
ABSTRACT 

AUTTAWONG, SATID. Interaction of Dietary Coarse Corn With Other Dietary and 
Environmental Factors on Broiler Live Performance. (Under the direction of Dr. John T. 
Brake.) 

An experiment was conducted to examine the effect of percentage coarse corn (CC) 

of total dietary corn and distiller’s dried grains with solubles (DDGS) on the performance of 

broilers to 47 d of age. A total of 2,160 day-old Ross 344 x 708 broiler chicks were used in a 

factorial arrangement of treatments consisting of 3 dietary inclusion levels of CC (0, 10, 20% 

of total dietary corn in starter and 0, 25, 50% in grower and finisher diets) and 3 inclusion 

levels of DDGS (0, 6, 12% in starter and 0, 15, 30% in grower and finisher diets). Feed 

consumption and BW were determined at 14, 35, and 47 d of age and adjusted feed 

conversion ratio (AdjFCR) was calculated by including BW of mortalities. Percentage CC of 

total dietary corn significantly improved AdjFCR and reduced feed consumption without 

negative effects on BW at 47 d of age. Chickens fed CC exhibited larger gross and relative 

gizzard weights at 48 d of age than broilers fed fine corn. Broilers fed DDGS exhibited 

significantly poorer feed AdjFCR as well as reduced BW. Feed consumption was not 

affected by DDGS treatments. Mortality rate was significantly reduced by increasing DDGS, 

probably due to slower growth. The results of this study demonstrated that increasing 

percentage CC of total dietary corn in an age-related increasing manner had a beneficial 

effect on feed efficiency and gizzard function without negative effect on BW. There were no 

interactions of DDGS and CC inclusion levels, which suggested that CC could not be used to 

improve DDGS utilization. 

A second experiment was conducted to evaluate the effect of feeding program, 

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



liquid fat application on broiler live performance to 48 d of age. Ross 344 x 708 male chicks 

(n = 1,440) were assigned to a factorial arrangement of treatments consisting of two levels of 

coarse corn; two levels of ME; two types of fat application and two feeding programs. The 

coarse corn treatments consisted of no coarse corn (0%) or 20, 35, and 50% coarse corn of 

total dietary corn in the starter, grower, and finisher diets. Dietary ME treatments consisted 

of two low level of 2.95 kcal ME/g and 3.05 kcal ME/g in grower and finisher diets and two 

high level of 3.05 kcal ME/g and 3.15 kcal ME/g in grower and finisher diets. The two types 

of fat application consisted of all fat in mixer or 0.75% in mixer plus the remainder added 

post-pellet. The two feeding programs consisted of ad libitum or time-limited. Feed intake 

(FI) and BW were determined at 14, 28, 35, and 48 d of age and adjusted feed conversion 

ratio (AdjFCR) was calculated. The results showed that broilers fed time-limited feeding 

significantly reduced BW prior to heat stress but broilers experienced acute heat stress at 5 

wk of age exhibited improved AdjFCR and mortality during heat stress. The CC had no 

effect on BW at 48 d of age, but significantly reduced FI and improved AdjFCR relative to 

100% FC. The low and high dietary ME treatments produced the same BW at 48 d of age but 

the higher ME level significantly improved AdjFCR. Mixer fat application increased FI but 

AdjFCR was improved by the post pellet fat application. Broilers fed CC based diets on an 

ad libitum basis exhibited better results than broilers fed time-limited while pellet quality 

played an important role in the presence of an ad libitum feeding program. 
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INTRODUCTION 

The production of biofuels has created considerable challenges for the animal feed 

industry and is generally responsible for the recent increases in feed ingredient costs that 

have increased interest in improving feed efficiency in the commercial broiler industry. Until 

recently, commercial broiler diets have been largely composed of corn and soybean meal but 

distiller’s dried grains with solubles (DDGS), a by-product of the corn ethanol industry, has 

become widely used as a protein and energy source in broiler diets as a result of the large 

quantities that have become available and the absence of lower cost alternatives. It has been 

generally recognized that pellet quality positively influenced feed characteristics (Briggs et 

al., 1999) and improved broiler growth rate and feed efficiency (McKinney and Teeter, 2004; 

Brickett et al., 2007; Dozier et al., 2010) due to more rapid feed intake than that observed 

with feed in mash form.�Thus, major feed ingredients in modern broiler feed mills have been 

generally ground to smaller particle sizes, which have been typically recommended to 

improve pellet quality. However, diets with some larger particle sizes have been suggested to 

affect gizzard function in such a manner as to decrease the rate of feed and ingesta passage, 

which has been reported to result in improved feed efficiency (Parson et al., 2006; Amerah et 

al., 2008).  

High environmental temperature has always been considered to be a limiting factor in 

broiler production. There have been many strategies that have received attention in tropical 

and subtropical countries to decrease production costs by improving heat tolerance. Increased 

dietary ME by adding fat to diets has been used by some (Plavnik et al., 1997; Ghazalah et 
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al., 2008) to ameliorate the adverse effects of high environmental temperature but higher 

levels of fat can have negative effects on pellet quality depending upon the site of fat 

application, which can be either in the mixer or post-pellet. Commercial broilers have been 

widely fed on an ad libitum basis but previous investigations have shown that restricted 

feeding programs reduced rapid growth rate that led to increased mortality due to ascites 

syndrome (Acar et al., 1995). There have been other anecdotal reports of commercial success 

with feed restriction of broilers during periods of heat stress. Several methods of broiler feed 

restriction based upon both quantitative and qualitative methods� have been used. Feed 

restriction of broilers has generally been considered to improve feed efficiency while 

evidence of compensatory growth that led to recovery of any lost BW following feed 

restriction varied among several methods evaluated (Deaton et al., 1995; Zhong et al., 1995; 

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

The objectives of the present experiments were to explore interactions among 

percentage coarse corn of total dietary corn, inclusion of DDGS, feeding strategy, dietary 

ME, and primary site of liquid fat application on broiler live performance. The effects of 

these factors were determined in terms of broiler live performance, proventriculus and 

gizzard weights, and rectal temperature. 

 

 

 

 



��
�

LITERATURE REVIEW  

Factors Affecting Broiler Live Performance. There have been many factors shown 

to either promote or inhibit live performance of broilers. These have included feeding 

program, feed manufacturing, feed quality, feed ingredients, environmental temperature, and 

nutritional program. 

Feeding Program. Limited feeding systems have been used for many years to control 

feed consumption and BW during growing and production of broiler breeders. In this system 

pullets have been adapted to a time limited quantitative feeding system from an early age and 

no adverse effects on any productive measure have been noted when such restricted feeding 

began during the early growing period (Schumaier et al., 1968). By contrast, commercial 

broiler chickens have generally been provided feed for ad libitum consumption. However, the 

practical benefits of an early feed restriction of broilers have been discussed as early feed 

restriction reduced rapid growth rate, which has been associated with the incidence of ascites 

syndrome (Acar et al., 1995). Feed restriction has also been thought to improve feed 

efficiency and growth performance. Yu and Robinson (1992) commented that the method of 

broiler feed restriction varied from quantitative methods (restricting the amount of feed 

consumed) to qualitative methods (restriction of the quality of feed). Zhan et al. (2007) 

applied a daily 4 h feed restriction from 1 to 21 d, whereas Deaton et al. (1995) compared 

broilers provided 90, 80, 75, and 60% of feed relative to 24 h feed consumption with ad 

libitum broilers, and Dozier et al. (2003) removed feed for a 24 h period at 8, 10, 12, 14, and 

16 d of age. Feed restriction programs have also become a subject of interest based upon the  
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ability of broiler chickens to regain lost growth by market age because such compensatory 

growth has been accompanied by a significant improvement in feed efficiency. However, 

Plavnik and Hurwitz (1985) found that severe restricted feeding for either 2 or 4 wk 

beginning from 1 wk of age caused enough loss in BW that broiler chickens were not able to 

compensate for this deficit by 9 wk of age. This was not in agreement with the results 

reported by Zhan et al. (2007) who found broilers feed restricted from 1 to 21 d exhibited 

significantly lower BW than ad libitum fed broilers at 21 d but there was no difference in 

BW at 63 d of age. Plavnik and Hurwitz (1985) noted that feed restriction of male broilers for 

6 d from 1 wk of age produced the same amount of meat at 8 wk as full fed broilers. Zhong et 

al. (1995) stated that female broilers subjected to feed restriction from 7 to 12 d of age 

exhibited lower BW than ad libitum fed females but BW was not different in males or mixed 

sex groups at 49 d of age. Deaton et al. (1995) stated that male chickens with early feed 

restriction (90% feed restriction) from 7 to 14 d exhibited reduced BW of 8.4% at 14 d of age 

but final BW at 41 d was not affected. However, if the broilers were fed 75 or 60% of full 

feed and had an 18.2% or greater BW reduction at 14 d of age, male broilers could not attain 

the same BW by 41 d of age when compared to ad libitum fed males. Deaton et al. (1995) 

also demonstrated that broiler chickens exhibited compensatory growth. Broilers were able to 

compensate by 41 d of age for an 8% BW reduction at 14 d of age. On the other hand, if the 

BW at 14 d was reduced by 17% for females and 18% for males, the chickens were not able 

to compensate for the lost BW by 41 d of age. Deaton et al. (1995) mentioned that when 

broilers were grown to 49 d of age for females and 48 d of age for males, they could 

compensate for a BW reduction at 16 d of age as much as 31% for females and 27%    for  
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males. Deaton et al. (1995) also provided that the age of marketing and severity of feed 

restriction were factors that must be considered when broilers of the same BW were required 

to be marketed at a particular age. This was not in agreement with Fontana et al. (1992), who 

reported BW at 49 d of age was significantly reduced for broilers restricted for 4 or 7 d 

beginning at 4 d of age as compared to groups consuming feed ad libitum. Saleh et al. (2005) 

indicated that broilers were not able to fully compensate in growth even by the age of 63 d 

when a severe feed restriction was imposed early in life. In addition, Palo and Sell (1995) 

found that broilers feed restricted from 7 to 14 d of age were not able to regain their BW by 

48 d when compared to ad libitum birds. In the same manner, Zubair and Leeson (1996) 

found that 50% feed restriction from 6 to 12 d of age significantly decreased BW at 42 d of 

age when compared with ad libitum birds. These data were in agreement with Dozier et al. 

(2003) who found that 5 d of feed removal in a skip-a-day manner did not allow for complete 

compensatory growth by 54 d of age. However, others (Plavnik and Hurwitz, 1985; Cabel et 

al., 1989; Fontana et al., 1992; Palo and Sell, 1995; Zhong et al., 1995; Zubair and Leeson, 

1996; Dozier et al., 2003) have reported that nutrient restriction generally improved feed 

efficiency. Zubair and Leeson (1994) reported that feed restricted chickens exhibited 

significantly lower basal metabolic rate during the restriction period but this was not apparent 

during the refeeding period. This suggested that lower metabolic rate did not play a role in 

the ability of the broilers to exhibit improved feed efficiency and compensatory growth. 

Increased feed consumption relative to the smaller BW and associated digestive adaptations 

of restricted chickens seemed to be the major factors contributing to improved feed 

efficiency. Deaton et al. (1995) stated that feed conversion was significantly improved by  
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feed restriction, particularly for female broilers and observed that after the first 2 d of feed 

restriction, the chickens would scratch and search the litter for feed that would probably be 

consumed. The broilers provided feed for ad libitum consumption did not exhibit the same 

type of activity and they appeared less active and rather lethargic when compared with the 

broilers subject to the feed restriction program. In studies concerning the control of 

abdominal fat, Deaton et al. (1995) and Fontana et al. (1993) reported that the average 

amount of abdominal fat was not affected by feed restriction. However, Zhan et al. (2007) 

reported that restricted broilers at 63 d of age exhibited a significantly greater amount of 

abdominal fat, which indicated that the nutritional experience during the critical restriction 

period tended to enhance fat deposits during the refeeding period. The statement was not in 

agreement with Zhong et al. (1995) who suggested that the reduction in abdominal fat was 

due to either decreased lipogenesis or increased lipolysis. Plavnik and Hurwitz (1985) 

suggested that the reduction of body fat was the direct effect of a low body energy balance 

and was most likely a reduction in number of adipocytes due to the early inhibition of 

adipocyte hyperplasia caused by the severe energy restriction. Zubair and Leeson (1996) 

mentioned that abdominal fat cells were significantly fewer in feed restricted birds up to 42 d 

of age, even though the rate of increase in fat cell numbers after the restriction period ended 

was not different between full-fed and restricted birds.  

Avian Digestive System. The avian digestive system acts as a selective barrier 

between the tissues of the bird and its luminal environment. This barrier has been shown to 

be composed of physical, chemical, immunological, and microbiological components. As 

incubation progresses, embryonic small intestinal weight has been found to increase at   a  
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much greater rate than BW. During the last 3 d of incubation, the ratio of small intestinal 

weight to BW increased from approximately 1% at 17 d of incubation to 3.5% at hatching 

(Uni et al., 2003). In the post-hatching period, the small intestine continued to increase in 

weight more rapidly than the rest of the body. Increased intestinal weight and length have 

been found to be not identical in the duodenum, jejunum, and ileum. Intestinal development 

after hatching was also found to be rapid with respect to enzymatic and absorptive activities 

(Uni et al., 1999). In addition, it has been shown that during the initial 48 h post-hatching, the 

yolk sac contributed to small intestinal maintenance and development. During this period, the 

chick made the transition from utilizing energy in the form of lipids supplied by the yolk sac 

to utilization of exogenous carbohydrate-rich feed (Noy et al., 1999). Sturkie (1986) 

suggested that the avian digestive system had been adapted for flight and was a relatively 

light weight. Moran (1982) stated that the poultry digestive system consisted of two main 

parts that were the proventriculus or glandular stomach and the ventriculus (gizzard) or 

muscular stomach. The proventriculus functioned primarily in production and release of the 

gastric secretions (pepsin, hydrochloric acid, and mucus) while the gizzard served as the site 

for grinding. A complex neural network has been found to facilitate recurring cycles of 

forward and reverse peristalsis of ingesta to provide a longer residence period in the 

gastrointestinal tract. The three distinct phases of reverse peristalsis have been found to be 

important to optimal digestive function (Duke, 1994). Chickens utilize reverse peristalsis in 

combination with forward peristalsis to mix gastric acid, bile, and pancreatic enzymes with 

the feed components. Peristalsic rushes have been found to be common in chickens. Rushes 

have been described as a contraction of the intestine occurring as a wave moving throughout 
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the entire length of the intestines in a bi-directional manner, which enhances optimal 

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

Feed Manufacturing and Particle Size. In commercial poultry production, feed 

represents the major component of the total cost of meat and egg production. Broilers have 

always consumed feed rapidly if they were to grow rapidly. However, broilers must also 

efficiently digest the feed if wastes were to be minimized and the full benefit of the 

nutritional value of the feed realized. To efficiently manage the modern broiler it has become 

necessary to understand how to better manage the complex physiological processes involved 

in broiler digestion. Donohue and Cunningham (2009) indicated that the increased demand 

for ethanol production and increased world demand for feed grains have resulted in 

unprecedented feed prices and increased broiler production costs. Broiler diets have generally 

been based mainly on corn and soybean meal so these factors will likely continue to put 

pressure on poultry companies as they seek to maintain profitability. Briggs et al. (1999) 

outlined the benefits of pelleting feed to include enhanced handling characteristics, improved 

animal performance, increased bulk density, improved flowability, and decreased spillage. 

Bennett et al. (2002) reported that feeding mash slowed broiler growth at all ages and clearly 

demonstrated the widely known principle that growth was proportional to feed intake. 

McKinney and Teeter (2004) found that BW gain and FCR were significantly enhanced by 

nonnutritive factors such as pellet quality. As pellet quality increased chickens spent less 

time eating and rested more frequently with associated decreased energy expenditure. 

Brickett et al. (2007) reported that growth rate was significantly influenced by feed form as 

growth rate decreased when diets were fed as mash due to a reduction in feed intake, which  
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was likely a reflection of the reduced ability of birds to consume bulkier and possibly less 

palatable feed. Dozier et al. (2010) stated that pelleting was a costly process but broilers fed 

pelleted diets grew faster and consumed more feed than broilers fed mash diets. Moreover, 

broiler chickens fed high quality pelleted diets exhibited advantages in growth rate and feed 

consumption compared to chickens fed poor quality pelleted diets. The combination of 

increased feed mill associated cost and expensive feed ingredients have created a demand for 

new strategies to control costs while optimizing the efficiency of broiler performance. In 

modern feed mill operations most of the major ingredients have to be ground to particles of 

various sizes depending on the feed type and feed manufacturing process. The purpose of 

grinding feed ingredients has been to improve feed digestion, improve binding ability 

between particles during pelleting, improve the mixing efficiency of ingredients in a feed, 

increase particle homogeneity, and prevent ingredient separation. Many studies have been 

conducted regarding the optimum particle size for efficient poultry feed production and feed 

utilization by the bird. Douglas et al. (1990) suggested that the good performance of broilers 

fed diets with finely ground grains might have been due to defeating the normal tendency of 

birds to selectively eat coarse particles and less easily digested the seed coat of the coarse 

grains were not properly disrupted to ensure water and substrate access for enzymatic 

digestion. However, feeding larger particle sizes and whole grains to poultry has received 

attention in recent years. It has been hypothesized that feeding whole grains or larger particle 

sizes of ingredients improved the health of the chickens as well as strongly influenced 

gizzard size and function (Amerah et al., 2008). A poorly developed gizzard was associated 

with an increased feed passage rate that led to more nutrients being present in the lower  
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gastrointestinal tract where they promoted microbial proliferation. Noy et al. (1999) reported 

that nutrient digestibility was suboptimal in chicks until about 14 d of age and that improving 

the digestibility of nutrients during the first 2 wk of life was critical to improve early BW. To 

maximize the possible effects on intestinal health and gizzard size and function that may 

occur from feeding larger particle sizes, it may be beneficial to expose chicks to diets 

containing large corn particle sizes as early as possible. Jacobs et al. (2010) reported feeding 

larger corn particle sizes resulted in increased relative gizzard weights as corn particle size 

increased in the diets up to the largest corn particle size of 1,387 micron. Amerah et al. 

