeding program by main site of liquat application, percentage coarse corn of totetady corn by dietary ME,
percentage coarse corn of total dietary corn bynnséte of liquid fat application, and dietary ME byain site of liquid fat

application.
Feeding Coarse Dietary Added AdjFCR Period AdjFCR ®
Program Corrf ME? Fat n 14d 28d 35d 48d 1-14 d 15-28 d 29-35 d 3648
(%) (9:9)
Ad libitum Mixer 24 138 151 1.67 1.82 1.38 1.572.92 2.38
Ad libitum Post-pellet 24  1.36 150 1.65 1.79 1.36 155 94.32.44
Time-limited* Mixer 24 141 147 157 1.76 1.41 150196 2.17
Time-limited* Post-pellet 24 141 146 156 1.75 141481 1.97 2.18
P= 0.523 0.631 0.616 0.247 0.523 0.902 0.085533
0-0-0 High 24 139 148 160 1.78 1.39 152 .303 2.30
0-0-0 Low 24 140 151 1.64 1.83 1.40 1.56 872. 2.41
20-35-50 High 24 138 147 159 174 1.38 15®.61 223
20-35-50 Low 24 139 149 162 1.77 1.39 15247 2.23
P= 0.927 0.537 0.617 0.380 0.927 0.427 0.7B1205
SEM 0.010_0.007_0.007 0.008 0.010 0.008 _ 0.418040

TFeeding program applied from 15-48 d of age asWl feeder raised 7.30 AM-1.30 PM from 15-21 édier raised 7.30 AM-
5.00 PM from 22-29 d, feeder raised 7.30 AM-%00 from 30-48 d.

2Percentage coarse corn of total dietary corn inestagrower, and finisher diets, respectively.
®Dietary ME: 2,950 and 3,050 kcal/kg in grower aimisher diets were low dletary ME; 3,050 and 3,k68l/kg in grower and

flnlsher diets were high dletary ME.
Maln site of liquid fat application in grower andither diets.

Number of replicate pens of 15 birds each.

®SEM for n = 24 pens.

7AdJFCR Feed intake per pen/total body BW gairudimg BW of mortality that occurred during the &rperiod.

®No significant interactions.



Table 11-16 (continued). Cumulative adjusted feed conversion ratio (AdjF@R{l period AdjFCR of broiler chickens to 48 d of
age as affected by two-way interactions of feeginggram by percentage coarse corn of total dietarg, feeding program by
dietary ME, feeding program by main site of liqdat application, percentage coarse corn of totetagly corn by dietary ME,
percentage coarse corn of total dietary corn bynnséte of liquid fat application, and dietary ME byain site of liquid fat
application.

Feeding Coarse Dietary Added AdjFCR Period AdjFCR
Program Corrf ME? Fat n 14d 28d 35d 48d 1-14 d 15-28 d 29-35 d 3648
(%) (9:9)
0-0-0 Mixer 24 139 150 1.63 1%82 1.39 155 235 2.36
0-0-0 Post-pellet 24  1.39 149 162 1°78 1.39 153 382 235
20-35-50 Mixer 24 139 1.48 161 176 1.39 152 254 219
20-35-50 Post-pellet 24  1.38 1.47 160 %.75 1.38 151 254 227
P= 0.822 0.698 0.527 0.033 0.822 0.559 0.081243
High Mixer 24 139 148 160 1.77 1.39 1.522.43 2.27
High Post-pellet 24 138 146 159 1.75 1.3850 3.48 2.26
Low Mixer 24 140 150 164 1.81 1.40 1.542.45  2.28
Low Post-pellet 24 139 149 162 1.79 1.39541 2.88 2.36
P= 0.970 0.451 0.888 0.697 0.970 0.376 0.435239
SEM 0.010 0.007 0.007 0.008 0.010 0.008 _ 0.41B040

%5 %Means in a column within each age that possessrdift superscripts differ significantl ( 0.05).

ZPercentage coarse corn of total dietary corn inestagrower, and finisher diets, respectively.

®Dietary ME: 2,950 and 3,050 kcal/kg in grower aimisher diets were low dietary ME; 3,050 and 3,kB@l/kg in grower and
finisher diets were high dietary ME.

*Main site of liquid fat application in grower anidisher diets.

> Number of replicate pens of 15 birds each.

®SEM for n = 24 pens.

" AdjFCR = Feed intake per pen/total body BW gairuiding BW of mortality that occurred during the @rperiod.



