
ABSTRACT 

WALKER, GRAYSON KREG. Effects of Refined Functional Carbohydrates on the 

Incidence of Salmonella in Broiler Breeder Hens and Their Progeny (Under the direction of 

John T. Brake). 

 

Salmonella spp. has continued to represent a unique challenge that has affected all phases of 

poultry production in an integrated system. Live poultry that were exposed to this foodborne 

pathogen have often served as asymptomatic carriers and contributed to consumer health 

concerns. Control approaches have included improved sanitation and biosecurity, feed 

additives with antimicrobial properties, and increasingly stringent regulation by governing 

entities. Therefore, the goal of the present study was to investigate the effects of a yeast-

derived additive on Salmonella proliferation among and between broiler breeders and their 

progeny following an integrated control approach. Appropriate enzymatic hydrolysis of 

yeasts has been used to produce Refined Functional Carbohydrates (RFCs) that have 

activities against gram negative bacteria. Specifically, these products have sugars that 

interfere with Salmonella attachment to the intestinal lumen by binding these bacteria 

directly within the lumen. Four experiments were conducted to evaluate a 50 gram per metric 

ton (g/MT) dosage of RFCs in poultry feeds as a means for gastrointestinal tract Salmonella 

reduction. In Manuscript I, broiler breeders were fed either 50 (g/MT) of RFCs or a control 

diet continuously throughout an entire rearing and production period. A sample of ceca 

representing approximately 5% of hens housed at each time were analyzed for Salmonella 

presence after photostimulation (23 wk) and at the end of the production cycle (64 wk). 

Salmonella were not detected in hens fed a RFCs diet, while control-fed hens were confirmed 

71.4% and 40% positive for cecal Salmonella at 23 and 64 wk, respectively. Manuscript II 

investigated chick progeny intestines and broiler ceca of this breeder flock during two 



separate studies. Salmonella were not detected in progeny chick intestines upon hatching. 

However, there was a greater incidence of Enterobacteracia “no growth” on selective media 

among cultures of RFCs progeny intestines. Pedigreed broilers were then fed either a control 

or RFCs diet until 32 d of age. Salmonella were isolated in broiler intestines in one control-

fed pen that were also progeny of control-fed breeder hens.  

Manuscript III investigated dosimetry combinations of 0, 50, 100, and 200 g/MT RFCs fed to 

broiler breeders during growing and laying and the effects on live performance, production, 

and Salmonella incidence. Salmonella were isolated on breeder pen slats and litter surfaces 

and male and female cloacas at the end of production (~64 wk). There were no observable 

effects of RFCs reducing incidence of Salmonella in this experiment, and this was attributed 

to high-moisture pen environments due to a fogger system that was wetting some feed. 

Manuscript IV further investigated RFCs effects on Salmonella proliferation when fed to 

broilers and carry over live performance effects from feeding breeder parents RFCs. A novel 

litter sampling method was developed at a broiler age of 35 d where a pre-enriched sterile 

sock was aseptically applied to a paint roller brush, which then made contact with the entire 

surface of each individual pen. Control-fed broiler litter pens were found to be 14.6% 

positive for Salmonella and RFCs fed pens were found to be 0% positive. Broilers within 

four pens from each of litter positive and negative pens had their cecas sampled for 

Salmonella after a lairage simulation to confirm these results. RFCs fed to broilers improved 

female BW and male FCR. Progeny of breeders fed 0 and 50 g/MT of RFCs during growing 

and laying, respectively, exhibited poorer FCR. These data demonstrated that RFCs were 

able to reduce natural proliferation of Salmonella in a model broiler integration if combined 

with appropriate management conditions. 
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LITERATURE REVIEW 

Salmonella as a Poultry Food Safety Issue. In the United States alone, nontyphoidal 

Salmonella spp. have resulted in as many as 1 million illnesses, 19,000 hospitalizations, and 

380 deaths annually (CDC, 2016). When compared to other foodborne pathogens, 

Salmonella infections were the leading cause of foodborne pathogen-related deaths (Figure 

LR-1) and illnesses (Figure LR-2). While poultry products were not the only source of 

Salmonella contamination leading to these illnesses, they were reported to be the most 

notable contributor (Bryan and Doyle, 1994). However, more recent data from the 

Interagency Food Safety Analytics Collaboration (IFSAC) Project revealed that most 