(2007) observed that the optimum particle size of broiler diets based on maize or sorghum 

should be between 600 and 900 microns and that grain particle size was more critical in mash 

diets than pelleted or crumble diets. Amerah et al. (2008) also found evidence that coarser 

grinding had beneficial effects on feed efficiency. The explanation was that increased gizzard 

activity resulted in a longer residence time, which enhanced digestion. In addition, Parson et 

al. (2006) indicated that broilers fed diets containing coarse corn had significantly increased 

feed intake and improved feed efficiency compared with broilers fed diets containing smaller 

particles. The study indicated that increased corn particle size significantly increased nitrogen 

and lysine retention. 

Alternative Ingredients. Broiler diets have historically contained a large portion of 

corn but corn has become widely used for ethanol production. One major by-product from 

ethanol plants is distiller’s dried grain with solubles (DDGS). This DDGS has recently been 

used in poultry diets as a protein source. Even though the price of DDGS has been increasing 

but it has not been increasing as rapidly as compared to other protein rich sources. This was  
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probably limited demand because of nutritional and feed mill limitations of its use in poultry 

diets (Donohue and Cunningham, 2009). As any new product, it was initially difficult to fully 

understand the potential limitations and challenges of using high inclusion levels of DDGS in 

poultry diets. Furthermore, little data existed to describe limitations with feed mill throughput 

and pellet quality. Loar et al. (2010) reported that feed production rate was decreased by 

inclusion of 30% DDGS in the diet. This effect was attributed to the decrease in the dietary 

level of inorganic phosphate that was known to have a scrubbing effect inside the pellet die. 

High DDGS inclusions also resulted in decreased pellet quality because this ingredient has a 

reduced starch component in comparison to ground corn, which resulted in less starch 

gelatinization and decreased pellet binding. Often, higher amounts of added fat have been 

used with higher DDGS inclusion in order to achieve dietary balance and this could also 

negatively affect pellet quality. Loar et al. (2010) concluded DDGS to be safe at 8% 

inclusion from 0 to 14 d of age and between 7.5 and 15% in grower diets. It may also be 

advantageous for the chicks to have experienced DDGS in the starter diet before being 

exposed to higher levels in the grower diet. Schilling et al. (2010) concluded that feeding 

broilers 0 to 12% DDGS would not affect the quality of broiler breast meat. Corzo et al. 

(2009) also concluded that the quality of broiler breast and thigh meat had minimal effect on 

consumer acceptability from broilers that had been fed up to 8% DDGS. However, Lumpkins 

et al. (2004) suggested that a 15% inclusion of DDGS may be excessive during the starter 

period. It appeared that chicks up to 18 d were not able to tolerate high levels of DDGS but 

no significant differences were observed during the grower and finisher periods, which 

suggested that following the starter period chicks could efficiently use higher levels of  
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DDGS. The maximum level of DDGS in starter diets was found to be 12% and DDGS could 

be used in the grower and finisher diets from between 12 and 15%. It was possible that 

variability in nutrient content could become a major issue due to excessive heating of DDGS 

during processing. Batal and Dale (2006) suggested that the variation in true metabolizable 

energy and amino acid digestibility among DDGS sources should be analyzed prior to 

utilizing samples from a new supplier. 

Environmental Temperature, Dietary Energy Level, and Dietary Fat. Many feeding 

strategies have been implemented in tropical and subtropical countries to increase broiler 

feed intake and the development of the gastrointestinal tract. In most cases, the 

implementation of these strategies considered the use of highly digestible ingredients to be 

important. Gonza´lez-Alvarado et al. (2007) suggested that rice was an alternative 

ingredients for post-hatching chicks because rice was high in starch content and low in 

nonstarch polysaccharide content and other anti-nutritional factors. However, Jimenez-

Morenzo et al. (2009) concluded that young chicks might require a minimal amount of fiber 

in the diet to maximize performance. The first week of life has been found to be a critical 

time for chicks as it represents approximately 17% of the growing period and 8-10% with 

respect to the final BW. In hot regions, high temperature has been a major limiting factor for 

broiler production because broilers have a low heat tolerance due to rapid growth rate and 

feather coat. The body temperature of adult chickens has been reported to be in the range of 

41 to 42°C. The depression of growth rate and decreased feed consumption of broilers grown 

in high environmental temperatures has been reported in many studies. Several authors 

(Cooper and Washburn, 1998; Gonzalez-Esquerra and Leeson, 2005; and Lu et al., 2007) 
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reported that broilers grown in heat stress temperatures exhibited a significant reduction in 

BW gain, poorer FCR, and increased body temperature. This result was confirmed by Lott et 

al. (1992) who indicated that increased ambient temperature significantly suppressed BW 

gain. Quinteiro-Filho et al. (2010) demonstrated that heat stress decreased BW gain, feed 

intake, and worsened feed conversion. Quinteiro-Filho et al. (2010) explained that heat stress 

activated the hypothalamic-pituitary-adrenal axis (HPA) and increase corticosterone 

production and consequently decreased immune organ weight and innate immunity. Immune 

dysfunction   influenced the intestinal immune barrier, which caused pathogenic bacteria to 

migrate easily through the intestinal mucosa. This inflammation might have changed 

intestinal absorption. The extensive changes in blood system,� alteration in oxygen 

consumption and heat dissipation by panting were part of the thermoregulatory responses 

during broilers exposed to constant and diurnal thermal fluctuations (Yahav et al., 1997). 

Increased dietary ME has been widely recommended to alleviate the effects of heat stress. 

Plavnik et al. (1997) illustrated that growth rate and feed efficiency improved linearly with 

dietary energy. This was in agreement with Ghazalah et al. (2008) who reported that broilers 

fed diets containing a high level of metabolizable energy avoided the side effects of heat 

stress. Fat has been a common energy source in broiler production, so that addition of fat has 

become a common practice to increase the energy level of the diet. Tufft and Jensen (1992) 

found that increasing poultry fat in the diet improved BW gain, feed efficiency, and increased 

feed retention time. Krogdahl (1985) mentioned that bile salts played an important role as 

moderators of emulsification and micelle formation in the intestinal tract. The lipid digestion 

and absorption ability of chicks has not fully developed at hatching due to less bile salts  
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secretion but increases gradually with age. Saturated fats decreased feed passage rate due to 

being less polar, which caused more difficulties for micelle formation (Krogdahl, 1985). The 

effect of lipids on gut passage rate increased the digestibility of other nutrients by extending 

the time of exposure to enzymes and absorptive sites. However, it has been understood that 

mechanical shearing in the pellet die caused frictional heating, which was responsible for 

extensive gelatinization. In addition, ingredients strongly influenced pellet quality. Increasing 

the protein content increased pellet durability whereas increasing the oil content decreased 

pellet durability. Briggs et al. (1999) reported detrimental effects of fat on pellet durability as 

the oil content reached 7.5%. He suggested that pellet durability was not affected when the 

oil content was below 5.6% and the protein content was about 20%. Ghazalah et al. (2008) 

found that adding fat up to 5% of the diet helped avoid the negative effects of heat stress. 

Plavnik et al. (1997) explained that energy supplied by fat could decrease growth rate if there 

was a reduction in pellet quality. 
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INTRODUCTION 

 Recent increases in feed costs associated with the production of biofuels have 

dramatically increased broiler live production costs. As feed is a very large percentage of live 

costs, there has been an increased interest in means to improve feed efficiency either through 

improved digestive efficiency or increased feed intake leading to more rapid growth and 

early processing ages. Excellent pellet quality is one means to increase feed intake and major 

feed ingredients in modern operations have been generally finely ground to improve pellet 

quality. However, previous studies found that large particle sizes in broiler feeds decreased 

feed passage rate and improved feed efficiency (Parson et al., 2006; Amerah et al., 2008) 

irrespective of pellet quality. Thus, more attention was needed to find a balance between 

particle size and pellet quality. Further distiller’s dried grain with solubles (DDGS), which 

have been produced by the corn ethanol industry has become widely used in broiler diets due 

to availability and costs but limitations for the use of this product were not fully understood. 

It was thought that an increased particle size of corn that would lead to decreased passage 

rate would improve the digestibility of this high fiber ingredient. This study was conducted to 

determine the effects of coarse corn and DDGS in broiler diets on live performance. 

MATERIALS AND METHODS 

Hatching Eggs and Incubation. A total of 2,880 broiler hatching eggs were collected 

from 30 wk old a flock of Ross 344 x 708 broiler breeders maintained at the research site and 

set in a Natureform NMC-1000 incubator initially operated at 38.0°C. The dry bulb 

temperature was decreased to 37.5°C after three full days at the initial temperature and  
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gradually decreased thereafter as follows; 37.5°C from E3 to E12, 37.4°C from E13 to E15, 

and 37.2°C from E16 to E18 to maintain an internal egg temperature below 37.8°C. The dry 

bulb temperature was independently confirmed with a mercury thermometer. Ventilation of 

the machine with fresh air was at a minimum initially, but was gradually increased after 12 d 

of incubation. The relative humidity was maintained at 53% RH throughout incubation, 

which was independently confirmed with an electronic humidistat. 

Broiler Management. The experiment was conducted in House 1 at the North 

Carolina State University Chicken Educational Unit, 4108 Lake Wheeler Road, Raleigh, NC. 

Broiler chicks were hatched, feather sexed, and kept separate by breeder pen source before 

and after sexing. Thirty broilers per pen, 15 of each sex, were randomly selected with one 

chick of each sex from each breeder pen such that breeder source effects were equalized. 

Chicks were then permanently identified with neck tags, group weighed, and distributed onto 

used wood litter shavings after manual introduction to water and feed. Each pen had a 

dimension of 1.2 m width by 3.6 m length and the stocking density was 7 birds per square 

meter. Each pen contained one bell-type drinker and two manual tube feeders. The brooding 

temperature at reception of 35.0-36.7°C on the litter, which was determined by an infrared 

thermoscan gun, was maintained through the first night before being decreased to no more 

than 33.5°C the following morning. The temperature was maintained from 2 to 7 d at 32 to 

33.5°C, 8 to 14 d at 29 to 30°C, 15 to 21 d at 26 to 27°C, and at ambient temperature without 

supplemental heat thereafter. Water and broiler diets were provided for ad libitum 

consumption. Three supplemental feeder flats were used until 7 d of age, two flats to 10 d, 

and one flat to 14 d of age. There was 0.45 kg of broiler starter crumbles added per bird at 1  
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d of age. Small amounts of feed were moved out of the tube feeders onto the feeder flats 

twice daily for the first week. At 7 d of age, broilers were counted and starter feed per bird 

adjusted. About 0.45 kg of broiler starter diet was added to bring the total to 0.9 kg per bird 

alive. The broiler feeding program was 0.9 kg/bird of starter, 2.7 kg/bird of grower, and 3.6 

kg/bird of finisher diets. Feeders were shaken once per day to 14 d, and twice per day from 

15 to 47 d to maintain the flow of feed from tubes into pans. The lighting program schedule 

was 23 h of light from 1 to 7 d, 21 h of light from 8 to 21 d, and natural light thereafter. 

House environment and birds were closely monitored and 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 University Feed Mill Educational Unit. The diets 

were formulated to a ME content of 2,850, 2,900, and 2,950 kcal/kg for the starter, grower, 

and finisher diets, respectively. The corn, SBM, and DDGS were ground using a hammermill 

(Model: 1522, Roskamp Champion, Waterloo, IA) equipped with two 2.4 mm (6/64 inch) 

screens to produce fine ground ingredients. A two-pair roller mill (Model: RGZP, 2x15 HP, 

RSM, Sea, SD) was used to produce the coarse ground corn. Basal mash diets were used to 

reduce ingredient variation. Initially, two basals containing either the minimum or maximum 

DDGS with only fine corn were produced. Equal portions of these diets were then blended to 

produce the intermediate DDGS basal. To these three basal diets appropriate amounts of 

either fine or coarse corn and poultry fat were added before a final mixing in a single ribbon 

mixer (Model: SRM 304, Scott Equipment Co., New Prague, MN). Complete mash diets 

were then conditioned (Model: C18LL47F6, California Pellet Mill Co,. Crawfordsville, IN)  
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at 82 to 85°C and pelleted with a pellet mill (Model: PM1112-2, California Pellet Mill Co., 

Crawfordsville, IN) equipped with a 4.4 mm X 45 mm die (11/64 inch x 1 ¾ inch). Pelleted 

diets were cooled with ambient air in a counter-flow cooler (Model: VK09X09KL, Geelen 

Counterflow USA Inc., Orlando, Florida). The starter diets were produced as crumbles and 

grower and finisher diets were produced as pellets.  

Data Collection. Initial pen group BW was determined and recorded on the day of 

placement. Thereafter, BW and feed intake were determined on a pen basis at 14, 35, and 47 

d of age. All dead birds were removed, recorded, and weighed twice daily. Adjusted feed 

conversion ratio (AdjFCR) was calculated at 14, 35, and 47 d of age by including BW of all 

dead birds. At 48 d of age, 288 birds (4 of each sex per pen) from 32 pens in two of the 

blocks were killed and individually weighed. The gizzard and proventriculus of each bird 

was excised, fat trimmed, and contents removed. Both gizzard and proventriculus were 

weighed after rinsing and blotting dry, and expressed as both gross weight and relative 

weight per 100 g BW. The particle size of ground ingredients and mash diets were 

determined by dry sieving according to ASAE method S319.3 (ASABE, 2007; Stark and 

Chewning, 2012) with the addition of sieve agitators and 0.5 g of a dispersing agent per 100 

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

Data Analysis. The 72 pens were divided into 4 blocks with 18 pens in each block. 

Each pen was assigned to one of nine dietary treatments with eight replicates per treatment. 

The experimental design was a 3 x 3 factorial randomized complete block design with 4 

blocks with three percentage coarse corn of total dietary corn and three percentage inclusions  
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of DDGS as treatments. The data were analyzed by the GLM procedure of SAS. Differences 

in treatment means were partitioned by LS MEANS. Statements of statistical significance 

were based upon P < 0.05 unless otherwise stated. 
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Table I-1. The composition of broiler starter diets using three levels of DDGS, and three levels of coarse corn (CC). 

           0% DDGS             6% DDGS            12% DDGS 

Ingredients   0%CC  10%CC  20%CC 0%CC  10%CC  20%CC 0%CC  10%CC 20%CC 

Fine corn (7.41% CP)  53.77 48.40    43.02 50.51 45.46    40.41 47.23 42.51    37.78 

Coarse corn (7.41% CP)  0.00 5.37      10.75 0.00 5.05      10.10 0.00 4.72      9.45 

SBM (48% CP)   36.65 36.65    36.65 33.79 33.79    33.79 30.95 30.95    30.95  

DDGS (26.2% CP)   0.00 0.00      0.00 6.00 6.00      6.00 12.00 12.00    12.00 

Poultry fat    3.14   3.23   3.32 

Poultry by-product meal (53% CP)  2.00   2.00   2.00 

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 1    0.20   0.20   0.20 

Vitamin premix 2    0.05   0.05   0.05 

Selenium premix 3    0.10   0.10   0.10 

Coccidiostat 4    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 kg of feed: Mn 108 mg, Zn 108 mg, Fe 72.5 mg, Cu 9 mg, Co 2.2  mg.  

2 The vitamin premix supplied the following per kg of feed: vitamin A, 6000 IU, vitamin D 1200 IU; vitamin E 30 IU, 

  niacin 50 mg, thiamine 1.8 mg, riboflavin 6 mg, pyridoxine 3.6 mg, pantothenic acid 10 mg, folic acid 1 mg, biotin 0.1 

  mg, vitamin B12 0.02 mg.  

3 The selenium premix supplied Se at 0.5 mg per kg of feed. 

4 Coccidiostat supplied monensin sodium at 90 mg per kg of feed. 
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Table I-2. The composition of broiler grower diets using three levels of DDGS, and three levels of coarse corn (CC). 

            0% DDGS           15% DDGS          30% DDGS 

Ingredients   0%CC   25%CC   50%CC     0%CC   25%CC   50%CC     0%CC   25%CC  50%CC 

Fine corn (7.41% CP)  62.52     46.89       31.26        54.33     40.75       27.16        46.14     34.61      23.07 

Coarse corn (7.41% CP)  0.00       15.63       31.26        0.00       13.58       27.16        0.00       11.53      23.07 

SBM (48% CP)   30.43     30.43       30.43        23.35     23.35       23.35        16.28     16.28      16.28  

DDGS (26.2% CP)   0.00       0.00         0.00          15.00     15.00       15.00        30.00     30.00      30.00 

Poultry fat    2.24   2.47   2.71 

Poultry by-product meal (53% CP)  1.00   1.00   1.00 

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 1    0.20   0.20   0.20 

Vitamin premix 2    0.05   0.05   0.05 

Selenium premix 3    0.10   0.10   0.10 

Coccidiostat 4    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 kg of feed: Mn 108 mg, Zn 108 mg, Fe 72.5 mg, Cu 9 mg, Co 2.2 mg.  

2 The vitamin premix supplied the following per kg of feed: vitamin A, 6000 IU, vitamin D 1200 IU; vitamin E 30 IU, 

  niacin 50 mg, thiamine 1.8 mg, riboflavin 6 mg, pyridoxine 3.6 mg, pantothenic acid 10 mg, folic acid 1 mg, biotin 0.1 

  mg, vitamin B12 0.02 mg.  

3 The selenium premix supplied Se at 0.5 mg per kg of feed. 

4 Coccidiostat supplied monensin sodium at 90 mg per kg of feed. 
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Table I-3. The composition of broiler finisher diets using three levels of DDGS, and three levels of coarse corn (CC). 

           0% DDGS           15% DDGS          30% DDGS 

Ingredients   0%CC   25%CC   50%CC     0%CC   25%CC   50%CC     0%CC   25%CC  50%CC 

Fine corn (7.41% CP)  69.70     52.28       34.85        61.50     46.13      30.75         53.30     39.98      26.65 

Coarse corn (7.41% CP)  0.00       17.42       34.85        0.00       15.37      30.75         0.00       13.32      26.65 

SBM (48% CP)   23.20     23.20       23.20        16.12     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         30.00     30.00      30.00 

Poultry fat    2.22   2.46   2.70 

Poultry by-product meal (53% CP)  1.00   1.00   1.00 

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 1    0.20   0.20   0.20 

Vitamin premix 2    0.05   0.05   0.05 

Selenium premix 3    0.10   0.10   0.10 

Coccidiostat 4    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 kg of feed: Mn 108 mg, Zn 108 mg, Fe 72.5 mg, Cu 9 mg, Co 2.2  mg.  

