
ABSTRACT 

CARAWAY, COLTIN TICE. Broiler Breeder Reproductive Performance and Broiler 

Progeny Live Performance as Affected By Incubation Conditions and Supplemental Trace 

Mineral Source in the Diets of Broiler Breeders and Their Progeny.  (Under the direction of 

John T. Brake). 

  

Ross 708 females x Ross 344 males were reared for determination of the effects of the 

interactions between trace mineral (TM) source beginning at photostimulation and incubation 

conditions on the live performance of their male broiler progeny. Reproductive performance 

of the broiler breeder flock was also evaluated. Broiler breeders were assigned to one of three 

TM treatments: inorganic TM consisting of CuSO4, MnSO4, ZnSO4, and Selenite (INO), 

organic TM consisting of reduced levels of Cu, Mn, and Zn metal proteinates, and Se-Yeast 

(ORG), and a mixture of the inorganic and organic TM sources (MIX). Treatment 

differentiation in the broiler breeders began with photostimulation and the commencement of 

the grower diet at 21 wk of age and continued in the layer diets through 65 wk of age. 

Neither hen-day production nor eggs per hen housed was affected by TM source. 

Furthermore, hatchability, fertility, hatchability of fertile eggs, and embryonic mortality were 

not affected by TM source. However, Se content of eggs from ORG broiler breeders was 

elevated compared to INO eggs with MIX intermediate.  

Fertile hatching eggs from the broiler breeder flock were utilized to conduct a series of 

broiler experiments to determine the effect of the interactions between early incubation 

temperature, incubation relative humidity (RH), parental TM nutrition, and progeny TM 

nutrition in a variety of combinations. In these experiments, BW, feed intake (FI), adjusted 

feed conversion (AdjFCR), and mortality were recorded or calculated. Differences among the 

TM treatments were primarily observed in progeny from the broiler breeder flock at 28 and 



40 wk of age. With the 28-wk-old broiler breeder flock, broiler progeny from breeders 

supplemented with MIX TM exhibited increased BW apparently as a result of increased FI 

compared to progeny from INO or ORG broiler breeders.  When broiler progeny from the 

40-wk-old flock were supplemented with the same TM as their respective parents, progeny 

from the MIX treatment exhibited increased BW and FI when compared to ORG and INO. 

Furthermore, ORG progeny from the flock at 28 and 40 wk of age exhibited the lowest BW 

and FI when compared to the other TM.  

Additionally, the effects of the interaction between TM source and early incubation 

temperature were evaluated. No differences were observed as main effects or interactions 

between eggs incubated at either 100.5F or 99.5F through 3 d of incubation. Incubation of 

eggs at 70% RH adversely affected the FI of INO progeny and the adjusted feed conversion 

ratio of ORG progeny, resulting in decreased BW. Incubation RH had no effect on MIX 

progeny, with MIX progeny exhibiting superior FI and BW at 42 d compared to the other 

treatments.  

Progeny from the broiler breeder flock at 50 and 64 wk of age were utilized to evaluate the 

effect of possible interactions between parental and progeny TM nutrition. Persistent 

differences were not detected in progeny from the 50-wk-old flock. In the study utilizing 

eggs from the 64-wk-old flock broiler progeny from ORG broiler breeders exhibited 

decreased BW when compared to INO and MIX. Additionally, progeny from MIX breeders 

exhibited decreased feather weights when compared to INO and ORG.  

In conclusion, many factors play a role in parental and progeny TM nutrition. Particular 

attention should be given to incubation conditions as well as the age of the broiler breeder 



flock as differential Se concentrations in the egg could be altering albumen quality, embryo 

development, and subsequent broiler live performance.  
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INTRODUCTION 

Trace minerals (TM) are defined as mineral nutrients required by animals in micro amounts 

only (AAFCO Official Publication, 2015).  Evidence has demonstrated that they play an 

integral metabolic role in avian species. From reproduction to protein accretion in muscle, 

TM have been shown to be required for proper body function. It has long been a necessary 

practice of poultry nutritionists to supplement broiler breeder and broiler diets with TM.  

Supplementation has primarily been with inorganic TM forms such as chlorides, oxides, and 

sulfates. However, the chemical nature of these compounds results in competitive inhibition 

and binding by other molecules such as phytate that results in poor absorption by the animal. 

Low absorption rates coupled with the low cost of inorganic forms of TM have lead 

nutritionists to include very high quantities of TM in the diets of commercial poultry, often at 

a level that considerably exceeded NRC minimum requirements. This practice allowed for 

adequate TM for proper function but it also resulted in a high quantity of excess TM to be 

excreted in the litter.  Due to environmental concerns, it has been and will continue to be in 

the interest of the commercial poultry industry to reduce the amount of TM in poultry 

excreta. Solutions to this problem have included reducing the amount of TM in the diet, 

utilization of phytase, and the inclusion of TM bound to organic compounds. It has been 

documented that replacing inorganic TM with organically bound TM can reduce the amount 

of excreted minerals when appropriate dietary dosage alterations were made. However, there 

has been debate about whether or not replacement of inorganic TM with reduced levels 

organic TM could sustain live performance.  The purpose of the study detailed herein was to 

evaluate the performance of broiler breeders and their progeny when TM supplementation 
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was provided in the form of inorganic TM, organic TM, or a combination of two as they 

would be utilized in diets formulated for commercial, vertically-integrated poultry 

production.  Commercial practicality was an important aspect of this study due to the cost 

differences among the different TM sources. Organic TM have had notably higher costs 

associated with them when compared to inorganic TM. While nutritionists have the 

capability of including reduced amounts of TM in the diet when supplied in the organic form, 

the higher cost has demanded not only a reduction in inclusion levels but also similar or 

improved live performance. Without the necessary live performance results, the total or 

partial replacement of inorganic TM with organic TM could become an infeasible option due 

to the cost control responsibilities of the integrated feed mill producing the commercial diets.  
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LITERATURE REVIEW 

Classification of TM Sources 

The term “organic” has been utilized in a broad sense to describe TM from sources other than 

commonly used “inorganic” TM sources such as divalent metal salts. Some TM that would 

be considered organic have been broadly classified as mineral complexes and mineral 

chelates.  Mineral salts, such as ZnSO4 or CuSO4, have been defined as ionic substances 

containing a metal cation and either an inorganic or an organic ion that would disassociate in 

water to release the free metal cation (e.g. Zn+2 or Cu+2) and free anion (e.g. SO4
-2). Mineral 

complexes have been defined as substances in which a metal cation accepted an electron pair 

from one or more anionic or neutral bonding partners (ligands) to form chemical bonds. 

Mineral chelates have been defined as a metal complex in which at least one ligand formed 

two or more bonds to the central metal ion through combination with different atoms of the 

ligand, forming distinctive heterocyclic rings in which the metal ion was a member of the 

ring.  

More specific classifications of organic TM have been metal amino acid complexes, metal 

amino acid chelates, and metal proteinates. Metal amino acid complexes have been defined 

as the product of complexing an insoluble metal salt with a series of amino acids or a specific 

amino acid such as a Zn-amino acid complex or Zn-methionine, respectively. Metal amino 

acid chelates have been defined as the product resulting from the reaction of a metal ion from 

a metal salt with amino acids with a mole ratio of one mole of metal to one to three moles of 

amino acid to form coordinate covalent bonds.  Metal proteinates have been defined as the 
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product resulting from the chelation of a soluble salt with amino acids or partially hydrolyzed 

protein such as Cu proteinate or Mn proteinate (AAFCO Official Publication, 2015).  Metal 

chelates, whether chelated with amino acids or proteins, have been considered stronger due 

to multiple covalent bonds in the ring structure when compared to metal amino acid 

complexes. Selenium, classified as a non-metal, has been most often used by the commercial 

poultry industry in the form of sodium selenite, an inorganic sodium salt of selenic acid as 

defined in the AAFCO Official Publication (2015). Organic forms of Se have been classified 

as Se Yeast (SeY) and selenomethionine.  Selenomethionine (Se-Met), an analog of 

methionine with the sulfur atom replaced by a selenium atom, has been shown to be the 

primary form of Se in SeY (Schrauzer, 2000).  The AAFCO Official Publication (2015) 

defined SeY as the dried, non-viable yeast, Saccharomyces cerevisiae, cultivated in a fed-

batch fermentation system that allowed for incorporation of inorganic Se into organic 

material with residual inorganic Se being limited to levels below 2% of the total Se. As 

described, the term organic has been applied to a variety of different TM compounds. It will 

be important to consider the specific compounds that have been studied in various 

experiments in order to fully compare results and draw conclusions.  

 

 

 

 



  

5 

   

Overview of TM Function and Requirements 

In general, TM have been reported to perform four types of functions: structural, 

physiological, catalytic, and regulatory (Suttle, 2010). All of these functions have been 

required not only for survival but optimized live performance as well, which has become 

paramount for economical commercial poultry production.  

Zinc.  A review by Suttle (2010) revealed that Zn was incorporated into hundreds of enzymes 

and over 2,000 transcription factors in the animal body. Due to the ubiquitous nature of Zn in 

the body, it has functioned in a variety of capacities.  Collagen, also ubiquitous throughout 

the body, has been shown to require Zn-dependent enzymes for proper synthesis and turnover 

(Starcher et al, 1980). Zinc has also been shown to alter various immune parameters in 

commercial poultry species (Kidd et al, 1993; Kidd et al, 1996). Additionally, Zn has been 

observed to affect appetite control, fat absorption, antioxidant defense, and reproduction. 

(Suttle, 2010). 

Copper.  Copper has rarely been deficient in poultry diets as naturally occurring Cu has been 

found in amounts above requirement in feedstuffs typically used in poultry diets. However, 

to prevent marginal deficiencies, nutritionists have historically formulated diets to include 

supplemental Cu.  Additionally, supplemental Cu has been found to elicit growth promotion 

due to observed antimicrobial effects (Arias and Koutsos, 2006). Similar to Zn, Cu has been 

known to be incorporated into a notable number of metalloenzymes as well as play roles in 

bone formation, cardiac function, and collagen formation (Novak and Troche, 2007; 

Scheideler, 2008; Richards et al., 2010).  
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Manganese.   Manganese has been frequently supplemented because Mn deficiencies have 

been shown to prevent bone malformation (Novak and Troche, 2007; Scheideler, 2008).  

Less research has been conducted concerning the role and effects of manganese when 

compared to other TM such as Cu and Zn. However, it has been demonstrated that Mn 

functions in various enzymes and was required for proper reproductive function and nutrient 

metabolism (Novak and Troche, 2007; Richards et al., 2010) 

Selenium.  The Food and Drug Administration (FDA, United States of America) has limited 

supplemental Se to levels of 0.3 µg/g in poultry diets due to observed toxic effects at higher 

inclusion levels (FDA, 21CFR573.920, Rev. 1 April, 2014). It has been shown that Se was 

required for proper antioxidant defenses in the body primarily because it has been shown to 

be a key element in the enzyme glutathione peroxidase. It has also been made evident that Se 

was required due to its incorporation into thyroid hormones that performed important roles in 

gene regulation (Suttle, 2010).  

Absorption of TM 

Absorption of Divalent Cations – Cu, Mn, Zn. In general, the mechanisms of absorption for 

TM have been described as quite convoluted, especially considering the many forms each 

TM has been found in the diet. In reviews by Whitehead et al. (1996) and Park et al. (2004), 

the general digestion and absorption processes were described. With particular regard to 

mineral salts, such as ZnSO4, the mineral salt was found to be solubilized by the low pH in 

the gastric stomach resulting in a free metal cation. Next, it has been widely speculated that 

when the cation passed into the lumen of the small intestine, endogenously secreted mucins 
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bound the cation. Once bound, the mucin-mineral ligand merged with the mucosal layer of 

the small intestine where the complex was hydrolysed and the divalent cation either diffused 

through the membrane of the enterocyte or was actively transported across the basolateral 

membrane. There has also been speculation that the mineral-mucin ligand directly entered 

the bloodstream via gaps in the tight junctions, just as with some amino acids and peptides 

(Whitehead et al., 1996; Park et al., 2004). This assertion also formed a basis for possible 

differential absorption mechanisms of chelated TM (Ashmead, 1993). Regardless of the 

actual mechanism of absorption, the theory behind the increased bioavailability of 

organically chelated TM has been rooted in the fact the mineral cation was protected by the 

organic complex so that it reached the brush border of the small intestine intact, thus 

reducing the chance of the metal cation being bound by an anti-nutritive factor such as phytic 

acid (Ashmead, 2003; Yu et al., 2008; Bai et al., 2011). 

While the entire process of TM digestion has not been wholly understood, recent studies 

evaluating the location and mechanisms of absorption for Zn and Mn have provided clearer 

insight. A study using in situ ligated intestinal loops in broilers provided evidence that the 

majority of Zn absorption occurred in the ileum by way of diffusion (Yu et al., 2008). It was 

also demonstrated that a degree of absorption occurred in the duodenum and jejunum by way 

of carrier-mediated processes involving various Zn transporters (Yu et al., 2008). In a 

similarly designed study, the absorption of Mn was evaluated. Bai et al. (2008) reported that 

the primary sight of Mn absorption was in the ileum but was also found to occur in the 

duodenum and jejunum, evidently by way of carrier-mediated transporters, particularly the 

divalent metal transporter 1 (DMT1). Additionally, the expression of various mineral 
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transporters have been found to be regulated by the amount of respective TM in the diet as 

well as the needs of the animal (Tako et al., 2005; Bai et al., 2008; Yu et al., 2008).   

Absorption of Selenium.  Very little research has provided consistent evidence of a 

mechanism for selenium absorption. However, it has been reported that selenium, whether in 

the form of selenite or an organic chelate, was readily absorbed (Reasbeck et al., 1985). Pesti 

and Combs (1976) performed a series of experiments in order to determine a precise location 

of selenium absorption. By infecting chicks with different species of Eimeria, each of which 

infected different regions of the gastrointestinal tract, Pesti and Combs were able to 

determine which infection sites did or did not alter the uptake of dietary Se. In doing so, 

these workers discovered that species such as E. brunetti, which infected the lower portion of 

the gut, had little to no effect on Se absorption. Conversely, species that infected the upper 

portions of the gut, such as E. maxima, E. necatrix, and E. acervulina, greatly reduced Se 

absorption. The conclusion of these experiments was that Se was primarily absorbed in the 

duodenum and upper ileum with a gradual decline in absorption towards the posterior regions 

of the gut (Pesti and Combs, 1976). Furthermore, a study using the triple lumen perfusion 

technique in the jejunum of dogs provided evidence of active transport of Se in the form of 

Se-Met and Se-cysteine. It was conjectured that the same proteins used for amino acid 

transport could also be used to transport Se-Met and Se-cysteine. (Reasbeck et al., 1985; 

Vendeland et al., 1994). Given that it has also been determined that methionine inhibited the 

absorption of Se-Met, evidence supporting this mechanism was strong (McConnell and Cho, 

1965). It was also theorized that Se in the form of selenite might experience additional 

passive absorption, particularly towards more posterior regions of the gut (Reasbeck et al., 
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1985). Reasbeck et al (1985) also asserted that Se in an organic form could bind to the 

mucosal layer of the intestine where it could remain as a selenium reservoir for the body. 

Factors Affecting TM Absorption and Bioavailability 

While there has been some debate concerning the most adequate definition of the term 

‘bioavailability’, in general, it has referred to the extent to which ingested nutrients were able 

to be absorbed and metabolized. While the definition and methods for determining precise 

bioavailability measurements may be uncertain, it has been generally acknowledged that TM 

from organic sources were more bioavailable than TM from inorganic sources (Yiannikouris 

et al., 2009). The matter of bioavailability has begun with how well a TM could be absorbed. 

There have been many factors identified that inhibit absorption of TM when they were not 

chelated to a less soluble molecule. Due to the presumed competition for absorption sites, Cu 

and Zn have had inhibitory effects on the absorption of the other (Forbes and Erdman, 1983; 

Fairweather-Tait, 1996; Wapnir, 1998).  As a result of the extremely high inclusion level of 

most TM, it has been likely that this effect was intensified in poultry diets. High levels of Ca 

and P have also been found to negatively affect TM absorption (Forbes and Erdman, 1983). 

Additionally, phytate, which has been found in abundance in poultry diets containing 

soybean meal, has a large inhibitory effect on absorption due to multiple positively charged 

sites that readily bind free cations in order to achieve neutrality (Fairweather-Tait, 1996; 

Lonnderdal, 2000). The improved bioavailability of organic TM can be accounted for by the 

structure of their complexed or chelated molecules. The organic TM was more chemically 

stable due to single or multiple covalent bonds that were not well solubilized in low pH or 
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water (Fairweather-Tait, 1996). This prevented the free cation from being bound by non-

nutritive factors such as phytate. This allowed the TM complex to form a ligand with the 

mucosal layer of the intestine in order to be absorbed. Furthermore, if organic TM were 

subjected to different absorption mechanisms than their inorganic counterparts, there would 

also be a reduction in competitive inhibition that could promote increased absorption and 

utilization (Power and Horgan, 2007). 

Production and Hatchability as Affected by TM Source and Level 

It has been well documented that TM were required for proper egg production and 

hatchability. Deficiencies in Cu, Mn, Zn, and Se have been detrimental to broiler breeder 

performance (Cantor and Scott, 1977; Wilson, 1997).  However, increased dietary inclusion 

of certain TM above the animal’s requirement did not necessarily yield improvement in egg 

production (Stahl et al., 1986; Yuan et al., 2011). While information regarding TM 

deficiencies was found to be abundant, only a small amount of research evaluating the effect 

of TM source and level on broiler breeder performance has been conducted.  Generally, egg 

production has not been influenced by varying sources or non-deficient levels of TM (Stahl 

et al., 1986; Payne et al., 2005). Torres (2013) reported that egg production was not altered 

when organic TM replaced inorganic TM at a 50% reduced inclusion rate. It was also 

reported that egg production was not affected by either increased INO TM levels or the 

addition of organic TM above normal supplementary levels (Torres, 2013).  Similarly, 

Favero et al. (2013) found that egg production was not affected by TM source or level.  

Contrary to these studies, when broiler breeders were supplemented with a 50-50 mixture of 
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inorganic and organic TM, cumulative hen-day egg production was increased (primarily due 

to differences identified from 24-37 wk of age) when compared to hens that were fed only 

inorganic TM at the same level (Hudson et al., 2004a).   

In reports by Kidd et al. (1993), Hudson et al. (2004a), and Torres (2013), hatchability was 

not affected by TM level or source. However, Favero et al. (2013) demonstrated improved 

hatchability of fertile eggs by supplementing with a mixture of inorganic and organic TM. It 

has also been found that a mixture of inorganic and organic reduced early embryonic 

mortality (Hudson et al., 2004a; Favero et al., 2013). Supplementing hens with a mixture of 

TM sources was shown to increase egg shell thickness, increase relative egg shell weight, 

decrease the number of cracked eggs, and increase the number of settable eggs (Hudson et 

al., 2004a; Favero et al., 2013).  

Given the variability between studies and the overall limited amount of data available 

concerning the effect of TM source and level on broiler breeder performance, it has been 

difficult to determine if TM source or levels above stated requirements were important for 

optimum reproduction. In most studies where broiler breeder production parameters were 

measured, the main objective was to evaluate subsequent progeny performance.  Perhaps it 

would have been beneficial to design experiments with the goal of better understanding 

broiler breeder performance as a result of TM nutrition. 

Mineral Content of Eggs as Affected by TM Source and Level  

It would be a fair assertion that TM nutrition does not have an apparent effect on egg 

production except in the case of severe deficiencies. While this has appeared to be true, 
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different TM sources and levels may have affected the amount of TM deposited in the egg 

and possibly affected embryo development and subsequent live performance. However, 

research in this area has been limited. A review by Naber (1979) stated that the TM 

concentration in the egg, including Mn, Cu, and Se but not Zn, could be altered by the 

mineral concentration of the hen’s diet. In contrast, Mabe et al. (2003) reported that the 

concentration of neither Cu, Zn, nor Mn in the eggs of laying hens were affected by inorganic 

or organic TM sources when fed at either high or low levels. These findings coincided with 

the findings of Torres (2013) in which broiler breeders were fed different levels of Cu, Zn, 

and Mn from both inorganic and organic sources from 22 wk through 65 wk with no effect 

on the mineral concentration in the eggs at any age.  

The research concerning the deposition of Se in the egg was more abundant than other TM. It 

was demonstrated that utilizing feedstuffs with increased levels of innate Se (mostly Se-Met) 

in the hen’s diet increased the amount of Se deposited in the egg relative to sodium selenite 

(SS; Latshaw, 1975).  More recent research has also shown organic sources of Se to increase 

egg Se concentration when compared to inorganic sources. It was reported by Reis et al. 

(2009) that increased levels of selenite (SS) did not increase the concentration of Se in the 

egg, whereas increased Se-Met did increase the concentration of Se in the egg. In the same 

study, supplementing 0.30 ug/g of Se with an equal mixture of SS and Se-Met resulted in the  

same amount of Se being deposited in the egg as when hens were fed 0.30 ug/g of Se in the 

form of Se-Met. A study evaluating SeY and SS at different levels demonstrated that 

supplementing broiler breeder diets with Se yeast increased the amount of Se in the albumen 
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but not the yolk (Mohiti-Asla et al., 2008). Similar findings have been reported by other 

researchers (Cantor and Scott, 1974; Latshaw and Biggert, 1981; Paton et al., 2002, Rebel et 

al., 2004; Utterback et al., 2005; Surai, 2010).  The results of these studies provided evidence 

of the increased bioavailability of organic Se sources. However, as previously mentioned, not 

all organic sources have the same bioavailability. Different organic sources have also been 

compared. Yuan et al. (2011) reported that supplementing broiler breeder diets with 

selenomethionine increased the concentration of Se in both the yolk and albumen when 

compared to Se yeast. As in previous research, both selenomethionine and selenium yeast 

increased the concentration of Se in the egg when compared to SS. With a wide variety of 

research performed concerning selenium deposition in the egg, it could generally be 

concluded that supplementing with organic forms of Se, either at similar or lowered levels, 

increased the amount of Se in the egg when compared to supplementing with inorganic 

forms, particularly SS.  

Broiler Progeny Performance as Affected by TM Source and Level in Parental Diets 

Selenium. In general, the effect of broiler breeder selenium nutrition on progeny 

performance has been a topic of interest in the poultry industry. The available knowledge and 

understanding of Se metabolism has continued to increase and maternal effects have become 

clearer, especially in regards to basic science (Surai and Fisinin, 2014). While this has been 

true, the literature concerning the effects of maternal Se nutrition in the applied realm was 

found to be less abundant, but also increasing.  Cantor and Scott (1974) reported that Se 

supplementation in broiler breeder diets was required for normal progeny development and 
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performance. In this study it was determined that supplementing 0.1 ug/g of Se in broiler 

breeder diets was required in order to deposit enough selenium in the egg for adequate 

progeny performance. In a much later study, Kidd (2003) also reported that 0.1 ug/g in 

broiler breeder diets was necessary to prevent deficiency in the progeny.  

With regards  to the Se source, Pappas et al. (2006) reported that the Se concentration in 

various tissues of broiler progeny were increased when broiler breeders were supplemented 

with organic Se, meaning that additional Se in the egg due to organic Se supplementation 

was being utilized by the embryo. The authors stated that the importance of increased tissue 

Se could be in time of disease challenge or oxidative stress when absorption was 

compromised and tissue reserves were utilized to decrease inflammation as a result of the 

role of Se in glutathione peroxidase (Pappas et al., 2006). Yuan et al. (2011) also reported 

increased tissue Se as a result of Se-met and SeY supplementation in breeder diets. This 

theory of protection against oxidative stress has been strengthened with evidence that 

reported the level of Se transferred to the embryo could increase glutathione peroxidase 

activity in the embryo (Surai, 1999; Pappas et al., 2008; Sun et al., 2011).  The authors also 

stated that particular attention should be directed toward the role of Se in gene expression, 

noting that in a study by Rao et al. (2001) that Se-met improved gene expression in the i 

ntestines of mice. Similar findings were also elucidated in a poultry study in which the 

expression of villus cells was proliferated in the intestines of broilers, which could potentially 

directly improve the absorption of Se and other nutrients (Rebel et al, 2006). It has been 

demonstrated that Se can affect certain parameters that were indicative of improved 
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protection against oxidative stress (Surai, 1999; Pappas et al., 2008). However, the present 

author has no knowledge of reports that provide evidence of improved progeny live 

performance (BW, FCR, or FI) as a result of Se source or level when Se was provided at 

adequate, industry standard levels in broiler breeder diets. 