Table 1I-17. Cumulative mortality and period mortality of bmmilchickens to 48 d of age as affected by mairctsffef feeding
program, percentage coarse corn of total dietamy, @betary metabolizable energy (ME), and maia sitliquid fat application.

Feeding Coarse Dietary Added Mortality ried Mortality
Program Corrf ME? Fat n 14d 28d 35d 48d 1-14 d 15-28 d 29-35 d 36-48 d
(%) (%)
Ad libitum 48 0.42 153 56.5%7.50" 042 1.12 56.01 2.63
Time-limited* 48 042 153 22.83.7% 042 112 21.00 1.61
P= 1.000 1.000 0.001 0.001 1.000 1.00000D. 0.432
0-0-0 48 0.42 1.39 36.94 38.33 0.42 0.98 336.2.79
20-35-50 48 0.42 1.67 41.94 42.92 042 1.260.724 1.45
P= 1.000 0.682 0.089 0.100 1.000 0.612 D.13.305
High 48 0.42 125 41.11 42.08 0.42 0.83 40.57.62
Low 48 042 1.81 37.78 39.17 042 1.41 36.5362
= 1.000 0.413 0.254 0.293 1.000 0.295 0.170442
Mixer 48 0.28 153 37.22 38.06 0.28 1.25 .136 1.01
Post-pellet 48 0.56 1.53 41.67 43.19 0.56 90.940.97 3.23
P= 0.417 1.000 0.129 0.066 0.417 0.638 0.1a%089
SEM® 0.240 0.477 2.051 1.949 0.240 0.386__ 2.09B912

"B Means in a column within each age that possessrdiff superscripts differ significantl ( O. 01)
! Feeding program applied from 15-48 d of age as¥al feeder raised 7:30 AM-1:30 PM from 15-21 édier raised 7:30 AM-
5 00 PM from 22-29 d, feeder raised 7:30 AM-9F0@ from 30-48 d.
Percentage coarse corn of total dietary corn inestagrower, and finisher diets, respectively.
®Dietary ME: 2,950 and 3,050 kcal/kg in grower aimisher diets were low dietary ME; 3,050 and 3,kBal/kg in grower and

flnlsher diets were high dietary ME.

Maln site of liquid fat application in grower andisher diets.
Number of replicate pens of 15 birds each.

®SEM for n = 48 pens.



Table 11-18. Cumulative mortality and period mortality of brmilchickens to 48 d of age as affected by two-wiégractions of
feeding program by percentage coarse corn of tieghry corn, feeding program by dietary ME, fegdpomogram by main site of
liquid fat application, percentage coarse cornotdltdietary corn by dietary ME, percentage coam® of total dietary corn by
main site of liquid fat application, and dietary O main site of liquid fat application.

Feeding Coarse Dietary Added Mortality riéd Mortality
Program Corrf ME? Fat n 14d 28d 35d 48d 1-14 d 15-28 d 29-35 d 36-48
(%) (%}
Ad libitum  0-0-0 24 056 1.94 56.39 57.50 0.56 1.41 .9B5 3.78
Ad libitum  20-35-50 24 028 1.11 56.67 57.50 0.28 0.836.0%5 1.47
Time-limited® 0-0-0 24 028 0.83 17.50 19.17 0.28 0.56 .736 1.79
Time-limited® 20-35-50 24 056 222 27.22 28.33 0.56 1.625.45 1.43
P= 0.417 0.103 0.107 0.100 0.417 0.122 0.182451
Ad libitum High 24 056 1.94 61.1F 61.94 056 1.3% 6052 1.89
Ad libitum Low 24  0.28 1.1 51.94 53.08 0.28 0.88° 5150 3.37
Time-limited' High 24  0.28 0.86 21.1f 22.2% 0.28 0.28 2062 1.35
Time-limited* Low 24 056 2.50 23.6F 25.28 056 198 2157 1.87
P= 0.417 0.043 0.048 0.033 0.417 0.045 ®.09.711

SEM°

0.340 0.675 2.900 2.757

0.340 0.546

2.96a11290

.. °\eans in a column within each age that possesardift superscripts differ significantl ( 0.05).

! Feeding program applied from 15-48 d of age as¥el feeder raised 7.30 AM-1.30 PM from 15-21 édfer raised 7.30 AM-
5.00 PM from 22-29 d, feeder raised 7.30 AM-R00 from 30-48 d.