2 The vitamin premix supplied the following per kg of feed: vitamin A, 6000 IU, vitamin D 1200 IU; vitamin E 30 IU, 

  niacin 50 mg, thiamine 1.8 mg, riboflavin 6 mg, pyridoxine 3.6 mg, pantothenic acid 10 mg, folic acid 1 mg, biotin 0.1 

  mg, vitamin B12 0.02 mg.  

3 The selenium premix supplied Se at 0.5 mg per kg of feed. 

4 Coccidiostat supplied monensin sodium at 90 mg per kg of feed. 
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RESULTS 

The mean diameter particle size of ground ingredients is shown in Table I-4 and 

similar data for mash starter, grower, and finisher diets are shown in Table I-5, I-6, and I-7, 

respectively. Mash starter diets had the small particle size and least number in percentage 

coarse corn. As the percentage of coarse corn increased mean particle size in the diets so the 

mean particle size in grower and finisher diets was adjusted by the increased coarse corn. 

The main effects of percentage inclusion of corn distiller's dried grains with solubles 

(DDGS) and percentage coarse corn of total dietary corn on broiler BW and BW gain to 47 d 

of age is detailed in Table I-8. Percentage inclusion of DDGS had no effect on BW or BW 

gain to 14 d of age when the percentage inclusion of DDGS was 0, 6, and 12%. However, 

BW was decreased in a stepwise manner at 35 and 47 d of age as DDGS inclusion levels 

increased from 0 to 30%. The BW gain was similarly affected from 15 to 35 d but only the 

12-30-30% DDGS treatment significantly decreased BW gain from 36 to 47 d. With respect 

to coarse corn, there were no effects on BW or BW gain except for BW gain from 36 to 47 d 

of age where BW gain was increased by the 10-25-25 and 20-50-50% coarse corn treatments 

as compared to the 0-0-0% coarse corn treatment. There were no significant interactions of 

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

The main effects of percentage inclusion of corn distiller's dried grains with solubles 

(DDGS) and percentage coarse corn of total dietary corn on cumulative feed intake (FI) and 

period FI to 47 d of age is shown in Table I-10. The 0, 6, and 12% inclusion of DDGS to 14 

d and 0, 15, and 30% to 35 d produced no significant differences with respect to cumulative  
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FI. However, at 47 d chickens fed the 6-15-15% DDGS treatment exhibited greater feed 

consumption than the other two DDGS treatments. Period FI from 15-35 d was increased by 

the 6-15-15 and 12-30-30% DDGS treatments while the 12-30-30% DDGS treatment 

decreased FI from 36 to 47 d of age. Chickens fed coarse corn exhibited no significant effects 

on FI and period FI to 35 d when 0, 10, 20 and 0, 25, 50 percentage coarse corn treatments in 

starter and grower diets, respectively, were compared. However, cumulative FI and period FI 

from 36 to 47 d were significantly decreased at 47 d of age by the highest percentage coarse 

corn treatment series. There were no significant interactions due to the percentage coarse 

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

The main effects of percentage inclusion of corn distiller's dried grains with solubles 

(DDGS) and percentage coarse corn of total dietary corn on cumulative adjusted feed 

conversion ratio (AdjFCR) and period AdjFCR of broiler chickens to 47 d of age is shown in 

Table I-12. The AdjFCR was not affected by percentage DDGS at 14 d of age. However, 

cumulative AdjFCR was poorer when consumed the 0-0-0%, 6-15-15, and 12-30-30% 

DDGS treatments at 35 and 47 d of age in a stepwise manner. The period AdjFCR was 

similarly affected from 15 to 35 d but only the 12-30-30% DDGS treatment significantly 

increased AdjFCR from 36 to 47 d. The AdjFCR was not affected prior to 14 d by coarse 

corn but AdjFCR was improved by coarse corn addition at 35 and 47 d of age. At 35 d, the 

10-25-25% CC treatment exhibited improved AdjFCR when compared to the 20-50-50% CC 

treatment but this difference was no longer apparent at 49 d of age. The period AdjFCR was 

significantly improved by the 10-25-25 and 20-50-50% CC treatments as compared to the 0-

0-0% CC treatment from 36 to 47 d. There were no significant interactions due to percentage  
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coarse corn of total dietary corn and percentage inclusion of DDGS as shown in Table I-13. 

The main effects of percentage inclusion of corn distiller's dried grains with solubles 

(DDGS) and percentage coarse corn of total dietary corn on cumulative mortality and period 

mortality of broiler chickens to 47 d of age is shown in Table I-14. Percentage DDGS had no 

effect on cumulative mortality prior to 35 d of age. However, cumulative mortality at 47 d of 

age was increased by the 0-0-0% DDGS treatment when compared to the 6-15-15 treatment 

with the 12-30-30% treatment intermediate. There was no significant effect on period 

mortality.  With respect to coarse corn, there were no effects on cumulative or period 

mortality. There were no significant interactions of percentage coarse corn and DDGS as 

shown in Table I-15.  

The main effects of percentage inclusion of corn distiller's dried grains with solubles 

(DDGS) and percentage coarse corn of total dietary corn on gross and relative weights of the 

proventriculus and gizzard of broiler chickens at 48 d of age is shown in Table I-16. 

Percentage DDGS had no effect on gross and relative proventriculus weights. Gross gizzard 

weight was not different when percentage DDGS was compared but the 12-30-30% DDGS 

treatment significantly increased relative gizzard weight at 48 d of age. Percentage coarse 

corn had no effect on gross and relative proventriculus weights at any age. However, gross 

and relative gizzard weights were significantly increased in a stepwise manner when 

percentage coarse corn was compared. There were no significant interactions of coarse corn 

and DDGS as shown in Table I-17. 
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DISCUSSION 

The mean particle size of mash diets was increased by increasing percentage CC of 

total dietary corn (Table I-5, I-6, I-7). The results suggested that early FI were not negatively 

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

The effects of DDGS could be observed across all variables measured. In the present 

study, BW and BW gain were not affected by inclusion of DDGS to 14 d of age but 

decreased in a stepwise manner thereafter with the exception that BW gain from 36 to 47 d in 

the 12-30-30% DDGS treatment (Table I-8). The FI to 35 d was not affected but at 47 d 

chickens fed the 6-15-15% DDGS treatment exhibited higher FI than the other two DDGS 

treatments. Period FI from 15-35 d was increased by both 6-15-15 and 12-30-30% DDGS 

treatments but only the 12-30-30% DDGS treatment decreased FI from 36 to 47 d of age 

(Table I-10). The AdjFCR was not affected by percentage DDGS at 14 d of age but AdjFCR 

was increased in a stepwise manner thereafter. The period AdjFCR was similarly stepwise 

affected from 15 to 35 d but only the 12-30-30% DDGS treatment significantly increased 36 

to 47 d AdjFCR (Table I-12). Mortality at 47 d of age was increased by the 0-0-0% DDGS 

treatment (Table I-14). Only, the 12-30-30% DDGS treatment significantly increased relative 

gizzard weight at 48 d of age while proventriculus weight was unaffected (Table I-16). 

DDGS had no effect on BW at 14 d of age. This may be because the digestive tract of the 

chick had not been fully developed so any DDGS inclusion was without effect during this 

period. Loar et al. (2010) concluded that an 8% inclusion might be safe for chicks but 

Lumpkins et al. (2004) noted that chicks were not able to tolerate a 15% inclusion of DDGS  
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during the starter period. After 14 d of age the present results suggested that 15 to 30% 

inclusion of DDGS may be excessive during the grower period. Loar et al. (2010) suggested 

that broilers that have experienced low levels of DDGS as young chicks may have an 

advantage when exposed to higher levels at older ages but it should not be increased to an 

excessive level. The present data also suggested that chicks consumed extra feed during the 

grower period in order to meet their needs and to compensate for lost BW. This indicated that 

the chick digestive tract required 2 to 4 wk to adapt their digestive mechanisms. If they could 

adapt to the inclusion of ingredient then they kept consuming. However, if they could not 

either adapt or tolerate the ingredient, then they reduced feed consumption as exhibited in the 

36-47 d period (Table I-10). Poorer AdjFCR suggested that chicks could not fully digest or 

utilize DDGS. The increased relative gizzard weight also demonstrated that the gizzard was 

stimulated by the addition of high DDGS, which has a high fiber content. This was another 

physiological adaptation mechanism and supports feed intake observations. 

Coarse corn (CC) had effects across all variables measured. CC had no effects on BW 

or BW gain except for BW gain from 36 to 47 d of age where BW gain was increased by the 

10-25-25 and 20-50-50% CC treatments (Table I-8). Chickens fed CC exhibited no 

significant effects on FI and period FI to 35 d. However, cumulative FI and period FI from 

36 to 47 d were significantly decreased at 47 d of age by the highest percentage CC treatment 

series (Table I-10). The AdjFCR and period AdjFCR were not affected prior to 14 d by CC 

but AdjFCR was improved by CC at 35 and 47 d of age. The period AdjFCR was 

significantly improved by the 10-25-25 and 20-50-50% CC treatments as compared to the 0-

0-0% CC treatment from 36 to 47 d (Table I-12). Gross and relative gizzard weights were  
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significantly increased in a stepwise manner when percentage CC was compared (Table I-  

16). These results confirmed that an appropriate percentage CC of total dietary corn could be 

used to improve FCR, and gizzard activity without negative effect on final BW. In contrast, 

Douglas et al. (1990) reported that properly disrupted fine particle sizes insured water and 

substrate availability for enzymatic digestion and resulted in improved performance. 

However, the present results were in agreement with Parsons et al. (2006) and Amerah et al. 

(2008) who found that coarse particles significantly improved feed efficiency because of a 

longer residence time in the gastrointestinal tract. The results demonstrated that CC 

significantly increased gross and relative gizzard weights, which confirmed data of Noy et al. 

(1999) and Jacob et al. (2010). It could be concluded that CC stimulated gizzard function and 

probably resulted in a longer ingesta residence time in the gizzard and upper gastrointestinal 

tract that improved digestion and absorption. 

Although there was a complete absence of interactions between CC and DDGS, other 

interactions with litter quality were observed. In general, caking of litter increased with level 

of DDGS but was diminished by increasing percentage CC (Figure I-1, I-2, I-3, I-4, and I-5). 

Water consumption was not measured in the study but it was probably the DDGS containing 

high fiber and its ability sucking water from intestinal and was diminished by increasing 

percentage CC due to the ability of water reabsorption from extending ingesta time in lower 

gastrointestinal reflux. 
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Figure I-1. Litter condition at 42 d of age with 0-0-0% DDGS treatment. 
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Figure I-2. Litter condition at 42 d of age with 6-15-15% DDGS treatment. 
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Figure I-3. Litter condition at 42 d of age with 12-30-30% DDGS treatment. 
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Figure I-4. Litter condition at 42 d of age with 6-15-15% DDGS treatment  

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

and 20-50-50% CC treatment.
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Table I-4. Mean diameter particle size of ground ingredients. 
 

Ingredients       Dgw1 (µ)     Sgw2 

Coarse corn       1452      3.22 

Fine corn         289      3.02 

Soybean meal         386      2.47 

DDGS          462      1.87 

 
1 Geometric mean diameter was determined by dry sieving according to ASAE method S319.3 with the addition of sieve agitators 
  and 0.5 g of a dispersing agent per 100 g of sample (ASABE, 2007; Stark and Chewning, 2012). 
2 Geometric standard deviation of mean particle size. 
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Table I-5. Mean diameter particle size of mash starter diets. 
  

DDGS1 (%)  Coarse Corn2 (%)   Dgw 3 (µ)     Sgw 4 

       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 

  
1 Percentage inclusion of DDGS in starter diets.     
2 Percentage coarse corn of total dietary corn in starter diets. 
3 Geometric mean diameter was determined by dry sieving according to ASAE method S319.3 with the addition of sieve agitators 
  and 0.5 g of a dispersing agent per 100 g of sample (ASABE, 2007; Stark and Chewning, 2012).     
4 Geometric standard deviation of mean particle size. 
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Table I-6. Mean diameter particle size of mash grower diets. 
  

DDGS1 (%)  Coarse Corn2 (%)   Dgw 3 (µ)     Sgw 4 

       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 

  
1 Percentage inclusion of DDGS in grower diets.     
2 Percentage coarse corn of total dietary corn in grower diets. 
3 Geometric mean diameter was determined by dry sieving according to ASAE method S319.3 with the addition of sieve agitators 
  and 0.5 g of a dispersing agent per 100 g of sample (ASABE, 2007; Stark and Chewning, 2012).     
4 Geometric standard deviation of mean particle size. 
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Table I-7. Mean diameter particle size of mash finisher diets. 
  

DDGS1 (%)  Coarse Corn2 (%)   Dgw 3 (µ)     Sgw 4 

       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 

  
1 Percentage inclusion of DDGS in finisher diets.     
2 Percentage coarse corn of total dietary corn in finisher diets. 
3 Geometric mean diameter was determined by dry sieving according to ASAE method S319.3 with the addition of sieve agitators 
  and 0.5 g of a dispersing agent per 100 g of sample (ASABE, 2007; Stark and Chewning, 2012).     
4 Geometric standard deviation of mean particle size. 
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Table I-8. Cumulative BW and period BW gain of broiler chickens as affected by main effects of percentage inclusion of corn 
distiller's dried grains with solubles (DDGS), and percentage coarse corn of total dietary corn. 
 

         BW     Period BW Gain  

DDGS1 Coarse Corn2  n3  1 d 14 d 35 d 47 d   1-14 d 15-35 d   36-47 d  

  (%)          (g) 

0-0-0     24  38.7 454 2258A 3415A   415 1804A    1156A  

6-15-15    24  38.5 450 2226B 3367B   411 1775B    1141A 

12-30-30    24  38.7 450 2163C 3229C   411 1712C    1066B 

      P=       0.351 0.502 0.001 0.001   0.514 0.001    0.001 

 

0-0-0   24  38.7 454 2223 3325   415 1768    1101b 

10-25-25  24  38.6 452 2220 3354   413 1767    1133a 

20-50-50  24  38.5 448 2204 3333   409 1756    1128a 

      P=     0.444 0.263 0.283 0.324   0.277 0.420    0.026 
 

SEM4      0.1 2.7 9.0 13.8   2.7 7.6    8.7  
a, b Means in a column within each age that possess different superscripts differ significantly (P �  0.05). 
A, B, C Means in a column within each age that possess different superscripts differ significantly (P �  0.01). 
1 Percentage inclusion of DDGS in starter, grower, and finisher diets, respectively.     
2 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
3 Number of replicate pens of 30 birds each. 
4 SEM for n = 24 pens. 
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Table I-9. Cumulative BW and period BW gain of broiler chickens as affected by interaction of percentage inclusion of corn 
distiller's dried grains with solubles (DDGS), and percentage coarse corn of total dietary corn. 
 

         BW4     Period BW Gain4 

DDGS1 Coarse Corn2  n3  1 d 14 d 35 d 47 d   1-14 d 15-35 d    36-47 d 

  (%)          (g) 

0-0-0  0-0-0   8  38.6 454 2264 3404   416 1809     1139 

0-0-0  10-25-25  8  38.8 455 2255 3415   416 1799     1160 

0-0-0  20-50-50  8  38.6 452 2255 3425   414 1803     1169 

6 -15-15 0-0-0   8  38.6 455 2237 3378   416 1782     1141 

6 -15-15 10-25-25  8  38.4 447 2224 3360   409 1777     1135  

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     0.070 

 

SEM5      0.2 4.7 15.5 23.9   4.6 13.2     15.0  
1 Percentage inclusion of DDGS in starter, grower, and finisher diets, respectively.     
2 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
3 Number of replicate pens of 30 birds each. 
4 No significant interactions. 
5 SEM for n = 8 pens. 
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Table I-10. Cumulative feed intake (FI) and period FI of broiler chickens as affected by main effects of percentage inclusion of 
corn distiller's dried grains with solubles (DDGS), and percentage coarse corn of total dietary corn. 
 

        FI      Period FI  

DDGS1 Coarse Corn2  n3 14 d  35 d  47 d  1-14 d  15-35 d 36-47 d 

  (%)          (g) 

0-0-0     24 541  3471  6068b  541  2930b  2596A  

6 -15-15    24 546  3521  6146a  546  2974a  2625A 

12-30-30    24 540  3514  6061b  540  2973a  2547B 

      P=      0.447  0.071  0.044  0.447  0.049  0.002 

 

0-0-0   24 547  3529  6154A  547  2981  2625A 

10-25-25  24 543  3494  6087AB  543  2951  2593A 

20-50-50  24 538  3483  6034B  538  2945  2550B 

      P=    0.241  0.121  0.008  0.241  0.158  0.003 

 

SEM4     3.7  15.9  25.9  3.7  14.2  14.8 
a, b Means in a column within each age that possess different superscripts differ significantly (P �  0.05). 
A, B Means in a column within each age that possess different superscripts differ significantly (P �  0.01). 
1 Percentage inclusion of DDGS in starter, grower, and finisher diets, respectively.     
2 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
3 Number of replicate pens of 30 birds each. 
4 SEM for n = 24 pens. 
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Table I-11. Cumulative feed intake (FI) and period FI of broiler chickens as affected by interaction of percentage inclusion of corn 
distiller's dried grains with solubles (DDGS), and percentage coarse corn of total dietary corn. 
 

        FI4      Period FI4 

DDGS1 Coarse Corn2  n3 14 d  35 d  47 d  1-14 d  15-35 d 36-47 d 

  (%)          (g) 

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  2609  

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 

 

SEM5     6.4  27.6  44.9  6.4  14.2  14.8  
1 Percentage inclusion of DDGS in starter, grower, and finisher diets, respectively.     
2 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
3 Number of replicate pens of 30 birds each. 
4 No significant interactions. 
5 SEM for n = 8 pens. 
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Table I-12. Cumulative adjusted feed conversion ratio (AdjFCR) and period AdjFCR of broiler chickens as affected by main 
effects of percentage inclusion of corn distiller's dried grains with solubles (DDGS), and percentage coarse corn of total dietary 
corn. 
 