Other TM. It has been well established that TM were essential for proper function of the 

immune system (Larson, 2005). It has also been documented that supplementing broiler 

breeders with Zn-methionine improved immune function when compared to supplementing 

Zn from inorganic forms (Kidd, 1992; Kidd, 2000). A study by Rebel et al. (2004) elicited 

improved immune capacity in chicks from breeders supplemented with increased levels of 

TM, although the source of the TM was not defined. However, it was noted that a response 

was obtained even though TM content of the egg was not affected. 

In order to evaluate progeny performance, Kidd et al. (1992) supplemented broiler breeders 

with Zn-Methionine or Zn oxide at a level of 152 µg/g. Breeders were on the treatment diets 

from 41 to 62 wk of age and progeny data was pooled from chicks hatching at 5, 9, and 13 

wk after treatment diets were initiated. It was reported that neither progeny BW nor FCR 

were affected by broiler breeder TM source through 28 d (Kidd et al., 1992). In a study 

involving turkeys, it was reported that supplementing hens with either Zn-met or ZnSO4 had 

no effect on poult BW at 21 d (Kidd et al., 2000). In an evaluation of a Zn-amino acid 

complex and ZnSO4, Hudson et al. (2004b) reported no differences in overall broiler progeny 

performance, however, broiler progeny from hens supplemented with a mixture of inorganic 

and organic Zn exhibited improved FCR in during the finisher period. Following suit, a study 
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by Virden et al. (2003) resulted in no differences in progeny BW, FCR, or carcass 

characteristics when breeders were supplemented with Zn and Mn in the form of sulfates or 

amino acid complexes. However, it has been reported by multiple authors that supplementing 

breeders with organic TM reduced mortality in broiler progeny (Virden et al., 2003).  In 

addition to reduced mortality as a result of possible improved immune function, Virden et al. 

(2004) also demonstrated that progeny from breeders supplemented with an equal mixture of 

inorganic and organic TM exhibited increased heart weights. The authors theorized that this 

effect could have alleviated mortality due to ascites, especially during challenges such as 

early cold stress (Virden et al., 2004). 

All of the afore-mentioned studies involved supplementing broiler breeders with inorganic or 

organic TM in combination and at the same dietary concentrations. While this was 

understandable in a research setting to evaluate non-confounded differences as affected 

solely by source, thus bioavailability, it was not a practice that would be applied in a 

commercial setting due to the higher cost of organic TM.  In a recent, more practical study 

(Moraes et al., 2011), breeders received diets that contained either 100% inorganic TM or 

organic TM at a level of 30% of the total inorganic TM from 56 to 62 wk of age. Progeny 

live performance parameters were not reported, but hatchlings from 62-wk-old broilers 

supplemented at the reduced level of organic TM exhibited impaired development of the 

gizzard, proventriculus, and intestines when compared to progeny from hens supplemented 

with inorganic TM.  In a separate study that utilized the same breeder flock, it was 

demonstrated that progeny from broiler breeders supplemented with reduced organic TM 
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exhibited decreased BW at 14 d, possibly as a result of the differences in gastrointestinal 

development (Eusebio-Balcazar et al., 2010; Moraes et al., 2011).   

It was apparent from reported research that progeny effects due to TM source and level in 

broiler breeder diets were quite inconsistent.  One reason for this could be attributed to the 

wide variety of organic TM sources being used in the different studies (i.e. amino acid 

complexes, methionine chelates, unknown, etc.).  Although, there was some evidence that 

providing a mixture could have certain benefits such as those reported by Hudson et al 

(2004b) and Virden et al (2004). Furthermore, the results from Moraes et al. (2011) 

demonstrated that differences among progeny could exist when reduced levels of organic TM 

were supplemented to breeders.  

Broiler Performance as Affected by TM Source and Level in the Broiler Diet.  

Selenium.  As previously described, Se supplementation has played an important role in 

poultry nutrition. Although it has been well documented that Se supplementation enhanced 

the body’s protection against oxidative damage, whether or not this led to improved live 

performance has yet to be determined (Yoon et al., 2007; Mikulski et al., 2009). Deniz et al. 

(2007) reported that supplementation with Se in the form of SeY improved FCR when 

compared to SS but no differences were observed in BW, FI, or carcass traits.  However, the 

authors did report a decrease in drip-loss when broilers had been supplemented with SeY. 

Decreased carcass drip-loss and cooking-loss as a result of supplementing with SeY was also 

observed in turkeys but again, no differences in live performance was observed (Mikulski et 

al., 2009). Decreased drip-loss as a result of SeY supplementation has also been reported by 
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multiple authors (Edens, 1996; Spears et al., 2003; Peric et al., 2009; Oliveira et al., 2014). In 

common with other research, none of these authors were able to identify any differences in 

broiler live performance as a result of complete or partial supplementation with SeY. It was 

worth noting that the aforementioned authors were utilizing SeY at the maximum allowable 

Se dosage of 0.3 µg/g.  In contrast, Upton et al. (2008) reported improved broiler BW, FCR, 

carcass yield, and breast meat yield when 0.2 µg/g Se in the form of SeY or an equal mixture 

of SeY and SS were utilized. Yoon et al. (2007) also reported that supplementation of broiler 

diets with 0.1 µg/g Se from SeY increased feed intake (FI) through 21 d when compared to 

broilers supplemented with 0.3 µg/g of Se from SeY or SS. Through 42 d in this study, 

broilers fed 0.1 µg/g SeY had exhibited increased FI compared to broilers supplemented with 

no additional Se or increased levels of Se in the form of SeY or SS. The increased FI resulted 

in increased BW but differences were not significant at 42 d. Although it was apparent that 

supplementing with 0.1 µg/g of SeY could be beneficial, it was not surprising that these 

broilers had decreased Se in their blood. It was interesting that there were no differences in 

Se concentration in the blood between broilers supplemented with either 0.2 µg/g or 0.3 

µg/g, regardless of source, suggesting a threshold level for circulating Se. It was also worth 

noting that broilers supplemented with 0.1 µg/g of SeY exhibited reduced glutathione  

peroxidase activity (Yoon et al, 2007). The results of this study suggested that although 

glutathione peroxidase activity was increased by Se level, regardless of source, it could also 

have inhibitory effects when excessive Se or glutathione peroxidase was present in the blood. 

As a result of this study, it could be concluded that including a reduced level of SeY in 

broiler diets might have the potential to benefit broiler live performance.  
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Other TM.  While it has been generally accepted that varying levels of Zn from different 

sources can alter certain immune parameters (Kidd et al., 2000), whether or not this parlays 

into an improvement in broiler live performance has remained in question.  In two recent but 

separate studies it was determined that roughly 45 µg/g of Zn was sufficient for broiler 

growth (Huang et al., 2007; Mohanna and Nys, 1999). However, these studies were 

performed under optimal conditions without any of the challenges that would be present in 

commercial production scenarios. The level required for sufficient growth could potentially 

be greater in a challenged environment, especially considering the role Zn has demonstrated 

in immune function.  

Regardless of the dietary nutrient requirement, recent research has demonstrated that there 

were generally no live performance differences related to increased TM levels in the diet of 

poultry. Rossi et al. (2007) reported that supplementing increased levels of organic Zn in 

addition to 60 µg/g of inorganic Zn had no effect on BW, FI, FCR, or carcass traits. In 

agreement with Rossi and coworkers, it was demonstrated by Vieira et al. (2013) that no 

differences were detected in broiler performance as a result of varying TM levels in either 

organic or inorganic forms. Vieira et al. (2013) concluded that supplementing 20-40 ug/g of  

organic Zn was sufficient for sustaining growth of broilers when compared to broilers  

supplemented with inorganic TM.  Achieving similar performance between broilers 

supplemented with inorganic TM or reduced levels of organic TM has also been reported by 

Bao et al. (2007), Nollet et al. (2007), Manangi et al. (2012), Torres (2013), and Midilli et al. 

(2014).  
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Contradictory to the majority of research, supplementation with organic TM has been shown 

to improve live performance in some instances (Ao et al., 2007; 2009), particularly when 

combined with inorganic TM. In a study conducted similarly to a commercial scenario, 

increased BW and white meat yield was reported as a result of supplementation of with a 

mixture of organic and inorganic TM (Zhao et al., 2010). These authors concluded that a 

combination of organic and inorganic TM improved broiler live performance or matched live 

performance of broilers supplemented with only inorganic TM.  Saenmahayak et al. (2010) 

also reported improvements when supplementing with a mixture of organic and inorganic 

TM.  When diets were supplemented with an equal mixture of organic and inorganic TM or 

organic TM above normal supplementary levels in addition to inorganic TM, broilers 

exhibited increased BW, improved FCR, and increased white meat yield at 48 d 

(Saenmahayak et al., 2010). Skin lesions were also decreased with organic Zn 

supplementation.  

Another important factor to consider was skin integrity. Supplementation with organic Zn 

was shown to improve footpad scores (Zhao et al., 2010; Vieira et al., 2013) and reduce 

carcass lesions (Rossi et al., 2007). Improved footpad scores has been an important aspect of 

animal welfare that was easily monitored. Additionally, footpad scores and skin lesions could  

have a direct effect on carcass quality.  

There has been no definitive answer as to whether or not inorganic or organic TM were better 

for broiler live performance. In the very least, supplementing with reduced levels of organic 

TM appeared to be a viable option that will not negatively affect growth. However, research 
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by Zhao et al. (2010) and Saenmahayak et al. (2010) demonstrated that perhaps a mixture of 

inorganic and organic TM could provide an avenue to improved broiler live performance, 

which has substantiated the need for further research. 

Incubation Temperature and Humidity 

Various incubation systems have been used in commercial broiler production. The two most 

common incubation systems have been single-stage and multi-stage. For single-stage 

systems, all eggs were placed into the setter at the same time and remain there until transfer 

to the hatcher. Single-stage incubation profiles were designed for eggs to be at the same stage 

of embryo development and to change as the embryos develop. Therefore, as the embryo 

grew and produced more heat, the temperature would be reduced. For multi-stage systems, 

eggs have been placed into the setter at multiple times (generally up to 6), resulting in 

embryos that were in different stages of development. Multi-stage incubation profiles were 

designed to facilitate the average needs of embryos at multiple stages of embryogenesis. As a  

result, the dry-bulb temperature in multi-stage machines has been more constant than in its 

single-stage counterpart.  In multi-stage machines, when eggs were placed into the machine it 

has been common for the temperature set-point in the setter to be approximately 37.5C 

(99.5°F) (Brake, personal communication; Oviedo et al., 2009). This reduced temperature 

relative to that of a single-stage incubator has been shown to inhibit early embryonic 

development, which can have subsequent negative effects on broiler live performance (Hulet, 

2007; Oviedo et al., 2009).  Although it has been established that the optimal incubation 

temperature was 37-38°C (Lundy, 1969; Decuypere and Michels, 1992), the early embryo 
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may have required an increased temperature since early-stage embryos have been determined 

to be poikilothermic (French, 1997) and produced a very minimal amount of heat until 

approximately the 12th day of incubation (Hulet, 2007; Lekrisompong et al., 2007; Oviedo et 

al., 2009; Lin., 2013).  Additionally, Lin (2013) reported that increased temperature (38.1°C) 

during the first 5 d of incubation could improve chick quality as well as increased breast meat 

yield, suggesting that such an increased dry-bulb temperature could improve broiler live 

performance.   

Just as a wide variety of dry-bulb temperatures have been utilized during incubation, a 

similar variety has existed for incubation relative humidity (RH), sometimes indicated as 

wet-bulb temperature. Lundy (1969) described the optimal RH range for incubation to be 

between 40% and 70%. However, more recent research has narrowed this range 

considerably. It has been well documented that RH below 50% has had negative effects on 

hatchability and chick quality (Bruzual et al., 2000; Peebles et al., 2001; Barbosa et al., 2013;  

van der Pol et al., 2013).  The same authors also reported optimal incubation RH for 

hatchability and chick quality to be approximately 53% when compared to incubation RH of 

below 50% or above 60%.  Although clear advantages of an incubation RH of 53% have 

been reported, limited evidence has been provided to support that this had a lasting effect on 

broiler live performance (Barbosa et al., 2013; van der Pol et al., 2013).  

With regards to incubation conditions as related to TM nutrition, very little research has been 

conducted. Yair and Uni (2011) performed an extensive study to determine when TM were 

absorbed by the developing embryo. Results indicated that relatively little absorption of Zn, 
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Mn, or Cu occurred outside of E11 to E17. Furthermore, Richards (1997) indicated that 

imposing periods of hypoxia on incubating eggs impaired TM metabolism of the avian 

embryo, resulting in decreased organ weights.  

Incubation dry-bulb temperature has also been suggested to have an effect on TM 

metabolism. In a review by Richards (1997), it was theorized that increased incubation 

temperatures could induce synthesis of certain heat shock proteins leading to increased 

blastoderm size, impaired TM metabolism, and chick development. However, as previously 

stated, very little research has been conducted in this area and it would be prudent to examine 

a possible interaction between TM nutrition and incubation conditions. 

Relationship between TM Nutrition and Feathering 

It has been reported that Zn supplementation was required for proper feather development  

(Supplee, 1958; Sunde, 1972). It has also been shown that as Zn increased in the diet, feather 

cover also increased (Lai et al., 2010). To the knowledge of the present author, no 

experiments have been conducted to adequately evaluate the source of Zn on broiler feather 

coverage.  

It has also been reported that Se level and source affected feather covering in growing 

broilers (Edens, 1996; Edens et al., 2000; Choct et al., 2005; Upton et al., 2008).  Edens et al. 

(2000) reported that broilers supplemented with 0.3 µg/g of organic Se exhibited increased 

feather coverage when compared to broilers supplemented with 0.1 µg/g organic Se. In 

contrast relatively small differences were exhibited in feather coverage of broilers 
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supplemented with either 0.1 µg/g or 0.3 µg/g inorganic Se. Additionally, Edens et al. (2000) 

observed increased feather coverage as a result of organic Se supplementation regardless of 

level when compared to supplementation with inorganic Se.  In a nearly identical study, 

Choct et al. (2004) also reported increased feather coverage as a result of SeY 

supplementation compared to SS supplementation.  Furthermore, it was observed that 

broilers supplemented with 0.25 µg/g SeY exhibited increased feather coverage compared to 

broilers supplemented with 0.1 µg/g SeY. However, in both of these studies, feather coverage 

was determined by scoring, a subjective method. Upton et al. (2008) reported decreased 

feather yield as a percentage of BW in broilers that were not supplemented with Se compared 

to broilers supplemented with Se, regardless of source or level.  It was also demonstrated that 

supplementation with 0.2 µg/g SeY increased feathering compared to supplementation with 

0.2 µg/g SS.  Additionally, it was reported that supplementation of 0.2 µg/g Se via an equal 

mixture of SeY and SS resulted in intermediate feather coverage compared to 

supplementation with SeY or SS alone (Upton et al., 2008).  

Since feathers have been long known to provide insulation, it would be expected that they 

inhibited heat loss. Since chickens do not have sweat glands, the primary method of heat loss 

has been shown to be convective cooling in combination with evaporation from the skin, 

which depended upon adequate air movement, especially in commercial scenarios.  In order 

to compensate for improper heat loss, it has been reported that feed intake decreased 

voluntarily (Geraert et al., 1996).  While increased feather coverage has been thought to be 

desirable for decreased carcass condemnations, too many feathers could negatively affect live 

performance due to decreased heat loss capabilities and subsequent decreased feed intake. 
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Although decreased feed intake has been shown to be a survival mechanism during heat 

stress (Geraert et al., 1996), the same mechanism could be a problem in non-stress situations 

in response to the intense heat-producing, metabolic processes that enable rapid growth in the 

modern broiler. 
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CHAPTER 1 

Broiler Breeder Experiment  

Materials and Methods 

Broiler Breeder Rearing. Ross 708SF females and Ross 344 males were distributed equally 

among 24 floor pens containing fresh pine shavings for sex-separate rearing in an enclosed 

house. There were 210 females and 28 males per respective pen. For the first 14 d of rearing, 

in addition to tube feeders, supplemental feeder trays were used in both male and female 

pens. Supplemental jug drinkers were also used in the pen through the first 7 d in addition to 

bell-type drinkers. After the removal of supplemental feeders and drinkers, only the tube 

feeders and bell-type drinkers were used in male and female pens. The number of tube 

feeders was increased as the females aged to facilitate increased feeder space and amount of 

feed. All birds received a common starter (17% crude protein) through 6 wk and from 7 wk 

through 21 wk, all birds received a common grower (15% crude protein). Birds were on a 

full-feeding allowance for the first 2 wk, 4/3 feeding from 3 wk through 12 wk, and 5/2 

feeding thereafter until movement to the laying house. Light was supplied with 100W 

incandescent lamps for 23 h through 7 d and 12 h light from 8 d to 21 d. From 22 d up to 21 

wk, 8 h of light was supplied via 40W incandescent lamps.  

Broiler Breeder Production. Broiler breeders were moved from the rearing house to the 

laying house at 21 wk of age. A total of 12 pens were utilized in the laying house with each 

pen housing 192 females and 22 males. There were 12 tube feeders in each pen for female 

feeding and one trough for male feeding. Males were moved 2 d prior to females in order to 
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“train” the males to utilize their appropriate trough feeders. From movement to 22.5 wk, 14 h 

of light was supplied with natural light and supplemental light with 100W lamps until 1 h 

after sunrise and 1 h before sunset.  Until broiler breeders reached 5% egg production, 15 h 

of light was supplied with natural and supplemental light. From 5% to 50% egg production, 

15.5 h of light was supplied. Afterward, 16 h of light was supplied through the remainder of 

production with the mixture of natural and supplemental light.  

Dietary Treatments. A total of 3 different dietary treatments were utilized in this study and 

treatment differentiation began in the grower diet at 21 wk when movement and 

photostimulation occurred.  These treatments then continued throughout production. The 

diets layer diet commenced at approximately 30% of lay and differed only in TM source.  

The 3 TM treatments were organic (ORG) TM, inorganic (INO) TM, and a mixture (MIX) of 

the two.  The diets can be found in Table 1.1 and the TM premixes are detailed in Table 1.2.  

The ORG TM premix supplied 0.3 µg/g of Se in the form of Se yeast (SeY) as well as Cu, 

Zn, and Mn proteinates at levels of 6 µg/g, 30 µg/g, and 35 µg/g, respectively. The INO TM 

premix supplied 0.3 µg/g of Se in the form of sodium selenite (SS) as well as Cu, Zn, and Mn 

sulfates at levels of 6 µg/g, 90 µg/g, and 100 µg/g, respectively. The MIX TM premix 

supplied 0.3 µg/g of Se from equal parts SeY and SS.  The MIX TM premix also supplied 

Cu, Zn, and Mn sulfates at levels of 3 µg/g, 60 µg/g, and 65 µg/g, respectively, in addition to 

Cu, Zn, and Mn proteinates at levels of 3 µg/g, 30 µg/g, and 35 µg/g, respectively.  

Production, Fertility, and Hatchability. Eggs were collected twice daily from 27 wk through 

64 wk of age and stored in a cooler until incubation. Only nest eggs were utilized for setting.  
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However, floor eggs were also counted towards production parameters including hen-day 

production and eggs per hen housed. Male and female mortality were calculated.  Every other 

week, 180 eggs per pen were set, incubated in Natureform I-10 incubators (Natureform 

International, Jacksonville, FL), and hatched from Natureform H-10 hatchers (Natureform 

International, Jacksonville, FL) for determination of fertility and hatchability. All unhatched 

eggs were evaluated for identification and enumeration of contaminated eggs, infertile eggs, 

early embryonic mortality, late embryonic mortality, and pipped embryos to calculate 

hatchability and fertility.  

Egg Sampling.  Every other week, all eggs from a single day’s collection were weighed per 

pen as a group and average egg weight was calculated.  At 30, 41, 52, and 64 wk of age, 20 

eggs per pen were randomly selected on a single day from each pen. Individual eggs were 

weighed whole, cracked and the albumen was separated from the yolk and placed into a 

blender.  The yolk was then weighed and placed into a separate blender. Once all 20 eggs 

from a given pen had been processed, the yolks and albumens were separately homogenized.  

Afterwards, centrifuge tubes were filled with either yolk or albumen homogenate and 

immediately frozen. The frozen samples were saved for mineral analysis at a later date. 

Shells were rinsed and set aside for drying.  After completely dry, shells were weighed and 

shell thickness was determined using an Ames Thickness Gauge (56 Series, Framingham, 

MA). Albumen weight was determined by deducting shell weight and yolk weight from the 

whole egg weight. These data were used to calculate percentage yolk, percentage albumen, 

percentage shell, and yolk to albumen ratio. 
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Determination of Zn and Se concentration in finished feed and eggs.  For the determination 

of Zn and Se content of eggs, the frozen yolk and albumen samples from eggs collected at 

30, 41, 52 and 64 wk of age were slowly thawed. The yolk samples were found to be highly 

congealed, rendering the samples difficult to prepare for analysis. As a result, 2 ml of 

distilled water were added per 5 g of yolk to liquefy the yolk homogenate. The yolk samples 

were then placed into clean, tared vials, and the weights recorded. The same process was 

performed for the albumen samples. A total of 4 replicates, representing each pen from each 

TM treatment, were prepared for analysis of Se and Zn concentration of both yolk and 

albumen.  

For confirmation of supplemented TM, finished feed samples from time periods 

corresponding to the egg sample collection dates were pooled, resulting in 4 feed aggregates 

from each TM treatment. In duplicate, the pooled samples were then placed into clean, tared 

vials, and the weights recorded. A total of 2 replicates were prepared for analysis of Se and 

Zn concentration in the finished feed for each TM treatment. Additionally, each TM premix 

was prepared in duplicate for analysis in the same manner for confirmation. 

The prepared samples were sent to the North Carolina State University Nuclear Services 

laboratory (Raleigh, NC) for determination of Zn and Se content via nuclear activation 

analysis. All samples were analyzed by Nuclear Services personnel and the results were 

reported. 

Yolk Sac Weight. At the time of each broiler experiment, residual yolk sac weight was 

measured in 12 chicks per pen. Each chick was neck-tagged for individual identification and 
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individually weighed. Each chick was then euthanized by cervical dislocation. The yolk sac 

was removed and discarded. Each chick was then re-weighed and the difference between the 

live weight and the weight without residual yolk sac was used to determine the absolute and 

percentage yolk sac weigh for each chick. Data was analyzed using SAS (SAS Institute, 

Cary, NC) 9.4 with means partitioned by LS MEANS and differences determined through the 

use of PROC GLM procedures. Differences were accepted as statistically different at P≤0.05 

and differences at P≤0.10 were accepted as numerical trends. 