Salmonella outbreaks were attributed to seeded vegetables (18%), with those being attributed 

to eggs (12%) and chicken products (10%) only slightly greater than beef (9%) and pork 

(8%)(Golden and Boyer, 2015). Nevertheless, the loss of human life coupled with significant 

economic impacts due to worker illness, hospitalization costs, and response measures have 

made implementation of foodborne Salmonella control measures in the poultry industry of 

urgent importance. The incidence of Salmonella among non-commercial poultry flocks has 

often been greater than that observed in commercial poultry food products regulated by 

government oversight, as a number of recent Salmonella outbreaks have been linked to 

backyard flocks (CDC, 2016). Observed modes of Salmonella transmission from backyard 

poultry to humans in one 14-year study included allowing live bird entry into human housing 

facilities and direct contact (kissing) with poultry livestock (Basler et al., 2016). 

Additionally, eggs obtained from backyard flocks were more likely to contain Salmonella 

Enteritidis than commercially produced eggs according to a six-month study testing over 

6,000 eggs obtained from over 200 selling points across the state of Pennsylvania 
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(Mulhollem, 2016). Since non-commercial poultry production has not been subjugated by 

food safety regulation agencies, and, due to the increasing popularity of this of this type of 

poultry among consumers, these food safety issues will be likely to persist. As these new 

challenges have developed concurrently with food safety improvements made under the 

umbrella of the food industry, Salmonella has remained one of the most significant issues 

faced by poultry production in general.  

 

 

 

 

 
Figure LR-1. Selected pathogens causing U.S. foodborne deaths between the years of 2000 

and 2008 (Adapted from CDC.gov, 2016). 
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Figure LR-2. Selected pathogens causing U.S. foodborne illnesses between the years of 

2000 and 2008 (Adapted from CDC.gov , 2016). 

 

 

 

 

Transmission and Proliferation of Salmonella Among Live Poultry. In typical poultry 

integrations, the first means of Salmonella proliferation was horizontal transmission amongst 

parent stock after exposure. Once established, Salmonella has demonstrated the capability to 

be vertically transmitted to broiler progeny by direct and indirect mechanisms (Liljebjelke et 

al., 2005; Oh et al., 2010). The first direct mechanism has been through contamination of the 

egg exterior. Resident Salmonella in breeder hen gastrointestinal tracts were passed to the 

eggshell during oviposition, where they resided in the shell pores and infected chicks upon 

hatching (Cox et al., 2000). Another direct mechanism identified was trans-ovarian 

transmission, a method notoriously employed by Salmonella Enteritidis to gain access to the 

internal portion of the egg in a manner that bypassed exterior eggshell and membrane defense 

mechanisms (Department of Agriculture, 2009; Gast et al., 2016). An indirect method of 

vertical transmission has been observed when Salmonella was acquired by broiler chicks at 

the hatchery from equipment contaminated by transfer of organic material and microbes from 
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eggs produced by other parent flocks. Further, Salmonella has been found to persist for years 

in a hatchery environment. Down feather “fluff” obtained from hatcheries has been shown to 

harbor viable Salmonella for up to four years when kept at room temperature (Miura et al., 

1964). Once Salmonella contamination of the hatchery was established, newly-hatched 

broiler chick intestines were rapidly colonized due to their heightened susceptibility (Byrd et 

al., 1989; Bailey et al., 1994). This made chicks candidates for depositing the pathogen into 

housing environments where Salmonella has been found to reside for up to one year (Davies 

and Wray, 1996). The mechanisms of horizontal transmission of Salmonella were thought to 

be ingestion of contaminated feces and bird-to-bird contact, exclusively, until it was 

demonstrated that transmission could occurr by airborne particles (Holt et al., 1997). Thus, 

survivability of Salmonella spp. in poultry production facilities and their ability to be 

transmitted horizontally and vertically have made control and eradication of the pathogen 

difficult once initial colonization had occurred.   