        AdjFCR4     Period AdjFCR4  

DDGS1 Coarse Corn2  n3 14 d  35 d  47 d  1-14 d  15-35 d 36-47 d 

  (%)          (g:g) 

0-0-0     24 1.31  1.58C  1.81C  1.31  1.63C  2.30B   

6 -15-15    24 1.33  1.62B  1.85B  1.33  1.68B  2.32B 

12-30-30    24 1.31  1.66A  1.90A  1.31  1.74A  2.41A 

      P=      0.122  0.001  0.001  0.130  0.001  0.001 

 

0-0-0   24 1.32  1.63a  1.88A  1.32  1.69  2.42A 

10-25-25  24 1.31  1.61c  1.84B  1.31  1.67  2.32B 

20-50-50  24 1.32  1.62b  1.84B  1.32  1.68  2.28B 

      P=    0.924  0.045  0.001  0.899  0.059  0.001 
 

SEM5     0.007  0.004  0.005  0.007  0.006  0.017 
a, b, c Means in a column within each age that possess different superscripts differ significantly (P �  0.05). 
A, B, C Means in a column within each age that possess different superscripts differ significantly (P �  0.01). 
1 Percentage inclusion of DDGS in starter, grower, and finisher diets, respectively.     
2 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
3 Number of replicate pens of 30 birds each. 
4 AdjFCR = Feed intake per pen/total body BW gain including BW of mortality that occurred during the time period. 
5 SEM for n = 24 pens. 
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Table I-13. Cumulative adjusted feed conversion ratio (AdjFCR) and period AdjFCR of broiler chickens as affected by interaction 
of percentage inclusion of corn distiller's dried grains with solubles (DDGS), and percentage coarse corn of total dietary corn. 
 

        AdjFCR4, 5     Period AdjFCR4, 5 

DDGS1 Coarse Corn2  n3 14 d  35 d  47 d  1-14 d  15-35 d 36-47 d 

  (%)          (g:g) 

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  2.28 

0-0-0  20-50-50  8 1.30  1.57  1.80  1.30  1.63  2.26 

6 -15-15 0-0-0   8 1.34  1.63  1.87  1.34  1.68  2.39 

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 

 

SEM6     0.012  0.007  0.008  0.013  0.010  0.029 
1 Percentage inclusion of DDGS in starter, grower, and finisher diets, respectively.     
2 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
3 Number of replicate pens of 30 birds each. 
4 AdjFCR = Feed intake per pen/total body BW gain including BW of mortality that occurred during the time period. 
5 No significant interactions. 
6 SEM for n = 8 pens. 
 
 



�
�
�

Table I-14. Cumulative mortality and period mortality of broiler chickens as affected by main effects of percentage inclusion of 
corn distiller's dried grains with solubles (DDGS), and percentage coarse corn of total dietary corn. 
 

        Mortality     Period Mortality  

DDGS1 Coarse Corn2  n3 14 d  35 d  47 d  1-14 d  15-35 d 36-47 d 

  (%)          (%) 

0-0-0     24 1.39  3.19  4.86a  1.39  1.81  1.67  

6 -15-15    24 0.56  1.81  2.50b  0.56  1.25  0.69 

12-30-30    24 1.53  3.19  3.61ab  1.53  1.67  0.42 

      P=      0.166  0.132  0.025  0.166  0.630  0.052 

 

0-0-0   24 1.11  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 1.53  2.36  3.19  1.53  0.83  0.83 

      P=    0.445  0.410  0.604  0.445  0.075  0.549 
 

SEM4     0.38  0.55  0.59  0.38  0.42  0.37 
a, b Means in a column within each age that possess different superscripts differ significantly (P �  0.05). 
1 Percentage inclusion of DDGS in starter, grower, and finisher diets, respectively.     
2 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
3 Number of replicate pens of 30 birds each. 
4 SEM for n = 24 pens. 
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Table I-15. Cumulative mortality and period mortality of broiler chickens as affected by interaction of percentage inclusion of 
corn distiller's dried grains with solubles (DDGS), and percentage coarse corn of total dietary corn. 
 

        Mortality4     Period Mortality4 

DDGS1 Coarse Corn2  n3 14 d  35 d  47 d  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  2.08 

0-0-0  20-50-50  8 2.08  2.92  5.00  2.08  0.83  2.08 

6 -15-15 0-0-0   8 0.42  2.92  3.33  0.42  2.50  0.42 

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 

 

SEM5     0.67  0.96  1.03  0.67  0.73  0.64 
1 Percentage inclusion of DDGS in starter, grower, and finisher diets, respectively.     
2 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
3 Number of replicate pens of 30 birds each. 
4 No significant interactions. 
5 SEM for n = 8 pens. 
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Table I-16. Gross and relative weights of the proventriculus and gizzard of broiler chickens at 48 d of age as affected by main 
effects of percentage inclusion of corn distiller's dried grains with solubles (DDGS), and percentage coarse corn of total dietary 
corn. 
 

        Proventriculus     Gizzard  

DDGS1 Coarse Corn2  n3 Gross Weight  Relative Weight Gross Weight  Relative Weight 

  (%)     (g)  (g/100 g BW)   (g)  (g/100 g BW) 

0-0-0     12  9.39   0.26   35.67   0.98b 

6 -15-15    12  9.40   0.26   35.63   0.98b 

12-30-30    12  9.49   0.27   37.29   1.04a 

      P=       0.960   0.699   0.159   0.039 

 

0-0-0   12  9.77   0.27   30.91C   0.86C 

10-25-25  12  9.11   0.25   37.07B   1.02B 

20-50-50  12  9.40   0.26   40.61A   1.12A 

      P=     0.278   0.176   0.001   0.001 

 

SEM4      0.082   0.002   0.195   0.006 
a, b Means in a column within each age that possess different superscripts differ significantly (P �  0.05). 
A, B, C Means in a column within each age that possess different superscripts differ significantly (P �  0.01). 
1 Percentage inclusion of DDGS in starter, grower, and finisher diets, respectively.     
2 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
3 Means of 8 birds, 4 of each sex, for the number of pens shown. 
4 SEM for n = 12 pens. 
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Table I-17. Gross and relative weights of the proventriculus and gizzard of broiler chickens at 48 d of age as affected by 
interaction of percentage inclusion of corn distiller's dried grains with solubles (DDGS), and percentage coarse corn of total 
dietary corn. 
 

        Proventriculus4    Gizzard4 

DDGS1 Coarse Corn2  n3 Gross Weight  Relative Weight Gross Weight  Relative Weight 

  (%)     (g)  (g/100 g BW)   (g)  (g/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 

 

SEM5      0.246   0.006   0.585   0.017 
1 Percentage inclusion of DDGS in starter, grower, and finisher diets, respectively.     
2 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
3 Means of 8 birds, 4 of each sex, for the number of pens shown. 
4 No significant interactions. 
5 SEM for n = 4 pens. 
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INTRODUCTION 

 Improved feed efficiency has become the most effective manner in which to reduce 

broiler live production costs. Although broilers have generally been fed on an ad libitum 

basis to maximize feed intake and growth rate it has been recognized that restricted feeding 

programs can reduced certain problems associated with rapid growth, such as the ascites 

syndrome (Acar et al., 1995), with improved feed efficiency recognized as an additional 

benefit. One means of restricted feeding has been simply using a mash form of feed rather 

than pelleted feed to slow feed intake but this would generally worsen feed efficiency to a 

greater extent than desired. Furthermore, previous studies have found that large particle size 

ingredients in broiler feeds, which can negatively impact pellet quality and feed consumption 

rate, decreased feed passage rate and improved feed efficiency (Parson et al., 2006; Amerah 

et al., 2008). In tropical or subtropical regions, high ambient temperature has been a limiting 

factor for the broiler industry due to the reduced BW and increased mortality. Fat addition 

has been generally recommended to increase dietary energy level to avoid the effects of heat 

stress (Ghazalah et al., 2008) but pellet quality has been reduced by the addition of fat 

(Plavnik et al., 1997) unless the site of application was post-pelleting. Thus, more attention 

was needed to understand the balance between feed particle size, pellet quality, and limit-

feeding during increased ambient temperatures typical of summer. The present experiment 

was conducted to explore interactions among percentage coarse corn of total dietary corn, 

feeding strategy, dietary ME, and primary site of liquid fat application on broiler live 

performance during high ambient temperatures. The effects of these factors were determined 

in terms of broiler live performance, proventriculus and gizzard weights, and rectal 

temperature. 
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MATERIALS AND METHODS 

Hatching Eggs and Incubation. A total of 3,780 broiler hatching eggs were collected 

from a flock of Ross 344 x 708 broiler breeders maintained at the research site at 26 wk of 

age. Eggs were moved into the setters at 7:00 PM for preheating at 26.7°C for 12 h. The 

temperature was then increased to 38.0°C. The dry bulb temperature was decreased to 37.5°C 

after five full days at the initial incubation temperature and gradually decreased thereafter as 

follows; 37.5°C from E3 to E12, 37.2°C from E13 to E14, and 36.9°C from E15 to E18 in 

order to maintain an internal egg temperature below 37.8°C. A mercury thermometer was 

used to insure proper calibration of the dry bulb temperature. Ventilation of the machine with 

fresh air was at a minimum initially, but was gradually increased after 12 d of incubation. 

The relative humidity was maintained at 53% RH throughout incubation and confirmed 

independently by an electronic humidistat. Incubators used were two Natureform NMC-1000 

and a single NMC-2000 that were operated in a similar manner. 

Broiler Management. The experiment was conducted in House 7 at the North 

Carolina State University Chicken Educational Unit, 4108 Lake Wheeler Road, Raleigh, NC. 

Broiler chicks were hatched, feather sexed, and kept separate by incubator tray and incubator 

source before and after sexing. Fifteen male broilers per pen were randomly selected with 

each chick coming from a different incubator tray such that breeder source and incubator 

effects were equalized. The chicks were then permanently identified with neck tags, group 

weighed, and distributed in to used wood litter shavings after manual introduction to water 

and feed. Each pen had dimensions of 1.2 m width by 1.8 m length and the stocking density 

was 7 birds per square meter. Each pen contained one bell-type drinker and one manual tube  
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feeder. The brooding temperature at reception of 35.0 to 36.7°C on the litter, which was 

determined by infrared thermoscan gun, was maintained through the first night before being 

decreased to no more than 33.5°C the next morning. The temperature was maintained from 2 

to 7 d at 32 to 33.5°C, 8 to 14 d at 29 to 30°C, 15 to 21 d at 26 to 27°C, and at ambient 

temperature without supplemental heat thereafter. Water and broiler diets were provided for 

ad libitum consumption. Three supplemental feeder flats were used until 7 d of age, two flats 

to 10 d, and one flat to 14 d of age. There was 0.9 kg of broiler starter crumbles added per 

bird at one day of age. Small amounts of feed were moved out of the tube feeders onto the 

feeder flats twice daily for the first week. At 7 d of age, broilers were counted and starter 

feed per bird adjusted. About 0.23 kg of broiler starter diet was added to bring the total to 

1.13 kg per bird alive. At 15 d of age, all feeders on the west end of the house were raised 

and a time-limited feeding program was initiated as follows; feeders raised 7:30 AM to 1:30 

PM from 15 to 21 d of age, raised 7:30 AM to 5:00 PM from 22 to 29 d of age, and raised 

7:30 AM to 9:00 PM from 30 to 48 d of age whereas feeders on the east end of house 

provided feed for ad libitum consumption. The broiler feeding program was 1.13 kg/bird of 

starter, 2.7 kg/bird of grower, and 3.6 kg/bird of finisher. Feeders were shaken once per day 

to 14 d, and twice per day from 15 to 48 d to maintain the flow of feed from tube into pan. 

The lighting program schedule was 23 h of light from 1 to 7 d, 21 h of light from 8 to 21 d, 

and 16 h of light thereafter. House environment and birds were closely monitored and 

mortality was weighed and recorded twice daily throughout the experiment. 

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

manufactured at the North Carolina State University Feed Mill Educational Unit. In general,  
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the starter diets were formulated to a ME content of 2,850 kcal/kg. Low dietary ME and high 

dietary ME grower diets were formulated to a ME content of 2,950 and 3,050 kcal/kg, 

respectively. Low dietary ME and high dietary ME finisher diets were formulated to a ME 

content of 3,050 and 3,150 kcal/kg, respectively. The corn was ground using a hammermill 

(Model: 1522, Roskamp Champion, Waterloo, IA) equipped with two 2.4 mm (6/64 inch) 

screens to produce fine ingredients. A two-pair roller mill (Model: RGZP, 2x15 HP, RSM, 

Sea, SD) was used to produce the coarse ground corn. A starter basal diet was made that 

excluded the maximum percentage coarse corn of total dietary corn in final diets. Grower and 

finisher basal diets were made with low and high dietary ME that excluded the maximum 

percentage coarse corn of total dietary corn and fat in final diets. Basals were made in a 

double ribbon mixer (Model: TRDB126-0604, Hayes & Stolz, Fort Worth, TX). Final 

complete mash diets were then made by adding coarse corn, fine corn, and fat as appropriate 

for the formulation in a single ribbon mixer (Model: SRM 304, Scott Equipment Co., New 

Prague, MN). Complete mash diets were then conditioned (Model: C18LL47F6, California 

Pellet Mill Co., Crawfordsville, IN) at 82 to 85°C and pelleted with a pellet mill (Model: 

PM1112-2, California Pellet Mill Co., Crawfordsville, IN) equipped with a 4.4 mm X 45 mm 

die (11/64 inch x 1 ¾ inch). Pelleted diets were then cooled with ambient air in a counter-

flow cooler (Model: VK09X09KL, Geelen Counterflow USA Inc., Orlando, Florida). The 

starter diets were produced as crumbles while grower and finisher diets were produced as 

pellets. 

Data Collection. Initial pen group BW was determined and recorded on the day of 

placement. Thereafter, BW and feed intake were determined on a pen basis at 14, 28, 35, and  
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48 d of age. All dead birds were removed, recorded, and weighed twice daily. Adjusted feed 

conversion ratio (AdjFCR) was calculated at 14, 28, 35, and 48 d of age by including BW of 

all dead birds. At 49 d of age, the rectal temperature of 288 birds (3 from each pen) from 96 

pens was measured by digital thermometer (Model: KD-120, Bestmed, Golden, CO80401). 

At 50 d of age, 192 birds (4 from each pen) from 48 pens on the west end of the house were 

killed by cervical dislocation and individually weighed. The gizzard and proventriculus of 

each bird was then excised, fat trimmed, and contents removed. Both gizzard and 

proventriculus were weighed after rinsing and blotting dry and expressed as both gross 

weight and relative weight per 100 g BW. The particle size of ground ingredients and mash 

diets were determined by dry sieving according to ASAE method S319.3 (ASABE, 2007; 

Stark and Chewning, 2012) with the addition of sieve agitators and 0.5 g of a dispersing 

agent per 100 g of sample (Silicon Dioxide, model SSA-58, Gilson, Lewis Center, OH). 

Pellet Durability Index (ASAE, 1991) was determined on samples collected at the pellet mill 

die. 

Data Analysis. The 96 pens were divided into 2 blocks with 48 pens in each block. 

The east end of the house was assigned to an ad libitum feeding program and the west end of 

the house was assigned to a time-limited feeding program. Each pen was assigned to one of 

eight dietary treatments. The experimental design was a 2 x 2 x 2 x 2 factorial design with 

two blocks and two feeding programs, two percentage coarse corn of total dietary corn, two 

dietary ME, and two main site of liquid fat application treatments. The data were analyzed by 

the GLM procedure of SAS. Differences in treatment means were partitioned by LS 

MEANS. Statements of statistical significance were based upon P < 0.05 unless otherwise 

stated. 
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Table II-1. The composition of broiler starter diets using different 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 1        0.20 

Vitamin premix 2        0.05 

Selenium premix 3        0.10 

Coccidiostat 4        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 kg of feed: Mn 108 mg, Zn 108 mg, Fe 72.5 mg, Cu 9 mg, Co 2.2  mg. 

2 The vitamin premix supplied the following per kg of feed: vitamin A, 6000 IU, vitamin D 1200 IU; vitamin E 30 IU, 

  niacin 50 mg, thiamine 1.8 mg, riboflavin 6 mg, pyridoxine 3.6 mg, pantothenic acid 10 mg, folic acid 1 mg, biotin 0.1 mg, 

  vitamin B12 0.02 mg. 

3 The selenium premix supplied Se at 0.5 mg per kg of feed. 

4 Coccidiostat supplied Salinomycin at 60 mg per kg of feed. 
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Table II-2. The composition of broiler grower diets using different percentage coarse corn (CC), different sites of fat 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 35%CC 0%CC   35%CC 

(%) 

Fine corn (7.41% CP)   62.74 40.78 62.74 40.78  60.37 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 3.00 0.75 0.75 

Poultry fat (Post pellet)  0.00 0.00 0.25 0.25  0.00 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 1         0.20          0.20 

Vitamin premix 2         0.05          0.05 

Selenium premix 3              0.10          0.10 

Coccidiostat 4         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 kg of feed: Mn 108 mg, Zn 108 mg, Fe 72.5 mg, Cu 9 mg, Co 2.2 mg. 

2 The vitamin premix supplied the following per kg of feed: vitamin A, 6000 IU, vitamin D 1200 IU; vitamin E 30 IU, 

  niacin 50 mg, thiamine 1.8 mg, riboflavin 6 mg, pyridoxine 3.6 mg, pantothenic acid 10 mg, folic acid 1 mg, biotin 0.1 mg, 

  vitamin B12 0.02 mg. 

3 The selenium premix supplied Se at 0.5 mg per kg of feed. 

4 Coccidiostat supplied salinomycin at 60 mg per kg of feed. 
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Table II-3. The composition of broiler finisher diets using different percentage coarse corn (CC), different sites of fat 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 0%CC       50%CC 

(%) 

Fine corn (7.41% CP)   64.29 32.15 64.29 32.15  62.02 31.01 62.02 31.01 

Coarse corn (7.41% CP)   0.00 32.14 0.00 32.14  0.00 31.01 0.00 31.01 

Poultry fat (Mixer)   2.00 2.00 0.75 0.75  4.00 4.00 0.75 0.75 

Poultry fat (Post pellet)   0.00 0.00 1.25 1.25  0.00 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          0.20 

Mineral premix 1         0.20          0.20 

Vitamin premix 2         0.05          0.05 

Selenium premix 3         0.10          0.10 

Coccidiostat 4         0.05          0.05 

Vermiculite               4.00          4.00 

Calculated nutrients 

ME, kcal/kg               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 kg of feed: Mn 108 mg, Zn 108 mg, Fe 72.5 mg, Cu 9 mg, Co 2.2 mg. 

2 The vitamin premix supplied the following per kg of feed: vitamin A, 6000 IU, vitamin D 1200 IU; vitamin E 30 IU, 

  niacin 50 mg, thiamine 1.8 mg, riboflavin 6 mg, pyridoxine 3.6 mg, pantothenic acid 10 mg, folic acid 1 mg, biotin 0.1 mg, 

  vitamin B12 0.02 mg. 