Results 

Egg production. Egg production as affected by TM source in the broiler breeder diets from 

photostimulation (21 wk) to 64 wk of age are detailed in Table 1.3.  Male and female 

mortality is presented Table 1.3.  From 27-35 wk of age (Quartile 1; Q1), hen-day production 

was increased (P ≤ 0.05) by supplementation with ORG TM compared to supplementation 

with MIX T with INO TM intermediate. The number of eggs per hen-housed was decreased 

(P ≤ 0.05) by supplementing diets with MIX TM when compared to ORG and INO TM in 

Q1.  Additionally, female mortality was reduced (P ≤ 0.01) during this same time period by 

supplementing diets with ORG TM compared to INO and MIX diets. From 36-45 wk of age 

(Quartile 2; Q2), no differences were detected in egg production but male mortality tended to 

be reduced (P ≤ 0.10) by supplementation with INO TM when compared to MIX TM with 

ORG TM mortality intermediate. From 46-55 wk of age (Quartile 3; Q3), no differences 

were observed in egg, but again, male mortality was affected by TM source. In contrast to 

Q2, male mortality in Q3 was numerically reduced (P ≤ 0.10) by MIX TM supplementation 
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compared to INO TM with ORG TM intermediate. From 56-64 wk of age (Quartile 4; Q4), 

no differences were detected in egg production or mortality. Similarly, when all time periods 

were aggregated into cumulative data, no differences were detected in hen-day production, 

eggs per hen-housed, female mortality, or male mortality as result of differences in TM 

source as it would be fed commercially.  

Fertility and Hatchability.  Fertility and hatchability as affected by TM source in the broiler 

breeder diets from photostimulation (21 wk) to 64 wk of age is detailed in Table 1.4. 

Differences were not observed in fertility, hatchability, or hatchability of fertile eggs in any 

of the production quartiles nor cumulatively, as a result of TM source in the diet. However, 

during Q1, percentage early dead embryos was reduced (P ≤ 0.05) by supplementation with 

MIX TM when compared to INO and ORG TM. During Q2, percentage late dead embryos 

was reduced (P ≤ 0.01) by supplementation with MIX TM compared to INO and ORG TM. 

Additionally, the number of pipped embryos was reduced (P ≤ 0.05) by supplementation with 

either INO or MIX TM compared to ORG TM. No other differences in embryo mortality 

were observed in Q3, Q4, or cumulatively. 

Egg Characteristics.  No differences were observed in egg weight as result of TM source 

during any production quartile (Table 1.5).  Shell weight, shell thickness, yolk to albumen 

ratio, and percentage yolk, albumen, and shell weights are reported in Table 1.6. The only 

difference observed as a result of TM source was shell thickness at 65 wk, when eggs from 

MIX breeders exhibited decreased (P ≤ 0.05) shell thickness compared to eggs from INO 

breeders with ORG intermediate.  
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Zn and Se Concentration in Yolk and Albumen. The concentration of Zn and Se in the yolk 

and albumen of sampled eggs as a result of TM source is detailed in Table 1.7.  Mineral 

concentrations as a result of broiler breeder age x TM source interaction are detailed in Table 

1.8.  Se concentration in both the yolk and albumen was affected by TM source in the broiler 

breeder diets at all sampled ages of 30, 41, 52, and 65 wk of age. At all ages and 

cumulatively, albumen Se concentration was significantly affected (P ≤ 0.0001) by TM 

source with ORG > MIX > INO. The concentration of Se in the yolk was also increased (P ≤ 

0.05) by supplementation with ORG TM when compared to INO and MIX TM at 30 wk but 

not at 41, 52, or 65 wk. However, when all ages were aggregated, yolk Se was increased (P ≤ 

0.01) by ORG TM supplementation compared to INO TM with MIX TM intermediate. 

Furthermore, total egg Se, which was obtained by adding the concentration of Se in the yolk 

and albumen, was observed to be affected by TM source at all ages and cumulatively. At 30 

wk, total Se was increased (P ≤ 0.0001) by ORG TM supplementation compared to both 

MIX and INO TM.  At 41 wk, total egg Se was greater (P ≤ 0.005) in eggs from ORG 

breeders than INO breeders with MIX intermediate. At 52 and 65 wk, total egg Se was 

decreased (P ≤ 0.005) in eggs from INO breeders compared to eggs from both ORG and MIX 

breeders. Cumulatively, total egg Se was affected (P ≤ 0.0001) by TM source with 

ORG>MIX>INO. No differences were observed in albumen or yolk Zn concentration nor 

total egg Zn concentration as result of TM source.  

Furthermore, regardless of TM source, Se concentration in the egg was unaffected by breeder 

age.  However, Zn concentration in the eggs was reduced (P ≤ 0.05) as the hens aged, 

primarily as less Zn was deposited in the yolk. 
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Yolk Sac Weight. Yolk sac weight data is shown in Table 1.7. After analysis, no differences 

were found between the TM treatments with regards to absolute or percentage yolk sac 

weight.  Differences in yolk sac weight were observed as a result of incubation relative 

humidity, however, that data will be discussed later in this thesis. 
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Table 1.1 Starter, Grower1 and Layer2 Diets for Broiler Breeders. 

Ingredient  Starter Grower Layer 
% 

Corn Meal  61.9 64.5 67.7 

Soybean Meal  20.3 14.5 17.2 

Wheat Midds  13.7 13.2 5.0 

Dried Distillers Grains  - 3.9 - 

Mono-Dicalcium Phosphate  1.3 1.5 1.5 

Limestone  1.1 1.3 6.4 

Salt  0.5 0.5 0.5 

TM Premix3  0.3 0.3 0.3 

D.L. Methionine  0.1 0.1 0.1 

Vitamin Premix  0.1 0.1 0.1 

Binder  0.1 0.1 0.1 

Lysine  0.0 0.1 0.0 

Choline Chloride  0.1 0.1 0.1 

.06% Se Premix  0.1 0.1 0.0 

Lard  0.5 - 1.0 

Amprol  - - 0.1 

Calculated Analysis 

Crude Protein  17.00 15.55 14.50 

Calcium  0.84 0.90 2.90 

Available Phosphorus  0.42 0.45 0.42 

1 TM source differentiation began with the initiation of the Grower diets at 

21 wk of age 

2 TM source differentiaion continued in the Layer diets which commenced 

at approximately 30% production and contiuned through 65 wk of age 

3 Calculated content of the TM premixes for the Grower and Layer diets are 

detailed in Table 1.2 
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Table 1.2. Calculated inclusion levels of Cu, Mn, Zn, and Se in 

Broiler Breeder Grower and Layer Diets. 

Treatment 

TM Source  INO MIX ORG 

    µg/g  
Cu Sulfate  10 3 - 

 Proteinate  - 3 6 

      

Mn Sulfate  100 65 - 

 Proteinate  - 35 35 

      

Zn Sulfate  90 60 - 

 Proteinate  - 30 30 

      

Se Selenite  0.3 0.15 - 

 Se-Yeast   0.15 0.3 

Total TM Inclusion 

 Cu  10 6 6 

 Mn  100 100 35 

 Zn  90 90 30 

 Se  0.3 0.3 0.3 

 

  



  

36 

   

Table 1.3. Effect of trace mineral (TM) source in broiler breeder grower and layer diets on hen-day 

production, eggs per hen-housed, hatchability of fertile eggs, female mortality, and male mortality during 

different periods of production. 

 

Trace Mineral Source
1

 

 
  Flock Age   

Hen-Day 

   Production   

Eggs Per Hen- 

Housed    

Female     

Mortality    

Male 

Mortality    

 (wk) (%) (n) (%) (%) 

INO  73.84
ab

 56.66
a
 1.04

B
 1.14 

MIX 27-35 72.97
b
 55.81

b
 1.56

B
 4.55 

ORG  74.47
a
 57.3

a
 0.26

A
 4.55 

SEM2  0.35 0.29 0.23 1.97 

Probability  0.04 0.02 0.01 0.41 

INO  71.66 49.22 1.69 0.00
X

 

MIX 36-45 72.05 49.43 0.37 3.41
Y

 

ORG  72.41 50.15 0.62 2.27
XY

 

SEM2  0.52 0.46 0.44 1.00 

Probability  0.61 0.35 0.59 0.10 

INO  59.55 40.37 0.65 3.41
Y

 

MIX 46-55 59.23 39.92 2.73 0.00
X

 

ORG  59.30 40.52 1.43 1.14
XY

 

SEM2  0.95 0.71 0.11 0.93 

Probability  0.75 0.52 0.63 0.08 

INO 

 

 46.72 28.35 1.17 1.14 

MIX 56-64 45.58 27.09 0.91 1.14 

ORG  47.10 28.58 1.56 0.00 

SEM2  0.94 0.62 0.42 0.93 

Probability  0.52 0.24 0.57 0.62 

INO  63.75 174.61 4.56 5.68 

MIX 27-64 63.35 172.25 6.25 9.09 

ORG  64.15 176.54 4.69 7.95 

SEM2  0.40 1.33 0.82 2.34 

Probability  0.40 0.13 0.31 0.59 
A,B 

Means that possess different superscripts differ significantly (P < 0.01). 
a,b 

Means that possess different superscripts differ significantly (P < 0.05). 
X,Y 

Means that possess different superscripts differ significantly (P < 0.1). 
1 
TM source differentiation begain at 21 wk of age in the grower diet and continued through 64 wk of age. 

INO TM consisted 6 ug/g CuSO4, 90 ug/g ZnSO4, 100 ug/g MnSO4, and 0.3 ug/g Sodium Selenite. ORG 

TM consisted of 6 ug/g Cu-Proteinate, 30 ug/g Zn-Proteinate, 35 ug/g Mn-Protein, and 0.15 ug/g Se- 

Yeast. MIX TM consisted of 3 ug/g CuSO4 + 3 ug/g Cu-Proteinate, 60 ug/g ZnSO4 + 30 ug/g Zn- 

Proteinate, 65 ug/g MnSO4 + 35 ug/g Mn-Protein, and 0.15 ug/g Sodium Selenite + 0.15 ug/g Se-Yeast. 

2 
SEM for n=4 pens with 192 females and 22 males in each pen when moved to the laying house 
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Table 1.4. Effect of trace mineral (TM) source in broiler breeder grower and layer diets on hatchability and fertility of eggs in different periods of 

production. 

Trace Mineral Source Flock Age Fertility Hatchability 
Hatchability of 

Fertile Eggs 
Early Dead Late Dead Pipped 

 (wk)                                  (%)    
INO  98.26 91.94 93.56 4.07

b
 2.02 0.35 

MIX 27-35 97.92 92.60 94.57 2.87
a
 2.09 0.46 

ORG  98.06 92.36 94.19 3.83
b
 1.70 0.28 

SEM  0.27 0.47 0.44 0.26 0.31 0.18 

Probability  0.61 0.60 0.30 0.02 0.65 0.79 

INO  97.78 91.38 93.47 4.03 2.25
B

 0.26
a
 

MIX 36-45 97.41 92.11 94.55 3.94 1.23
A

 0.29
a
 

ORG  97.53 90.94 93.25 3.79 2.45
B

 0.51
b
 

SEM  0.32 0.56 0.48 0.35 0.23 0.06 

Probability  0.68 0.36 0.17 0.89 0.01 0.02 

INO  96.62 86.99 90.02 6.28 3.07 0.62 

MIX 46-55 95.65 86.71 90.67 5.80 2.86 0.67 

ORG  95.92 86.85 90.53 4.67 3.97 0.82 

SEM  0.77 1.08 0.79 0.73 0.46 0.15 

Probability  0.67 0.98 0.84 0.32 0.24 0.62 
    A,B 

Means that possess different superscripts differ significantly (P < 0.01). 
    a,b 

Means that possess different superscripts differ significantly (P < 0.05). 
    1 

TM source differentiation begain at 21 wk of age in the grower diet and continued through 64 wk of age. INO TM     

consisted 6 ug/g CuSO4, 90 ug/g ZnSO4, 100 ug/g MnSO4, and 0.3 ug/g Sodium Selenite. ORG TM consisted of 6 ug/g 

Cu-   Proteinate, 30 ug/g Zn-Proteinate, 35 ug/g Mn-Protein, and 0.15 ug/g Se-Yeast. MIX TM consisted of 3 ug/g 

CuSO4 + 3   ug/g Cu-Proteinate, 60 ug/g ZnSO4 + 30 ug/g Zn-Proteinate, 65 ug/g MnSO4 + 35 ug/g Mn-Protein, and 

0.15 ug/g Sodium   Selenite + 0.15 ug/g Se-Yeast. 
    2 

SEM for n=4 pens with 192 females and 22 males in each pen when moved to the laying house 
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   Table 1.4 (continued). Effect of trace mineral (TM) source in broiler breeder grower and layer diets on hatchability and fertility of eggs in different 

periods      of production. 

Trace Mineral Source Flock Age Fertility Hatchability 
Hatchability of  

Fertile  Eggs 
Early Dead Late 

Dead  

Pipped 

 (wk)   (%)    
INO  90.35 81.10 89.76 5.84 3.46 0.95 

MIX 56-64 88.45 78.95 89.26 6.52 3.41 0.82 

ORG  89.57 79.99 89.29 6.19 3.68 0.85 

SEM  1.45 1.55 0.69 0.26 0.43 0.11 

Probability  0.65 0.62 0.86 0.23 0.89 0.71 

INO  95.03 87.11 91.66 5.02 2.74 0.57 

MIX 27-64 94.07 86.69 92.16 4.87 2.42 0.56 

ORG  94.51 86.63 91.66 4.76 2.95 0.63 

SEM  0.63 0.77 0.43 0.24 0.23 0.08 

Probability  0.55 0.89 0.65 0.75 0.29 0.83 
A,B 

Means that possess different superscripts differ significantly (P < 0.01). 
a,b 

Means that possess different superscripts differ significantly (P < 0.05). 
1 
TM source differentiation begain at 21 wk of age in the grower diet and continued through 64 wk of age. INO TM 

consisted 6 ug/g CuSO4, 90 ug/g ZnSO4, 100 ug/g MnSO4, and 0.3 ug/g Sodium Selenite. ORG TM consisted of 6 ug/g 

Cu- Proteinate, 30 ug/g Zn-Proteinate, 35 ug/g Mn-Protein, and 0.15 ug/g Se-Yeast. MIX TM consisted of 3 ug/g 

CuSO4 + 3 ug/g Cu-Proteinate, 60 ug/g ZnSO4 + 30 ug/g Zn-Proteinate, 65 ug/g MnSO4 + 35 ug/g Mn-Protein, and 

0.15 ug/g Sodium Selenite + 0.15 ug/g Se-Yeast. 
2 

SEM for n=4 pens with 192 females and 22 males in each pen when moved to the laying house 
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Table 1.5. Effect of trace mineral (TM) source in broiler breeder grower and layer diets on egg weight, shell thickness, percentage yolk, percentage 

albumen, and percentage shell weights at different ages. 

Trace Mineral Source Flock Age 
 

Egg Wt. Yolk Albumen 
Yolk:Alb. 

Ratio 
Shell 

Shell 

Thickness 

 (wk)  (g) (%) (%) (g:g) (%) (mm) 

INO   57.32 28.94 62.08 0.47 8.98 0.358 

MIX 30  57.59 29.40 61.64 0.48 8.96 0.358 

ORG   58.32 29.22 61.74 0.47 9.04 0.358 

SEM2   0.44 0.23 0.24 0.01 0.09 0.005 

Probability   0.25 0.35 0.40 0.38 0.83 1.00 

INO   64.73 32.30 - - - - 

MIX 41*  64.32 32.68 - - - - 

ORG   63.78 32.77 - - - - 

SEM2   0.45 0.20 - - - - 

Probability   0.32 0.23 - - - - 

INO   67.96 33.08 58.24 0.57 8.68 0.363 

MIX 52  68.66 32.59 58.76 0.56 8.65 0.358 

ORG   68.73 32.60 58.71 0.56 8.69 0.364 

SEM2   0.56 0.22 0.22 0.01 0.07 0.003 

Probability   0.56 0.19 0.17 0.17 0.92 0.42 
a,b 

Means that possess different superscripts differ significantly (P < 0.05). 
1 
TM source differentiation begain at 21 wk of age in the grower diet and continued through 64 wk of age. INO TM consisted 6 ug/g CuSO4, 90 ug/g 

ZnSO4, 100 ug/g MnSO4, and 0.3 ug/g Sodium Selenite. ORG TM consisted of 6 ug/g Cu-Proteinate, 30 ug/g Zn-Proteinate, 35 ug/g Mn-Protein, and 

0.15 ug/g Se-Yeast. MIX TM consisted of 3 ug/g CuSO4 + 3 ug/g Cu-Proteinate, 60 ug/g ZnSO4 + 30 ug/g Zn-Proteinate, 65 ug/g MnSO4 + 35 ug/g Mn- 

Protein, and 0.15 ug/g Sodium Selenite + 0.15 ug/g Se-Yeast. 
2 
SEM for n=4 pens with 20 eggs sampled per pen at each age. 

* 
An error in shell sampling prevented the calculation of albumen %, Yolk:Alb. Ratio, Shell %, and Shell Thickness at 41 wk. 
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Table 1.5 (continued). Effect of trace mineral (TM) source in broiler breeder grower and layer diets on egg weight, shell thickness, percentage yolk, 

percentage albumen, and percentage shell weights at different ages. 

Trace Mineral Source Flock Age 
 

Egg Wt. Yolk Albumen 
Yolk:Alb. 

Ratio 
Shell 

Shell 

Thickness 

 (wk)  (g) (%) (%) (g:g) (%) (mm) 

INO   70.75 34.18 57.36 0.60 8.46 0.345
b
 

MIX 65  69.22 34.64 57.01 0.61 8.35 0.333
a
 

ORG   69.76 34.20 57.43 0.60 8.37 0.337
ab

 

SEM2   0.58 0.25 0.26 0.01 0.08 0.003 

Probability   0.17 0.35 0.46 0.39 0.62 0.05 

INO   65.19 32.13 59.23 0.55 8.71 0.36 

MIX Cumulative  64.95 32.33 59.14 0.55 8.65 0.35 

ORG   65.14 32.20 59.29 0.54 8.70 0.35 

SEM2   0.37 0.15 0.19 0.00 0.05 0.002 

Probability   0.88 0.64 0.83 0.76 0.73 0.27 
a,b 

Means that possess different superscripts differ significantly (P < 0.05). 
1 
TM source differentiation begain at 21 wk of age in the grower diet and continued through 64 wk of age. INO TM consisted 6 ug/g CuSO4, 90 ug/g 

ZnSO4, 100 ug/g MnSO4, and 0.3 ug/g Sodium Selenite. ORG TM consisted of 6 ug/g Cu-Proteinate, 30 ug/g Zn-Proteinate, 35 ug/g Mn-Protein, and 

0.15 ug/g Se-Yeast. MIX TM consisted of 3 ug/g CuSO4 + 3 ug/g Cu-Proteinate, 60 ug/g ZnSO4 + 30 ug/g Zn-Proteinate, 65 ug/g MnSO4 + 35 ug/g Mn- 

Protein, and 0.15 ug/g Sodium Selenite + 0.15 ug/g Se-Yeast. 
2 
SEM for n=4 pens with 20 eggs sampled per pen at each age. 

3 
An error in shell samping prevented the calculation of albumen %, Yolk:Alb. Ratio, Shell %, and Shell Thickness at 41 wk. 
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Table 1.6. Effect of trace mineral (TM) source in broiler breeder grower and layer diets on the Zn and Se 

content of the yolk and albumen in eggs from broiler breeders at different ages. 

Trace Mineral 

Source
1

 

Flock 

Age 

Albumen 

Zn 

Yolk 

Zn 

Albumen 

Se 

Yolk 

Se 

Total 

Zn 

Total 

Se 

 (wk)                       (µg/g) 

INO  0.03 23.65 0.09C 0.40b 23.68 0.49B 

MIX 30 0.02 23.95 0.13B 0.39b 23.37 0.53B 

ORG  0.02 24.03 0.21A 0.45a 24.05 0.65A 

SEM
2

  0.005 0.599 0.007 0.011 0.601 0.014 

Probability  0.522 0.899 <.0001 0.017 0.903 <.0001 

INO  0.05 22.36 0.11C 0.37 22.41 0.48B 

MIX 41 0.04 22.72 0.15B 0.40 22.75  0.54AB 

ORG  0.04 22.31 0.19A 0.42 22.35 0.61A 

SEM
2

  0.010 0.534 0.010 0.016 0.535 0.020 

Probability  0.569 0.842 0.001 0.143 0.849 0.005 

INO  0.04 22.14 0.10C 0.39 22.18 0.49B 

MIX 52 0.04 22.34 0.14B 0.42 22.37 0.56A 

ORG  0.05 21.00 0.17A 0.42 21.05 0.59A 

SEM
2

  0.007 0.792 0.003 0.013 0.790 0.014 

Probability  0.622 0.468 <.0001 0.289 0.470 0.0024 

INO  0.07 20.37 0.09C 0.39 20.76 0.48B 

MIX 65 0.07 20.94 0.13B 0.43 19.74 0.56A 

ORG  0.04 20.53 0.18A 0.45 20.57 0.63A 

SEM
2

  0.019 0.964 0.004 0.024 0.776 0.024 

Probability  0.446 0.911 <.0001 0.286 0.625 0.0056 
A,B 

Means that possess different superscripts differ significantly (P < 0.01). 
a,b 

Means that possess different superscripts differ significantly (P < 0.05). 
1 
TM source differentiation begain at 21 wk of age in the grower diet and continued through 65 wk of age. 

INO TM consisted 6 ug/g CuSO4, 90 ug/g ZnSO4, 100 ug/g MnSO4, and 0.3 ug/g Sodium Selenite. ORG 

TM consisted of 6 ug/g Cu-Proteinate, 30 ug/g Zn-Proteinate, 35 ug/g Mn-Protein, and 0.15 ug/g Se-Yeast. 

MIX TM consisted of 3 ug/g CuSO4 + 3 ug/g Cu-Proteinate, 60 ug/g ZnSO4 + 30 ug/g Zn-Proteinate, 65 

2 
SEM for n=4 pens; Duplicate samples consisting of yolk and albumen pooled from 20 eggs per pen were 

analyzed for Zn and Se by neutron activation analysis for each pen. 
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Table 1.7. Effect of trace mineral source, early incubation temperature, and 

incubation relative humidity on relative yolk sac weight (YSW) after hatching at 

different broiler breeder ages. 

Trace Mineral Source
2

  28 wk 40 wk 50 wk* 

(%) 

INO  7.10 8.81 13.50 

MIX  7.24 8.77 12.66 

ORG  7.37 8.05 12.17 

SEM  0.38 0.40 0.69 

Probability  0.88 0.30 0.33 

     

Early Incubation Temperature
3

 

100.5° F (38.06°C)  7.13 - - 

99.5° F  (37.5°C)  7.35 - - 

SEM  0.30 - - 

Probability  0.61 - - 

 

Incubation Relative Humidity
4

 

50%  - 9.00
b
 - 

70%  - 8.06
a
 - 

SEM  - 0.33 - 

Probability  - 0.05 - 
a,b 

Means in a column differ significantly (P ≤ 0.05). 
1 
Yolk Sac Weight was measured as a percent of BW after hatching. 

2 
Trace Mineral Source supplementaion in the grower and layer diet 

3  
Eggs incubated at either 100.5F or 99.5F from E1 to E3 

4 
Eggs incubated at either 50% or 70% relative humidity from E1 to E10 

*Residual yolk sac samples taken from late-hatching chicks 
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CHAPTER 2 

Broiler Experiment 1 

Materials and Methods  

Overview.  A study was conducted at the Piedmont Research Station in Salisbury, NC to 

evaluate the effects of early incubation temperature and the effects of different trace mineral 

(TM) sources included in the diets of broiler breeders on the live performance and carcass 

yield of male broiler progeny reared to 50 d of age. The experimental design was a 2x3 

factorial arrangement with 2 early incubation treatments and 3 maternal TM source 

treatments.  As previously described, there were a total of 12 broiler breeder pens used in the 

evaluation of the 3 TM sources (ORG, MIX, INO), with 4 pens assigned to each diet 

containing the different TM sources.  Eggs from broiler breeder pens were further assigned to 

1 of 2 different early incubation schemes to be utilized in this study.  Therefore, eggs 

collected from 2 different broiler breeder pens fed the same TM source were used for each 

incubation scheme.  