ZPercentage coarse corn of total dietary corn inestagrower, and finisher diets, respectively.
®Dietary ME: 2,950 and 3,050 kcal/kg in grower aimisher diets were low dietary ME; 3,050 and 3,kBal/kg in grower and

finisher diets were high dietary ME.

*Main site of liquid fat application in grower anidisher diets.

> Number of replicate pens of 15 birds each.

®SEM for n = 24 pens.



Table 11-18 (continued). Cumulative mortality and period mortality of bmmilchickens to 48 d of age as affected by two-way
interactions of feeding program by percentage eeosn of total dietary corn, feeding program bstally ME, feeding program

by main site of liquid fat application, percentagmrse corn of total dietary corn by dietary ME;ceatage coarse corn of total
dietary corn by main site of liquid fat applicati@nd dietary ME by main site of liquid fat apptioa.

Feeding Coarse Dietary Added Mortdlity Period Mortality
Program Corrf ME? Fat n 14d 28d 35d 48d 1-14 d 15-28 d 29-35 d 36-48
(%) (%)

Ad libitum Mixer 24 0.28 1.11 53.89 54.44 0.28 0.8353.39 0.81

Ad libitum Post-pellet 24 056 1.94 59.17 60.56 0.56 1.418.65 4.45

Time-limited" Mixer 24 0.28 1.94 20.56 21.67 0.28 1.6718.86 1.21

Time-limited Post-pellet 24 056 1.11 24.17 25.83 0.9558 23.32 2.01

P= 1.000 0.220 0.775 0.725 1.000 0.131 0.89x274

0-0-0 High 24 0.28 1.39 38.61 39.44 0.28 1.1138.32 1.43

0-0-0 Low 24 056 1.39 35.28 37.22 0.56 0.8534.33 4.14

20-35-50 High 24 0.56 1.11 43.61 44.72 0.56 0.5612.82 1.82

20-35-50 Low 24 0.28 2.22 40.28 41.11 0.28 1.9638.73 1.09

P= 0.417 0.413 1.000 0.802 0.417 0.131 0.986186

SEM® 0.340 0.675 2.900 2.757 0.340 0.546 2.9611290

' Feeding program applied from 15-48 d of age as\id! feeder raised 7.30 AM-1.30 PM from 15-21 édfr raised 7.30 AM-
5.00 PM from 22-29 d, feeder raised 7.30 AM-R00 from 30-48 d.

ZPercentage coarse corn of total dietary corn inestagrower, and finisher diets, respectively.

®Dietary ME: 2,950 and 3,050 kcal/kg in grower aimisher diets were low dietary ME; 3,050 and 3,kBal/kg in grower and
finisher diets were high dietary ME.

*Main site of liquid fat application in grower anidisher diets.
> Number of replicate pens of 15 birds each.
®SEM for n = 24 pens.

’No significant interactions.



Table 11-18 (continued). Cumulative mortality and period mortality of bmmilchickens to 48 d of age as affected by two-way
interactions of feeding program by percentage eeosn of total dietary corn, feeding program bstally ME, feeding program
by main site of liquid fat application, percentagmrse corn of total dietary corn by dietary ME;ceatage coarse corn of total
dietary corn by main site of liquid fat applicati@nd dietary ME by main site of liquid fat apptioa.

Feeding Coarse Dietary Added Mortdlity Period Mortality
Program Corrf ME? Fat n 14d 28d 35d 48d 1-14 d 15-28 d 29-35 d 36-48
(%) (%
0-0-0 Mixer 24 0.28 1.39 33.89 35.00 0.28.111 33.06 1.26
0-0-0 Post-pellet 24 0.56 1.39 40.00 41.67 0.56 0.859.68 4.31
20-35-50 Mixer 24 0.28 1.67 4056 41.11 0.28.39 39.20 0.76
20-35-50 Post-pellet 24 0.56 1.67 43.33 44.72 0.56 1.13 42,35 2.15
P= 1.000 1.000 0.567 0.581 1.000 1.000 0.568522
High Mixer 24 0.56 1.67 38.33 38.89 0.56 1.1137.34 0.76
High Post-pellet 24 0.28 0.83 43.89 45.28 80.20.56 43.79 2.48
Low Mixer 24 0.00 1.39 36.11 37.22 0.00 1.3934.91 1.26
Low Post-pellet 24 0.83 2.22 3944 41.11 0.8B43 38.15 3.98
P= 0.106 0.220 0.703 0.652 0.106 0.587 0.589703
SEM° 0.340 0.675 2.900 2.757 0.340 0.546 2.9611290

“Percentage coarse corn of total dietary corn iiestagrower, and finisher diets, respectively.