3 The selenium premix supplied Se at 0.5 mg per kg of feed. 

4 Coccidiostat supplied salinomycin at 60 mg per kg of feed. 
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RESULTS 

The mean diameter particle size of ground ingredients is shown in Table II-4 and 

mash starter, grower, and finisher diets are shown in Table II-5, II-6, and II-7, respectively. 

Mash starter diets exhibited a narrow difference in mean particle size compared with 0 and 

20% CC treatments but the variation increased in mash grower and finisher diets. 

The pellet durability index (PDI) of pelleted grower and finisher diets are shown in 

Table II-8, and II-9, respectively. Determined modified PDI with hex nuts was poorer in 

mixer fat application with high dietary ME. 

The house temperature is detailed in Table II-10. Temperature was generally higher 

in the west side than the east side during the first 2 wk of age and broilers were subjected to 

heat stress during 5 wk of age in growing period. 

The main effects of feeding program, percentage coarse corn (CC) of total dietary 

corn, dietary metabolizable energy (ME), and main site of liquid fat application on broiler 

BW and BW gain to 48 d of age is shown in Table II-11. The BW from 14 to 48 d of age was 

significantly decreased by the time-limited feeding program. Although period BW gain was 

decreased from 1 to 14 d and 15 to 28 d by time-limited feeding there were no effects on 

period BW gain from 29 to 35 and 36 to 48 d following heat stress. The BW and BW gain to 

14 d of age were significantly decreased when the percentage inclusion of CC was 20% in 

starter diets. However, effects on BW and BW gain were no longer apparent after 14 d of age 

when the 0-0-0 and 20-35-50% CC treatments were compared. The high dietary ME 

treatment significantly increased BW at 35 d but BW was similar at 48 d of age following  
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heat stress. The BW gain during heat stress was increased only from 29 to 35 d by high 

dietary ME. There was no significant effect of main site of liquid fat application on either 

cumulative BW or period BW gain. 

The two-way interactions of feeding program by percentage coarse corn of total 

dietary corn, feeding program by dietary ME, feeding program by main site of liquid fat 

application, percentage coarse corn of total dietary corn by dietary ME, percentage coarse 

corn of total dietary corn by main site of liquid fat application, and dietary ME by main site 

of liquid fat application on broiler BW and BW gain to 48 d of age are shown in Table II-12. 

There was no evidence of interaction of feeding program with percentage coarse corn of total 

dietary corn on cumulative BW but the period BW gain from 29 to 35 d during heat stress 

was decreased in the presence of 0-0-0% CC in combination with the ad libitum feeding 

program. The BW at 28 d was decreased by time-limited feeding but to a greater extent in 

combination with low dietary ME. The BW gain was similarly affected from 15 to 28 d but 

only the low dietary ME in combination with ad libitum feeding decreased BW gain from 36 

to 48 d after heat stress. The BW and BW gain at 28 d were numerically decreased by the ad 

libitum birds but there were numerically increased by the time-limited feeding in 

combination with post pellet fat application. There was an absence of interactions of 

percentage CC of total dietary corn by dietary ME. The 20-35-50% CC with mixer fat 

application increased BW gain from 36 to 48 d after heat stress. There was no significant 

interaction of dietary ME with main site of liquid fat application. 

The main effects of feeding program, percentage coarse corn of total dietary corn, 

dietary metabolizable energy (ME), and main site of liquid fat application on cumulative feed  
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intake (FI) and period FI to 48 d of age is shown in Table II-13. The ad libitum feeding 

program significantly increased FI to 48 d of age. The period FI was similarly affected by ad 

libitum feeding program. The 0-0-0% CC treatment exhibited greater feed consumption at all 

ages and period FI was increased from 1 to 14 d before heat stress and from 36 to 48 d after 

heat stress. Dietary ME exhibited no significant effect with respect to FI. Cumulative FI was 

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

The two-way interactions of feeding program by percentage coarse corn of total 

dietary corn, feeding program by dietary ME, feeding program by main site of liquid fat 

application, percentage coarse corn of total dietary corn by dietary ME, percentage coarse 

corn of total dietary corn by main site of liquid fat application, and dietary ME by main site 

of liquid fat application on cumulative feed intake (FI) and period FI to 48 d of age are 

shown in Table II-14. There was no significant interaction of feeding program and 

percentage CC of total dietary corn. High dietary ME significantly decreased FI at 28 d 

before heat stress and 35 d after heat stress in the presence of ad libitum feeding but there 

was no significant effect when time-limited feeding program was applied. Moreover, period 

FI was similarly affected from 15 to 28 d before heat stress and 29 to 35 d during heat stress. 

The interaction of feeding program and main site of liquid fat application demonstrated that 

mixer fat application improved FI at 28 d of age and thereafter when feed were provided for 

ad libitum consumption. However, main site of liquid fat application had no effect on FI in 

the presence of the time-limited feeding program. Mixer fat application improved period FI 

from 15 to 28 d before heat stress in the presence of ad libitum feeding only but the effect 

was not apparent thereafter. There was no significant interaction of percentage coarse corn of 




��
�

total dietary corn by dietary ME, percentage coarse corn of total dietary corn by main site of 

liquid fat application, and dietary ME by main site of liquid fat application. 

The main effects of feeding program, percentage coarse corn of total dietary corn, 

dietary metabolizable energy (ME), and main site of liquid fat application on cumulative 

adjusted feed conversion ratio (AdjFCR) and period AdjFCR to 48 d of age is shown in 

Table II-15. Time-limited feeding program did not appear to be affected by heat stress and 

produced improved AdjFCR and period AdjFCR at all ages. The 20-35-50% CC treatment 

significantly improved AdjFCR at 28, 35, and 48 d of age and period AdjFCR was similarly 

affected from 15 to 28 d and 36 to 48 d, irrespective of heat stress. The high dietary ME 

treatment improved AdjFCR at 28, 35, and 48 d of age, irrespective of heat stress and period 

AdjFCR from 15 to 28 d before heat stress. The AdjFCR was improved by the post pellet fat 

application following heat stress at 48 d of age only. 

The two-way interactions of feeding program by percentage coarse corn of total 

dietary corn, feeding program by dietary ME, feeding program by main site of liquid fat 

application, percentage coarse corn of total dietary corn by dietary ME, percentage coarse 

corn of total dietary corn by main site of liquid fat application, and dietary ME by main site 

of liquid fat application on cumulative adjusted feed conversion ratio (AdjFCR) and period 

AdjFCR to 48 d of age are shown in Table II-16. The presence of coarse corn in combination 

with ad libitum feeding program improved AdjFCR at 35 d following heat stress but this was 

no longer apparent at 48 d of age while the presence of coarse corn with time-limited feeding 

program had no effect on AdjFCR. The period AdjFCR was similarly affected from 15 to 28 

d prior to heat stress. There was evidence that high dietary ME significantly improved  
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AdjFCR at 48 d when the ad libitum feeding program was applied and the period effect was 

similar following heat stress from 36 to 48 d of age. At 48 d of age, post pellet fat application 

improved AdjFCR in the presence of 0-0-0% CC treatment but the effect exhibited no 

interaction with the 20-35-50% CC treatment. There was no significant interaction of feeding 

program by main site of liquid fat application, percentage coarse corn of total dietary corn by 

dietary ME, and dietary ME by main site of liquid fat application. 

The main effects of feeding program, percentage coarse corn of total dietary corn, 

dietary metabolizable energy (ME), and main site of liquid fat application on cumulative 

mortality and period mortality to 48 d of age is shown in Table II-17. The time-limited 

feeding program significantly reduced mortality during heat stress, which was evident at 35 

and 48 d of age. The period mortality from 29 to 35 d, which corresponded to the heat stress 

event, was also reduced by the time-limited feeding program. There was no significant main 

effect of percentage coarse corn of total dietary corn, dietary metabolizable energy (ME), and 

main site of liquid fat application on mortality. 

The two-way interactions of feeding program by percentage coarse corn of total 

dietary corn, feeding program by dietary ME, feeding program by main site of liquid fat 

application, percentage coarse corn of total dietary corn by dietary ME, percentage coarse 

corn of total dietary corn by main site of liquid fat application, and dietary ME by main site 

of liquid fat application on cumulative mortality and period mortality to 48 d of age are 

shown in Table II-18. The time-limited feeding program decreased mortality at 28 d with 

high dietary ME before heat stress but the effect was no longer apparent following heat stress 

at 35 and 48 d of age. The ad libitum feeding decreased mortality following heat stress at 35  
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and 48 d of age in combination with low energy ME. There was no significant interaction of 

feeding program by percentage coarse corn of total dietary corn, feeding program by main 

site of liquid fat application, percentage coarse corn of total dietary corn by dietary ME, 

percentage coarse corn of total dietary corn by main site of liquid fat application, and dietary 

ME by main site of liquid fat application. 

The main effects of feeding program, percentage coarse corn of total dietary corn, 

dietary metabolizable energy (ME), and main site of liquid fat application on rectal 

temperature at 49 d of age is shown in Table II-19. The time-limited feeding program 

significantly decreased the rectal temperature at 49 d of age. There was no significant main 

effect of percentage coarse corn of total dietary corn, dietary metabolizable energy (ME), and 

main site of liquid fat application on rectal temperature. 

The two-way interactions of feeding program by percentage coarse corn of total 

dietary corn, feeding program by dietary ME, feeding program by main site of liquid fat 

application, percentage coarse corn of total dietary corn by dietary ME, percentage coarse 

corn of total dietary corn by main site of liquid fat application, and dietary ME by main site 

of liquid fat application on rectal temperature at 49 d of age are shown in Table II-20. The 

20-35-50% CC treatment significantly decreased rectal temperature at 49 d when feed was 

provided for ad libitum consumption. However, the 20-35-50% CC treatment significantly 

increased the rectal temperature with time-limited feeding. The rectal temperature was 

numerically decreased by the ad libitum birds with high dietary ME. The rectal temperature 

was not affected by dietary ME in the presence of time-limited feeding. There was no 

significant interaction of feeding program by main site of liquid fat application, percentage 
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coarse corn of total dietary corn by dietary ME, percentage coarse corn of total dietary corn 

by main site of liquid fat application, and dietary ME by main site of liquid fat application. 

The main effects of percentage coarse corn of total dietary corn, dietary 

metabolizable energy (ME), and main site of liquid fat application on gross and relative 

weights of the proventriculus and gizzard of broiler chickens at 50 d of age is shown in Table 

II-21. The 0-0-0% CC treatment produced larger gross and relative weights of the 

proventriculus at 50 d of age. However, with respect to the gross and relative weights of the 

gizzard, the 0-0-0% CC treatment exhibited smaller gross and relative weights of the gizzard 

at 50 d. There was no significant main effect of dietary metabolizable energy (ME), and main 

site of liquid fat application on gross and relative weights of the proventriculus and gizzard. 

There were no significant interactions of two-way interactions of percentage coarse corn of 

total dietary corn by dietary ME, percentage coarse corn of total dietary corn by main site of 

liquid fat application, and dietary ME by main site of liquid fat application on gross and 

relative weights of the proventriculus and gizzard of broiler chickens at 50 d of age is shown 

in Table II-22. 
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DISCUSSION 

The mean diameter particle size of mash starter diets were less variable in mean 

particle size compared with 0 and 20% CC treatments but the range increased more in mash 

grower and finisher diets (Table II-5, II-6, II-7). These would be beneficial for feed 

consumption in young chicks that could not handle large particles size.  

The pellet durability index (PDI) was more likely negatively affected in mixer fat 

application with high dietary ME due to increased fat as energy source (Table II-8, II-9). The 

results suggested that poultry fat could be added in the mixer with up to 2% inclusion without 

negative effect on PDI. 

The house temperature was generally higher in the west side than the east side during 

the first 2 wk of age (Table II-10), which probably caused the slightly depressed early growth 

rate (Table II-11) due to physiological heat dissipation by panting and broilers were 

subjected to heat stress that resulted in high mortality during 5 wk of age in growing period. 

The effects of feeding program were the most pronounced of all the treatments. The 

BW was significantly decreased by time-limited feeding program. Although period BW gain 

was decreased from 1-14 d and 15-28 d by time-limited feeding before heat stress, there were 

no effects on period BW gain from 29-35 and 36-48 d following heat stress (Table II-11). 

The ad libitum feeding program significantly increased FI to 48 d of age (Table II-13). Time-

limited feeding produced improved AdjFCR and period AdjFCR at all ages (Table II-15) and 

significantly reduced mortality at 35 and 48 d of age following heat stress. The period 

mortality from 29 to 35 d associated with heat stress was also reduced by time-limited  
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feeding (Table II-17). Time-limited feeding significantly decreased rectal temperature at 49 d 

of age (Table II-19). The results demonstrated that BW at 14 d was low in the time-limited 

feeding treatment even prior to its application. This may have been due to temperature 

variation. Time-limited feeding significantly decreased FI and BW but improved AdjFCR. It 

could be that chickens had a limited time to consume the feed. However, they exhibited an 

ability to compensate for lost growth following heat stress. Zubair and Leeson (1994) 

reported that digestive adaptations could be involved and Deaton et al. (1995) reported that 

limited fed chickens were be able to search the litter and consume feed. Time-limited broilers 

may also have consumed litter that would improve AdjFCR. Time-limited feeding 

significantly decreased mortality when broilers were exposed to high environmental 

temperature probably due to a reduction of basal body temperature, which gave them more 

room to increase body temperature during heat stress. 

The effects of coarse corn were observed in many variables. The BW and BW gain to 

14 d of age were significantly decreased when the percentage inclusion of coarse corn was 

20% in starter diets. However, effects on BW and BW gain were no longer apparent after 14 

d of age when the 0-0-0 and 20-35-50% CC treatments were compared (Table II-11). The 0-

0-0% CC treatment exhibited greater FI at all ages and period FI was increased from 1 to 14 

d and from 36 to 48 d (Table II-13). The 20-35-50% CC treatment significantly improved 

AdjFCR at 28, 35, and 48 d of age and period AdjFCR was similarly affected from 15 to 28 d 

prior to heat stress and 36 to 48 d following heat stress (Table II-15). The 0-0-0% CC 

treatment produced larger gross and relative weights of the proventriculus at 50 d of age. 

However, with respect to the gross and relative weights of the gizzard, the 0-0-0% CC  
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treatment exhibited smaller gross and relative weights of the gizzard at 50 d (Table II-21). 

Fine corn increased FI probably due to increased ingesta passage rate. Coarse corn improved 

AdjFCR as reported by Amerah et al. (2008) who reported that coarse particle sizes strongly 

affected gizzard function and decreased feed passage rate. However, coarse corn decreased 

gross and relative proventriculus weights, which suggested that improved gizzard function 

reduced the necessity to produce more secretions. 

The effects of dietary ME were limited to a few variables. The high dietary ME 

treatment significantly increased BW at 35 d but BW was similar at 48 d of age. The BW 

gain was increased only from 29 to 35 d during heat stress by high dietary ME (Table II-11). 

Dietary ME exhibited no significant effect with respect to FI (Table II-13). The high dietary 

ME treatment improved AdjFCR at 28, 35, and 48 d of age and period AdjFCR from 15 to 28 

d (Table II-15). High dietary ME due to adding poultry fat was reported by Tufft and Jensen 

(1992) to increase ingesta retention time, which increase digestibility of nutrients (Krogdahl, 

1985). 

Effects of site of fat application were manifested in a limited number of variables. 

There was no significant effect of main site of liquid fat application on either cumulative BW 

or period BW gain (Table II-11). Cumulative FI was increased by mixer fat application at 48 

d of age but there was no effect on period FI (Table II-13). The AdjFCR was improved by 

the post pellet fat application at 48 d of age only (Table II-15). The results suggested that 

AdjFCR was improved when high fat level was applied post pellet, which probably improved 

pellet quality and decreased feed spillage when compared to mixer fat application. The data 

suggested that adding poultry fat up to 2% in mixer was not negative effect on PDI. 
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Period BW gain from 29 to 35 d was decreased in the presence of 0-0-0% CC in 

combination with the ad libitum feeding program during heat stress (Table II-12). The 

presence of coarse corn in combination with ad libitum feeding program improved AdjFCR 

at 35 d immediately following heat stress but this was no longer apparent at 48 d of age while 

the combination of coarse corn with time-limited feeding program had no effect on AdjFCR. 

The period AdjFCR was similarly affected from 15 to 28 d (Table II-16). The 20-35-50% CC 

treatment significantly decreased rectal temperature at 49 d when feed was provided for ad 

libitum consumption. However, the 20-35-50% CC treatment significantly increased rectal 

temperature in the presence of time-limited feeding (Table II-20). The results suggested that 

coarse corn may be beneficial only when broilers fed ad libitum because coarse corn 

improved AdjFCR and decreased rectal temperature. It could be coarse corn increased 

ingesta retention time, spending less time eating, resting more frequently, and low basal 

metabolic heat production (low energy expenditure) which resulted improved AdjFCR. 

The BW at 28 d was decreased by time-limited feeding but to a greater extent in 

combination with low dietary ME. The BW gain was similarly affected from 15 to 28 d prior 

to heat stress but only the low dietary ME in combination with ad libitum feeding decreased 

BW gain from 36-48 d following heat stress (Table II-12). High dietary ME significantly 

decreased FI at 28 d before heat stress and 35 d after heat stress in the presence of ad libitum 

feeding but there was no significant effect when time-limited feeding program was applied. 

Moreover, period FI was similarly affected from 15 to 28 d before heat stress and 29 to 35 d 

during heat stress (Table II-14). There was evidence that high dietary ME significantly 

improved AdjFCR at 48 d when the ad libitum feeding program was applied and the period  
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effect was similar from 36 to 48 d of age (Table II-16). The time-limited feeding program 

decreased mortality at 28 d with high dietary ME prior to heat stress but the effect was no 

longer apparent at 35 and 48 d of age following heat stress. The ad libitum feeding decreased 

mortality following heat stress at 35 and 48 d of age in combination with low energy ME 

(Table II-18). The rectal temperature was numerically decreased by the ad libitum birds with 

high dietary ME and was not affected by dietary ME in the presence of time-limited feeding 

(Table II-20). Improved AdjFCR was exhibited by broilers fed high dietary ME for ad 

libitum during the late growing period. However, broilers that were experiencing heat stress 

benefited from low dietary ME as evidenced by low mortality. 