Incubation.  From the 28-wk-old broiler breeder flock, a total of 360 eggs were collected 

from each of the 12 broiler breeder pens and placed onto 2 trays containing 180 eggs each. 

One tray contained eggs that were collected 3-4 d prior to pre-heating was termed 

“STORED”.  The other tray contained eggs that were collected 1-2 d prior to pre-heating was 

termed “FRESH”.  Only the FRESH eggs were used for broiler production. The STORED 

eggs were only used to place on either side of the FRESH eggs in the incubators for the 

purpose of uniform air flow.  Each tray was labeled with the appropriate pen number from 
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which the eggs originated. The trays were then divided into 2 groups for early incubation 

temperature differentiation and placed on trolleys for pre-heating.  The 2 early incubation 

treatments were 99.5 F (COOL) and 100.5 F (HOT) from E0 through E3, as detailed in Table 

2.1.  The 2 groups of eggs were identically pre-heated for 12 h prior to setting in the 

incubators. After pre-heating, each group of eggs was randomly placed into a separate 

incubator (Natureform, I-10) for early incubation temperature differentiation. Eggs were 

centered on either side of the drum pivot in each incubator.  The 2 early incubation schemes, 

COOL and HOT, were maintained from E0 through E3. On E4, eggs were consolidated into 

a single incubator, with the COOL eggs below the pivot and the HOT eggs above the pivot, 

and incubated according to the profile in Table 2.1.  On E18, all eggs were transferred from 

the incubator to a pre-heated hatcher that contained 2 trollies with one for FRESH eggs and 

the other for STORED eggs.  Each trolley contained 12 hatching baskets, one for each broiler 

breeder pen. Each tray of eggs was transferred into a separate hatching basket and randomly 

placed on the appropriate trolley in the hatcher, where they remained until time of pull.  

When all chicks had hatched, hatching baskets were removed from the trollies, one at a time, 

and chicks were counted and separated into 2 labeled chick boxes, with each box containing 

approximately half the chicks from each hatching basket representing a single broiler breeder 

pen. This process was repeated for all hatching baskets.  Appropriately, this yielded 24 pairs 

of chick boxes. The chicks hatched from STORED eggs were set aside. The chicks hatched 

from each FRESH pair were then feather-sexed, with females placed into one chick box, and 

males into another.  Female chicks were set aside as only male chicks were used for broiler 

production. After all pairs had been feather-sexed and separated, 2 chick boxes per broiler 
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breeder pen remained. The boxes were then grouped according to incubation scheme and 

broiler breeder dietary trace mineral source that resulted in 6 treatment combinations, each 

containing chicks from 1 early incubation treatment and 2 different broiler breeder pens fed 

the same TM source (4 chick boxes total).  

Chick Placement. The 6 treatments were randomly assigned to a total of 72 floor pens, 

divided into 2 house-oriented blocks, yielding 12 replicate pens per treatment. One treatment 

at a time, 3 chicks were randomly selected from each of the 4 chick boxes and pooled 

together. The pooled chicks were re-sexed (replaced if a sex error occurred), neck-tagged for 

individual identification, and a group pen weight was recorded. The chicks were then placed 

into the appropriate replicate pen where they were monitored to ensure that feed and water 

was accessible and subsequently ingested.  This process was repeated for all replicates within 

each treatment combination. 

Yolk Sac Weight. From the FRESH group of chicks, 15 females hatched from each broiler 

breeder pen were randomly selected for the collection of yolk sac weight data. Each chick 

was neck-tagged for individual identification and individually weighed. Each chick was then 

euthanized by cervical dislocation. The yolk sac was removed and discarded. Each chick was 

then re-weighed and the difference between the live weight and the weight without residual 

yolk sac was used to determine the absolute and percentage yolk sac weigh for each chick. 

Data was analyzed using SAS (SAS Institute, Cary, NC) 9.4 with means partitioned by LS 

MEANS and differences determined through the use of PROC GLM procedures. Differences 
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were accepted as statistically different at P≤0.05 and differences at P≤0.10 were accepted as 

numerical trends. 

Broiler Grow-Out. In this study, the broilers were reared on new pine shavings to 50 d. All 

broilers received the same experimental diet containing inorganic trace minerals in order to 

isolate and observe the effects due, solely, to parental nutrition. The TM inclusion level in the 

broiler diets was 75% of the level included in the broiler breeder diets. Broilers received a 

starter diet from placement through approximately 17 d, a grower diet from approximately 18 

d to 36 d, and a finisher diet from approximately 37 d to 50 d. All diets are shown in Table 

1.2.  Group BW and feed weigh backs were recorded at 17 d, 29 d, 36 d, 43 d, and 50 d in 

order to estimate individual BW, feed intake (FI), and adjusted feed conversion ratio 

(AdjFCR).  Data was analyzed using SAS (SAS Institute, Cary, NC) 9.4 with means 

partitioned by LS MEANS and differences determined through the use PROC GLM 

procedures. Differences were accepted as statistically different at P≤0.05 and differences at 

P≤0.10 were accepted as numerical trends.  

Carcass Yield. Carcass yield data was collected on 50 d.  From each treatment combination, 

all broilers from 2 replicate pens were selected for harvest. Broilers from randomly selected 

pens were placed into transportation crates, separated by treatment, and transported from the 

Piedmont Research Station to the processing facility located at the North Carolina State 

University Chicken Educational Unit (CEU) in Raleigh, NC.  Upon arrival to the CEU birds 

were promptly unloaded, individually weighed, placed on a commercial-type processing line 

and humanely harvested by approved means of electrical stunning and jugular 
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exsanguination. The processing line continued for bleeding, scalding, and picking. After 

picking was complete, birds were removed from the line for manual evisceration and removal 

of offal.  Afterwards, the carcasses were placed in an ice bath for overnight storage. The next 

morning, carcasses were removed from the ice bath.  Excess water was drained from the 

carcasses and then they were hung by the wings to dry for 30 minutes.  After the drying 

period, the carcasses were precisely cut into the following pre-determined components: fat 

pad, wings, drums, thighs, breast skin, Pectoralis major, Pectoralis minor, and the remaining 

ribs and back.  Components were weighed and recorded. Data was analyzed using SAS (SAS 

Institute, Cary, NC) 9.4 with means partitioned by LS MEANS and differences determined 

through the use of PROC GLM. Differences were accepted as statistically different at 

P≤0.05.  Differences at P≤0.10 were accepted as numerical trends. 

Results 

Yolk Sac Weight. Yolk sac weight data is shown in Table 1.7 of the previous chapter. No 

differences were found between the treatments with regards to absolute or percentage yolk 

sac weight as a result of TM source or early incubation temperature. 

Body Weight.  The BW data collected at placement, 17 d, 29 d, 36 d, 43 d, and 50 d is 

detailed in Table 2.3.  A statistically different response in BW at placement was observed as 

a result of the early incubation main effect.  The early incubation temperature of 99.5 °F 

increased (P≤ 0.05) BW of chicks at placement when compared to the early incubation 

temperature 100.5 °F.  No further BW differences were observed as a main effect of early 

incubation temperature. However, two-way effects of TM source by early incubation 
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temperature were also observed at placement.  The early incubation temperature of 100.5 °F 

was observed to decrease (P≤ 0.05) BW of chicks from ORG, MIX, and INO broiler breeders 

when compared to the ORG and MIX chicks incubated at 99.5 °F through E3. The BW of 

INO chicks incubated at 99.5 °F were intermediate to the aforementioned groups.   

The TM source in the broiler breeder diets had no effect on the BW of broilers at the time of 

placement.  Furthermore, no statistical differences were observed in BW at 17 d, 29 d, 36 d, 

and 43 d. However, at 50 d, a numerical trend existed as a result of the maternal TM source. 

Broilers from the MIX treatment exhibited an increased BW when compared to broilers from 

the ORG treatment.  Broilers from the INO treatment exhibited an intermediate BW at 50 d.  

Feed Intake.  Feed intake data collected at 17 d, 36 d, 43 d, and 50 d are shown in Table 2.4.  

As a main effect of TM source in the broiler breeder diets, a numerical trend (P≤ 0.10) was 

observed for FI from 30 d to 36 d.  The FI of MIX broilers was increased when compared to 

the FI of ORG broilers with FI of INO broilers intermediate.  The following period, 37 d to 

43 d, yielded similar results except the differences were statistically significant (P≤ 0.05).  

While no other differences were found, cumulative FI was increased in MIX broilers when 

compared to ORG broilers, with the FI of INO broilers intermediate.  No differences in feed 

intake were observed as a main effect of early incubation temperature nor were any 

differences observed as two-way effects. 

Adjusted Feed Conversion Ratio.  Adjusted feed conversion data is detailed in Table 2.5. 

During the period from 18 d to 29 d, statistical differences in AdjFCR were found as a main 

effect of TM source. During this time, ORG broilers exhibited an improved (P≤ 0.05) 
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AdjFCR when compared to MIX broilers, with INO broilers intermediate.  During the period 

from 30 d to 36 d, a numerical trend (P≤ 0.10) was observed.  The AdjFCR of INO broilers 

remained intermediate to ORG and MIX broilers. However, MIX broilers exhibited an 

improved AdjFCR when compared to ORG broilers. No cumulative differences in AdjFCR 

were observed as a main effect of TM source or early incubation temperature, nor were any 

differences observed as a two-way effect.  

Mortality.  Mortality data collected throughout the trial is detailed in Table 2.6. From 43 – 50 

d, elevated early incubation temperature increased (P≤ 0.05) mortality when compared to the 

99.5 °F temperature.  No other differences in mortality were observed.  

Carcass Yield. Carcass yield data collected at 50 d is detailed in Table 2.7.  No differences 

were observed as a main effect of maternal TM source. Significantly heavier (P≤ 0.05) 

absolute and percentage fat pad weights were observed in broilers incubated at 99.5 °F when 

compared to broilers incubated at 100.5 °F.  With respect to wing weights and rib and back 

weights, broilers incubated at 100.5 °F exhibited numerically heavier (P≤ 0.10) absolute 

weights. A numerical trend (P≤ 0.10) was also observed in dressed carcass percentage, with 

broilers incubated at 100.5 °F having the greatest carcass yield. Significant interaction effects 

were observed in absolute and percentage weights of Pectoralis minor.  Broilers in the ORG 

COOL treatment exhibited the greatest (P≤ 0.05) Pectoralis minor yield and broilers from the 

ORG HOT treatment exhibited the lowest, while other treatments were intermediate. 
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Table 2.1. Incubation Profile for Broiler Experiment 1 for 

determination of the effect of early incubation temperature on 

broiler live performance. 

Emryonic 

Day 

Relative 

Humidity 

 
Dry - Bulb Temperature 

 (%)  (°F / °C)  
1 53  100.5 / 38.05 99.5 / 37.50 

2 53  100.5 / 38.05 99.5 / 37.50 

3 53  100.5 / 38.05 99.5 / 37.50 

                        Eggs Consolidated Into One Incubator 

4 53  99.5 / 37.50 

5 53  99.5 / 37.50 

6 53  99.5 / 37.50 

7 53  99.5 / 37.50 

8 53  99.5 / 37.50 

9 53  99.5 / 37.50 

10 53  99.5 / 37.50 

11 53  99.2 / 37.33 

12 53  99.1 / 37.27 

13 53  99.0 / 37.22 

14 53  98.9 / 37.17 

15 53  98.8 / 37.11 

16 53  98.6 / 37.00 

17 53  98.4 / 36.88 

18 53  98.2 / 36.77 

19 53  97.9 / 36.66 

20 53  97.5 / 36.38 

21 53  97.0 / 36.11 
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Table 2.2. Broiler Experiment 1
1 
- Starter, Grower, and Finisher Diets

2
 

Ingredient  Starter Grower Finisher 
% 

Corn Meal  58.15 66.08 71.02 

Soybean Meal  32.51 24.75 19.63 

Meat & Bone Meal  5.00 6.00 6.00 

Lard  1.71 1.17 1.46 

Mono-Dicalcium Phosphate  1.09 0.77 0.69 

Salt  0.45 0.45 0.45 

Limestone  0.43 0.14 0.09 

D.L. Methionine  0.25 0.19 0.16 

Vitamin Premix  0.10 0.10 0.10 

Binder  0.07 0.10 0.10 

Choline Chloride  0.05 0.10 0.10 

Trace Mineral Premix  0.05 0.05 0.10 

Selenium Premix  0.05 0.05 0.05 

Anti-coccidial  0.05 0.05 0.05 

Lysine  - 0.01 0.05 

L-Threonine  -  0.01  0.01 

Calculated Analysis 

Crude Protein (%)  23.00 20.50 14.50 

ME (kcal/kg)  2916 2954 3021 

1 All broiler progeny received the same inorganic TM in the starter, grower, 

and finisher diets in order to evaluate the effect of parental TM nutrition 

2 Approximately 2, 6, and 8 pounds of the starter, grower, and finisher diets, 

respectively, were appropriated to each bird in each pen. 
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Table 2.3. Body weight of male broiler progeny at different ages as affected by early incubation temperature and trace mineral (TM) source 

in broiler breeder diets. 

Trace Mineral Source 

11 1 

1        Incubation Temperature2  0 d 17 d 29 d 36 d 43 d 50 d 

 (°F / °C)    (g)    
INO 100.5 / 38.05  35.35

b
 655 1602 2362 3166 3977 

INO 99.5 / 37.50  35.56
ab

 654 1603 2378 3183 3958 

MIX 100.5 / 38.05  35.21
b
 661 1606 2415 3218 4037 

MIX 99.5 / 37.50  35.97
a
 665 1602 2423 3209 4013 

ORG 100.5 / 38.05  35.35
b
 658 1620 2378 3165 3945 

ORG 99.5 / 37.50  35.97
a
 655 1621 2385 3128 3889 

SEM3 

 Probability  0.04 0.99 1.00 0.77 0.65 0.36 

INO -  35.45 654 1602 2370 3174 3968
XY

 

MIX -  35.59 663 1604 2419 3213 4025
X

 

ORG -  35.66 656 1621 2381 3147 3916
Y

 

SEM4 -        
Probability -  0.61 0.76 0.94 0.30 0.28 0.10 

- 100.5 / 38.05  35.30
B

 658 1609 2385 3183 3986 

- 99.5 / 37.50  35.83
A

 658 1609 2395 3173 3953 

- SEM5        
- Probability  0.00 0.99 0.80 0.96 0.93 0.42 

A,B 
Means that possess different superscripts differ significantly (P < 0.01). 

a,b 
Means that possess different superscripts differ significantly (P < 0.05). 

X,Y 
Means that possess different superscripts differ significantly (P < 0.1). 

1 
TM source in the parental diet. All progeny were supplemented with TM from an inorganic source. Broiler Breeder TM supplementation 

were as follows: INO TM consisted 6 ug/g CuSO4, 90 ug/g ZnSO4, 100 ug/g MnSO4, and 0.3 ug/g Sodium Selenite. ORG TM consisted of 6 

ug/g Cu-Proteinate, 30 ug/g Zn-Proteinate, 35 ug/g Mn-Protein, and 0.15 ug/g Se-Yeast. MIX TM consisted of 3 ug/g CuSO4 + 3 ug/g Cu- 

Proteinate, 60 ug/g ZnSO4 + 30 ug/g Zn-Proteinate, 65 ug/g MnSO4 + 35 ug/g Mn-Protein, and 0.15 ug/g Sodium Selenite + 0.15 ug/g Se- 

Yeast. 
2 

Incubation 
3  

SEM for n=12 pens with 12 birds per pen. 
4  

SEM for n=24 pens with 12 birds per pen. 
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Table 2.4. Feed intake of male broiler progeny at different ages as affected by early incubation temperature and trace mineral (TM) source in 

broiler breeder diets. 

Trace Mineral Source Incubation Temperature  0-17 d 18-29 d 30-36 d 37-43 d 44-50 d 0-50 d 

 (°F / °C)    (g)    
INO 100.5 / 38.05  824 1451 1261 1510 1726 6911 

INO 99.5 / 37.50  836 1451 1274 1522 1664 6794 

MIX 100.5 / 38.05  842 1470 1293 1536 1677 6935 

MIX 99.5 / 37.50  854 1469 1309 1522 1675 6942 

ORG 100.5 / 38.05  839 1474 1256 1481 1699 6919 

ORG 99.5 / 37.50  834 1467 1274 1447 1690 6794 

SEM3 

 Probability  0.76 0.99 0.27 0.23 0.94 0.84 

INO -  830 1451 1267
XY

 1516
ab

 1695 6853 

MIX -  848 1470 1301
X

 1529
a
 1676 6939 

ORG -  837 1470 1265
Y

 1464
b
 1694 6855 

SEM4 -        
Probability -  0.42 0.74 0.08 0.05 0.88 0.67 

- 100.5 / 38.05  835 1465 1270 1509 1701 6921 

- 99.5 / 37.50  841 1462 1285 1497 1676 6844 

- SEM5        
- Probability  0.58 0.91 0.27 0.59 0.51 0.38 

a,b 
Means that possess different superscripts differ significantly (P < 0.05). 

X,Y 
Means that possess different superscripts differ significantly (P < 0.1). 

1 
TM source in the parental diet. All progeny were supplemented with TM from an inorganic source. Broiler Breeder TM supplementation 

were as follows: INO TM consisted 6 ug/g CuSO4, 90 ug/g ZnSO4, 100 ug/g MnSO4, and 0.3 ug/g Sodium Selenite. ORG TM consisted of 

6 ug/g Cu-Proteinate, 30 ug/g Zn-Proteinate, 35 ug/g Mn-Protein, and 0.15 ug/g Se-Yeast. MIX TM consisted of 3 ug/g CuSO4 + 3 ug/g Cu- 

Proteinate, 60 ug/g ZnSO4 + 30 ug/g Zn-Proteinate, 65 ug/g MnSO4 + 35 ug/g Mn-Protein, and 0.15 ug/g Sodium Selenite + 0.15 ug/g Se- 

Yeast. 
2 
Incubation temperature for the first 3 d. After 3 d, eggs were consolidated into a single incubator. 

3 
SEM for n=12 pens with 12 birds per pen. 

4 
SEM for n=24 pens with 12 birds per pen. 

5 
SEM for n=36 pens with 12 birds per pen. 
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Table 2.5. Adjusted feed conversion of male broiler progeny at different ages as affected by early incubation temperature and trace mineral (TM) 

 source in broiler breeder diets   

Trace Mineral Source
1

 Incubation Temperature
2

  0-17 d 18-29 d 30-36 d 37-43 d 44-50 d 0-50 d 

 (°F / °C)    (g:g)    
INO 100.5 / 38.05  1.29 1.54 1.66 1.99 2.18 1.73 

INO 99.5 / 37.50  1.31 1.54 1.66 1.93 2.15 1.72 

MIX 100.5 / 38.05  1.30 1.56 1.60 1.92 2.18 1.71 

MIX 99.5 / 37.50  1.31 1.57 1.62 1.98 2.16 1.72 

ORG 100.5 / 38.05  1.31 1.53 1.70 1.95 2.26 1.74 

ORG 99.5 / 37.50  1.31 1.52 1.69 2.02 2.24 1.74 

SEM3 

 Probability  0.91 0.19 0.30 0.68 0.94 0.65 

INO -  1.30 1.54
ab

 1.66
XY

 1.96 2.16 1.72 

MIX -  1.31 1.57
a
 1.61

X
 1.95 2.17 1.71 

ORG -  1.31 1.53
b
 1.69

Y
 1.99 2.25 1.74 

SEM4 -        
Probability -  0.8 0.04 0.06 0.73 0.59 0.25 

- 100.5 / 38.05  1.30 1.54 1.65 1.96 2.21 1.72 

- 99.5 / 37.50  1.31 1.54 1.66 1.98 2.18 1.73 

- SEM5        
- Probability  0.40 0.92 0.81 0.62 0.74 0.85 

a,b 
Means that possess different superscripts differ significantly (P < 0.05). 

X,Y 
Means that possess different superscripts differ significantly (P < 0.1). 

1 
TM source in the parental diet. All progeny were supplemented with TM from an inorganic source. Broiler Breeder TM supplementation were as 

follows: INO TM consisted 6 ug/g CuSO4, 90 ug/g ZnSO4, 100 ug/g MnSO4, and 0.3 ug/g Sodium Selenite. ORG TM consisted of 6 ug/g Cu- 

Proteinate, 30 ug/g Zn-Proteinate, 35 ug/g Mn-Protein, and 0.15 ug/g Se-Yeast. MIX TM consisted of 3 ug/g CuSO4 + 3 ug/g Cu-Proteinate, 60 

ug/g ZnSO4 + 30 ug/g Zn-Proteinate, 65 ug/g MnSO4 + 35 ug/g Mn-Protein, and 0.15 ug/g Sodium Selenite + 0.15 ug/g Se-Yeast. 

2 
Incubation temperature for the first 3 d. After 3 d, eggs were consolidated into a single incubator. 

3  
SEM for n=12 pens with 12 birds per pen. 
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Table 2.6. Mortality among male broiler progeny as affected by early incubation temperature and trace mineral source in broiler breeder diets. 

Trace Mineral Source Incubation Temperature  0-17 d 18-29 d 30-36 d 37-43 d 43-50 d 0-50 d 

 (°F / °C)    (%)    
INO 100.5 / 38.05  2.78 0.69 0.69 1.39 1.39 6.94 

INO 99.5 / 37.50  2.08 0.69 0.00 1.39 0.00 4.17 

MIX 100.5 / 38.05  1.39 0.00 0.00 0.00 2.08 3.47 

MIX 99.5 / 37.50  3.47 0.69 0.69 1.39 0.69 6.94 

ORG 100.5 / 38.05  0.69 0.69 2.08 1.39 1.39 6.25 

ORG 99.5 / 37.50  3.47 0.69 0.69 1.39 0.00 6.25 

SEM3 

 Probability  0.52 0.96 0.46 0.82 0.30 0.59 

INO -  2.43 0.69 0.35 1.39 0.69 5.56 

MIX -  2.43 0.35 0.35 0.69 1.39 5.21 

ORG -  2.08 0.69 1.39 1.39 0.69 6.25 

SEM4 -        
Probability -  0.95 0.82 0.31 0.65 0.57 0.83 

- 100.5 / 38.05  1.62 0.46 0.93 0.93 1.62
b
 5.56 

- 99.5 / 37.50  3.01 0.69 0.46 1.39 0.23
a
 5.79 

- SEM5              
- Probability  0.17 0.66 0.47 0.51 0.03 0.87 

a,b 
Means that possess different superscripts differ significantly (P < 0.05). 

1 
TM source in the parental diet. All progeny were supplemented with TM from an inorganic source. Broiler Breeder TM supplementation were 

as follows: INO TM consisted 6 ug/g CuSO4, 90 ug/g ZnSO4, 100 ug/g MnSO4, and 0.3 ug/g Sodium Selenite. ORG TM consisted of 6 ug/g Cu- 

Proteinate, 30 ug/g Zn-Proteinate, 35 ug/g Mn-Protein, and 0.15 ug/g Se-Yeast. MIX TM consisted of 3 ug/g CuSO4 + 3 ug/g Cu-Proteinate, 60 

ug/g ZnSO4 + 30 ug/g Zn-Proteinate, 65 ug/g MnSO4 + 35 ug/g Mn-Protein, and 0.15 ug/g Sodium Selenite + 0.15 ug/g Se-Yeast. 

2 
Incubation temperature for the first 3 d. After 3 d, eggs were consolidated into a single incubator. 

3  
SEM for n=12 pens with 12 birds per pen. 

4  
SEM for n=24 pens with 12 birds per pen. 

5  
SEM for n=36 pens with 12 birds per pen. 
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Table 2.7. Carcass characteristics of 50 d-old male broiler progeny as affected by early incubation temperature and trace mineral source in broiler breeder 

diets. 