Sources of Contamination. Integrated industry live production models have provided 

multiple points of entry for pathogenic microbes. These have primarily included feed milling, 

hatchery, housing, and meat processing facilities (Figure LR-3). Introduction of Salmonella 

to poultry feeds at the feed mill have posed a significant challenge due to downstream tiers 

being affected (Bains and MacKenzie, 1974). Investigation of Salmonella prevalence in 

poultry feeds was carried out initially in 1955, when the bacteria was first isolated in 

commercially prepared feeds (Erwin, 1954). Upon investigation of feed forms and meat and 

bone meal ingredients, Cox et al. (1983) discovered that Salmonella was present in 58, 0, and 

92% of mash feed, pelleted feed, and meat and bone meal samples, respectively (Cox et al., 

1983). These results suggested that pelleting significantly reduced Salmonella in feeds. 
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However, it was later found that steam conditioning and pelleting were not completely 

effective in eliminating Salmonella from feeds (Cover et al., 1983; Cox et al., 1986). Even if 

thermal processing of feeds was effective in eliminating Salmonella, cooling of pellets 

allowed for reintroduction of the pathogen. This was especially true in instances of poor 

pellet cooler temperature management, since this led to condensation in the upper part of the 

cooler that encouraged microbial growth (Jones, 2011). In a study conducted across three 

commercial feed mills, presence of Salmonella and other Enterobacteriaceae were confirmed 

in feed ingredients as well as in feed mixers, pellet coolers, pellet mills, and load out areas 

(Jones and Richardson, 2004). Raw ingredient receiving and dusty by-products were found to 

be likely entry points of Salmonella at feed milling facilities and environmental vectors were 

able to create a  persistence of contamination (Jones, 2011). Such vectors have posed 

significant threats to all phases of integrated poultry production. Vectors in the environment 

have included wild birds, rodents, and insects. Wild birds were found to be in contact with 

environmental manifestations of Salmonella contamination daily and became permanently 

infected with Salmonella spp. in some cases (Tizard, 2004). Upon sampling rodents at 

breeder and layer farms, it was revealed that rodents can harbor Salmonella systemically, in 

fetal tissue, and can shed the microorganism intermittently. In the same study, 47% of rodent 

intestinal samples were reported to be positive for Salmonella (Davies and Wray, 1995). 

Darkling beetles, a common poultry housing pest that has typically occupied poultry litter, 

and their larvae have also been shown to harbor Salmonella (Hazeleger et al., 2008). Organic 

farming situations in which livestock have been allowed outdoor access, and consequently 

access to these hazardous pathogens and vectors, have made control of Salmonella even more 

difficult (Meerburg and Kijlstra, 2007). It was discovered that fecal Salmonella isolates from 
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within broiler housing were identical to those isolated from the exterior environment but 

there was a higher prevalence of Salmonella inside of the housing facilities (Thakur et al., 

2013). A source of Salmonella contamination often overlooked has been employees of 

poultry production and processing facilities, who arguably have had the most direct contact 

with livestock and products. In a similar manner, Gray and Baker encouraged inclusion of 

poultry and swine workers in influenza vaccination programs to prevent zoonotic 

transmission and viral recombination (Gray and Baker, 2007). In a U.S. study that compared 

fecal samples of poultry workers to those of community referents, workers had 32 times the 

chance of carrying gentamicin-resistant E. coli as well as an increased risk of carrying 

multidrug-resistant E. coli (Price et al., 2007). It can be inferred that similar results would be 

observed with regard to workers carrying drug-resistant Salmonella. However, studies of this 

nature have often been difficult to carry out due to the ethical concerns raised.  

Salmonella spp. have been reported to be ubiquitous in nature and have survived for 

extended periods of time in the environment on a range of host materials (Humphrey, 2004). 

The looming threat of Salmonella spp. environmental persistence has stressed the critical 

importance of proper sanitation and management of infected housing facilities. A two-year 

study revealed that Salmonella can persist in houses for up to one year without poultry 

present and that the pathogen often survived outside of poultry houses after cleaning (Davies 

and Wray, 1996). The integrated system has provided multiple points of Salmonella entry 

followed by prolonged persistence, which has become addressable only by implementation of 

a holistic pathogen management program. 
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        Figure LR-3. The vertically integrated model of broiler production.  

 

 

 

 

Salmonella as a Pathogenic Microorganism. Enteric bacteria have evolved to inhabit the 

harsh environment found within animal intestines, and must first survive the hypoxic, acidic, 

and alkaline environments encountered from the stomach to the lower gastrointestinal tract of 

animals (Sanchez et al., 2002). The critical enteropathogen colonization initiation event was 

reported to be adherence to tissue surfaces (Ofek and Beachey, 1980; Clegg and Gerlach, 

1987).  Salmonella achieve this through use of Type 1 and Type 3 fimbriae, each of which 

have been described as proteinaceous, nonflagellar appendages protruding from the bacterial 

surface that bind certain surface-bound carbohydrates (Duguid, 1959; Duguid et al., 1966). 