®Dietary ME: 2,950 and 3,050 kcal/kg in grower aimisher diets were low dietary ME; 3,050 and 3,kB@l/kg in grower and
finisher diets were high dietary ME.

*Main site of liquid fat application in grower anidisher diets.

> Number of replicate pens of 15 birds each.

®SEM for n = 24 pens.

’No significant interactions.



Table 11-19. Rectal temperature of broiler chickens at 49 cgd as affected by main effects of feeding progneencentage
coarse corn of total dietary corn, dietary metaadlle energy (ME), and main site of liquid fat apggion.

Feeding Program  Coarse Corh Dietary ME® Added Fdt n Rectal temperature (°C)
(%)
Ad libitum 144 42'3
Time-limited' 144 41%
P= 0.001
0-0-0 144 42.0
20-35-50 144 42.0
P= 0.232
High 144 42.0
Low 144 42.0
= 0.659
Mixer 144 42.0
Post-pellet 144 42.0
P = 0.515
SEM® 0.035

"B Means in a column that possess different supetsdtiffer significantly P 0.01).
! Feeding program applied from 15-48 d of age as¥al feeder raised 7:30 AM-1:30 PM from 15-21 éder raised 7:30 AM-
5 00 PM from 22-29 d, feeder raised 7:30 AM-9F0@ from 30-48 d.
Percentage coarse corn of total dietary corn inestagrower, and finisher diets, respectively.
®Dietary ME: 2,950 and 3,050 kcal/kg in grower aimisher diets were low dietary ME; 3,050 and 3,kBal/kg in grower and
flnlsher diets were high dietary ME.
Maln site of liquid fat application in grower andisher diets.
Number of chickens, 3 of each pen.
®SEM for n = 144 chickens.



Table 11-20. Rectal temperature of broiler chickens at 49 chgd as affected by two-way interactions of feeginggram by
percentage coarse corn of total dietary corn, fepgirogram by dietary ME, feeding program by maite ®f liquid fat
application, percentage coarse corn of total dratarn by dietary ME, percentage coarse corn @l wietary corn by main site of
liquid fat application, and dietary ME by main siteliquid fat application.

Feeding Program Coarse Corh Dietary ME® Added Fdt n Rectal temperature (°C)
(%)
Ad libitum 0-0-0 72 4274
Ad libitum 20-35-50 72 4282
Time-limited' 0-0-0 72 41%
Time-limited" 20-35-50 72 41°8
P= 0.001
Ad libitum High 72 42%3
Ad libitum Low 72 4224
Time-limitedt High 72 41°%7
Time-limited Low 72 41%
P= 0.050
SEM 0.049

2 PMeans in a column that possess different supetsdiffer significantly P 0.05).

A B.C.DMeans in a column that possess different supetsdiffer significantly P 0.01).

! Feeding program applied from 15-48 d of age as¥dl} feeder raised 7:30 AM-1:30 PM from 15-21 exdfer raised 7:30 AM-
5:00 PM from 22-29 d, feeder raised 7:30 AM-950@ from 30-48 d.

ZPercentage coarse corn of total dietary corn inestagrower, and finisher diets, respectively.

®Dietary ME: 2,950 and 3,050 kcal/kg in grower aimisher diets were low dietary ME; 3,050 and 3,kB@l/kg in grower and
finisher diets were high dietary ME.

*Main site of liquid fat application in grower anidisher diets.

®>Number of chickens, 3 of each pen.

®SEM for n = 72 chickens.



Table 11-20 (continued). Rectal temperature of broiler chickens at 49 c&agé as affected by two-way interactions of feeding
program by percentage coarse corn of total dietarg, feeding program by dietary ME, feeding progrhay main site of liquid
fat application, percentage coarse corn of totefady corn by dietary ME, percentage coarse conotal dietary corn by main
site of liquid fat application, and dietary ME byam site of liquid fat application.