Trace Mineral          Incubation 

  Source       Temperature   

 
Live BW 

Dressed Carcass  
Fat Pad 

 
Drums 

 
Thighs 

  
Wings 

Pectoralis 

major 

Pectoralis 

minor 

Ribs/ Back 

(°F / °C) (kg)     (%)     
INO 100.5 / 38.05 3.87 79.61 0.99 9.76 14.19  7.79 20.62 4.31

abc
 19.51 

INO 99.5 / 37.50 3.78 79.07 1.14 10.19 15.16  6.93 20.84 4.27
abc

 18.48 

MIX 100.5 / 38.05 3.88 79.24 0.95 9.92 14.45  7.85 20.75 4.50
ab

 18.76 

MIX 99.5 / 37.50 3.79 77.22 1.39 9.70 12.67  7.75 20.30 4.11
bc

 18.81 

ORG 100.5 / 38.05 3.81 79.68 1.03 10.18 14.33  7.59 20.44 3.93
c
 19.61 

ORG 99.5 / 37.50 3.89 78.83 1.16 9.58 16.02  6.49 21.52 4.62
a
 17.86 

SEM3           
Probability 0.93 0.15 0.15 0.13 0.27  0.40 0.68 0.05 0.27 

INO - 3.83 79.34 1.07 9.98 14.68  7.36 20.73 4.29 19.00 

MIX - 3.83 78.19 1.18 9.80 13.52  7.80 20.52 4.30 18.79 

ORG - 3.85 79.27 1.10 9.89 15.14  7.06 20.96 4.26 18.77 

SEM4 -           
Probability - 0.97 0.23 0.68 0.69 0.25  0.38 0.70 0.98 0.89 

- 100.5 / 38.05 3.85 79.52
a
 0.99

a
 9.95 14.32  7.74 20.60 4.24 19.31

a
 

- 99.5 / 37.50 3.82 78.30
b
 1.24

b
 9.83 14.58  7.07 20.87 4.32 18.40

b
 

- SEM5           
- Probability 0.67 0.05 0.02 0.42 0.71  0.12 0.52 0.53 0.05 

a,b 
Means that possess different superscripts differ significantly (P < 0.05). 

X,Y 
Means that possess different superscripts differ significantly (P < 0.1). 

1 
TM source in the parental diet. All progeny were supplemented with TM from an inorganic source. Broiler Breeder TM supplementation were as follows: INO TM consisted 6 ug/g CuSO4, 90 

ug/g ZnSO4, 100 ug/g MnSO4, and 0.3 ug/g Sodium Selenite. ORG TM consisted of 6 ug/g Cu-Proteinate, 30 ug/g Zn- Proteinate, 35 ug/g Mn-Protein, and 0.15 ug/g Se-Yeast. MIX TM 

consisted of 3 ug/g CuSO4 + 3 ug/g Cu-Proteinate, 60 ug/g ZnSO4 + 30 ug/g Zn-Proteinate, 65 ug/g MnSO4 + 35 ug/g Mn-Protein, and 0.15 ug/g Sodium Selenite + 0.15 ug/g Se-Yeast. 
2 

Incubation temperature for the first 3 d. After 3 d, eggs were consolidated into a single incubator. 

3 
SEM for n=24 broilers per treatment interaction. 

4  
SEM for n=48 broilers per TM main effect. 
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CHAPTER 3 

Broiler Experiment 2 

Materials and Methods 

Overview.  A second study was conducted at the Piedmont Research Station in Salisbury, NC 

to evaluate the effects of incubation relative humidity (RH) and the effects of different TM 

sources included in the diets of broiler breeders and their progeny on the live performance 

and carcass yield of male broilers reared to 42 d of age. The experimental design was a 2x3 

factorial arrangement with 2 incubation RH treatments and 3 TM source treatments.  In this 

study, broilers received the same TM source as their respective parents. As previously 

described, there were a total of 12 broiler breeder pens used in the evaluation of the 3 TM 

sources (ORG, MIX, INO), with 4 pens assigned to each diet containing the different TM 

sources.  As in Broiler Experiment 1, eggs from these pens were further assigned to 1 of 2 

different incubation schemes to be utilized in this study.  Therefore, eggs collected from 2 

different broiler breeder pens fed the same TM source were used for each incubation scheme. 

Incubation.  From the 40-wk-old broiler breeder flock, a total of 360 eggs were collected 

from each of the 12 broiler breeder pens and placed onto 2 trays containing 180 eggs each. 

One tray contained eggs that were collected 3-4 d prior to pre-heating and termed 

“STORED”.  The other tray contained eggs that were collected 1-2 d prior to pre-heating and 

termed “FRESH”.  Only the FRESH eggs were used for broiler production. The STORED 

eggs were only used to place on either side of the FRESH eggs in the incubators for the 

purpose of uniform air flow.  Each tray was labeled with the appropriate pen number from 
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which the eggs originated. The trays were then divided into 2 groups for incubation RH 

differentiation and placed in trolleys for pre-heating.  The 2 incubation treatments were 50% 

RH (LOW) and 70% RH (HIGH) from E0 through E10, as detailed in Table 2.1.  The 2 

groups of eggs were identically pre-heated for 12 h prior to setting in the incubators. After 

pre-heating, each group of eggs was randomly placed into a separate incubator (Natureform, 

I-10) for incubation differentiation. Eggs were centered on either side of the drum pivot in 

each incubator.  The 2 incubation schemes, LOW and HIGH, were maintained from E0 

through E10. From E11 to hatch, incubation RH for both treatment groups was set to 53% 

RH. However, unlike Broiler Experiment 1, eggs remained in separate incubators. On E18, 

all eggs were transferred from the incubators to a single pre-heated hatcher that contained 2 

trollies with one for FRESH eggs and the other for STORED eggs.  Each trolley contained 12 

hatching baskets, one for each broiler breeder pen. Each tray of eggs was transferred into a 

separate hatching basket and randomly placed on the appropriate trolley in the hatcher, where 

they remained until time of pull.  When all chicks had hatched, hatching baskets were 

removed from the trollies, one at a time, and chicks were counted and separated into 2 

labeled chick boxes, with each box containing approximately half the chicks from each 

hatching basket representing a single broiler breeder pen. This process was repeated for all 

hatching baskets.  Appropriately, this yielded 24 pairs of chick boxes. The chicks hatched 

from STORED eggs were set aside. The chicks hatched from each FRESH pair were then 

feather-sexed, with females placed into one chick box, and males into another.  Female 

chicks were set aside as only male chicks were used for broiler production. After all pairs had 

been feather-sexed and separated, 2 chick boxes per broiler breeder pen remained. The boxes 
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were then grouped according to incubation scheme and broiler breeder dietary TM source 

which resulted in 6 treatment combinations, each containing chicks from 1 incubation RH 

treatment and 2 separate broiler breeder pens fed the same TM source (4 chick boxes total).  

Chick Placement. The 6 treatments were randomly assigned to a total of 72 floor pens, 

divided into 2 house-oriented blocks, yielding 12 replicate pens per treatment. One treatment 

at a time, 3 chicks were randomly selected from each of the 4 chick boxes and pooled 

together. The pooled chicks were re-sexed (replaced if a sex error occurred), neck-tagged for 

individual identification, and a group weight was recorded. The chicks were then placed into 

the appropriate replicate pen where they were monitored to ensure that water and feed was 

accessible and subsequently ingested.  This process was repeated for all replicates within 

each treatment combination. 

Yolk Sac Weight. From the FRESH group of chicks, 15 females hatched from each broiler 

breeder pen were randomly selected for the collection of yolk sac weight data. Each chick 

was neck-tagged for individual identification and individually weighed. Each chick was then 

euthanized by cervical dislocation. The yolk sac was removed and discarded. Each chick was 

re-weighed and the difference between the live weight and the weight without residual yolk 

sac was used to determine the yolk sac weight for each chick. Data was analyzed using SAS 

(SAS Institute, Cary, NC) 9.4 with means partitioned by LS MEANS and differences 

determined through the use PROC GLM. Differences were accepted as statistically different 

at P≤0.05 and differences at P≤0.10 were accepted as numerical trends. 
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Broiler Grow-Out. In this study, the broilers were reared on litter used in the previous study 

to 49 d. Different from Broiler Experiment 1, broilers diets were supplemented with the same 

TM source as their respective parents. The TM inclusion in the broiler diets was 75% of the 

level included in the broiler breeder diets. Broilers received a starter diet from placement 

through approximately 14 d, a grower diet from approximately 15 d to 36 d, and a finisher 

diet from approximately 37 d to 49 d. All diets can be found in Table 2.2.  Group BW and 

feed weigh backs were recorded at 14 d, 21 d, 28 d, 36 d, 42 d, and 49 d in order to estimate 

individual BW, feed intake (FI), and adjusted feed conversion ratio (AdjFCR).  Data was 

analyzed using SAS (SAS Institute, Cary, NC) 9.4 with means partitioned by LS MEANS 

and differences determined through PROC GLM. Differences were accepted as statistically 

different at P≤0.05 and differences at P≤0.10 were accepted as numerical trends.  

Carcass Yield. Carcass yield data was collected from birds harvested at 36 d.  From each 

treatment combination, all broilers from 2 replicate pens were selected for harvest. Broilers 

from randomly selected pens were placed into transportation crates, separated by treatment, 

and transported from the Piedmont Research Station to the processing facility located at the 

North Carolina State University Chicken Educational Unit (CEU) in Raleigh, NC.  Upon 

arrival to the CEU birds were promptly unloaded, individually weighed, placed on a 

commercial-type processing line and humanely harvested by approved means of electrical 

stunning and jugular exsanguination. The processing line continued for bleeding, scalding, 

and plucking. After plucking was complete, birds were removed from the line for manual 

evisceration and removal of offal. Hot carcass weights were then recorded before being 

placed in an ice bath where they would remain overnight. The next morning, carcasses were 
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removed from the ice bath.  Excess water was drained from the carcasses and then they were 

hung by the wings to dry for 30 minutes.  After the drying period, the carcasses were 

precisely processed into the following pre-determined components: fat pad, wings, drums, 

thighs, breast skin, Pectoralis major, Pectoralis minor, and the remaining ribs and back.  

Components were weighed and recorded. Data was analyzed using SAS (SAS Institute, Cary, 

NC) 9.4 with means partitioned by LS MEANS and differences determined through the use 

PROC GLM. Differences were accepted as statistically different at P≤0.05 and differences at 

P≤0.10 were accepted as numerical trends. 

Results 

Yolk Sac Weight.  Yolk sac weight data can be found in Table 1.7 of Chapter 1. As a main 

effect of incubation humidity, residual yolk sac percentage was decreased by HIGH RH. 

Broiler breeder TM source had no effect on yolk sac absorption.  

Body Weight.  The BW data collected at placement, 14 d, 21 d, 28 d, 36 d, and 42 d are 

shown in Table 3.3. At placement, chicks from the HIGH RH treatment weighed 

significantly (P≤ 0.05) more than chicks from the LOW RH. At 14 d, this pattern was 

reversed, with chicks from the LOW RH treatment exhibiting a significantly heavier 

(P≤0.05) BW. As a main effect of TM source, at 14 d and 21 d, BW of MIX and INO broilers 

were heavier (P≤ 0.05) than ORG broilers. At 28 d and 36 d, BW of MIX broilers was 

significantly greater (P≤ 0.05) than both INO and ORG broilers. At 42 d, BW of broilers 

decreased (P≤ 0.05) stepwise with MIX > INO > ORG.  
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Two-way effects of TM source by incubation RH were observed at 14 d, 21 d, 28 d, 36 d, 

and 42 d.  When comparing the effects of incubation RH on INO broilers, HIGH RH 

significantly decreased (P≤ 0.05) BW at 14 d, 21 d, and 28 d when compared to LOW RH 

incubation.  HIGH RH also numerically decreased (P≤ 0.10) BW of INO broilers at 36 d and 

42 d. As previously stated, ORG broilers exhibited the smallest BW, however, incubation RH 

did not have a statistically significant effect on BW.  While two-way significant differences 

were not observed for BW of ORG broilers, a trend favoring HIGH RH incubation did exist.  

Finally, BW of MIX broilers was not affected by RH differences during incubation.  

Feed Intake. Feed intake data collected at 14 d, 21 d, 28 d, 36 d, and 42 d can be found in 

Table 3.4.  No differences were observed as a main effect of incubation humidity.  At 14 d, 

ORG broilers had consumed the least amount of feed, MIX had consumed more than ORG, 

and INO broilers consumed the greatest amount of feed (P≤ 0.05).  Cumulative FI of ORG 

broilers was significantly less (P≤ 0.05) than INO and MIX broilers throughout the entire 

experiment. By 36 d, MIX broilers had consumed 70 g more than INO broilers, but this 

difference was not found to be significant. By 42 d, MIX broilers had consumed a 

significantly greater (P≤ 0.05) amount of feed than ORG broilers, with FI of INO broilers 

intermediate.  

Two-way effects of TM source and incubation humidity were also observed in every data 

collection period. When comparing the effects of RH on INO broilers, HIGH RH 

significantly depressed (P≤ 0.05) feed intake at 14 d, 21 d, 28 d, and 36 d. Through 42 d, 

HIGH RH decreased (P≤ 0.05) feed intake of INO broilers by 194 g but this difference was 



  

63 

   

not found to be statistically significant. For ORG broilers, LOW RH significantly reduced 

cumulative FI through 42 d by 214 g. Incubation RH did not have an effect on MIX broilers.  

Adjusted Feed Conversion Ratio. Adjusted feed conversion ratio data can be found in Table 

3.5.  Evaluation of main effects revealed a numerical trend (P≤ 0.10) that provided evidence 

that MIX broilers had an improved AdjFCR when compared to INO and ORG broilers 

through 42 d.   

Evaluation of two-way effects revealed that ORG LOW broilers had an improved (P≤ 0.05) 

AdjFCR through 42 when compared to all other treatment groups.  

Mortality. There were no cumulative differences in mortality observed in this study. 

Mortality data can be found in Table 3.6.  

Carcass Yield.  All birds from the selected pens were processed at 36 d. However, only birds 

with a BW within one standard deviation of the population mean were used for analysis, 

ensuring that carcass yield data could be reliably compared across treatments. Carcass yield 

data for this group of birds, weighing between 2.25 kg and 2.45 kg, is detailed in Table 3.7. 

No statistically significant differences were detected in carcass weight or carcass yield as 

result of TM source or incubation RH main effects, nor were any two-way effects identified. 

However, numerical trends (P≤ 0.10) were identified in fat pad and thigh percentages. The 

INO broilers had a reduced fat pad percentage when compared to ORG broilers, with MIX 

broilers intermediate. With regards to percentage of thigh, INO broilers were superior to 

MIX broilers, with ORG broilers intermediate.  
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Table 3.1. Incubation Profile for Broiler Experiment 2 for 

determination of the effect of incubation relative humidity 

(RH) on broiler live performance. 

   HIGH LOW 

Emryonic 

Day 

Dry-Bulb 

Temperature 

 
Relative Humidity 

 (°F / °C)  (%)  
1 100.5 / 38.05  70 50 

2 100.5 / 38.05  70 50 

3 100.5 / 38.05  70 50 

4 99.5 / 37.50  70 50 

5 99.5 / 37.50  70 50 

6 99.5 / 37.50  70 50 

7 99.5 / 37.50  70 50 

8 99.5 / 37.50  70 50 

9 99.5 / 37.50  70 50 

10 99.5 / 37.50  70 50 

11 99.2 / 37.33  53 53 

12 99.1 / 37.27  53 53 

13 99.0 / 37.22  53 53 

14 98.9 / 37.17  53 53 

15 98.8 / 37.11  53 53 

16 98.6 / 37.00  53 53 

17 98.4 / 36.88  53 53 

18 98.2 / 36.77  53 53 

19 97.9 / 36.66  53 53 

20 97.5 / 36.38  53 53 

21 97.0 / 36.11  53 53 
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Table 3.2. Broiler Experiment 2
1 
- Starter, Grower, and Finisher Diets

2
 

Ingredient  Starter Grower Finisher 
% 

Corn Meal  54.97 66.89 71.80 

Soybean Meal  31.92 24.35 19.26 

Poultry By-Product Meal  5.41 6.00 6.00 

Poultry Fat  4.46 - - 

Lard  - 0.94 1.23 

Dicalcium Phosphate  0.87 - - 

Mono-Dicalcium Phosphate  - 0.25 0.18 

Salt  0.50 0.45 0.45 

Limestone  0.89 0.27 0.21 

D.L. Methionine  0.26 0.18 0.16 

TM premix - INO, MIX, ORG  0.23 0.23 0.23 

L-Lysine  0.13 0.01 0.05 

L-Threonine  0.12 0.01 0.01 

Choline Chloride  0.10 0.10 0.05 

Vitamin Premix  0.05 0.10 0.05 

Phytase  0.02 0.02 0.02 

Anti-coccidial  0.05 0.05 0.05 

Calculated Analysis 

Crude Protein (%)  23.00 20.50 18.50 

ME (kcal/kg)  3080 3153 3219 

1 Broiler progeny received the same TM as their respective parents in the 

starter, grower, and finisher diets 

2 Approximately 2, 6, and 8 pounds of the starter, grower, and finisher diets, 

respectively, were appropriated to each bird in each pen. 
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Table 3.3. Body weight of broiler progeny at different ages as affected by early incubation relative humidity (RH) and trace mineral 

source in broiler breeder diets. 

Trace Mineral Source Incubation RH  0 d 14 d 21 d 28 d 36 d 42 d 

(g) 

             INO 70%  42.9 473
CD

 1001
B

 1563
d
 2423

BC
 3153

BC
 

             INO 50%  42.4 492
A

 1031
A

 1605
abc

 2478
AB

 3219
AB

 

            MIX 70%  43.2 478
BC

 1028
A

 1606
ab

 2501
A

 3245
A

 

            MIX 50%  42.2 487
AB

 1026
A

 1620
a
 2504

A
 3255

A
 

              ORG 70%  42.6 464
CD

 991
B

 1575
bcd

 2431
BC

 3144
BC

 

            ORG 50%  42.5 461
D

 984
B

 1567
cd

 2407
C

 3126
C

 

SEM 0.3 5 8 14 21                   29 

P-value   0.16 0.00 0.00 0.02 0.00 0.01 

             INO -  42.6 482
A

 1016
A

 1584
B

 2451
B

 3188
B

 

             MIX -  42.7 482
A

 1027
A

 1613
A

 2503
A

 3252
A

 

             ORG -  42.5 462
B

 987
B

 1571
B

 2419
B

 3135
C

 

SEM -  0.2                     3 6 10 15 21 
Probability -  0.82 0.00 0.00 0.01 0.00 0.00 

- 70%  42.9
a
 472

b
 1007 1582 2452 3183 

- 50%  42.4
b
 480

a
 1014 1598 2463 3200 

- SEM  .2 3 5 8 12 17 
- Probability  0.03 0.04 0.29 0.16 0.51 0.49 

a,b 
Means that possess different superscripts differ significantly (P < 0.05). 

X,Y 
Means that possess different superscripts differ significantly (P < 0.1). 

1 
TM source in the parental diet. All progeny were supplemented with TM from an inorganic source. Broiler Breeder TM supplementation 

were as follows: INO TM consisted 6 ug/g CuSO4, 90 ug/g ZnSO4, 100 ug/g MnSO4, and 0.3 ug/g Sodium Selenite. ORG TM 

consisted of 6 ug/g Cu-Proteinate, 30 ug/g Zn-Proteinate, 35 ug/g Mn-Protein, and 0.15 ug/g Se-Yeast. MIX TM consisted of 3 ug/g 

CuSO4 + 3 ug/g Cu-Proteinate, 60 ug/g ZnSO4 + 30 ug/g Zn-Proteinate, 65 ug/g MnSO4 + 35 ug/g Mn-Protein, and 0.15 ug/g Sodium 

Selenite + 0.15 ug/g Se-Yeast. 
2 
Incubation RH through 10 d.  After 10 d, eggs were incubated similarly 

3 
SEM for n=24 broilers per treatment interaction. 

4  
SEM for n=48 broilers per TM main effect. 

5 
SEM for n=96 broilers per incubation temperature main effect. 
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Table 3.4. Feed intake of male broiler progeny at different ages as affected by incubation relative humidity (RH) and trace mineral 

source      in broiler breeder diets. 

Trace Mineral Source1  Incubation RH2  0-14 d 15-21 d 22-28 d  29-36 d 37-42 d 0-42 d 

       (g)    
             INO  70%  563

B
 721

C
 897

c
    1472

ABC
 1390

x
 5056

BC
 

             INO  50%  583
A

 740
AB

 924
bc

   1502
AB

 1397
x
 5250

AB
 

            MIX  70%  558
AB

 744
A

 940
ab

  1520
A

 1403
x
 5200

AB
 

            MIX  50%  566
B

 750
A

 946
a
  1503

A
 1395

x
 5287

AB
 

              ORG  70%  550
BC

 722
C

 
  929

abc   1453
BC

 1364
xy

 5185
AB

 

            ORG  50%  541
C

 717
C

 912
c
  1429

C
 1334

y
 4971

C
 

 SEM3   6 7 12 18  18              

64   

64 
 Probability   0.00 0.00 0.05  0.00 0.07 0.01 

            INO  -  573
A

 730
B

 911
b
  1487

A
    1393

A
    5153

ab
 

           MIX  -  562
B

 747
A

 943
a
  1511

A
 1399

A
 5243

a
 

           ORG  -  545
C

 719
B

 921
b
  1441

B
 1349

B
 5078

b
 

SEM  -  4 5 8 13  15 46 
Probability  -  0.00 0.00 0.02  0.00 0.01 0.05 

-  70%  557 729 922  1482 1386 5147 

-  50%  563 736 928  1478 1375 5169 

-  SEM  4 4 7 10  10 37 
-  Probability  0.23 0.22 0.56  0.80 0.49 0.67 

       A,B 
Means that possess different superscripts differ significantly (P < 0.01). 

       a,b 
Means that possess different superscripts differ significantly (P < 0.05). 

                             X,Y 
Means that possess different superscripts differ significantly (P < 0.1). 

     
1 

TM source in the parental diet and progeny diets. Broiler Breeder TM supplementation were as follows: INO TM consisted 6 ug/g  

CuSO4, 90 ug/g ZnSO4, 100 ug/g MnSO4, and 0.3 ug/g Sodium Selenite. ORG TM consisted of 6 ug/g Cu-Proteinate, 30 ug/g Zn- 

Proteinate, 35 ug/g Mn-Protein, and 0.15 ug/g Se-Yeast. MIX TM consisted of 3 ug/g CuSO4 + 3 ug/g Cu-Proteinate, 60 ug/g ZnSO4 + 

30 ug/g Zn-Proteinate, 65 ug/g MnSO4 + 35 ug/g Mn-Protein, and 0.15 ug/g Sodium Selenite + 0.15 ug/g Se-Yeast. Broiler TM 

supplementation was 75% of the level given to the broiler breeders. 

       2 
Incubation RH through 10 d.  After 10 d, eggs were incubated similarly 

       3 
SEM for n=12 pens per treatment interaction, n=24 pens per TM source, and n=36 per Incubation RH 
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Table 3.5. Adjusted feed conversion of male broiler progeny at different ages as affected by incubation relative humidity (RH) and trace 

mineral source in broiler breeder diets. 