Binding to eukaryotic carbohydrate receptors was mediated by major and minor bacterial 

fimbriae proteins of repeating subunits (Finlay and Falkow, 1997). A strain of Salmonella 

enteritidis was found to have both Types 1 and 3 fimbriae and were thus more virulent than 

those containing only Type 1 fimbriae when administered orally to mice (Aslanzadeh and 
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Paulissen, 1992). The variation among adhesin methods was attributed to horizontal gene 

transfer and deletion events (Bäumler et al., 1997), which caused Salmonella serovars (e.g. S. 

Typhimurium) to be broadly adapted to a range of hosts (Sanchez et al., 2002). Indeed, a 

range of physiological and genetic mechanisms that have contributed to Salmonella 

pathogenicity have been reported. Once attached to the lumen surface, intestine-borne 

Salmonella have had a range of clinical effects on animal host organisms. These effects have 

ranged from being asymptomatic to causing fatal sepsis, and Salmonella has manifested itself 

in human hosts as either typhoid fever or as the gastrointestinal disease known as 

salmonellosis (Leveque et al., 2003). The causes of these symptoms have not been widely 

understood and have often been debated. However, gastroenteritis has been generally 

accepted as being caused by cytotoxins and enterotoxins released by Salmonella spp. during 

intestinal colonization (Reitmeyer et al., 1986; Rumeu et al., 1997). It has been argued that 

host inflammatory responses elicited by Salmonella colonization caused fluid loss from 

intestinal mucosa, which explained the widely observed symptoms of diarrhea and 

dehydration (Finlay and Falkow, 1989). Horizontal gene transfer events have led to 

acquisition of Salmonella pathogenicity islands within the genome of the organism, which 

were shown to be regulated by ferric uptake regulator proteins (Troxell et al., 2011). The 

translocation of these proteins, deemed effector proteins, into host epithelial cells have been 

pivotal to Salmonella virulence as they were required for invasion and induction of clinical 

signs such as fluid secretion and inflammatory responses (Wallis and Galyov, 2000). 

Similarly to humans, different strains of Salmonella have effectively caused different clinical 

signs in poultry. Virulent strains of Salmonella Typhimurium have been shown to proliferate 

initially in the spleen and liver before becoming systemic, suggesting that invasiveness was 
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the most notable contributor to the virulence of the organism (Barrow et al., 1987). Systemic 

infections occurring in the previous study often resulted in death due to dehydration and 

anorexia caused by diarrhea. Salmonella Gallinarum caused fowl typhoid, which has often 

resulted in pasty vents and an enlarged liver (acute form) or emaciation, anemia, and 

intestinal lesions (chronic form) (Smith, 1955). In combination with pollorum disease, which 

resulted in similar symptoms but was caused by Salmonella Pollorum, these two species have 

threatened the poultry industry as a whole due to widespread outbreaks and high mortality in 

the early 1990s (Shivaprasad, 2000). Initial research concerning poultry susceptibility to 

Salmonella infection by Bumstead and Barrow (1993) revealed that inbred lines resistant to 

one strain of Salmonella often meant these were resistant to other strains. Conversely, lines 

susceptible to one strain were more susceptible to other stains as well, which was indicative 

of an endogenous general resistance mechanism within poultry (Bumstead and Barrow, 1993; 

Guillot et al., 1995). Even in instances of host resistance, highly virulent Salmonella species 

have evolved methods with which to bypass host defense mechanisms. These have included 

becoming deeply embedded in the intestinal epithelial tissue (Takeuchi, 1967), being 

internalized by and residing within macrophages (Finlay and Falkow, 1989; Finlay and 

Falkow, 1997; Helaine et al., 2014), or possessing plasmids that conferred an advantage over 

host-evolved mechanisms (Gulig and Curtiss III, 1987). Salmonella species have continued 

to develop methods with which to inhabit their often harsh ecological niche within animal 

intestines. Prevention and treatment has required careful analysis of the physiological and 

genetic attributes of the organism. 