The interaction of feeding program and main site of liquid fat application 

demonstrated that mixer fat application increased FI at 28 d of age and thereafter when feed 

were provided for ad libitum consumption. However, main site of liquid fat application had 

no effect on FI in the presence of time-limited feeding. Mixer fat application increased period 

FI from 15 to 28 d in the presence of ad libitum feeding only but the effect was not apparent 

thereafter  (Table II-14). The results suggested that improved FI was probably due to pellet 

quality that played an important role in the ad libitum feeding program. Poor pellet quality 

probably increased FI due to feed spillage from feeders. With time-limited feeding, hungry 

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

The 20-35-50% CC with mixer fat application increased BW gain from 36 to 48 d  

(Table II-12). At 48 d of age, post pellet fat application improved AdjFCR in the presence of 

0-0-0% CC treatment but the effect was absent of interaction with the 20-35-50% CC  
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treatment. This suggested that post pellet fat application played a role in fine corn probably  

due to improved pellet quality. 
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Table II-4. Mean diameter particle size of ground ingredients. 
 

Ingredients       Dgw1 (µ)     Sgw2 

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 

 
1 Geometric mean diameter was determined by dry sieving according to ASAE method S319.3 with the addition of sieve agitators 
  and 0.5 g of a dispersing agent per 100 g of sample (ASABE, 2007; Stark and Chewning, 2012). 
2 Geometric standard deviation of mean particle size. 
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Table II-5. Mean diameter particle size of mash starter diets. 
  

 Coarse Corn1 (%)     Dgw 2 (µ)     Sgw 3 

0      455      2.77 

20      532      2.74 

  
1 Percentage coarse corn of total dietary corn in starter diets. 
2 Geometric mean diameter was determined by dry sieving according to ASAE method S319.3 with the addition of sieve agitators 
  and 0.5 g of a dispersing agent per 100 g of sample (ASABE, 2007; Stark and Chewning, 2012).     
3 Geometric standard deviation of mean particle size. 
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Table II-6. Mean diameter particle size of mash grower diets. 
  

Coarse Corn1 (%)  Dietary ME2        Dgw 3 (µ)    Sgw 4  
      

0   Low     487     2.61 
0   High     532     2.40 
35   Low     648     2.54 
35   High     669     2.50 

  
1 Percentage coarse corn of total dietary corn in grower diets. 
2 Dietary ME: 2,950 in grower diets was low dietary ME and 3,050 kcal/kg in grower diets was high dietary ME. 
3 Geometric mean diameter was determined by dry sieving according to ASAE method S319.3 with the addition of sieve agitators 
  and 0.5 g of a dispersing agent per 100 g of sample (ASABE, 2007; Stark and Chewning, 2012).     
4 Geometric standard deviation of mean particle size. 
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Table II-7. Mean diameter particle size of mash finisher diets. 
 

Coarse Corn1 (%)  Dietary ME2        Dgw 3 (µ)    Sgw 4  
      

0   Low     478     2.09 
0   High     477     2.00 
50   Low     653     2.80 
50   High     644     2.76 

  
1 Percentage coarse corn of total dietary corn in finisher diets. 
2 Dietary ME: 3,050 in finisher diets was low dietary ME and 3,150 kcal/kg in finisher diets was high dietary ME. 
3 Geometric mean diameter was determined by dry sieving according to ASAE method S319.3 with the addition of sieve agitators 
  and 0.5 g of a dispersing agent per 100 g of sample (ASABE, 2007; Stark and Chewning, 2012).     
4 Geometric standard deviation of mean particle size. 
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Table II-8. Pellet durability index (PDI) of pelleted grower diets. 
 

Coarse Corn1 (%)  Dietary ME2  Added Fat3  PDI4   Modified PDI5  
      

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 

  
1 Percentage coarse corn of total dietary corn in grower diets. 
2 Dietary ME: 2,950 in grower diets was low dietary ME and 3,050 kcal/kg in grower diets was high dietary ME. 
3 Main site of liquid fat application in grower diets. 
4 Pellet Durability Index (ASAE, 1991) was determined on samples collected at the pellet mill die.  
5 Pellet Durability Index (ASAE, 1991) was determined on samples collected at the pellet mill die with 3 nuts (diameter = 19 mm). 
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Table II-9. Pellet durability index (PDI) of pelleted finisher diets. 
 

Coarse Corn1 (%)  Dietary ME2  Added Fat3  PDI4   Modified PDI 5  
      

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 

  
1 Percentage coarse corn of total dietary corn in finisher diets. 
2 Dietary ME: 3,050 in finisher diets was low dietary ME and 3,150 kcal/kg in finisher diets was high dietary ME. 
3 Main site of liquid fat application in finisher diets. 
4 Pellet Durability Index (ASAE, 1991) was determined on samples collected at the pellet mill die.  
5 Pellet Durability Index (ASAE, 1991) was determined on samples collected at the pellet mill die with 3 nuts (diameter = 19 mm). 
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Table II-10. Weekly minimum, maximum, and average temperature of the east (ad libitum feeding) and west (time-limited 

feeding) side of the house. 

      East side (ad libitum feeding)    West side (time-limited feeding) 

 Wk1     Min. 2  Max. 3  Avg. 4  Min. 2  Max. 3  Avg. 4 

             (°C) 

 1     31.6  37.9  33.8  32.3  36.8  34.2 

 2     28.7  34.7  31.5  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 

1 Week of growing period. 
2 Minimum temperature within week. 
3 Maximum temperature within week. 
4 Average temperature within week.  
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Table II-11. Cumulative BW and period BW gain of broiler chickens to 48 d of age as affected by main effects of feeding 
program, percentage coarse corn of total dietary corn, dietary metabolizable energy (ME), and main site of liquid fat application. 
 

Feeding Coarse  Dietary     Added    BW    Period BW Gain 
Program Corn2  ME3      Fat4  n5 1 d 14 d 28 d 35 d 48 d 1-14 d 15-28 d 29-35 d 36-48 d           
   (%)           (g)  
Ad libitum      48 36.1 451A 1532A 2063A 3093A 415A 1081A    531    1030 
Time-limited1      48 36.3 436B 1457B 1999B 3036B 399B 1021B    542    1037 
      P =        0.204 0.001 0.001 0.001 0.010 0.001 0.001   0.214    0.646 
 

0-0-0     48 36.2 447a 1497 2029 3056 411a 1050   532    1027 
20-35-50    48 36.2 439b 1492 2034 3073 403b 1052   542    1040       
      P =      0.940 0.039 0.539 0.715 0.409 0.038 0.733   0.264    0.384 
 

High   48 36.0 443 1501 2047a 3083 407 1058   547a    1036 
Low   48 36.4 443 1488 2015b 3046 407 1044   527b    1031 
   P =    0.063 0.919 0.132 0.019 0.088 0.988 0.054   0.033    0.765 

 
     Mixer 48 36.2 443 1493 2028 3067 407 1050   535    1039 
     Post-pellet 48 36.2 443 1495 2034 3062 407 1052   539    1027 
           P =  0.707 0.953 0.833 0.666 0.782 0.967 0.769   0.654    0.420 

 
SEM6      0.1 2.6 6.0 9.6 15.2 2.5 4.8   6.4    10.4 

a, b Means in a column within each age that possess different superscripts differ significantly (P �  0.05). 
A, B Means in a column within each age that possess different superscripts differ significantly (P �  0.01). 
1 Feeding program applied from 15-48 d of age as follows; feeder raised 7:30 AM-1:30 PM from 15-21 d, feeder raised 7:30 AM-5:00 
  PM from 22-29 d, feeder raised 7:30 AM-9:00 PM from 30-48 d.     
2 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
3 Dietary ME: 2,950 and 3,050 kcal/kg in grower and finisher diets were low dietary ME; 3,050 and 3,150 kcal/kg in grower and   
  finisher diets were high dietary ME. 
4 Main site of liquid fat application in grower and finisher diets. 
5 Number of replicate pens of 15 birds each. 
6 SEM for n = 48 pens. 
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Table II-12. Cumulative BW and period BW gain of broiler chickens to 48 d of age as affected by two-way interactions of feeding 
program by percentage coarse corn of total dietary corn, feeding program by dietary ME, feeding program by main site of liquid 
fat application, percentage coarse corn of total dietary corn by dietary ME, percentage coarse corn of total dietary corn by main 
site of liquid fat application, and dietary ME by main site of liquid fat application. 
 

Feeding Coarse  Dietary     Added    BW    Period BW Gain 
Program Corn2  ME3      Fat4  n5 1 d 14 d 28 d 35 d 48 d 1-14 d 15-28 d 29-35 d 36-48 d           
   (%)           (g)  
Ad libitum 0-0-0     24 36.0 456 1535 2050 3086 420 1079   515b   1036  
Ad libitum 20-35-50    24 36.2 445 1528 2075 3100 409 1082   547a   1024 
Time-limited1 0-0-0     24 36.4 438 1458 2007 3025 401 1021   548a   1018 
Time-limited1 20-35-50    24 36.3 433 1455 1992 3047 397 1022   536ab   1055 
      P=        0.499 0.378 0.812 0.144 0.855 0.358 0.863   0.017   0.105 
 
Ad libitum   High   24 35.9 449 1526A 2068 3115 413 1077A   542   1047a  
Ad libitum   Low   24 36.3 453 1538A 2058 3070 417 1085A   520   1013b 
Time-limited1   High   24 36.2 437 1476B 2027 3051 401 1038B   551   1024ab 
Time-limited1   Low   24 36.4 434 1438C 1972 3022 397 1004C   534   1050a 
      P=        0.409 0.260 0.004 0.102 0.716 0.273 0.003   0.773   0.042 
 

SEM6      0.17 3.6 8.5 13.6 21.5 3.6 6.8   9.1   14.6 

a, b Means in a column within each age that possess different superscripts differ significantly (P �  0.05). 
A, B, C Means in a column within each age that possess different superscripts differ significantly (P �  0.01). 
1 Feeding program applied from 15-48 d of age as follows; feeder raised 7.30 AM-1.30 PM from 15-21 d, feeder raised 7.30 AM-5.00 
  PM from 22-29 d, feeder raised 7.30 AM-9.00 PM from 30-48 d.     
2 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
3 Dietary ME: 2,950 and 3,050 kcal/kg in grower and finisher diets were low dietary ME; 3,050 and 3,150 kcal/kg in grower and   
  finisher diets were high dietary ME. 
4 Main site of liquid fat application in grower and finisher diets. 
5 Number of replicate pens of 15 birds each. 
6 SEM for n = 24 pens. 
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Table II-12 (continued). Cumulative BW and period BW gain of broiler chickens to 48 d of age as affected by two-way 
interactions of feeding program by percentage coarse corn of total dietary corn, feeding program by dietary ME, feeding program 
by main site of liquid fat application, percentage coarse corn of total dietary corn by dietary ME, percentage coarse corn of total 
dietary corn by main site of liquid fat application, and dietary ME by main site of liquid fat application. 
 

Feeding Coarse  Dietary     Added    BW    Period BW Gain 
Program Corn2  ME3      Fat4  n5 1 d 14 d 28 d 35 d 48 d 1-14 d 15-28 d 29-35 d 36-48 d           
   (%)           (g)  
Ad libitum         Mixer 24 36.2 454 1541a 2072 3109 417 1087a   532   1037  
Ad libitum         Post-pellet 24 35.9 448 1523a 2053 3076 412 1075a   530   1023 
Time-limited1         Mixer 24 36.2 433 1446b 1984 3026 397 1013b   538   1042 
Time-limited1         Post-pellet 24 36.4 438 1468b 2015 3047 401 1030b   547   1032 
       P=       0.156 0.139 0.022 0.065 0.211 0.154 0.038   0.542   0.909 
 

0-0-0  High   24 36.1 447 1509 2050 3090 411 1061   542   1039  
0-0-0  Low   24 36.3 447 1485 2007 3021 410 1039   521   1015 
20-35-50 High   24 36.0 439 1493 2044 3076 403 1054   551   1032 
20-35-50 Low   24 36.4 440 1490 2023 3071 404 1050   532   1048 
      P=      0.599 0.743 0.226 0.424 0.148 0.760 0.182   0.949   0.167 

 
SEM6      0.17 3.6 8.5 13.6 21.5 3.6 6.8   9.1   14.6 

a, b Means in a column within each age that possess different superscripts differ significantly (P �  0.05). 
1 Feeding program applied from 15-48 d of age as follows; feeder raised 7.30 AM-1.30 PM from 15-21 d, feeder raised 7.30 AM-5.00 
  PM from 22-29 d, feeder raised 7.30 AM-9.00 PM from 30-48 d.     
2 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
3 Dietary ME: 2,950 and 3,050 kcal/kg in grower and finisher diets were low dietary ME; 3,050 and 3,150 kcal/kg in grower and   
  finisher diets were high dietary ME. 
4 Main site of liquid fat application in grower and finisher diets. 
5 Number of replicate pens of 15 birds each. 
6 SEM for n = 24 pens. 
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Table II-12 (continued). Cumulative BW and period BW gain of broiler chickens to 48 d of age as affected by two-way 
interactions of feeding program by percentage coarse corn of total dietary corn, feeding program by dietary ME, feeding program 
by main site of liquid fat application, percentage coarse corn of total dietary corn by dietary ME, percentage coarse corn of total 
dietary corn by main site of liquid fat application, and dietary ME by main site of liquid fat application. 
 

Feeding Coarse  Dietary     Added    BW    Period BW Gain 
Program Corn2  ME3      Fat4  n5 1 d 14 d 28 d 35 d 48 d 1-14 d 15-28 d 29-35 d 36-48 d           
   (%)           (g)  

0-0-0        Mixer 24 36.1 449 1499 2033 3051 413 1050   535   1017b  
0-0-0        Post-pellet 24 36.3 445 1495 2024 3061 409 1050   529   1037ab 
20-35-50       Mixer 24 36.3 437 1488 2023 3084 401 1051   535   1061a 
20-35-50       Post-pellet 24 36.1 441 1495 2044 3062 405 1054   549   1018b 
      P=      0.262 0.257 0.532 0.267 0.459 0.233 0.860   0.282   0.036 
 

High      Mixer 24 36.1 443 1500 2046 3080 407 1057   545   1034  
High      Post-pellet 24 36.0 442 1501 2049 3086 406 1059   548   1037 
Low      Mixer 24 36.4 443 1486 2010 3055 407 1043   524   1045 
Low      Post-pellet 24 36.3 444 1489 2019 3037 407 1045   530   1017 
      P=    0.940 0.834 0.914 0.835 0.555 0.830 0.982   0.833   0.291 
 

SEM6      0.17 3.6 8.5 13.6 21.5 3.6 6.8   9.1   14.6 
a, b Means in a column within each age that possess different superscripts differ significantly (P �  0.05). 
2 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
3 Dietary ME: 2,950 and 3,050 kcal/kg in grower and finisher diets were low dietary ME; 3,050 and 3,150 kcal/kg in grower and   
  finisher diets were high dietary ME. 
4 Main site of liquid fat application in grower and finisher diets. 
5 Number of replicate pens of 15 birds each. 
6 SEM for n = 24 pens. 
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Table II-13. Cumulative feed intake (FI) and period FI of broiler chickens to 48 d of age as affected by main effects of feeding 
program, percentage coarse corn of total dietary corn, dietary metabolizable energy (ME), and main site of liquid fat application. 
 

Feeding Coarse  Dietary     Added    FI    Period FI  
Program Corn2  ME3      Fat4  n5 14 d 28 d 35 d 48 d  1-14 d 15-28 d 29-35 d 36-48 d           
   (%)           (g)  
Ad libitum      48 567 2243A 3204A 5606A  567 1675A   962A     2402A 
Time-limited1      48 561 2079B 3008B 5257B  561 1518B   929B     2249B 
      P =        0.295 0.001 0.001 0.001  0.295 0.001   0.005     0.001 
 

0-0-0     48 571a 2177a 3132a 5493A  571a 1606   955     2361A 
20-35-50    48 557b 2145b 3080b 5370B  557b 1588   935     2289B      
      P =      0.027 0.024 0.012 0.001  0.027 0.063   0.086     0.001 
 

High   48 561 2152 3091 5419  561 1591   939     2328 
Low   48 567 2169 3121 5444  567 1603   952     2322 
   P =    0.364 0.212 0.139 0.508  0.364 0.226   0.264     0.798 

 
     Mixer 48 565 2170 3122 5470a  565 1605   952     2347 
     Post-pellet 48 563 2151 3090 5393b  563 1589   939     2303 
           P =  0.656 0.173 0.113 0.042  0.656 0.099   0.245     0.052 

 
SEM6      4.2 9.7 14.3 26.0  4.2 6.9   8.1     15.7 

a, b Means in a column within each age that possess different superscripts differ significantly (P �  0.05). 
A, B Means in a column within each age that possess different superscripts differ significantly (P �  0.01). 
1 Feeding program applied from 15-48 d of age as follows; feeder raised 7:30 AM-1:30 PM from 15-21 d, feeder raised 7:30 AM-5:00 
  PM from 22-29 d, feeder raised 7:30 AM-9:00 PM from 30-48 d.     
2 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
3 Dietary ME: 2,950 and 3,050 kcal/kg in grower and finisher diets were low dietary ME; 3,050 and 3,150 kcal/kg in grower and   
  finisher diets were high dietary ME. 
4 Main site of liquid fat application in grower and finisher diets. 
5 Number of replicate pens of 15 birds each. 
6 SEM for n = 48 pens. 



�
�
�

Table II-14. Cumulative feed intake (FI) and period FI of broiler chickens to 48 d of age as affected by two-way interactions of 
feeding program by percentage coarse corn of total dietary corn, feeding program by dietary ME, feeding program by main site of 
liquid fat application, percentage coarse corn of total dietary corn by dietary ME, percentage coarse corn of total dietary corn by 
main site of liquid fat application, and dietary ME by main site of liquid fat application. 
 