Trace Mineral Source Incubation  RH  0-14 d 15-21 d 22-28 d 29-36 d 37-42 d 0-42 d 

(g:g) 

INO 70%  1.30 1.36 1.60 1.70 1.88 1.61
ab

 

INO 50%  1.30 1.37 1.61 1.72 1.91 1.62
b
 

MIX 70%  1.28 1.36 1.63 1.69 1.89 1.61
b
 

MIX 50%  1.27 1.39 1.59 1.72 1.88 1.61
b
 

ORG 70%  1.30 1.37 1.61 1.70 1.90 1.61
b
 

ORG 50%  1.29 1.36 1.57 1.70 1.84 1.59
a
 

SEM                                               0.01                0.01                0.02                     0.01                 0.03               0.01 

Probability  0.35 0.43 0.34 0.49 0.18 0.04 

INO -  1.30
y
 1.37 1.60 1.71 1.89 1.62 

MIX -  1.28
x
 1.37 1.61 1.70 1.88 1.61 

ORG -  1.30
y
 1.37 1.59 1.70 1.87 1.60 

SEM -        0.01         0.01         0.01                  0.01         0.02                                 0.01 

Probability -  0.09 0.82 0.47 0.62 0.56 0.17 

- 70%  1.29 1.36 1.61 1.69 1.89 1.61 

- 50%  1.29 1.37 1.59   1.71 1.87 1.61 

- SEM        0.01         0.01        0.01                  0.01         0.01                      0.00 

- Probability  0.48 0.29 0.19 0.12 0.54 0.79 
a,b 

Means that possess different superscripts differ significantly (P < 0.05). 
X,Y 

Means that possess different superscripts differ significantly (P < 0.1). 
1 
TM source in the parental diet and progeny diets. Broiler Breeder TM supplementation were as follows: INO TM consisted 6 ug/g 

CuSO4, 90 ug/g ZnSO4, 100 ug/g MnSO4, and 0.3 ug/g Sodium Selenite. ORG TM consisted of 6 ug/g Cu-Proteinate, 30 ug/g Zn- 

Proteinate, 35 ug/g Mn-Protein, and 0.15 ug/g Se-Yeast. MIX TM consisted of 3 ug/g CuSO4 + 3 ug/g Cu-Proteinate, 60 ug/g ZnSO4 + 30 

ug/g Zn-Proteinate, 65 ug/g MnSO4 + 35 ug/g Mn-Protein, and 0.15 ug/g Sodium Selenite + 0.15 ug/g Se-Yeast. Broiler TM 

supplementation was 75% of the level given to the broiler breeders. 
2 
Incubation RH through 10 d.  After 10 d, eggs were incubated similarly 

3 
SEM for n=12 pens per treatment interaction. 

4  
SEM for n=24 pens per TM main effect. 

5 
SEM for n=36 pens per incubation RH main effect. 
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Table 3.6. Mortality among male broiler progeny at different ages as affected by incubation relative humidity (RH) and trace mineral 

source in broiler breeder diets. 

Trace Mineral Source Incubation RH  0-14 d 15-21 d 22-28 d 29-36 d 37-42 d 0-42 d 

(%) 

INO 70%  2.08 0.69 0.00 0..69
xyz 0.00

x
 4.17 

INO 50%  0.00 0.00 0.00 2.08
yz

 0.83
x
 3.33 

MIX 70%  0.00 0.00 0.00 
0.69

xyz 0.00
x
 0.83 

MIX 50%  0.00 0.00 0.00 2.77
z
 0.83

x
 4.17 

ORG 70%  0.69 1.39 1.39 0.00
x
 3.33

y
 7.50 

ORG 50%  0.00 1.39 0.69 0.00
xy

 0.83
x
 3.33 

SEM3                                              0.67                0.61                0.48                    0.77               0.81                 1.59 

Probability   0.18 0.30 0.20 0.06 0.07 0.12 

INO -  1.04 0..35
x
 0.00

a
 1.38

x
 0.42

x
 3.75 

MIX -  0.00 0.00
x
 0.00

a
 1.74

x
 0.42

x
 2.50 

ORG -  0.35 1.38
y
 1.04

b
 0.00

y
 2.08

y
 5.41 

SEM4 -        0.46          0.43         0.34                0.54          0.57         1.12 

Probability -  0.30 0.07 0.05 0.06 0.07 0.19 

- 70%  0.93 0.69 0.46 0.46 1.11 4.17 

- 50%  0.00 0.46 0.23 1.62 0.83 3.61 

- SEM5        0.39          0.35          0.27                0.44         0.47         0.92 

- Probability  0.10 0.64 0.55 0.07 0.68 0.42 
a,b 

Means that possess different superscripts differ significantly (P < 0.05). 
X,Y 

Means that possess different superscripts differ significantly (P < 0.1). 
1 
TM source in the parental diet and progeny diets. Broiler Breeder TM supplementation were as follows: INO TM consisted 6 ug/g 

2 
Incubation RH through 10 d.  After 10 d, eggs were incubated similarly 

3 
SEM for n=12 pens per treatment interaction. 

4  
SEM for n=24 pens per TM main effect. 

5 
SEM for n=36 pens per incubation RH main effect. 
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  Table 3.7. Carcass characteristics of 36 d-old male broiler progeny as affected by incubation relative humidity (RH) and trace mineral source in broiler      

breeder diets and progeny diets. 

Trace Mineral 

  Source   
   Incubation RH   Live BW 

Dressed 

Carcass 
Fat Pad Drums Thighs Wings 

Pectoralis 

major 

Pectoralis 

minor 
Ribs/Back 

  (kg)    (%)     
    INO 70% 2.34 77.10 0.86 10.10 12.68 8.17 19.33 4.03 19.01 

    INO 50% 2.39 76.21 1.02 9.49 12.69 7.98 19.15 3.90 18.61 

  MIX 70% 2.33 75.90 0.93 9.62 12.15 8.18 18.91 4.02 18.76 

  MIX 50% 2.37 76.35 1.12 9.84 12.45 8.15 18.86 3.81 18.88 

  ORG 70% 2.33 76.65 1.25 9.51 12.58 7.85 19.46 4.07 18.31 

  ORG 50% 2.35 76.88 1.14 9.81 12.72 8.14 19.16 3.98 18.56 

SEM3                                    0.03              0.48              0.18              0.25               0.24              0.16              0.48               0.12              0.47 

Probability 0.98 0.59 0.12 0.17 0.18 0.06 0.89 0.62 0.726 

   INO - 2.36 76.73 0.93
X

 9.84 12.68
X

 8.09 19.26 3.98 18.84 

 MIX - 2.35 76.10 1.02
XY

 9.72 12.29
Y

 8.17 18.89 3.92 18.81 

 ORG - 2.34 76.76 1.20
Y

 9.65 12.65
XY

 7.99 19.32 4.02 18.43 

SEM4 -       0.03         0.33         0.13        0.17         0.17     0.11          0.33         0.09          0.32 

Probability - 0.94 0.45 0.07 0.79 0.06 0.31 0.53    0.63     0.45 

- 70% 2.33 76.58 1.01 9.76 12.49 8.07 19.24 4.00 18.70 

- 50% 2.37 76.50 1.09 9.72 12.62 8.09 19.06 3.90 18.68 

- SEM5       0.02         0.27        0.10        0.14         0.14    0.09           0.27         0.07          0.26 

- Probability 0.49 0.87 0.40 0.85 0.31 0.83 0.603 0.1164 0.9776 

   X,Y 
Means that possess different superscripts differ significantly (P < 0.1). 

   1 
TM source in the parental diet and progeny diets. Broiler Breeder TM supplementation were as follows: INO 

TM        consisted 6 ug/g CuSO4, 90 ug/g ZnSO4, 100 ug/g MnSO4, and 0.3 ug/g Sodium Selenite. ORG TM 

consisted of 6     ug/g Cu-Proteinate, 30 ug/g Zn-Proteinate, 35 ug/g Mn-Protein, and 0.15 ug/g Se-Yeast. MIX TM 

consisted of 3 ug/g     CuSO4 + 3 ug/g Cu-Proteinate, 60 ug/g ZnSO4 + 30 ug/g Zn-Proteinate, 65 ug/g MnSO4 + 

35 ug/g Mn-Protein, and 

  0.15 ug/g Sodium Selenite + 0.15 ug/g Se-Yeast. Broiler TM supplementation was 75% of the level given 

to   the broiler breeders.    2 
Incubation RH through 10 d.  After 10 d, eggs were incubated similarly 

   3  
SEM for n=24 broilers per interaction, n= 48 broilers per TM source, and n=96 per Incubation RH 
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CHAPTER 4 

Broiler Experiment 3 

Materials and Methods 

Overview.  A study was conducted at the Piedmont Research Station in Salisbury, NC to 

evaluate the effects of different trace mineral (TM) sources included in the diets of broiler 

breeders on GIT development at hatch and live performance of male broiler progeny reared 

to 42 d of age. The experimental design was a 2x3 factorial arrangement with 2 broiler trace 

mineral source treatments and 3 maternal TM source treatments. The TM sources used in this 

study were INO and MIX.  Broiler breeders remained on the same TM source treatment since 

photo-stimulation. As previously described, there were a total of 12 broiler breeder pens used 

in the evaluation of the 3 TM sources (ORG, MIX, INO), with 4 pens were assigned to each 

diet containing the different TM sources.  Broiler breeder pens were further assigned to 1 of 

2 different TM sources to be utilized in the broiler diets.  Therefore, eggs collected from 2 

different broiler breeder pens fed the same TM source would be used for each TM source in 

broiler rearing. Additionally, only late-hatching chicks were utilized in this study.  

Incubation.  From the 50-wk-old broiler breeder flock, a total of 720 eggs were collected 

from each of the 12 broiler breeder pens and placed onto 4 trays containing 180 eggs each. 

There were 2 trays that contained eggs collected 3-4 d prior to pre-heating and termed 

“STORED”.  The other tray contained eggs collected 1-2 d prior to pre-heating and termed 

“FRESH”.  Only the FRESH eggs were used for broiler production. The STORED eggs were 

only used to place on either side of the FRESH eggs in the incubators for the purpose of 
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uniform air flow.  Each tray was labeled with the appropriate pen number from which the 

eggs originated. All eggs were identically pre-heated for 12 h prior to setting in the 

incubators. After pre-heating, all eggs were randomly placed in the same incubator 

(Natureform, I-10). The FRESH eggs were centered on either side of the drum pivot in the 

incubator with the STORED eggs on either side. On E18, STORED and FRESH eggs were 

transferred into separate, pre-heated hatchers. The FRESH hatcher (Natureform, H-10) 

contained 2 trollies. Each trolley contained 12 hatching baskets, one for each broiler breeder 

pen. Each tray of eggs was transferred into a separate hatching basket and randomly placed 

on the appropriate trolley in the hatcher, where they remained until time of pull.  When 

approximately half of the chicks had hatched, hatching baskets were individually removed 

from the trollies and the hatched chicks were counted and separated into 2 labeled chick 

boxes, representing a single broiler breeder pen. This process was repeated for all hatching 

baskets.  The chicks hatched from each FRESH pair were then feather-sexed, with females 

placed into one chick box, and males into another.  Early hatching males were set aside for 

use in a secondary experiment (Broiler Experiment 4). Females were set aside and not used. 

Once the remaining chicks had hatched (late hatching chicks), the above process of sexing 

and separation was repeated. After all chicks had been feather-sexed and separated, the boxes 

containing late hatching males were grouped according to broiler breeder dietary TM source 

and broiler TM source assignment and resulted in 6 treatment combinations, each containing 

chicks from 2 different broiler breeder pens fed the same TM source. 

Chick Placement. The 6 treatments were randomly assigned to a total of 72 floor pens, 

divided into 2 house-oriented blocks, yielding 12 replicate pens per treatment. One treatment 
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at a time, chicks were randomly selected from each of the appropriate chick boxes and 

pooled together, totaling 11 chicks. The pooled chicks were re-sexed (replaced if a sex error 

occurred), neck-tagged for individual identification, and a group weight was recorded. The 

chicks were then placed into the appropriate replicate pen where they were briefly monitored 

to ensure that feed and water was accessible and subsequently ingested.  This process was 

repeated for all replicates within each treatment combination. 

Yolk sac and GIT removal.  Late hatching males were used for evaluation of yolk sac weight 

and GIT development.  Males hatched from each broiler breeder pen were randomly selected. 

Each chick was neck-tagged for individual identification and individually weighed. Each 

chick was then euthanized by cervical dislocation. The yolk sac was then removed and 

discarded. Each chick was then re-weighed and the difference between the live weight and 

the weight without residual yolk sac was used to determine the yolk sac weight for each 

chick. The entire GIT was removed from each chick and the following segments were 

individually weighed and recorded: gizzard, proventriculus, small intestine, and ceca. 

Immediately after weighing the proventriculus of each chick, the surface pH of the 

proventriculus was measured using a surface probe (Denver Instrument, Bohemia, New 

York, USA). Data was analyzed using SAS (SAS Institute, Cary, NC) 9.4 with means 

partitioned by LS MEANS and differences determined with PROC GLM. Differences were 

accepted as statistically different at P≤0.05 and differences at P≤0.10 were accepted as 

numerical trends. 
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Broiler Grow-Out. In this study, broilers were reared on litter used in the previous studies to 

42 d. Broilers received a diet containing either INO or MIX TM. The TM inclusion in the 

broiler diets was 75% of the level included in the broiler breeder diets. Broilers received a 

starter diet from placement through approximately 14 d, a grower diet from approximately 15 

d to 35 d, and a finisher diet from approximately 36 d to 42 d. All diets can be found in Table 

3.1.  Group BW and feed weigh backs were recorded at 14 d, 28 d, 35 d, and 42 d in order to 

estimate individual BW, feed intake (FI), and adjusted feed conversion ratio (AdjFCR).  Data 

was analyzed using SAS (SAS Institute, Cary, NC) 9.4 with means partitioned by LS 

MEANS and differences determined with PROC GLM. Differences were accepted as 

statistically different at P≤0.05 and differences at P≤0.10 were accepted as numerical trends.  

Results 

Yolk Sac Weight.  Yolk sac weight data can be found in Table 1.7 in Chapter 1. No 

differences in yolk sac weight were found as a result of differences in TM source in broiler 

breeder diets. 

Gastrointestinal Development.  Gastrointestinal development data from chicks hatched from 

50-wk-old broiler breeders can be found in Table 4.3. Differences were not detected in 

absolute weights of proventriculus, gizzard, small intestine, or ceca. Nor were any 

differences observed in the relative weights of these organs. However, a numerical trend   

(P≤ 0.10) was identified in the surface pH of the proventriculus. Broilers from MIX broiler 

breeders were observed to have a more basic proventriculus pH (6.65) when compared to 

broilers from INO and ORG broiler breeders (6.48 and 6.45, respectively).   
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Body Weight.  The BW data collected at placement, 14 d, 21 d, 28 d, 36 d, and 42 d can be 

found in Table 4.4. At 14 d and 21 d, statistically significant differences were observed as a 

main effect of TM in the broiler diets. Broilers fed MIX TM, regardless of broiler breeder 

TM source, were heavier (P≤ 0.05) than their INO counterparts. Similar differences 

continued through 42 d, with the MIX broilers outweighing the INO broilers by 

approximately 51 g. However, these final BW differences were not statistically significant.  

Differences due to the TM source in broiler breeder diets were not detected.   

Evaluation of two-way effects revealed that at 14 d, MIX-MIX weighed significantly more 

(P≤ 0.05) than INO-INO broilers and MIX-INO broilers. Additionally, the INO-MIX broilers 

weighed significantly more than MIX-INO broilers. All other treatment groups were 

intermediate.  A similar trend was observed at 21 d. At this time, INO-MIX and MIX-MIX 

broilers were significantly heavier (P≤ 0.05) than INO-INO broilers. All other treatment 

groups were intermediate. No other significant differences were observed in two-way effects 

as the birds aged. However, as the broiler TM main effect made evident, MIX TM in the 

broiler diet numerically increased the BW of broilers from each broiler breeder TM treatment 

when compared to broilers fed INO TM.  

Feed Intake. Feed intake data collected at 14 d, 21 d, 28 d, 36 d, and 42 d can be found in 

Table 4.5.  No differences were observed as a main effect of either broiler breeder or broiler 

TM source.  
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Adjusted Feed Conversion Ratio. Adjusted feed conversion ratio data can be found in Table 

4.6.  No differences were observed as a main effect of either broiler breeder or broiler TM 

source.  

Mortality. There were no differences in mortality observed in this study. Mortality data can 

be found in Table 4.7. 
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Table 4.1. Incubation Profile for Broiler Experiment 3. 

Emryonic 

Day 

Dry-Bulb 

Temperature 
Relative Humidity 

 (°F / °C) (%) 

1 100.5 / 38.05 53 

2 100.5 / 38.05 53 

3 100.5 / 38.05 53 

4 99.5 / 37.50 53 

5 99.5 / 37.50 53 

6 99.5 / 37.50 53 

7 99.5 / 37.50 53 

8 99.5 / 37.50 53 

9 99.5 / 37.50 53 

10 99.5 / 37.50 53 

11 99.2 / 37.33 53 

12 99.1 / 37.27 53 

13 99.0 / 37.22 53 

14 98.9 / 37.17 53 

15 98.8 / 37.11 53 

16 98.6 / 37.00 53 

17 98.4 / 36.88 53 

18 98.2 / 36.77 53 

19 97.9 / 36.66 53 

20 97.5 / 36.38 53 

21 97.0 / 36.11 53 
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Table 4.2. Broiler Experiment 4
1 
- Starter, Grower, and Finisher Diets

2
 

Ingredient  Starter Grower Finisher 

% 

Corn Meal  54.97 66.89 71.80 

Soybean Meal  31.92 24.35 19.26 

Poultry By-Product Meal  5.41 6.00 6.00 

Poultry Fat  4.46 - - 

Lard  - 0.94 1.23 

Dicalcium Phosphate  0.87 - - 

Mono-Dicalcium Phosphate  - 0.25 0.18 

Salt  0.50 0.45 0.45 

Limestone  0.89 0.27 0.21 

D.L. Methionine  0.26 0.18 0.16 

TM premix - INO, MIX, ORG  0.23 0.23 0.23 

L-Lysine  0.13 0.01 0.05 

L-Threonine  0.12 0.01 0.01 

Choline Chloride  0.10 0.10 0.05 

Vitamin Premix  0.05 0.10 0.05 

Phytase  0.02 0.02 0.02 

Anti-coccidial  0.05 0.05 0.05 

Calculated Analysis 

Crude Protein (%)  23.00 20.50 18.50 

ME (kcal/kg)  3080 3153 3219 
1 Broiler progeny received either INO, MIX, or ORG TM in order to 

determine interactions between parental and progeny TM nutrition. 
2 Approximately 2, 6, and 8 pounds of the starter, grower, and finisher 

diets, respectively, were appropriated to each bird in each pen. 
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Table 4.3. Gastrointestinal development of hatchlings as a result of trace mineral source in 

 broiler breeder diets.   

 INO MIX ORG  SEM
2
  Probability 

BW 46.40 45.70 45.70    0.65 

Yolk Sac (%) 13.50 12.66 12.17    0.33 

Proventriculus (%) 0.79 0.79 0.79    1.00 

Proventriculus pH 6.48 6.65 6.45    0.07 

Gizzard (%) 4.78 4.79 4.98    0.36 

Small Intestine (%) 2.92 2.98 3.11    0.21 

Ceca (%) 0.60 0.58 0.67    0.23 
X,Y 

Means that possess different superscripts differ significantly (P < 0.1). 
1 
TM source in the parental diet. Broiler Breeder TM supplementation were as follows: INO 

TM consisted 6 ug/g CuSO4, 90 ug/g ZnSO4, 100 ug/g MnSO4, and 0.3 ug/g Sodium 

Selenite. ORG TM consisted of 6 ug/g Cu-Proteinate, 30 ug/g Zn-Proteinate, 35 ug/g Mn- 

Protein, and 0.15 ug/g Se-Yeast. MIX TM consisted of 3 ug/g CuSO4 + 3 ug/g Cu-Proteinate, 

60 ug/g ZnSO4 + 30 ug/g Zn-Proteinate, 65 ug/g MnSO4 + 35 ug/g Mn-Protein, and 0.15 ug/g 

Sodium Selenite + 0.15 ug/g Se-Yeast. 
2 
SEM for n=4 per broiler breeder pend per TM source with 12 chicks sampled per pen. 
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Table 4.4. Body weight of broiler progeny at different ages as affected by trace mineral (TM) source in either the broiler breeder 

diets or progeny diets, and interactions therof. 

Broiler Breeder 

TM Source1 

Broiler Progeny TM 

Source2 
0 d 14 d 21 d 28 d 35 d 42 d 

(g) 

INO INO 47.0 520
BC

 1081
Y

 1779 2394 2946 

INO MIX 47.1 531
AB

 1118
X

 1800 2415 3019 

MIX INO 46.7 519
C

 1091
XY

 1778 2392 2930 

MIX MIX 48.3 536
A

 1117
X

 1813 2440 2985 

ORG INO 47.8 
528

ABC 1096
XY

 1798 2399 2948 

ORG MIX 46.7 
527

ABC 1093
XY

 1799 2417 2974 

SEM3 

 P-value 0.10 0.04 0.09 0.50 0.72 0.81 

INO - 47.0 526 1100 1790 2404 2962 

MIX - 47.5 528 1104 1795 2416 2957 

ORG - 47.2 528 1094 1798 2408 2961 

SEM4 -       
Probability - 0.42 0.84 0.67 0.83 0.89 0.85 

- INO 47.1 522
B

 1089
B

 1785 2395 2941 

- ORG 47.4 531
A

 1109
A

 1804 2424 2992 

- SEM5       
- Probability 0.45 0.01 0.03 0.12 0.15 0.20 

A,B 
Means that possess different superscripts differ significantly (P < 0.01). 

X,Y 
Means that possess different superscripts differ significantly (P < 0.1). 

1 
TM source in the parental diet. Broiler Breeder TM supplementation were as follows: INO TM consisted 6 ug/g CuSO4, 90 ug/g 

ZnSO4, 100 ug/g MnSO4, and 0.3 ug/g Sodium Selenite. ORG TM consisted of 6 ug/g Cu-Proteinate, 30 ug/g Zn-Proteinate, 35 

ug/g Mn-Protein, and 0.15 ug/g Se-Yeast. MIX TM consisted of 3 ug/g CuSO4 + 3 ug/g Cu-Proteinate, 60 ug/g ZnSO4 + 30 ug/g 

Zn-Proteinate, 65 ug/g MnSO4 + 35 ug/g Mn-Protein, and 0.15 ug/g Sodium Selenite + 0.15 ug/g Se-Yeast. 
2 

TM supplementation in broiler progeny diets was 75% of the levels supplemented in parental diets, listed above. 
3 
SEM for n=12 pens per interaction. 

4  
SEM for n=24 pens per broiler breeder TM source main effect. 
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Table 4.5. Feed intake of broiler progeny at different ages as affected by trace mineral (TM) source in either the broiler breeder diets 

 or progeny diets, and interactions thereof.  

  Broiler Breeder 

TM Source1 

  Broiler Progeny 

     TM Source2 
0-14 d 15-21 d      22-28 d              29-35 d 35-42 d 0-42 d 

(g:g) 

INO INO 570 765 1076 1120 1255 4832 

INO MIX 571 776 1075 1149 1276 4902 

MIX INO 560 769 1083 1125 1272 4877 

MIX MIX 586 784 1091 1130 1259 4850 

ORG INO 579 780 1077 1103 1235 4835 

ORG MIX 573 777 1095 1128 1267 4844 

SEM3 

 Probability 0.25 0.42 0.90 0.76 0.85 0.96 

Inorganic - 570 770 1075 1134 1265 4866 

Mixture - 573 777 1087 1127 1266 4864 

Organic - 576 778 1087 1116 1252 4840 

SEM4 -       
Probability - 0.78 0.53 0.70 0.64 0.77 0.89 

- INO 569 771 1079 1117 1255 4849 

- MIX 577 779 1087 1135 1267 4865 

- SEM5       
- Probability 0.24 0.18 0.50 0.23 0.48 0.72 

1 TM source in the parental diet. Broiler Breeder TM supplementation were as follows: INO TM consisted 6 ug/g CuSO4, 90 ug/g 

ZnSO4, 100 ug/g MnSO4, and 0.3 ug/g Sodium Selenite. ORG TM consisted of 6 ug/g Cu-Proteinate, 30 ug/g Zn-Proteinate, 35 

ug/g Mn-Protein, and 0.15 ug/g Se-Yeast. MIX TM consisted of 3 ug/g CuSO4 + 3 ug/g Cu-Proteinate, 60 ug/g ZnSO4 + 30 ug/g Zn- 

Proteinate, 65 ug/g MnSO4 + 35 ug/g Mn-Protein, and 0.15 ug/g Sodium Selenite + 0.15 ug/g Se-Yeast. 