Antimicrobial Resistance. As worldwide demand for poultry products has continued to 

increase, the concurrent development of antimicrobial resistance has posed a significant 
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threat to consumers and livestock. The use of antibiotics as a Salmonella control measure has 

been discouraged due to limited effectiveness, potential for food product residue generation, 

and detrimental impacts on gut flora that competitively exclude Salmonella (Department of 

Agriculture, 2009). Further, overuse of antimicrobial disinfectants such as triclosans and/or 

phenols have been shown to increase resistance among Salmonella serovars (Randall et al., 

2004). Development of resistant strains of Salmonella have made control of the pathogen 

using traditional means more difficult. This phenomenon was documented as early as 1963 

when resistant isolates of Salmonella Typhimurium were obtained from British feedlots 

(Dewey et al., 1997). Aggressive, virulent, and multi drug-resistant Salmonella definitive 

types have continued to be identified since. Salmonella Typhimurium DT104, for instance, 

has infected humans and animals and has been commonly resistant to ampicillin, 

chloramphenicol, streptomycin, sulfonamides, and tetracycline (Poppe et al., 1998). First 

emerging in 1988 among cattle in England and Wales (Breuil et al., 2000), S. Typhimurium 

DT104 has emerged in the United States and has accounted for 32% of human S. 

Typhimurium-associated outbreaks (Centers for Disease Control and Prevention, 1997).  

After coming into contact with antimicrobial agents, bacteria became resistant by changing 

their antimicrobial target structure, the methods of uptake or extrusion, or the ability to 

modify the agent (Khachatourians, 1998). Such developments were linked to subtherapeudic 

medication of feeds that have been historically employed for disease control and growth 

promotion (Khachatourians, 1998; Witte, 1998). Poultry products have been shown to harbor 

a greater amount of antimicrobial resistant Salmonella when compared to other  meat 

products such as red meats and fish/shellfish (D’Aoust et al., 1992). Furthermore, samples of 

poultry products that were Salmonella-positive typically contained Salmonella serovars that 
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were resistant to multiple antimicrobial agents (Khachatourians, 1998; Antunes et al., 2003). 

Multiple drug resistant Salmonella increased treatment and control costs while decreasing 

their effectiveness, which further complicated an already complex issue.  

Salmonella Control in Poultry Integrations. Salmonella spp. in an integrated poultry live 

production system can typically be grouped into one of two general categories: those species 

that threatened poultry health (e.g. S. Gallinarum and S. Pollorum) or those that had potential 

to be asymptomatically carried by poultry and were therefore a threat to human health (e.g. S. 

enterica Enteritidis, S. Typhimurium, S. Newport, or S. Heidelberg) (Sanchez et al., 2002). 

Implementation of the National Poultry Improvement Plan (NPIP), which has required 

stringent testing and biosecurity/sanitation improvements to reduce the presence of 

Salmonella, has contributed significantly to the eradication of the former in the United States 

(Holzbauer, 2004). The latter, however, has presented a challenge solvable only by control 

measures that were apparently best tailored to unique production situations. The first 

prevention and response measures have typically been good biosecurity practices and proper 

sanitation. Biosecurity practices used to reduce the incidence of livestock exposure to 

disease-causing agents were widely practiced and the incidence of Salmonella among flocks 

were directly and positively related (Hofacre, 1998). These practices have included requiring 

farm visitors to wear shoe covers, workers maintaining appropriate hygiene, frequent hand 

washing, and appropriate “between-batch” waste removal and sanitation (Dorea et al., 2010; 

Fraser et al., 2010). Regarding sanitation of poultry housing, it became of critical importance 

that disinfectants were applied at appropriate times and rates after organic matter had been 

completely removed, which was difficult, to reduce bacterial and fungal populations (Payne 

et al., 2005). Control measures have often been implemented at the feed mill, since this 
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facility was common to all types of integrated poultry production and by nature allowed for 

colonization of feeds by Salmonella, as discussed previously. In a review, Jones (2011) 

divided Salmonella control at the feed mill into three broad categories: prevention of 

contamination entry into the facility, reduction of microbes within the operation, and 

elimination of the pathogen through thermal processing and antimicrobial chemical 

(formaldehyde and organic acid) application. Commercial feed mills have responded to the 

need for pathogen control, with some outfitted with airtight receiving pits, high-efficiency 

particulate arrestance (HEPA) filters, a mechanism for heat treating the pelleting loop, feed 

truck washing systems, and separation of clean and dirty sides of facilities (Schafer, 2015). 