Feeding Program  Coarse Corh Dietary ME® Added Fdt n Rectal temperature (°C)
(%)
Ad libitum Mixer 72 42.3
Ad libitum Post-pellet 72 42.3
Time-limited' Mixer 72 41.7
Time-limited* Post-pellet 72 41.7
P= 0.763
0-0-0 High 72 42.0
0-0-0 Low 72 42.0
20-35-50 High 72 42.0
20-35-50 Low 72 42.0
P= 0.983
SEM® 0.049

' Feeding program applied from 15-48 d of age asVid! feeder raised 7:30 AM-1:30 PM from 15-21 eédier raised 7:30 AM-
5:00 PM from 22-29 d, feeder raised 7:30 AM-950d from 30-48 d.

ZPercentage coarse corn of total dietary corn inestagrower, and finisher diets, respectively.

®Dietary ME: 2,950 and 3,050 kcal/kg in grower aimisher diets were low dietary ME; 3,050 and 3,kB@l/kg in grower and
finisher diets were high dietary ME.

*Main site of liquid fat application in grower anidisher diets.

®>Number of chickens, 3 of each pen.

®SEM for n = 72 chickens.

’No significant interactions.



Table 11-20 (continued). Rectal temperature of broiler chickens at 49 c&agé as affected by two-way interactions of feeding
program by percentage coarse corn of total dietarg, feeding program by dietary ME, feeding progrhay main site of liquid
fat application, percentage coarse corn of totefady corn by dietary ME, percentage coarse conotal dietary corn by main
site of liquid fat application, and dietary ME byam site of liquid fat application.

Feeding Program Coarse Corh Dietary ME® Added Fdt n Rectal temperature (°C)
(%)
0-0-0 Mixer 72 42.0
0-0-0 Post-pellet 72 42.0
20-35-50 Mixer 72 41.9
20-35-50 Post-pellet 72 42.0
P= 0.374
High Mixer 72 42.0
High Post-pellet 72 42.0
Low Mixer 72 42.0
Low Post-pellet 72 42.0
P= 0.763
SEM 0.049

“Percentage coarse corn of total dietary corn imestagrower, and finisher diets, respectively.

®Dietary ME: 2,950 and 3,050 kcal/kg in grower aimisher diets were low dietary ME; 3,050 and 3,kB@l/kg in grower and
finisher diets were high dietary ME.

*Main site of liquid fat application in grower anidisher diets.

®>Number of chickens, 3 of each pen.

®SEM for n = 72 chickens.

"No significant interactions.



Table 1I-21. Gross and relative weights of the proventriculnd gizzard of broiler chickens at 50 d of age dscééd by main
effects of percentage coarse corn of total dietarp, dietary metabolizable energy (ME), and mémaf liquid fat application.

Proventriculus Gizzard
Coarse Corh Dietary ME2 Added Fat n*  Gross Weight Relative Weight Gross Weight Relatheight
(%) (9)  (9/100 g BW) (9)  (9/10@YV)
0-0-0 96 8. 0.24' 2753 0.8%
20-35-50 96 7.%7 0.22 31.20 0.9%
P= 0.001 0.001 0.001 0.001
High 96 7.50 0.23 29.02 0.88
Low 96 7.71 0.23 29.70 0.90
= 0.320 0.246 0.344 0.307
Mixer 96 7.52 0.23 29.13 0.88
Post-pellet 96 7.69 0.23 29.59 0.89
P= 0.426 0.370 0.526 0.592
SEM® 0.150 0.004 0.508 0.015

A BMeans in a column within each age that possesareliff superscripts differ significantli ( 0.01).

! Percentage coarse corn of total dietary corn inestagrower, and finisher diets, respectively.

2Dietary ME: 2,950 and 3,050 kcal/kg in grower amisher diets were low dietary ME; 3,050 and 3,kBal/kg in grower and
finisher diets were high dietary ME.

®Main site of liquid fat application in grower anidisher diets.

*Number of chickens, 4 of each pen.

®>SEM for n = 96 chickens.



Table 11-22. Gross and relative weights of the proventriculud gizzard of broiler chickens at 50 d of age &scééd by two-way
interactions of percentage coarse corn of totdahdyecorn by dietary ME, percentage coarse cottiotad dietary corn by main site
of liquid fat application, and dietary ME by maitesof liquid fat application.