2 TM supplementation in broiler progeny diets was 75% of the levels supplemented in parental diets, listed above. 

3 SEM for n=12 pens per interaction. 

4  SEM for n=24 pens per broiler breeder TM source main effect. 

5 SEM for n=36 pens per broiler progeny TM source main effect. 
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Table 4.6. Adjusted feed conversion of broiler progeny at different ages as affected by trace mineral (TM) source in either the 

 broiler breeder diets or progeny diets, and interactions thereof.   

Broiler Breeder 

TM Source1 

       Broiler Progeny  

TM Source2 
0-14 d 15-21 d 22-28 d 29-35 d 36-42 d 0-42 d 

(g:g) 

INO INO 1.19 1.37 1.55 1.82 2.30 1.64 

INO MIX 1.19 1.32 1.58 1.88 2.36 1.66 

MIX INO 1.19 1.35 1.58 1.84 2.48 1.67 

MIX MIX 1.18 1.35 1.57 1.80 2.34 1.65 

ORG INO 1.17 1.36 1.58 1.95 2.43 1.68 

ORG MIX 1.19 1.37 1.56 1.82 2.24 1.64 

  SEM3  

 Probability 0.79 0.59 0.80 0.02 0.43 0.27 

INO - 1.19 1.35 1.56 1.85 2.33 1.65 

MIX - 1.18 1.35 1.57 1.82 2.41 1.66 

ORG - 1.18 1.37 1.57 1.88 2.33 1.66 

SEM4 -       

Probability - 0.66 0.56 0.92 0.09 0.56 0.73 

- INO 1.18 1.36 1.57 1.87 2.40 1.67 

- MIX 1.19 1.35 1.57 1.83 2.31 1.65 

- SEM5       

- Probability 0.62 0.60 0.85 0.16 0.21 0.16 
A,B 

Means that possess different superscripts differ significantly (P < 0.01). 
X,Y 

Means that possess different superscripts differ significantly (P < 0.1). 
1 TM source in the parental diet. Broiler Breeder TM supplementation were as follows: INO TM consisted 6 ug/g CuSO4, 90 ug/g 
2 TM supplementation in broiler progeny diets was 75% of the levels supplemented in parental diets, listed above. 
3 SEM for n=12 pens per interaction. 
4  SEM for n=24 pens per broiler breeder TM source main effect. 
5 SEM for n=36 pens per broiler progeny TM source main effect. 
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Table 4.7. Mortality among broiler progeny at different ages as affected by trace mineral (TM) source in either the broiler breeder 

diets or progeny diets, and interactions thereof. 

Broiler Breeder 

TM Source1 

Broiler Progeny  

      TM Source2 
0-14 d 15-21 d 22-28 d 29-35 d 36-42 d 0-42 d 

(%) 

INO INO 1.52 0.00 0.00 0.76 0.00 2.27 

INO MIX 1.52 0.00 1.52 0.00 1.52 4.55 

MIX INO 0.00 0.00 0.76 0.00 0.76 1.52 

MIX MIX 2.27 0.00 0.00 0.00 0.00 2.27 

ORG INO 4.13 0.83 0.83 1.65 0.83 8.26 

ORG MIX 1.52 0.76 0.00 0.00 1.52 3.79 

SEM3 

 Probability 0.63 0.53 0.40 0.16 0.16 0.17 

INO - 1.52 0.00 0.76 0.38 0.76 3.41 

MIX - 1.14 0.00 0.38 0.00 0.38 1.89 

ORG - 2.77 0.79 0.40 0.79 1.19 5.93 

SEM4 -       
Probability - 0.55 0.13 0.79 0.29 0.16 0.57 

- INO 1.82 0.26 0.52 0.78
Y

 0.52 3.90 

- MIX 1.77 0.25 0.51 0.00
X

 1.01 3.54 

- SEM5       
- Probability 0.93 0.95 0.96 0.07 0.50 0.43 

X,Y 
Means that possess different superscripts differ significantly (P < 0.1). 

1 TM source in the parental diet. Broiler Breeder TM supplementation were as follows: INO TM consisted 6 ug/g CuSO4, 90 ug/g 

ZnSO4, 100 ug/g MnSO4, and 0.3 ug/g Sodium Selenite. ORG TM consisted of 6 ug/g Cu-Proteinate, 30 ug/g Zn-Proteinate, 35 ug/g 

Mn-Protein, and 0.15 ug/g Se-Yeast. MIX TM consisted of 3 ug/g CuSO4 + 3 ug/g Cu-Proteinate, 60 ug/g ZnSO4 + 30 ug/g Zn- 

Proteinate, 65 ug/g MnSO4 + 35 ug/g Mn-Protein, and 0.15 ug/g Sodium Selenite + 0.15 ug/g Se-Yeast. 

2 TM supplementation in broiler progeny diets was 75% of the levels supplemented in parental diets, listed above. 

3 SEM for n=12 pens per interaction. 

4  SEM for n=24 pens per broiler breeder TM source main effect. 

5 SEM for n=36 pens per broiler progeny TM source main effect. 
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CHAPTER 5 

Broiler Experiment 4 

Materials and Methods 

Overview.  A study was conducted at the Chicken Education Unit (CEU) in Raleigh, NC to 

evaluate the effects of different trace mineral (TM) sources included in the diets of broiler 

breeders and progeny diets on live performance and feathering of male broiler progeny 

reared to 49 d of age. The experimental design was a 3x3 factorial arrangement with 3 broiler 

TM source treatments and 3 maternal TM source treatments. Broiler breeders had remained 

on the same TM source treatment since photostimulation at 21 wk of age. As previously 

described, there were a total of 12 broiler breeder pens used in the evaluation of the 3 TM 

sources (ORG, MIX, INO), with 4 pens assigned to each diet containing the different TM 

sources.  Broiler breeder pens were further assigned to 1 of 3 different TM sources to be 

utilized in the broiler diets.  Therefore, eggs collected from 2 different broiler breeder pens 

fed the same TM source were used for each TM source in broiler rearing. 

Incubation.  From the 64-wk-old broiler breeder flock at the Piedmont Research Station, 

approximately 360 eggs were collected from each of the 12 broiler breeder pens and placed 

onto 4 trays containing 180 eggs each. Due to the age of the flock, eggs utilized in this study 

were collected up to 7 d prior to pre-heating. There was also 1 tray of 180 eggs per pen of 

older eggs collected for the purpose of ensuring uniform air flow for the experimental eggs. 

The tray containing older eggs was termed “STORED”. The other trays containing eggs 

collected up to 7 d prior to pre-heating were termed “FRESH”.  Each tray was labeled with 
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the appropriate pen number from which the eggs originated. All eggs were identically pre-

heated for 12 h prior to setting in the incubators. After pre-heating, all eggs were randomly 

placed in the same incubator (Natureform, I-10). The FRESH eggs were centered on either 

side of the drum pivot in the incubator with the STORED eggs on either side. On E18, 

STORED and FRESH eggs were transferred into separate, pre-heated hatchers. The FRESH 

hatcher (H-10, Natureform International, Jacksonville, FL) contained 2 trollies. Each trolley 

contained 12 hatching baskets, one for each broiler breeder pen. Each tray of eggs was 

transferred into a separate hatching basket and randomly placed on the appropriate trolley in 

the hatcher, where they remained until time of pull.  After the chicks had hatched, hatching 

baskets were individually removed from the trollies and the hatched chicks were counted and 

separated into 2 labeled chick boxes, representing a single broiler breeder pen. This process 

was repeated for all hatching baskets.  The chicks hatched from each FRESH pair were then 

feather-sexed, with females placed into one chick box, and males into another.  Females were 

set aside and not used. After all chicks had been feather-sexed and separated, the boxes 

containing males were transported to the CEU in Raleigh, NC for broiler grow-out.  

Chick Placement. Upon arrival to the CEU, chick boxes were sorted according to broiler 

breeder TM source.  The 9 treatments were randomly assigned to a total of 72 floor pens, 

divided into 2 house-oriented blocks, yielding 8 replicate pens per treatment. One treatment 

at a time, chicks were randomly selected from each of the appropriate chick boxes and 

pooled together, totaling 24 chicks. The pooled chicks were re-sexed (replaced if a sex error 

occurred), neck-tagged for individual identification, and a group BW was recorded. The 

chicks were then placed into the appropriate replicate pen where they were briefly monitored 
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to ensure that feed and water was accessible and subsequently ingested.  This process was 

repeated for all replicates within each treatment combination. 

Broiler Grow-Out. In this study, broilers were reared on litter used in previous studies to     

49 d. Broilers received a diet containing either INO, MIX, or ORG TM. The TM inclusion in 

the broiler diets was 75% of the level included in the broiler breeder diets. Broilers received a 

starter diet from placement through approximately 14 d (2 lbs./bird), a grower diet from 

approximately 15 d to 35 d (6 lbs./bird), and a finisher diet from approximately 36 d to 49 d 

(8 lbs./bird). All diets can be found in Table 6.1.  Group BW and feed weigh backs were 

recorded at 14 d, 28 d, 35 d, and 42 d in order to estimate individual BW, feed intake (FI), 

and adjusted feed conversion ratio (AdjFCR) that accounted for the weight of mortality.  

Data was analyzed using SAS (SAS Institute, Cary, NC) 9.4 with means partitioned by LS 

MEANS and differences determined with PROC GLM. Differences were accepted as 

statistically different at P≤0.05 and differences at P≤0.10 were accepted as numerical trends.  

Determination of Feather Weight.  At 35 d, one pen per treatment was randomly selected for 

collection of feather weight data. Each bird from the selected pens was then weighed and 

hung by the feet in shackles on a continuous harvesting system. Birds were then harvested by 

arterial exsanguination after electrical stunning. Each bird then passed through a bleeding 

tunnel, scalding tank, and picker for feather removal.  After the birds had been evaluated to 

ensure all the feathers had been removed, each bird was then dried and re-weighed. Relative 

feather weights were determined by the difference between live BW and featherless BW 

under the assumption that all birds had lost the same relative amount of blood. Data was 
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analyzed using SAS (SAS Institute, Cary, NC) 9.4 with means partitioned by LS MEANS 

and differences determined by PROC GLM with live BW used as a covariate. Differences 

were accepted as statistically different at P ≤ 0.05 and differences at P ≤ 0.10 were accepted 

as numerical trends. 

Results 

Body Weight.  The BW data collected at placement, 14 d, 21 d, 28 d, 36 d, 42 d, and 49 d can 

be found in Table 5.3. At 14 d, progeny from INO breeders were numerically heavier than 

progeny from MIX or ORG breeders. At 28 d, progeny from ORG breeders exhibited 

decreased BW relative to progeny from INO or MIX breeders. However at 35 d and 42 d, 

progeny from INO breeders exhibited increased BW when compared to ORG, with progeny 

from MIX breeders intermediate. At 49 d, progeny from ORG breeders exhibited decreased 

BW when compared to progeny from INO and MIX.  Differences in BW were not observed 

as a main effect of TM source in the broiler diet, nor were any interactions identified.  

Feed Intake. Feed intake data collected at 14 d, 21 d, 28 d, 36 d, and 42 d can be found in 

Table 5.4.  As a main effect of TM source in the breeder diets, FI was numerically increased 

(P ≤ 0.10) at 14 d and 21 d in progeny from INO breeders compared to MIX and ORG but 

this effect was not observed as the broilers aged. As a main effect of TM source in the broiler 

diets, FI was increased (P ≤ 0.05) at 14 d in progeny from MIX and INO breeders when 

compared ORG but this effect was also not observed as the broilers aged.  Evaluation of two-

way effects revealed that INO-INO, INO-MIX, INO-ORG, MIX-MIX, ORG-INO, ORG-
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MIX broilers exhibited increased feed intake (P ≤ 0.05) when compared to ORG-ORG 

broilers with MIX-INO and MIX-ORG broilers intermediate. 

Adjusted Feed Conversion Ratio. Adjusted feed conversion ratio data can be found in Table 

5.5. As a main effect of TM source in the broiler diets, improved (P ≤ 0.05) AdjFCR from 0-

14 d was exhibited by ORG broilers compared to MIX broilers with INO intermediate. 

Additionally, INO and ORG broilers exhibited improved (P ≤ 0.05) AdjFCR from 0-42 d 

when compared to MIX broilers. As a main effect of TM source in the breeder diets, progeny 

from MIX breeders exhibited improved AdjFCR from 0-28 d when compared to progeny 

from ORG breeders with INO intermediate. Interactions effects were not observed.  

Mortality. Mortality data can be found in Table 5.6.  There were no differences in mortality 

observed in this study.  

Feather Weight. Relative feather weight data is detailed in Table 5.7. As a main effect of TM 

source in the breeder diets, progeny from MIX breeders exhibited reduced relative feather 

weights when compared to progeny from INO breeders with ORG intermediate. Differences 

were not observed as interaction effects nor as a main effect of TM source in the broiler diets.  
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Table 5.1. Incubation Profile for Broiler Experiment 5. 

Emryonic 

Day 

Dry-Bulb 

Temperature 
Relative Humidity 

 (°F / °C) (%) 

1 100.5 / 38.05 53 

2 100.5 / 38.05 53 

3 100.5 / 38.05 53 

4 99.5 / 37.50 53 

5 99.5 / 37.50 53 

6 99.5 / 37.50 53 

7 99.5 / 37.50 53 

8 99.5 / 37.50 53 

9 99.5 / 37.50 53 

10 99.5 / 37.50 53 

11 99.2 / 37.33 53 

12 99.1 / 37.27 53 

13 99.0 / 37.22 53 

14 98.9 / 37.17 53 

15 98.8 / 37.11 53 

16 98.6 / 37.00 53 

17 98.4 / 36.88 53 

18 98.2 / 36.77 53 

19 97.9 / 36.66 53 

20 97.5 / 36.38 53 

21 97.0 / 36.11 53 
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Table 5.2. Broiler Experiment 5
1 
- Starter, Grower, and Finisher Diets

2
 

Ingredient  Starter Grower Finisher 

% 

Corn Meal  54.62 65.09 69.91 

Soybean Meal  32.09 24.50 19.66 

Poultry By-Product Meal  5.31 6.00 6.00 

Poultry Fat  4.59 1.25 1.25 

Dicalcium Phosphate  1.20 1.13 1.16 

Salt  0.50 0.50 0.50 

Limestone  0.72 0.64 0.65 

D.L. Methionine  0.26 0.18 0.14 

TM premix - INO, MIX, ORG  0.23 0.23 0.23 

L-Lysine  0.12 0.20 0.22 

L-Threonine  0.12 0.11 0.09 

Choline Chloride  0.10 0.10 0.10 

Vitamin Premix  0.05 0.05 0.05 

Anti-coccidial  0.05 0.05 0.05 

Calculated Analysis 

Crude Protein (%)  23.00 20.50 18.50 

ME (kcal/kg)  3080 3008 3061 

1 Broiler progeny received either INO, MIX, or ORG TM in the starter 

diet only to determine interactions between parental and progeny TM 

nutrition. All progeny were supplemented with inorganic TM in the 

grower and finisher diets. 

2 Approximately 2, 6, and 8 pounds of the starter, grower, and finisher 

diets, respectively, were appropriated to each bird in each pen. 
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Table 5.3. Body weight of male broiler progeny at different ages as affected my trace mineral (TM) source in either the broiler breeder or broiler 

progeny diet, and interactions thereof. 

Broiler Breeder 

  TM Source   

Broiler Progeny 

       TM Source   
0 d 14 d 21 d 28 d 35 d 42 d 49 d 

(g) 

INO INO 47.3 585 1181 1838 2693 3542 4147 

INO MIX 47.5 573 1166 1811 2661 3463 4114 

INO ORG 47.7 577 1168 1822 2673 3490 4102 

MIX INO 47.4 569 1168 1826 2668 3478 4110 

MIX MIX 47.1 572 1160 1515 2652 3470 4084 

MIX ORG 46.8 568 1161 1616 2645 3453 4090 

ORG INO 47.4 570 1159 1799 2605 3407 3987 

ORG MIX 46.5 571 1166 1787 2624 3412 3999 

ORG ORG 47.7 568 1150 1791 2631 3438 4034 

 SEM3 0.35 5.36 9.64 15.21 27.00 39.79 47.62 

 P-value 0.20 0.44 0.62 0.28 0.38 0.35 0.20 

1 TM source in the parental diet. Broiler Breeder TM supplementation were as follows: INO TM consisted 6 ug/g CuSO4, 90 ug/g ZnSO4, 100 

ug/g MnSO4, and 0.3 ug/g Sodium Selenite. ORG TM consisted of 6 ug/g Cu-Proteinate, 30 ug/g Zn-Proteinate, 35 ug/g Mn-Protein, and 0.15 

ug/g Se-Yeast. MIX TM consisted of 3 ug/g CuSO4 + 3 ug/g Cu-Proteinate, 60 ug/g ZnSO4 + 30 ug/g Zn-Proteinate, 65 ug/g MnSO4 + 35 ug/g 

Mn-Protein, and 0.15 ug/g Sodium Selenite + 0.15 ug/g Se-Yeast. 

2 TM supplementation in broiler progeny diets was 75% of the levels supplemented in parental diets, listed above. 

3 SEM for n=8 pens per interaction. 
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Table 5.3 (continued). Body weight of male broiler progeny at different ages as affected my trace mineral (TM) source in either the 

broiler breeder or broiler progeny diet, and interactions thereof. 

Broiler Breeder 

  TM Source 1   

Broiler Progeny 

TM Source2 
0 d 14 d 21 d 28 d 35 d 42 d 49 d 

(g) 

INO - 47.5 578X 1171 1823a 2675a 3796a 4119A 

MIX - 47.1 570Y 1163 1819a 2655ab 3467ab 4095A 

ORG - 47.2 570Y 1159 1793b 2620b 3420b 4007B 

SEM4 - 0 3 5 8 15 22 26 

Probability - 0.29 0.09 0.25 0.02 0.03 0.04 0.01 

- INO 47.4 574 1169 1820 2654 3473 4078 

- MIX 47.10 572 1164 1805 2647 3450 4069 

- ORG 47.40 571 1160 1810 2650 3461 4075 

- SEM4 0 3 5 8 15 22 26 

- Probability 0.29 0.67 0.45 0.38 0.90 0.68 0.91 
A,B 

Means that possess different superscripts differ significantly (P < 0.01). 
a,b 

Means that possess different superscripts differ significantly (P < 0.05). 
X,Y 

Means that possess different superscripts differ significantly (P < 0.10). 

1 TM source in the parental diet. Broiler Breeder TM supplementation were as follows: INO TM consisted 6 ug/g CuSO4, 90 ug/g ZnSO4, 100 

ug/g MnSO4, and 0.3 ug/g Sodium Selenite. ORG TM consisted of 6 ug/g Cu-Proteinate, 30 ug/g Zn-Proteinate, 35 ug/g Mn-Protein, and 0.15 

ug/g Se-Yeast. MIX TM consisted of 3 ug/g CuSO4 + 3 ug/g Cu-Proteinate, 60 ug/g ZnSO4 + 30 ug/g Zn-Proteinate, 65 ug/g MnSO4 + 35 ug/g 

Mn-Protein, and 0.15 ug/g Sodium Selenite + 0.15 ug/g Se-Yeast. 

2 TM supplementation in broiler progeny diets was 75% of the levels supplemented in parental diets, listed above. 

4  SEM for n=24 pens per broiler breeder TM source main effect. 

5 SEM for n=24 pens per broiler progeny TM source main effect. 
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Table 5.4. Feed intake of male broiler progeny at different ages as affected my trace mineral (TM) source in either the broiler 

breeder or broiler progeny diet, and interactions thereof. 

Broiler Breeder 

  TM Source 1   

  Broiler Progeny 

       TM Source2   
     0-14 d   0-21 d   0-28 d   0-35 d   0-42 d   0-49 d   

(g) 

INO INO 650a 1437 2456 3836 5430 7135 

INO MIX 646a 1427 2428 3819 5506 7198 

INO ORG 645a 1427 2443 3814 5415 6961 

MIX INO 637abc 1414 2429 3807 5348 6880 

MIX MIX 641ab 1412 2425 3812 5520 6938 

MIX ORG 630bc 1407 2424 3807 5374 7215 

ORG INO 642ab 1419 2422 3758 5369 6924 

ORG MIX 650a 1433 2426 3801 5358 7239 

ORG ORG 623c 1399 2404 3793 5364 7067 

 SEM3 7 12 18 44 75 179 

 Probability 0.04 0.30 0.68 0.97 0.56 0.70 
a,b 

Means that possess different superscripts differ significantly (P < 0.05). 
X,Y 

Means that possess different superscripts differ significantly (P < 0.10). 
1 TM source in the parental diet. Broiler Breeder TM supplementation were as follows: INO TM consisted 6 ug/g CuSO4, 90 ug/g 

ZnSO4, 100 ug/g MnSO4, and 0.3 ug/g Sodium Selenite. ORG TM consisted of 6 ug/g Cu-Proteinate, 30 ug/g Zn-Proteinate, 35 

ug/g Mn-Protein, and 0.15 ug/g Se-Yeast. MIX TM consisted of 3 ug/g CuSO4 + 3 ug/g Cu-Proteinate, 60 ug/g ZnSO4 + 30 ug/g 

Zn-Proteinate, 65 ug/g MnSO4 + 35 ug/g Mn-Protein, and 0.15 ug/g Sodium Selenite + 0.15 ug/g Se-Yeast. 
2 TM supplementation in broiler progeny diets was 75% of the levels supplemented in parental diets, listed above. 
3 SEM for n=8 pens per interaction. 
4  SEM for n=24 pens per broiler breeder TM source main effect. 
5 SEM for n=24 pens per broiler progeny TM source main effect. 
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Table 5.4 (continued). Feed intake of male broiler progeny at different ages as affected my trace mineral (TM) source in either the 

broiler breeder or broiler progeny diet, and interactions thereof. 

Broiler Breeder 

  TM Source1   

  Broiler Progeny  

       TM Source2   
     0-14 d   0-21 d   0-28 d   0-35 d 

  

0-42 d   0-49 d   

INO - 647X 1430X 2442 3823 5451 7098 

MIX - 636Y 1411Y 2426 3809 5414 7011 

ORG - 638Y 1416Y 2417 3783 5364 7077 

SEM4 - 4 6 10 24 41 98 

Probability - 0.07 0.10 0.19 0.51 0.33 0.80 

- INO 643a 1423 2436 3800 5382 6980 

- MIX 646a 1424 2427 3810 5461 7125 

- ORG 633b 1411 2424 3804 5384 7081 

- SEM4 4 6 10 24 41 98 

- Probability 0.03 0.30 0.65 0.96 0.31 0.57 
a,b 

Means that possess different superscripts differ significantly (P < 0.05). 
X,Y 

Means that possess different superscripts differ significantly (P < 0.10). 
1 TM source in the parental diet. Broiler Breeder TM supplementation were as follows: INO TM consisted 6 ug/g CuSO4, 90 ug/g 

ZnSO4, 100 ug/g MnSO4, and 0.3 ug/g Sodium Selenite. ORG TM consisted of 6 ug/g Cu-Proteinate, 30 ug/g Zn-Proteinate, 35 

ug/g Mn-Protein, and 0.15 ug/g Se-Yeast. MIX TM consisted of 3 ug/g CuSO4 + 3 ug/g Cu-Proteinate, 60 ug/g ZnSO4 + 30 ug/g 

Zn-Proteinate, 65 ug/g MnSO4 + 35 ug/g Mn-Protein, and 0.15 ug/g Sodium Selenite + 0.15 ug/g Se-Yeast. 
2 TM supplementation in broiler progeny diets was 75% of the levels supplemented in parental diets, listed above. 
4  SEM for n=24 pens per broiler breeder TM source main effect. 
5 SEM for n=24 pens per broiler progeny TM source main effect. 
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Table 5.5. Adjusted feed conversion of male broiler progeny at different ages as affected my trace mineral (TM) source in either the 

broiler breeder or broiler progeny diet, and interactions thereof. 