The former two were generally implemented at feed mills that produced grandparent stock 

feeds. Live production facilities have found that they must match similar, sometimes costly, 

demands if they wish to keep pathogens under control. Commercial laying operations have 

implemented quality assurance programs that mandated frequent testing and diversion of 

contaminated eggs to pasteurization, which has likely resulted in the reduction of S. 

Enteritidis-related outbreaks among humans in the United States (Centers for Disease 

Control and Prevention, 1999; Sanchez et al., 2002). Similar control programs have been 

employed in broiler integrations. Deemed “top down” control approaches, these have 

entailed monitoring breeder flocks for incidence of Salmonella and eradication through 

elimination or redirection away from facilities in the integration hierarchy (Edel, 1994; 

Sanchez et al., 2002; Wegener et al., 2003).  For instance, vaccination of poultry livestock 

continues to be investigated and reported as a successful control approach (Zhang-Barber et 

al., 1999). Vaccination of White Leghorn chickens with a stable, live, avirulent, and 

genetically modified Salmonella Typhimurium strain provided protection against virulent 
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Salmonella strains in chickens (Hassan and Curtiss, 1994). When combined with the 

aforementioned “top down” approach to Salmonella control, vaccination was effective in 

reducing the incidence of Salmonella among processed broiler products (Dorea et al., 2010). 

Competitive exclusion, which has entailed supplementing poultry with protective bacterial 

gut flora,  was also reported to be effective (Palmu and Camelin, 1997). This method was 

combined with antibiotics (Reynolds et al., 1997) and vaccination (Edel, 1994) to increase 

the likelihood of eradicating Salmonella from infected poultry flocks. Antibiotic alternatives 

such as bacteriocins, antimicrobial peptides, and bacteriophages have also demonstrated 

potential to control Salmonella (Joerger, 2001). As pathogens such as Salmonella continue to 

develop resistance to these control approaches, they will be likely to rapidly change. 

Therefore, it was important for producers to remain vigilant and implement appropriately 

effective control methods for both the short and long-terms. 

Salmonella in World Poultry Markets. The intended solution for Salmonella-related 

problems by the governments of many countries has been significant upregulation of food 

safety standards. In Australia, analysis of salmonellosis incidence before and after 

implementation of stringent regulations revealed that there was no change in rates of the 

illness (Summer et al., 2004). Fowl typhoid and pullorum disease have remained common in 

many parts of the world where regulatory oversight programs such as the NPIP (United 

States) and the Poultry Health Scheme (United Kingdom) have not been implemented 

(Shivaprasad, 2000). The United Kingdom as a whole has observed a recent decline in 

human cases of Salmonella enterica subsp. enterica that were precipitated by consumption of 

poultry products, which was attributed to vaccination of egg-laying hens, enhanced 

biosecurity, and improved livestock immunity (Cogan and Humphrey, 2003). While claims 
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that food safety has been held to a higher standard in the European Union when compared to 

the United States have existed (Beans, 2014; Richardson, 2014), there have been more cases 

of salmonellosis per 100,000 human capita in the European Union historically (Figure LR-4). 

In many Asian countries, live bird, or “wet,” markets have historically been the primary 

outlet for meat and produce products for consumers and continue to be successful (Goldman 

et al., 1999, 2002). The bypassing of commercial processing facilities by meat products and 

consumer food preparation practices appear to have created a reduced incidence of 

Salmonella spread and human infection, respectively. For instance, a comprehensive study of 

live poultry and products in Malaysia found that Salmonella was present in 35.5% and 50% 

of broiler carcasses from wet markets and processing plants, respectively (Rusul et al., 1996). 

In other developing nations, such as in Latin America and Africa, the market structure was 

similar in that wet markets dominate food sales in many regions. A multi-city study 

conducted in Colombia revealed that the incidence of positive Salmonella samples from wet 

markets was lower than that of supermarket-type and independent retail stores. Nevertheless, 

nonintegrated poultry companies had a significantly greater incidence of positive Salmonella 

samples when compared to their integrated counterparts (Donado-Godoy et al., 2012). Larger 

scale food distribution centers, specifically supermarkets, have continued to increase 

substantially in number in these developing countries (Reardon et al., 2003). Clearly, 