Feeding Coarse  Dietary     Added    FI    Period FI  
Program Corn2  ME3      Fat4  n5 14 d 28 d 35 d 48 d  1-14 d 15-28 d 29-35 d 36-48 d           
   (%)           (g)  
Ad libitum 0-0-0     24 573 2263 3225 5671  573 1691   962     2446 
Ad libitum 20-35-50    24 562 2222 3184 5541  562 1661   962     2357 
Time-limited1 0-0-0     24 569 2090 3039 5315  569 1522   949     2276 
Time-limited1 20-35-50    24 553 2068 2977 5198  553 1515   909     2221 
      P=        0.703 0.502 0.615 0.860  0.703 0.241   0.092     0.454 
 
Ad libitum   High   24 563 2217b 3159B 5570  563 1654B   942b     2411 
Ad libitum   Low   24 571 2268a 3250A 5642  571 1697A   981a     2392 
Time-limited1   High   24 560 2087c 3023C 5268  560 1528C   936b     2245 
Time-limited1   Low   24 562 2071c 2993C 5245  562 1509C   922b     2253 
      P=        0.596 0.016 0.004 0.204  0.596 0.002   0.023     0.552 
 

SEM6      5.9 13.8 20.2 36.8  5.9 9.8   11.4     22.2 

a, b, c Means in a column within each age that possess different superscripts differ significantly (P �  0.05). 
A, B, C Means in a column within each age that possess different superscripts differ significantly (P �  0.01). 
1 Feeding program applied from 15-48 d of age as follows; feeder raised 7.30 AM-1.30 PM from 15-21 d, feeder raised 7.30 AM-5.00 
  PM from 22-29 d, feeder raised 7.30 AM-9.00 PM from 30-48 d.     
2 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
3 Dietary ME: 2,950 and 3,050 kcal/kg in grower and finisher diets were low dietary ME; 3,050 and 3,150 kcal/kg in grower and   
  finisher diets were high dietary ME. 
4 Main site of liquid fat application in grower and finisher diets. 
5 Number of replicate pens of 15 birds each. 
6 SEM for n = 24 pens. 
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Table II-14 (continued). Cumulative feed intake (FI) and period FI of broiler chickens to 48 d of age as affected by two-way 
interactions of feeding program by percentage coarse corn of total dietary corn, feeding program by dietary ME, feeding program 
by main site of liquid fat application, percentage coarse corn of total dietary corn by dietary ME, percentage coarse corn of total 
dietary corn by main site of liquid fat application, and dietary ME by main site of liquid fat application. 
 

Feeding Coarse  Dietary     Added    FI    Period FI  
Program Corn2  ME3      Fat4  n5 14 d 28 d 35 d 48 d  1-14 d 15-28 d 29-35 d 36-48 d           
   (%)           (g)  
Ad libitum         Mixer 24 573 2271A 3245a 5689a  573 1698A   974     2444 
Ad libitum         Post-pellet 24 561 2214B 3164b 5523b  561 1653B   950     2360 
Time-limited1         Mixer 24 557 2070C 3000c 5250c  557 1512C   930     2250 
Time-limited1         Post-pellet 24 564 2089C 3016c 5263c  564 1524C   928     2247 
       P=       0.110 0.007 0.017 0.017  0.110 0.005   0.330     0.073 
 

0-0-0  High   24 569 2173 3119 5489  569 1604   946     2370 
0-0-0  Low   24 572 2181 3145 5498  572 1608   965     2352 
20-35-50 High   24 554 2132 3063 5350  554 1578   932     2286 
20-35-50 Low   24 561 2158 3097 5390  561 1597   939     2292 
      P=      0.761 0.500 0.855 0.671  0.761 0.443   0.625     0.590 

 
SEM6      5.9 13.8 20.2 36.8  5.9 9.8   11.4     22.2 

a, b, c Means in a column within each age that possess different superscripts differ significantly (P �  0.05). 
A, B, C Means in a column within each age that possess different superscripts differ significantly (P �  0.01). 
1 Feeding program applied from 15-48 d of age as follows; feeder raised 7.30 AM-1.30 PM from 15-21 d, feeder raised 7.30 AM-5.00 
  PM from 22-29 d, feeder raised 7.30 AM-9.00 PM from 30-48 d.     
2 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
3 Dietary ME: 2,950 and 3,050 kcal/kg in grower and finisher diets were low dietary ME; 3,050 and 3,150 kcal/kg in grower and   
  finisher diets were high dietary ME. 
4 Main site of liquid fat application in grower and finisher diets. 
5 Number of replicate pens of 15 birds each. 
6 SEM for n = 24 pens. 
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Table II-14 (continued). Cumulative feed intake (FI) and period FI of broiler chickens to 48 d of age as affected by two-way 
interactions of feeding program by percentage coarse corn of total dietary corn, feeding program by dietary ME, feeding program 
by main site of liquid fat application, percentage coarse corn of total dietary corn by dietary ME, percentage coarse corn of total 
dietary corn by main site of liquid fat application, and dietary ME by main site of liquid fat application. 
 

Feeding Coarse  Dietary     Added    FI7    Period FI7  
Program Corn2  ME3      Fat4  n5 14 d 28 d 35 d 48 d  1-14 d 15-28 d 29-35 d 36-48 d           
   (%)           (g)  

0-0-0        Mixer 24 574 2192 3160 5539  574 1618   968     2379 
0-0-0        Post-pellet 24 567 2162 3105 5447  567 1595   943     2343 
20-35-50       Mixer 24 556 2149 3085 5400  556 1593   936     2315 
20-35-50       Post-pellet 24 558 2141 3076 5339  558 1583   935     2264 
      P=      0.437 0.423 0.263 0.673  0.437 0.509   0.312     0.749 
 

High      Mixer 24 562 2162 3106 5445  562 1600   944     2339 
High      Post-pellet 24 560 2142 3076 5393  560 1582   934     2317 
Low      Mixer 24 568 2178 3138 5494  568 1610   960     2355 
Low      Post-pellet 24 565 2161 3104 5394  565 1596   943     2289 
      P=    0.941 0.912 0.925 0.517  0.941 0.842   0.765     0.324 
 

SEM6      5.9 13.8 20.2 36.8  5.9 9.8   11.4     22.2 
2 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
3 Dietary ME: 2,950 and 3,050 kcal/kg in grower and finisher diets were low dietary ME; 3,050 and 3,150 kcal/kg in grower and   
  finisher diets were high dietary ME. 
4 Main site of liquid fat application in grower and finisher diets. 
5 Number of replicate pens of 15 birds each. 
6 SEM for n = 24 pens. 
7 No significant interactions. 
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Table II-15. Cumulative adjusted feed conversion ratio (AdjFCR) and period AdjFCR of broiler chickens to 48 d of age as 
affected by main effects of feeding program, percentage coarse corn of total dietary corn, dietary metabolizable energy (ME), and 
main site of liquid fat application. 
 

Feeding Coarse  Dietary     Added   AdjFCR7    Period AdjFCR7  
Program Corn2  ME3      Fat4  n5 14 d 28 d 35 d 48 d  1-14 d 15-28 d 29-35 d 36-48 d           
   (%)           (g:g)  
Ad libitum      48 1.37B 1.50A 1.66A 1.80A  1.37B 1.56A   3.65A     2.41A 
Time-limited1      48 1.41A 1.47B 1.57B 1.75B  1.41A 1.49B   1.97B     2.17B 
      P =        0.001 0.001 0.001 0.001  0.001 0.001   0.001     0.001 
 

0-0-0     48 1.39 1.50A 1.62A 1.80A  1.39 1.54A   3.08     2.35A 
20-35-50    48 1.38 1.48B 1.60B 1.75B  1.38 1.51B   2.54     2.23B      
      P =      0.494 0.007 0.005 0.001  0.494 0.004   0.193     0.003 
 

High   48 1.38 1.47B 1.60B 1.76B  1.38 1.51B   2.95     2.26 
Low   48 1.39 1.50A 1.63A 1.80A  1.39 1.54A   2.67     2.32 
   P =    0.237 0.001 0.001 0.001  0.237 0.001   0.492     0.173 

 
     Mixer 48 1.39 1.49 1.62 1.79a  1.39 1.53   2.44     2.27 
     Post-pellet 48 1.39 1.48 1.61 1.77b  1.39 1.52   3.18     2.31 
           P =  0.590 0.054 0.059 0.020  0.590 0.056   0.080     0.326 

 
SEM6      0.008 0.005 0.005 0.006  0.008 0.006   0.295     0.028 

a, b Means in a column within each age that possess different superscripts differ significantly (P �  0.05). 
A, B Means in a column within each age that possess different superscripts differ significantly (P �  0.01). 
1 Feeding program applied from 15-48 d of age as follows; feeder raised 7:30 AM-1:30 PM from 15-21 d, feeder raised 7:30 AM- 
  5:00 PM from 22-29 d, feeder raised 7:30 AM-9:00 PM from 30-48 d.     
2 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
3 Dietary ME: 2,950 and 3,050 kcal/kg in grower and finisher diets were low dietary ME; 3,050 and 3,150 kcal/kg in grower and   
  finisher diets were high dietary ME. 
4 Main site of liquid fat application in grower and finisher diets. 
5 Number of replicate pens of 15 birds each. 
6 SEM for n = 48 pens. 
7 AdjFCR = Feed intake per pen/total body BW gain including BW of mortality that occurred during the time period. 
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Table II-16. Cumulative adjusted feed conversion ratio (AdjFCR) and period AdjFCR of broiler chickens to 48 d of age as 
affected by two-way interactions of feeding program by percentage coarse corn of total dietary corn, feeding program by dietary 
ME, feeding program by main site of liquid fat application, percentage coarse corn of total dietary corn by dietary ME, percentage 
coarse corn of total dietary corn by main site of liquid fat application, and dietary ME by main site of liquid fat application. 
 

Feeding Coarse  Dietary     Added   AdjFCR7    Period AdjFCR7  
Program Corn2  ME3      Fat4  n5 14 d 28 d 35 d 48 d  1-14 d 15-28 d 29-35 d 36-48 d           
   (%)           (g:g)  
Ad libitum 0-0-0     24 1.37 1.52 1.68A 1.83  1.37 1.58a   4.25     2.47 
Ad libitum 20-35-50    24 1.37 1.49 1.64B 1.78  1.37 1.54b   3.05     2.35 
Time-limited1 0-0-0     24 1.42 1.47 1.57C 1.77  1.42 1.49c   1.92     2.24 
Time-limited1 20-35-50    24 1.40 1.46 1.57C 1.73  1.40 1.49c   2.02     2.11 
      P=        0.213 0.183 0.005 0.511  0.213 0.022   0.124     0.989 
 
Ad libitum   High   24 1.37 1.50 1.64 1.77b  1.37 1.55   3.99     2.33b 
Ad libitum   Low   24 1.37 1.51 1.68 1.83a  1.37 1.57   3.31     2.49a 
Time-limited1   High   24 1.40 1.45 1.55 1.74c  1.40 1.47   1.92     2.20c 
Time-limited1   Low   24 1.42 1.48 1.59 1.76bc  1.42 1.51   2.02     2.15c 
      P=        0.477 0.458 0.652 0.016  0.477 0.578   0.353     0.012 
 

SEM6      0.010 0.007 0.007 0.008  0.010 0.008   0.418     0.040 
a, b, c Means in a column within each age that possess different superscripts differ significantly (P �  0.05). 
A, B, C Means in a column within each age that possess different superscripts differ significantly (P �  0.01). 
1 Feeding program applied from 15-48 d of age as follows; feeder raised 7.30 AM-1.30 PM from 15-21 d, feeder raised 7.30 AM- 
  5.00 PM from 22-29 d, feeder raised 7.30 AM-9.00 PM from 30-48 d.     
2 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
3 Dietary ME: 2,950 and 3,050 kcal/kg in grower and finisher diets were low dietary ME; 3,050 and 3,150 kcal/kg in grower and   
  finisher diets were high dietary ME. 
4 Main site of liquid fat application in grower and finisher diets. 
5 Number of replicate pens of 15 birds each. 
6 SEM for n = 24 pens. 
7 AdjFCR = Feed intake per pen/total body BW gain including BW of mortality that occurred during the time period. 
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Table II-16 (continued). Cumulative adjusted feed conversion ratio (AdjFCR) and period AdjFCR of broiler chickens to 48 d of 
age as affected by two-way interactions of feeding program by percentage coarse corn of total dietary corn, feeding program by 
dietary ME, feeding program by main site of liquid fat application, percentage coarse corn of total dietary corn by dietary ME, 
percentage coarse corn of total dietary corn by main site of liquid fat application, and dietary ME by main site of liquid fat 
application. 
 

Feeding Coarse  Dietary     Added   AdjFCR7, 8    Period AdjFCR7, 8  
Program Corn2  ME3      Fat4  n5 14 d 28 d 35 d 48 d  1-14 d 15-28 d 29-35 d 36-48 d           
   (%)           (g:g) 
Ad libitum         Mixer 24 1.38 1.51 1.67 1.82  1.38 1.57   2.92     2.38  
Ad libitum         Post-pellet 24 1.36 1.50 1.65 1.79  1.36 1.55   4.39     2.44 
Time-limited1         Mixer 24 1.41 1.47 1.57 1.76  1.41 1.50   1.96     2.17 
Time-limited1         Post-pellet 24 1.41 1.46 1.56 1.75  1.41 1.48   1.97     2.18 
       P=       0.523 0.631 0.616 0.247  0.523 0.902   0.085     0.533 
 

0-0-0  High   24 1.39 1.48 1.60 1.78  1.39 1.52   3.30     2.30  
0-0-0  Low   24 1.40 1.51 1.64 1.83  1.40 1.56   2.87     2.41 
20-35-50 High   24 1.38 1.47 1.59 1.74  1.38 1.50   2.61     2.23 
20-35-50 Low   24 1.39 1.49 1.62 1.77  1.39 1.52   2.47     2.23 
      P=      0.927 0.537 0.617 0.380  0.927 0.427   0.724     0.205 

 
SEM6      0.010 0.007 0.007 0.008  0.010 0.008   0.418     0.040 

1 Feeding program applied from 15-48 d of age as follows; feeder raised 7.30 AM-1.30 PM from 15-21 d, feeder raised 7.30 AM- 
  5.00 PM from 22-29 d, feeder raised 7.30 AM-9.00 PM from 30-48 d.     
2 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
3 Dietary ME: 2,950 and 3,050 kcal/kg in grower and finisher diets were low dietary ME; 3,050 and 3,150 kcal/kg in grower and   
  finisher diets were high dietary ME. 
4 Main site of liquid fat application in grower and finisher diets. 
5 Number of replicate pens of 15 birds each. 
6 SEM for n = 24 pens. 
7 AdjFCR = Feed intake per pen/total body BW gain including BW of mortality that occurred during the time period. 
8 No significant interactions. 
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Table II-16 (continued). Cumulative adjusted feed conversion ratio (AdjFCR) and period AdjFCR of broiler chickens to 48 d of 
age as affected by two-way interactions of feeding program by percentage coarse corn of total dietary corn, feeding program by 
dietary ME, feeding program by main site of liquid fat application, percentage coarse corn of total dietary corn by dietary ME, 
percentage coarse corn of total dietary corn by main site of liquid fat application, and dietary ME by main site of liquid fat 
application. 
 

Feeding Coarse  Dietary     Added   AdjFCR7    Period AdjFCR7  
Program Corn2  ME3      Fat4  n5 14 d 28 d 35 d 48 d  1-14 d 15-28 d 29-35 d 36-48 d           
   (%)           (g:g)  

0-0-0        Mixer 24 1.39 1.50 1.63 1.82a  1.39 1.55   2.35     2.36  
0-0-0        Post-pellet 24 1.39 1.49 1.62 1.78b  1.39 1.53   3.82     2.35 
20-35-50       Mixer 24 1.39 1.48 1.61 1.76c  1.39 1.52   2.54     2.19 
20-35-50       Post-pellet 24 1.38 1.47 1.60 1.75c  1.38 1.51   2.54     2.27 
      P=      0.822 0.698 0.527 0.033  0.822 0.559   0.081     0.243 
 

High      Mixer 24 1.39 1.48 1.60 1.77  1.39 1.52   2.43     2.27  
High      Post-pellet 24 1.38 1.46 1.59 1.75  1.38 1.50   3.48     2.26 
Low      Mixer 24 1.40 1.50 1.64 1.81  1.40 1.54   2.45     2.28 
Low      Post-pellet 24 1.39 1.49 1.62 1.79  1.39 1.54   2.88     2.36 
      P=    0.970 0.451 0.888 0.697  0.970 0.376   0.456     0.239 
 

SEM6      0.010 0.007 0.007 0.008  0.010 0.008   0.418     0.040 
a, b, c Means in a column within each age that possess different superscripts differ significantly (P �  0.05). 
2 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
3 Dietary ME: 2,950 and 3,050 kcal/kg in grower and finisher diets were low dietary ME; 3,050 and 3,150 kcal/kg in grower and   
  finisher diets were high dietary ME. 
4 Main site of liquid fat application in grower and finisher diets. 
5 Number of replicate pens of 15 birds each. 
6 SEM for n = 24 pens. 
7 AdjFCR = Feed intake per pen/total body BW gain including BW of mortality that occurred during the time period. 
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Table II-17. Cumulative mortality and period mortality of broiler chickens to 48 d of age as affected by main effects of feeding 
program, percentage coarse corn of total dietary corn, dietary metabolizable energy (ME), and main site of liquid fat application. 
 

Feeding Coarse  Dietary     Added   Mortality    Period Mortality  
Program Corn2  ME3      Fat4  n5 14 d 28 d 35 d 48 d  1-14 d 15-28 d 29-35 d 36-48 d           
   (%)           (%)  
Ad libitum      48 0.42 1.53 56.53A 57.50A  0.42 1.12   56.01A   2.63 
Time-limited1      48 0.42 1.53 22.36B 23.75B  0.42 1.12   21.09B   1.61 
      P =        1.000 1.000 0.001 0.001  1.000 1.000   0.001     0.432 
 

0-0-0     48 0.42 1.39 36.94 38.33  0.42 0.98   36.33     2.79 
20-35-50    48 0.42 1.67 41.94 42.92  0.42 1.26   40.77     1.45      
      P =      1.000 0.682 0.089 0.100  1.000 0.612   0.137     0.305 
 

High   48 0.42 1.25 41.11 42.08  0.42 0.83   40.57     1.62 
Low   48 0.42 1.81 37.78 39.17  0.42 1.41   36.53     2.62 
   P =    1.000 0.413 0.254 0.293  1.000 0.295   0.177     0.442 

 
     Mixer 48 0.28 1.53 37.22 38.06  0.28 1.25   36.13     1.01 
     Post-pellet 48 0.56 1.53 41.67 43.19  0.56 0.99   40.97     3.23 
           P =  0.417 1.000 0.129 0.066  0.417 0.638   0.105     0.089 

 
SEM6      0.240 0.477 2.051 1.949  0.240 0.386   2.093     0.912 

A, B Means in a column within each age that possess different superscripts differ significantly (P �  0.01). 
1 Feeding program applied from 15-48 d of age as follows; feeder raised 7:30 AM-1:30 PM from 15-21 d, feeder raised 7:30 AM- 
  5:00 PM from 22-29 d, feeder raised 7:30 AM-9:00 PM from 30-48 d.     
2 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
3 Dietary ME: 2,950 and 3,050 kcal/kg in grower and finisher diets were low dietary ME; 3,050 and 3,150 kcal/kg in grower and   
  finisher diets were high dietary ME. 
4 Main site of liquid fat application in grower and finisher diets. 
5 Number of replicate pens of 15 birds each. 
6 SEM for n = 48 pens. 
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Table II-18. Cumulative mortality and period mortality of broiler chickens to 48 d of age as affected by two-way interactions of 
feeding program by percentage coarse corn of total dietary corn, feeding program by dietary ME, feeding program by main site of 
liquid fat application, percentage coarse corn of total dietary corn by dietary ME, percentage coarse corn of total dietary corn by 
main site of liquid fat application, and dietary ME by main site of liquid fat application. 
 