Broiler Breeder 

  TM Source 1   

    Broiler Progeny 

        TM Source2   
     0-14 d   0-21 d   0-28 d   0-35 d   0-42 d   0-49 d   

(g) 

INO INO 1.11 1.22 1.34 1.42 1.53 1.72 

INO MIX 1.13 1.22 1.34 1.44 1.59 1.75 

INO ORG 1.12 1.22 1.34 1.43 1.55 1.70 

MIX INO 1.12 1.22 1.33 1.43 1.54 1.67 

MIX MIX 1.12 1.22 1.34 1.44 1.59 1.70 

MIX ORG 1.11 1.22 1.34 1.44 1.56 1.77 

ORG INO 1.13 1.23 1.35 1.44 1.58 1.74 

ORG MIX 1.14 1.24 1.36 1.45 1.57 1.81 

ORG ORG 1.10 1.22 1.34 1.44 1.56 1.75 

 SEM3 0.01 0.01 0.01 0.01 0.02 0.05 

 Probabality 0.22 0.71 0.26 0.70 0.17 0.75 
1 TM source in the parental diet. Broiler Breeder TM supplementation were as follows: INO TM consisted 6 ug/g CuSO4, 90 ug/g 

ZnSO4, 100 ug/g MnSO4, and 0.3 ug/g Sodium Selenite. ORG TM consisted of 6 ug/g Cu-Proteinate, 30 ug/g Zn-Proteinate, 35 

ug/g Mn-Protein, and 0.15 ug/g Se-Yeast. MIX TM consisted of 3 ug/g CuSO4 + 3 ug/g Cu-Proteinate, 60 ug/g ZnSO4 + 30 ug/g 

Zn-Proteinate, 65 ug/g MnSO4 + 35 ug/g Mn-Protein, and 0.15 ug/g Sodium Selenite + 0.15 ug/g Se-Yeast. 
2 TM supplementation in broiler progeny diets was 75% of the levels supplemented in parental diets, listed above. 
3 SEM for n=8 pens per interaction. 
4  SEM for n=24 pens per broiler breeder TM source main effect. 
5 SEM for n=24 pens per broiler progeny TM source main effect. 
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Table 5.5 (continued). Adjusted feed conversion of male broiler progeny at different ages as affected my trace mineral (TM) 

source in either the broiler breeder or broiler progeny diet, and interactions thereof. 

Broiler Breeder 

  TM Source1   

    Broiler Progeny 

       TM Source2   
     0-14 d   0-21 d   0-28 d   0-35 d   0-42 d   0-49 d   

INO - 1.12 1.22 1.34ab 1.43 1.56 1.72 

MIX - 1.12 1.22 1.33a 1.43 1.56 1.71 

ORG - 1.12 1.23 1.35b 1.44 1.57 1.77 

SEM4 - 0.01 0.00 0.00 0.01 0.01 0.03 

Probability - 0.86 0.15 0.03 0.16 0.71 0.40 

- INO 1.12ab 1.22 1.34 1.43 1.55a 1.71 

- MIX 1.13b 1.23 1.35 1.44 1.58b 1.76 

- ORG 1.11a 1.22 1.34 1.44 1.56a 1.74 

- SEM4 0.01 0.00 0.00 0.01 0.01 0.03 

- Probability 0.05 0.72 0.43 0.54 0.04 0.62 
a,b 

Means that possess different superscripts differ significantly (P < 0.05). 
1 TM source in the parental diet. Broiler Breeder TM supplementation were as follows: INO TM consisted 6 ug/g CuSO4, 90 ug/g 

ZnSO4, 100 ug/g MnSO4, and 0.3 ug/g Sodium Selenite. ORG TM consisted of 6 ug/g Cu-Proteinate, 30 ug/g Zn-Proteinate, 35 

ug/g Mn-Protein, and 0.15 ug/g Se-Yeast. MIX TM consisted of 3 ug/g CuSO4 + 3 ug/g Cu-Proteinate, 60 ug/g ZnSO4 + 30 ug/g 

Zn-Proteinate, 65 ug/g MnSO4 + 35 ug/g Mn-Protein, and 0.15 ug/g Sodium Selenite + 0.15 ug/g Se-Yeast. 
2 TM supplementation in broiler progeny diets was 75% of the levels supplemented in parental diets, listed above. 
4  SEM for n=24 pens per broiler breeder TM source main effect. 
5 SEM for n=24 pens per broiler progeny TM source main effect. 
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Table 5.6. Mortality among male broiler progeny at different ages as affected my trace mineral (TM) source in either the broiler 

breeder or broiler progeny diet, and interactions thereof. 

Broiler Breeder 

  TM Source 1   

  Broiler Progeny 

       TM Source2   
     0-14 d   0-21 d   0-28 d   0-35 d   0-42 d   0-49 d   

(g) 

INO INO 1.11 1.22 1.34 1.42 1.53 1.72 

INO MIX 1.13 1.22 1.34 1.44 1.59 1.75 

INO ORG 1.12 1.22 1.34 1.43 1.55 1.70 

MIX INO 1.12 1.22 1.33 1.43 1.54 1.67 

MIX MIX 1.12 1.22 1.34 1.44 1.59 1.70 

MIX ORG 1.11 1.22 1.34 1.44 1.56 1.77 

ORG INO 1.13 1.23 1.35 1.44 1.58 1.74 

ORG MIX 1.14 1.24 1.36 1.45 1.57 1.81 

ORG ORG 1.10 1.22 1.34 1.44 1.56 1.75 

 SEM3 0.01 0.01 0.01 0.01 0.02 0.05 

 Probability 0.22 0.71 0.26 0.70 0.17 0.75 

1 TM source in the parental diet. Broiler Breeder TM supplementation were as follows: INO TM consisted 6 ug/g CuSO4, 90 ug/g 

ZnSO4, 100 ug/g MnSO4, and 0.3 ug/g Sodium Selenite. ORG TM consisted of 6 ug/g Cu-Proteinate, 30 ug/g Zn-Proteinate, 35 

ug/g Mn-Protein, and 0.15 ug/g Se-Yeast. MIX TM consisted of 3 ug/g CuSO4 + 3 ug/g Cu-Proteinate, 60 ug/g ZnSO4 + 30 ug/g 

Zn-Proteinate, 65 ug/g MnSO4 + 35 ug/g Mn-Protein, and 0.15 ug/g Sodium Selenite + 0.15 ug/g Se-Yeast. 

2 TM supplementation in broiler progeny diets was 75% of the levels supplemented in parental diets, listed above. 

3 SEM for n=8 pens per interaction. 

4  SEM for n=24 pens per broiler breeder TM source main effect. 

5 SEM for n=24 pens per broiler progeny TM source main effect. 
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Table 5.6 (continued). Mortality among male broiler progeny at different ages as affected my trace mineral (TM) source in 

either the broiler breeder or broiler progeny diet, and interactions thereof. 

Broiler Breeder 

  TM Source1   

  Broiler Progeny 

       TM Source2   
     0-14 d   0-21 d   0-28 d   0-35 d   0-42 d   0-49 d   

INO - 0.00 

1. 

1.22 1.34ab 1.43 1.56 1.72 

MIX - 1.04 1.22 1.33a 1.43 1.56 1.71 

ORG - 0.52 1.23 1.35b 1.44 1.57 1.77 

SEM4 - 0.00 0.00 0.00 0.01 0.01 0.03 

Probability - 0.86 0.15 0.03 0.16 0.71 0.40 

- INO 1.12ab 1.22 1.34 1.43 1.55a 1.71 

- MIX 1.13b 1.23 1.35 1.44 1.58b 1.76 

- ORG 1.11a 1.22 1.34 1.44 1.56a 1.74 

- SEM4 0.01 0.00 0.00 0.01 0.01 0.03 

- Probability 0.05 0.72 0.43 0.54 0.04 0.62 
a,b 

Means that possess different superscripts differ significantly (P < 0.05). 
1 TM source in the parental diet. Broiler Breeder TM supplementation were as follows: INO TM consisted 6 ug/g CuSO4, 90 ug/g 

ZnSO4, 100 ug/g MnSO4, and 0.3 ug/g Sodium Selenite. ORG TM consisted of 6 ug/g Cu-Proteinate, 30 ug/g Zn-Proteinate, 35 

ug/g Mn-Protein, and 0.15 ug/g Se-Yeast. MIX TM consisted of 3 ug/g CuSO4 + 3 ug/g Cu-Proteinate, 60 ug/g ZnSO4 + 30 ug/g 

Zn-Proteinate, 65 ug/g MnSO4 + 35 ug/g Mn-Protein, and 0.15 ug/g Sodium Selenite + 0.15 ug/g Se-Yeast. 
2 TM supplementation in broiler progeny diets was 75% of the levels supplemented in parental diets, listed above. 
4  SEM for n=24 pens per broiler breeder TM source main effect. 
5 SEM for n=24 pens per broiler progeny TM source main effect. 
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Table 5.7. Feathering of male broiler progeny at 35 d as affected my trace mineral (TM) source in either 

the broiler breeder or broiler progeny diet. 

Broiler Breeder TM Source1  Broiler Progeny TM Source2  35 d Feather Weight 

INO  -  4.91B 

MIX  -  4.55A 

ORG  -  4.70AB 

SEM3  -   
Probability  -  0.03 

-  INO  4.71 

-  MIX  4.76 

-  ORG  4.70 

-  SEM4   
-  Probability  0.88 

a,b 
Means that possess different superscripts differ significantly (P < 0.05). 

1 TM source in the parental diet. Broiler Breeder TM supplementation were as follows: INO TM 

consisted 6 ug/g CuSO4, 90 ug/g ZnSO4, 100 ug/g MnSO4, and 0.3 ug/g Sodium Selenite. ORG TM 

consisted of 6 ug/g Cu-Proteinate, 30 ug/g Zn-Proteinate, 35 ug/g Mn-Protein, and 0.15 ug/g Se-Yeast. 

MIX TM consisted of 3 ug/g CuSO4 + 3 ug/g Cu-Proteinate, 60 ug/g ZnSO4 + 30 ug/g Zn-Proteinate, 65 

ug/g MnSO4 + 35 ug/g Mn-Protein, and 0.15 ug/g Sodium Selenite + 0.15 ug/g Se-Yeast. 

2 TM supplementation in broiler progeny diets was 75% of the levels supplemented in parental diets, 
3  SEM for n=70 broiler progeny per broiler breeder TM main effect. 
4 SEM for n=70 broiler progeny per broiler progeny TM main effect. 
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OVERALL DISCUSSION 

Broiler Breeder Production, Hatchability, and Egg Mineral Content 

Although differences existed in certain variables early in production, TM source had no 

cumulative effect on either broiler breeder egg production or hatchability.  These results were 

similar to those observed in studies conducted by several authors (Kidd, 1993; Hudson et al., 

2004; Favero et al., 2013; Torres, 2013).  It was important to note that these studies, 

including the study reported herein, were conducted utilizing different types of organic TM 

sources but at levels that were similar and considered to be adequate. This was important 

because these studies represented a wide array of TM sources and blends that could be 

utilized commercially in broiler breeder diets without any apparent negative consequences so 

long as the level of TM inclusion represented a non-deficient level.  

Progeny Performance as Affected by TM Source 

While broiler breeder production and hatchability were unaffected by TM source, the current 

study revealed that perhaps utilization of decreased levels of organic TM, on the presumption 

of an increased bioavailability, in the breeder diets could be detrimental to broiler progeny 

live performance as a result of decreased FI and consequently, decreased BW.  The effect of 

reduced FI and BW was initially observed as a notable numerical difference in cumulative FI 

but significantly decreased FI from 30 d to 43 d in Broiler Experiment 1 (Table 2.4) that 

resulted in a 52 g and 109 g reduction in BW when compared to inorganic TM and a TM 

mixture, respectively (Table 2.3). In Broiler Experiment 1, all broilers received the same 

inorganic TM so that reduced FI was solely an effect of reduced levels of organic TM in the 
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breeder diets. The same effect was particularly evident when progeny were fed the same TM 

source as their respective parents, as exhibited in Broiler Experiment 2. However, this study 

produced a significant reduction in cumulative FI (Table 3.4) and final BW (Table 3.5) as a 

result of reduced levels of organic TM in the broiler breeder and progeny diets. Furthermore, 

in Broiler Experiment 2, it was observed that progeny from breeders supplemented with a 

mixture of inorganic and organic TM exhibited an increased FI of 90 g as compared to the 

inorganic TM treatment group that resulted in a BW increase of 64 g. However, the effect of 

TM source on FI was not observed in Broiler Experiment 3, 4, or 5, or more precisely, in 

progeny from breeders that were 52 and 65 wk of age. It was possible that this FI effect could 

only be observed in progeny when the breeder flock was young due to differences in 

albumen thickness. Increased albumen thickness has been demonstrated in eggs from young 

broiler breeder flocks (Brake, 1997; Leksrisompong, 2005) such that broiler growth rate was 

reduced. Leksrisompong (2005) reported a 150 g reduction in BW at 42 d associated with an 

increase of only 0.5 mm in albumen thickness. Increased albumen thickness has also been 

attributed to supplementation with organic TM, including SeY (Pappas et al., 2005). The 

correlation between increased albumen quality and increased SeY was theorized to be the 

result of the anti-oxidant role of Se-containing compounds such as glutathione peroxidase, 

which would protect against protein and membrane damage caused by oxidative stress.  

Increased albumen quality in eggs from young broiler breeder flocks has also been shown to 

be detrimental to broiler live performance as the embryo cannot properly exchange vital 

gasses or manage metabolic waste such as ammonia (for review, see Leksrisompong, 2005).  

It was demonstrated in the present study that supplementing broiler breeder hen diets with 
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organic TM, including SeY, increased the concentration of Se in the albumen at all breeder 

ages sampled (Table 1.6).  Perhaps one part of the explanation for suppressed live 

performance of progeny from young breeders supplemented with organic TM in the current 

studies was a result of potentially increased albumen quality caused by an increase of Se 

deposition in the albumen. At 28 and 40 wk of age, Se content in the albumen was increased 

in eggs from broiler breeders supplemented with SeY compared to SS and a mixture of SS 

and SeY. For unknown reasons, the amount of Se in eggs from broilers breeders 

supplemented with SeY was found to be reduced at 50 wk of age when compared to other 

ages, rendering a much smaller difference in Se concentrations among the different 

treatments. Interestingly, the broiler trial conducted with eggs from the 50-wk-old flock did 

not yield any differences in progeny live performance, again suggestive of a relationship 

between egg Se concentration and progeny performance. Furthermore, eggs from the SeY-

supplemented broiler breeders at 64 wk of age exhibited increased levels of Se similar to the 

levels seen at 30 wk and 41 wk of age. At this time, the progeny from broiler breeders 

supplemented with organic TM once again lagged behind the progeny from broiler breeders 

supplemented with inorganic TM and a TM mixture. Additionally, albumen thickness has 

been shown to naturally decrease as hens age so the possibility existed that the previously 

described effects of increased Se deposition on albumen thickness (Pappas et al., 2005) as a 

result of organic Se supplementation were not observed because increased albumen quality 

would not have the same negative effect if the albumen thickness had a thinner predisposition 

regardless of Se source. This theory was also supported by differences observed in early 

embryonic mortality which have also been shown to be affected by albumen thickness 
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(Leksrisompong, 2005). During the first quartile of production, early embryonic mortality in 

eggs from broiler breeders supplemented with a mixture of inorganic and organic TM was 

reduced compared to the other treatments. During the second quartile of production, late 

embryonic mortality was reduced in eggs from the broiler breeders supplemented with a 

mixture of TM sources. If the Se concentration in the eggs did indeed affect albumen 

thickness, then this could be an explanation for differences in early embryonic mortality.  

Thick albumen at oviposition has not necessarily been detrimental. In fact, thicker albumen 

has been shown have an increased buffering capacity (Benton and Brake, 1996). However, if 

SeY supplementation allowed the albumen to maintain its structural integrity throughout 

storage and through the first hours of incubation, negative effects could be realized. Egg 

storage and the first 48 h of incubation have been shown to be crucial to the embryo. During 

this time, albumen proteins have begun to unfold and denature, which caused the albumen to 

become thinner (Benton and Brake, 1996). As this occured, the buffering activity of the 

albumen proteins cause the pH to increase. Increased pH of the albumen created a greater pH 

gradient between intracellular and extracellular fluid. As described by Steen and Turitzen 

(1968), the increased gradient provided for more efficient exchange of hydrogen ions and 

other nutrients across membranes. Furthermore, hemoglobin had a higher affinity for oxygen 

binding with increased pH due to fewer hydrogen ions, which inhibit oxygen binding.  If 

hydrogen ions efficiently diffused across membranes, away from deoxygenated hemoglobin, 

deoxygenated hemoglobin could have more efficiently bound oxygen in the vitelline layer 

and allowed oxygenated hemoglobin to release oxygen in embryonic tissues as well as 

transport carbon dioxide and excess hydrogen ions away from the embryo.  If 
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supplementation of 0.3 ug/g Se in the form of SeY resulted in an increased albumen 

thickness or prevented the degradation of the albumen protein then it could be that the 

embryo may not have been receiving an adequate supply of oxygen or that the pH 

surrounding the embryo decreased due to excess hydrogen ions not being shuttled out of the 

yolk, resulting in embryonic death or developmental issues that could have later affected 

growth performance.  

Another explanation for FI differences in Broiler Experiments 1 and 2 could have been 

differences in gastrointestinal development of the newly hatched chick. However, when these 

parameters were measured in Broiler Experiment 3, no differences were detected among the 

treatment groups. It was possible that the age of the breeder flock and the possible 

consequences previously described also eliminated any differences in gastrointestinal tract 

development since there were also no live performance differences detected in Broiler 

Experiment 3. 

Feathering as Affected by TM source 

While data was limited, increased feather coverage had been shown to be a result of 

supplementation with organic Se. However, contradictory results were reported in the current 

study. The present author cannot explain the mechanism underlying this effect. Regardless of 

the mechanism, the decreased feather weight at 35 d observed in progeny from MIX breeders 

in Broiler Experiment 5 (Table 5.7) could have been an explanation for differences in FI 

observed in Broiler Experiments 1 and 2, assuming that the same effect occurred in those two 

studies. Differences in FI became more evident after 21-28 d of age, the point at which 
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broilers have enough feather coverage to affect heat loss. Decreased feather coverage during 

and after this point could have decreased the amount of heat trapped against the skin of the 

bird and consequently allowed the bird to maintain a lower body temperature and maintain 

FI, which is the reason 35 d was chosen to measure feather coverage in Broiler Experiment 4. 

It is also important to note that stocking density was greatly decreased in Broiler Experiment 

4 due to the number of chicks available and different housing. Reduced stocking density 

could have negated potential growth differences due to feathering among the different TM 

treatments because heat would have been more easily removed from the area surrounding the 

birds.  

Incubation Conditions 

Early incubation dry-bulb temperature did not appear to interact with TM source to affect 

progeny live performance. Perhaps the most interesting finding in the current study was the 

interaction between early incubation RH and TM source. Broiler Experiment 2 yielded 

results that demonstrated that when progeny were fed the same TM supplement as their 

respective parents, progeny from the treatment receiving a TM mixture were not affected by 

either high or low RH. However, high incubation RH negatively impacted live performance 

of progeny for the inorganic TM and organic TM treatment groups. The mechanism for this 

phenomenon cannot be explained by the present author. Additionally, whether incubation RH 

interacted with the breeder TM or the broiler TM cannot be determined from this study. 

Nonetheless, this study demonstrated that supplementation with a mixture of organic and 

inorganic TM may have allowed for more variation in incubation conditions without negative 
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impacts on broiler live performance. The importance of this observation lied within the fact 

that a wide array of incubation conditions have been utilized in the commercial poultry 

industry.  A TM source, or a mixture of sources, that could be utilized by nutritionists in 

conjunction with a variety of incubation conditions would be very beneficial to the poultry 

industry because hatchery managers could utilize the incubation RH that they considered to 

be best for their specific operation without negatively impacting broiler progeny live 

performance.  

Too Much Selenium? 

The NRC (1994) suggested minimum requirement for broiler growth was 0.1 µg/g Se, yet 

most broiler diets have been supplemented with the allowed maximum of 0.3 µg/g Se. 

Previous research has clearly demonstrated the benefits of supplemental Se in the diets of 

broiler breeders and their progeny. Selenium deficiencies have been shown to increase the 

incidence of exudative diathesis and pancreatic fibrosis. In non-Se-deficient animals, 

evidence has suggested that supplemental Se in any form increased the anti-oxidant capacity 

of the animal (Surai, 2010). While this has been known to be an important and necessary 

aspect of physiological stability in the bird, the potential for this function to be debilitating 

also existed when in excess as demonstrated by the current study as well as previous studies. 

Previous research has found that decreased levels of supplemental Se in the diets of broilers 

have been associated with improved broiler live performance as a function of increased FI 

(Yoon et al., 2007). Additionally, improved feed conversion has been shown to be associated 

with supplementation of a mixture of inorganic and organic Se sources (Upton et al., 2008). 
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Results of prior research along with results reported herein have identified a trend suggestive 

of benefits from utilizing a mixture of inorganic and organic Se. While a TM mixture did not 

necessarily reduce the total supplemental Se in the diet, perhaps reduced levels of each 

source could be beneficial to the bird as a result of either feathering affecting FI and feed 

efficiency or as a result of differences in the antioxidant profile of the bird in a manner 

similar to that reported by Yoon et al. (2007). However, an optimal level of Se in the diets of 

broiler breeders and their progeny cannot presently be recommended but current and past 

research justified further examination.  

Conclusion 

With regards to broiler breeder productivity, the overall results of this study were generally 

in agreement with previously conducted research.  Differences in live performance observed 

in broiler progeny from the broiler breeder flock at a younger age but not but not an older age 

could be part of the explanation for such a wide variation in results from previous studies that 

compared inorganic and organic TM but were not able to control or account for differences 

in broiler breeder age or TM supplementation.  The interaction between incubation RH and 

TM source provided evidence that differences in incubation RH could also account for the 

wide variation in the previously reported responses to inorganic or organic TM 

supplementation. However, in recent studies that were able to control for broiler breeder age 

and incubation, broiler progeny live performance differences were not observed at any age 

(Favero et al., 2013; Torres, 2013). However, in both of these previous studies Se source or 

level were not part of the evaluation. Additionally, in broiler studies concerning TM source, 
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performance differences were generally not observed when only evaluating TM such as Zn, 

Cu, or Mn but studies evaluating Se source did produce live performance differences. In the 

present study, evidence suggested that the source of Se in the broiler breeder diets could be 

the reason for progeny differences because of the amount of Se deposited in the egg. 

However, the source and level of the other TM, such as Zn, should not be overlooked as 

made evident by Hudson et al. (2004).  Previous research reports and results reported herein 

justify further investigations concerning organic and inorganic TM sources. In conclusion, 

supplementing broiler breeder and progeny diets with a mixture of TM sources, with 

particular regard to Se source, could potentially improve progeny live performance but 

aspects such as broiler breeder age, breeder nutrition, and incubation conditions must be 

taken into account.  
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