Proventriculls Gizzar§

Coarse Corh Dietary ME2 Added Fat n*  Gross Weight Relative Weight Gross Weight Relatheight
(%) _ (9)  (9/100 g BW) (9)  (9/10@BYV)
0-0-0 High 48 7.93 0.24 27.26 0.82
0-0-0 Low 48 8.16 0.25 27.79 0.84
20-35-50 High 48 7.07 0.21 30.78 0.93
20-35-50 Low 48 7.27 0.22 31.62 0.96
P= 0.924 0.965 0.825 0.844
0-0-0 Mixer 48 8.01 0.24 26.72 0.81
0-0-0 Post-pellet 48 8.08 0.24 28.33 0.85
20-35-50 Mixer 48 7.04 0.21 31.55 0.96
20-35-50 Post-pellet 48 7.30 0.22 30.85 0.93
P= 0.643 0.705 0.110 0.104
High Mixer 48 7.49 0.23 28.45 0.86
High Post-pellet 48 7.51 0.23 29.59 0.89
Low Mixer 48 7.55 0.23 29.82 0.90
Low Post-pellet 48 7.87 0.24 29.59 0.89
P= 0.482 0.436 0.340 0.336
SEM® 0.213 0.006 0.719 0.022

* Percentage coarse corn of total dietary corn mestagrower, and Tinisher diets, respectively.

ZDietary ME: 2,950 and 3,050 kcal/kg in grower amisher diets were low dietary ME; 3,050 and 3,kBal/kg in grower and
finisher diets were high dietary ME.

3 Main site of liquid fat application in grower anidisher diets.

Number of chickens, 4 of each pen.

>SEM for n = 48 chickens.
No significant interactions.



OVERALL DISCUSSION AND CONCLUSIONS

An appropriate gradually increased inclusion ofrseacorn clearly increased mean
particle size of diets in their mash form. The datggested that particle size of diets in mash
form should be between 400-500, 500-600, and 6@0+Wrons in starter, grower, and
finisher diets, respectively. Inclusion of coarsencin broiler diets improved feed efficiency
and increased gizzard weight when broilers wereofednad libitum basis. Improved feed
efficiency has been attributed to an increasedieesie time in the gastrointestinal tract due
to increased gizzard activity that improved digastand absorption (Parsons et al., 2006;
Amerah et al., 2008). As expected, high dietarjusions of DDGS negatively affected
broiler performance. However, the present resuéigevin agreement with those of Loar et al.
(2010) who suggested that chickens that were exiptiséow levels of DDGS early in life
seemed to have an advantage when exposed to geatisrat older ages. This suggested an
adaptive response in the gastrointestinal tract. ddta also suggested that the gizzard could
be stimulated by substances other than coarse wbiinoh had either a high fiber content or
appropriate particle size. Additive or synergefie@s between coarse corn and DDGS were
not apparent in the present study, which suggestat a longer retention time in the

gastrointestinal tract would not significantly altee digestibility of DDGS.

In general, broiler chickens provided feed f libitum consumption exhibited
greater FI and BW but poorer AdjFCR than chickess 6n a time-limited basis. Tlesd
libitum fed broilers also exhibited a higher body tempeeand increased mortality during
heat stress. Coarse corn improved BW gain durirag bress irnad libitum fed broilers,

which may have been due to decreased body tempetatt decreased energy expenditures



associated with heat dissipation such as pantingth® contrary, coarse corn did not exhibit
these positive effects when broilers were fed amme-limited basis, which was partially
attributed to a lower body temperature. Additiopalimited fed broilers were probably
hungry at times and consumed litter, which stinedagizzard activity and produced
improved feed efficiency in a manner similar to rs@acorn. Thus, in the presence of time-
limited feeding where wood shavings were availdbteconsumption, there was no necessity

to include coarse corn.

The data showed that increased dietary poultrylatiously increased dietary ME
but decreased pellet quality, which would normakythought to be problematic. However,
broilers consuming greater ME exhibited improveddfeefficiency during early ages and
prior to heat stress, which was probably due tceffect of fat with respect to decreased feed
passage rate. On the contrary, this effect wasapparent when broilers experienced heat
stress or at older ages, which probably suggebtdoellet quality was more important than
ME when broilers were exposed to heat stress dngluhe late growing period when feed
intake relative to BW became more growth-limitig. general, the data suggested that
adding up to 2% poultry fat had no effect on PDi #eicreased PDI when added poultry fat
was greater than 3%. It was concluded that higtadieME and pellet quality played
important roles in broilers fed on aal libitum basis but not on a time-limited basis. Pellet
quality was apparently not as important in the @nes of time-limited feeding as the hungry
broilers consumed all of the feed in the pan ahe®eding and did not exhibit typical

selection of pellets over fines.
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