Feeding Coarse  Dietary     Added   Mortality    Period Mortality  
Program Corn2  ME3      Fat4  n5 14 d 28 d 35 d 48 d  1-14 d 15-28 d 29-35 d 36-48 d           
   (%)           (%)  
Ad libitum 0-0-0     24 0.56 1.94 56.39 57.50  0.56 1.41   55.92     3.78 
Ad libitum 20-35-50    24 0.28 1.11 56.67 57.50  0.28 0.83   56.09     1.47 
Time-limited1 0-0-0     24 0.28 0.83 17.50 19.17  0.28 0.56   16.73     1.79 
Time-limited1 20-35-50    24 0.56 2.22 27.22 28.33  0.56 1.69   25.45     1.43 
      P=        0.417 0.103 0.107 0.100  0.417 0.122   0.152     0.451 
 
Ad libitum   High   24 0.56 1.94ab 61.11a 61.94a  0.56 1.39ab   60.52     1.89  
Ad libitum   Low   24 0.28 1.11ab 51.94b 53.06b  0.28 0.85ab   51.50     3.37 
Time-limited1   High   24 0.28 0.56b 21.11c 22.22c  0.28 0.28b   20.62     1.35 
Time-limited1   Low   24 0.56 2.50a 23.61c 25.28c  0.56 1.96a   21.57     1.87 
      P=        0.417 0.043 0.048 0.033  0.417 0.045   0.096     0.711 
 

SEM6      0.340 0.675 2.900 2.757  0.340 0.546   2.961     1.290 
a, b, c Means in a column within each age that possess different superscripts differ significantly (P �  0.05). 
1 Feeding program applied from 15-48 d of age as follows; feeder raised 7.30 AM-1.30 PM from 15-21 d, feeder raised 7.30 AM- 
  5.00 PM from 22-29 d, feeder raised 7.30 AM-9.00 PM from 30-48 d.     
2 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
3 Dietary ME: 2,950 and 3,050 kcal/kg in grower and finisher diets were low dietary ME; 3,050 and 3,150 kcal/kg in grower and   
  finisher diets were high dietary ME. 
4 Main site of liquid fat application in grower and finisher diets. 
5 Number of replicate pens of 15 birds each. 
6 SEM for n = 24 pens. 
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Table II-18 (continued). Cumulative mortality and period mortality of broiler chickens to 48 d of age as affected by two-way 
interactions of feeding program by percentage coarse corn of total dietary corn, feeding program by dietary ME, feeding program 
by main site of liquid fat application, percentage coarse corn of total dietary corn by dietary ME, percentage coarse corn of total 
dietary corn by main site of liquid fat application, and dietary ME by main site of liquid fat application. 
 

Feeding Coarse  Dietary     Added   Mortality7    Period Mortality7  
Program Corn2  ME3      Fat4  n5 14 d 28 d 35 d 48 d  1-14 d 15-28 d 29-35 d 36-48 d           
   (%)           (%)  
Ad libitum         Mixer 24 0.28 1.11 53.89 54.44  0.28 0.83   53.39     0.81  
Ad libitum         Post-pellet 24 0.56 1.94 59.17 60.56  0.56 1.41   58.62     4.45 
Time-limited1         Mixer 24 0.28 1.94 20.56 21.67  0.28 1.67   18.86     1.21 
Time-limited1         Post-pellet 24 0.56 1.11 24.17 25.83  0.56 0.58   23.32     2.01 
       P=       1.000 0.220 0.775 0.725  1.000 0.131   0.897     0.274 
 

0-0-0  High   24 0.28 1.39 38.61 39.44  0.28 1.11   38.32     1.43  
0-0-0  Low   24 0.56 1.39 35.28 37.22  0.56 0.85   34.33     4.14 
20-35-50 High   24 0.56 1.11 43.61 44.72  0.56 0.56   42.82     1.82 
20-35-50 Low   24 0.28 2.22 40.28 41.11  0.28 1.96   38.73     1.09 
      P=      0.417 0.413 1.000 0.802  0.417 0.131   0.986     0.186 

 
SEM6      0.340 0.675 2.900 2.757  0.340 0.546   2.961     1.290 

1 Feeding program applied from 15-48 d of age as follows; feeder raised 7.30 AM-1.30 PM from 15-21 d, feeder raised 7.30 AM- 
  5.00 PM from 22-29 d, feeder raised 7.30 AM-9.00 PM from 30-48 d.     
2 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
3 Dietary ME: 2,950 and 3,050 kcal/kg in grower and finisher diets were low dietary ME; 3,050 and 3,150 kcal/kg in grower and   
  finisher diets were high dietary ME. 
4 Main site of liquid fat application in grower and finisher diets. 
5 Number of replicate pens of 15 birds each. 
6 SEM for n = 24 pens. 
7 No significant interactions. 
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Table II-18 (continued). Cumulative mortality and period mortality of broiler chickens to 48 d of age as affected by two-way 
interactions of feeding program by percentage coarse corn of total dietary corn, feeding program by dietary ME, feeding program 
by main site of liquid fat application, percentage coarse corn of total dietary corn by dietary ME, percentage coarse corn of total 
dietary corn by main site of liquid fat application, and dietary ME by main site of liquid fat application. 
 

Feeding Coarse  Dietary     Added   Mortality7    Period Mortality7  
Program Corn2  ME3      Fat4  n5 14 d 28 d 35 d 48 d  1-14 d 15-28 d 29-35 d 36-48 d           
   (%)           (g)  

0-0-0        Mixer 24 0.28 1.39 33.89 35.00  0.28 1.11   33.06     1.26  
0-0-0        Post-pellet 24 0.56 1.39 40.00 41.67  0.56 0.85   39.60     4.31 
20-35-50       Mixer 24 0.28 1.67 40.56 41.11  0.28 1.39   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   0.569     0.522 
 

High      Mixer 24 0.56 1.67 38.33 38.89  0.56 1.11   37.34     0.76  
High      Post-pellet 24 0.28 0.83 43.89 45.28  0.28 0.56   43.79     2.48 
Low      Mixer 24 0.00 1.39 36.11 37.22  0.00 1.39   34.91     1.26 
Low      Post-pellet 24 0.83 2.22 39.44 41.11  0.83 1.43   38.15     3.98 
      P=    0.106 0.220 0.703 0.652  0.106 0.587   0.589     0.703 
 

SEM6      0.340 0.675 2.900 2.757  0.340 0.546   2.961     1.290 
2 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
3 Dietary ME: 2,950 and 3,050 kcal/kg in grower and finisher diets were low dietary ME; 3,050 and 3,150 kcal/kg in grower and   
  finisher diets were high dietary ME. 
4 Main site of liquid fat application in grower and finisher diets. 
5 Number of replicate pens of 15 birds each. 
6 SEM for n = 24 pens. 
7 No significant interactions. 
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Table II-19. Rectal temperature of broiler chickens at 49 d of age as affected by main effects of feeding program, percentage 
coarse corn of total dietary corn, dietary metabolizable energy (ME), and main site of liquid fat application. 
 

Feeding Program Coarse Corn2  Dietary ME3  Added Fat4  n5  Rectal temperature (°C)
            
           (%)        
Ad libitum           144   42.3A  
Time-limited1           144   41.7B 
      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 
   P =         0.659 

 
Mixer   144   42.0 
Post-pellet  144   42.0 

               P =      0.515 
 

SEM6             0.035 
A, B Means in a column that possess different superscripts differ significantly (P �  0.01). 
1 Feeding program applied from 15-48 d of age as follows; feeder raised 7:30 AM-1:30 PM from 15-21 d, feeder raised 7:30 AM- 
  5:00 PM from 22-29 d, feeder raised 7:30 AM-9:00 PM from 30-48 d.     
2 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
3 Dietary ME: 2,950 and 3,050 kcal/kg in grower and finisher diets were low dietary ME; 3,050 and 3,150 kcal/kg in grower and   
  finisher diets were high dietary ME. 
4 Main site of liquid fat application in grower and finisher diets. 
5 Number of chickens, 3 of each pen. 
6 SEM for n = 144 chickens. 
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Table II-20. Rectal temperature of broiler chickens at 49 d of age as affected by two-way interactions of feeding program by 
percentage coarse corn of total dietary corn, feeding program by dietary ME, feeding program by main site of liquid fat 
application, percentage coarse corn of total dietary corn by dietary ME, percentage coarse corn of total dietary corn by main site of 
liquid fat application, and dietary ME by main site of liquid fat application. 
 

Feeding Program Coarse Corn2  Dietary ME3  Added Fat4  n5  Rectal temperature (°C)         
           (%)      
Ad libitum  0-0-0         72   42.4A 
Ad libitum  20-35-50        72   42.2B 
Time-limited1  0-0-0         72   41.6D 
Time-limited1  20-35-50        72   41.8C 
      P=               0.001 
 
Ad libitum     High      72   42.3a 
Ad libitum     Low      72   42.4a 
Time-limited1     High      72   41.7b 
Time-limited1     Low      72   41.7b 
      P=               0.050 
 

SEM6             0.049 
a, b Means in a column that possess different superscripts differ significantly (P �  0.05). 
A, B, C, D Means in a column that possess different superscripts differ significantly (P �  0.01). 
1 Feeding program applied from 15-48 d of age as follows; feeder raised 7:30 AM-1:30 PM from 15-21 d, feeder raised 7:30 AM- 
  5:00 PM from 22-29 d, feeder raised 7:30 AM-9:00 PM from 30-48 d.     
2 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
3 Dietary ME: 2,950 and 3,050 kcal/kg in grower and finisher diets were low dietary ME; 3,050 and 3,150 kcal/kg in grower and   
  finisher diets were high dietary ME. 
4 Main site of liquid fat application in grower and finisher diets. 
5 Number of chickens, 3 of each pen. 
6 SEM for n = 72 chickens. 
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Table II-20 (continued). Rectal temperature of broiler chickens at 49 d of age as affected by two-way interactions of feeding 
program by percentage coarse corn of total dietary corn, feeding program by dietary ME, feeding program by main site of liquid 
fat application, percentage coarse corn of total dietary corn by dietary ME, percentage coarse corn of total dietary corn by main 
site of liquid fat application, and dietary ME by main site of liquid fat application. 
 

Feeding Program Coarse Corn2  Dietary ME3  Added Fat4  n5  Rectal temperature (°C) 7

         
           (%) 
Ad libitum             Mixer   72   42.3 
Ad libitum             Post-pellet  72   42.3 
Time-limited1             Mixer   72   41.7 
Time-limited1             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 
 

SEM6             0.049 
1 Feeding program applied from 15-48 d of age as follows; feeder raised 7:30 AM-1:30 PM from 15-21 d, feeder raised 7:30 AM- 
  5:00 PM from 22-29 d, feeder raised 7:30 AM-9:00 PM from 30-48 d.     
2 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
3 Dietary ME: 2,950 and 3,050 kcal/kg in grower and finisher diets were low dietary ME; 3,050 and 3,150 kcal/kg in grower and   
  finisher diets were high dietary ME. 
4 Main site of liquid fat application in grower and finisher diets. 
5 Number of chickens, 3 of each pen. 
6 SEM for n = 72 chickens. 
7 No significant interactions. 
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Table II-20 (continued). Rectal temperature of broiler chickens at 49 d of age as affected by two-way interactions of feeding 
program by percentage coarse corn of total dietary corn, feeding program by dietary ME, feeding program by main site of liquid 
fat application, percentage coarse corn of total dietary corn by dietary ME, percentage coarse corn of total dietary corn by main 
site of liquid fat application, and dietary ME by main site of liquid fat application. 
 

Feeding Program Coarse Corn2  Dietary ME3  Added Fat4  n5  Rectal temperature (°C) 7          
        (%)       
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 
 

SEM6             0.049 
2 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
3 Dietary ME: 2,950 and 3,050 kcal/kg in grower and finisher diets were low dietary ME; 3,050 and 3,150 kcal/kg in grower and   
  finisher diets were high dietary ME. 
4 Main site of liquid fat application in grower and finisher diets. 
5 Number of chickens, 3 of each pen. 
6 SEM for n = 72 chickens. 
7 No significant interactions. 
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Table II-21. Gross and relative weights of the proventriculus and gizzard of broiler chickens at 50 d of age as affected by main 
effects of percentage coarse corn of total dietary corn, dietary metabolizable energy (ME), and main site of liquid fat application. 
 

              Proventriculus     Gizzard  
Coarse Corn1  Dietary ME2 Added Fat3 n4 Gross Weight Relative Weight Gross Weight Relative Weight           
        (%)        (g) (g/100 g BW)   (g) (g/100 g BW) 
0-0-0       96  8.05A  0.24A   27.53B  0.83B 
20-35-50      96       7.17B  0.22B   31.20A  0.95A 
      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 
   P =      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 

 
SEM5       0.150  0.004   0.508  0.015 

A, B Means in a column within each age that possess different superscripts differ significantly (P �  0.01). 
1 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
2 Dietary ME: 2,950 and 3,050 kcal/kg in grower and finisher diets were low dietary ME; 3,050 and 3,150 kcal/kg in grower and   
  finisher diets were high dietary ME. 
3 Main site of liquid fat application in grower and finisher diets. 
4 Number of chickens, 4 of each pen. 
5 SEM for n = 96 chickens. 
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Table II-22. Gross and relative weights of the proventriculus and gizzard of broiler chickens at 50 d of age as affected by two-way 
interactions of percentage coarse corn of total dietary corn by dietary ME, percentage coarse corn of total dietary corn by main site 
of liquid fat application, and dietary ME by main site of liquid fat application. 
 

              Proventriculus 6    Gizzard6  
Coarse Corn1  Dietary ME2 Added Fat3 n4 Gross Weight Relative Weight Gross Weight Relative Weight           
        (%)        (g) (g/100 g BW)   (g) (g/100 g BW) 
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 

 
SEM5       0.213  0.006   0.719  0.022 

1 Percentage coarse corn of total dietary corn in starter, grower, and finisher diets, respectively. 
2 Dietary ME: 2,950 and 3,050 kcal/kg in grower and finisher diets were low dietary ME; 3,050 and 3,150 kcal/kg in grower and   
  finisher diets were high dietary ME. 
3 Main site of liquid fat application in grower and finisher diets. 
4 Number of chickens, 4 of each pen. 
5 SEM for n = 48 chickens. 
6 No significant interactions. 
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OVERALL DISCUSSION AND CONCLUSIONS 

An appropriate gradually increased inclusion of coarse corn clearly increased mean 

particle size of diets in their mash form. The data suggested that particle size of diets in mash 

form should be between 400-500, 500-600, and 600-700 microns in starter, grower, and 

finisher diets, respectively. Inclusion of coarse corn in broiler diets improved feed efficiency 

and increased gizzard weight when broilers were fed on an ad libitum basis. Improved feed 

efficiency has been attributed to an increased residence time in the gastrointestinal tract due 

to increased gizzard activity that improved digestion and absorption (Parsons et al., 2006; 

Amerah et al., 2008). As expected, high dietary inclusions of DDGS negatively affected 

broiler performance. However, the present results were in agreement with those of Loar et al. 

(2010) who suggested that chickens that were exposed to low levels of DDGS early in life 

seemed to have an advantage when exposed to greater levels at older ages. This suggested an 

adaptive response in the gastrointestinal tract. The data also suggested that the gizzard could 

be stimulated by substances other than coarse corn, which had either a high fiber content or 

appropriate particle size. Additive or synergetic effects between coarse corn and DDGS were 

not apparent in the present study, which suggested that a longer retention time in the 

gastrointestinal tract would not significantly alter the digestibility of DDGS. 

In general, broiler chickens provided feed for ad libitum consumption exhibited 

greater FI and BW but poorer AdjFCR than chickens fed on a time-limited basis. The ad 

libitum fed broilers also exhibited a higher body temperature and increased mortality during 

heat stress. Coarse corn improved BW gain during heat stress in ad libitum fed broilers, 

which may have been due to decreased body temperature that decreased energy expenditures  
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associated with heat dissipation such as panting. On the contrary, coarse corn did not exhibit 

these positive effects when broilers were fed on a time-limited basis, which was partially 

attributed to a lower body temperature. Additionally, limited fed broilers were probably 

hungry at times and consumed litter, which stimulated gizzard activity and produced 

improved feed efficiency in a manner similar to coarse corn. Thus, in the presence of time-

limited feeding where wood shavings were available for consumption, there was no necessity 

to include coarse corn. 

The data showed that increased dietary poultry fat obviously increased dietary ME 

but decreased pellet quality, which would normally be thought to be problematic. However, 

broilers consuming greater ME exhibited improved feed efficiency during early ages and 

prior to heat stress, which was probably due to the effect of fat with respect to decreased feed 

passage rate. On the contrary, this effect was not apparent when broilers experienced heat 

stress or at older ages, which probably suggested that pellet quality was more important than 

ME when broilers were exposed to heat stress or during the late growing period when feed 

intake relative to BW became more growth-limiting. In general, the data suggested that 

adding up to 2% poultry fat had no effect on PDI but decreased PDI when added poultry fat 

was greater than 3%. It was concluded that high dietary ME and pellet quality played 

important roles in broilers fed on an ad libitum basis but not on a time-limited basis. Pellet 

quality was apparently not as important in the presence of time-limited feeding as the hungry 

broilers consumed all of the feed in the pan at each feeding and did not exhibit typical 

selection of pellets over fines. 
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