Salmonella prevalence among poultry products has varied worldwide but has remained 

nonetheless existent. Therefore, the need for control of this foodborne pathogen remains 

extended beyond specific regions.  
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Figure LR-4. Incidence of Salmonellosis in humans per 100,000 capita in the United States 

and European Union between the years of 2004 and 2014. Adapted from CDC.gov  

(www.cdc.gov/FoodNet/reports.htm, 2016) and efsa.europa.eu (www.efsa.europa.eu/en/ 

efsajournal/doc/, 2016).  
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INTRODUCTION 

Salmonella control in poultry production has continued to be important to ensure the well-

being of both humans and poultry alike. In the United States alone, Salmonella has been 

responsible for 1 million illnesses, 19,000 hospitalizations, and 380 deaths annually (CDC, 

2015). Contaminated poultry products have been a contributor to these figures (Bryan and 

Doyle, 1993). As a result, The United States Department of Agriculture’s Food Safety 

Inspection Service Agency has undertaken the process of implementing the Salmonella 

Initiative Program, which has stipulated that processing plants were to be tested daily for 

Salmonella to ensure that the  incidence was maintained at levels below half of the then 

current standard (USDA, 2013; 2014). As poultry producers have attempted to eradicate 

Salmonella from their flocks, the concurrent development of antibiotic resistant pathogens 

has resulted in a move away from antibiotic usage in animal agriculture (Ganan et al., 2012; 

Gilbert, 2012; Spellberg et al., 2013). Therefore, due to pressure from government agencies 

and consumer-driven markets, it has become crucial that alternative methods to control 

foodborne pathogens continue to be investigated and developed. 

The use of yeast (Saccharomyces cerevisiae) and its derivatives in animal diets has become 

widely popular due to their nutritional effects, immunological effects, and ready availability 

(Stone, 2006; Moyad, 2007, 2008). Special interest has been given to mannan 

oligosaccharides (MOS), which have been derived from the cell walls of yeast, mainly 

because of the bacterial binding nature of the mannose sugars in the MOS network (Oyofo et 

al., 1989, 2015). MOS supplementation to diets of broiler breeders was reported to improve 

male fertility but not female post-peak egg production, although MOS supplementation had 

been shown to improve egg production in other studies due to reduction of pathogenic 



 

27 

microorganisms (Shashidhara and Devegowda, 2003). Recent interest has been given to 

MOS as a means to control microbial populations harbored by live poultry since MOS has 

been shown to agglutinate strains of both E. coli and Salmonella spp. and reduce Salmonella 

spp. cecal colonization of broiler chicks (Oyofo et al., 1989; Spring et al., 2000). However, 

an instance of traditional MOS supplementation completely eliminating Salmonella presence 

in the ceca of poultry has yet to be documented. 

To further develop MOS as a means to control Salmonella spp. in poultry, a novel method 

was utilized in which MOS of yeast cells were enzymatically hydrolyzed. Appropriate 

enzymatic hydrolysis of yeast exposed D-mannose sugars held within the MOS complex to 

produce refined functional carbohydrates (RFCs) that have activities against a range of gram 

negative bacterial species. This action was due to the presence of the Type 1 fimbriae on 

these species, which have been shown to be bound by D-mannose (Duguid, 1959; Duguid et 

al., 1966; Oyofo et al., 1989). It was hypothesized that RFCs formed irreversible agglutinates 

with bacteria such as Salmonella, which were then eliminated from the intestinal tract in the 

feces and were no longer infectious (Jalukar et al., 2009). 

A previous study demonstrated that these RFCs were able to reduce cecal Salmonella spp. 

colonization in turkeys (Huff et al., 2013). Broiler studies have demonstrated the ability of 

RFCs to improve feed conversion, carcass yield, and nutrient digestibility (Gomez and 

Angeles, 2011; Gomez et al., 2012). The objective of the present study was to first evaluate a 

minimal continuous dosage of dietary RFCs as a means to control Salmonella spp. in broiler 

breeders followed by a dosimetry evaluation of RFCs and their respective combinations 

during growing and laying. Since broiler breeders comprise a critical component in the 

integrated commercial broiler production system and could serve as a source of 
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contamination in broiler flocks due to vertical transmission from parent to progeny (Jarquin 

et al., 2009; Oh et al., 2010), the next objective was to  investigate these subsequent effects 

while also investigating direct effects of feeding a 50 g/MT continual dosage to broiler 

progeny. Results from these investigations would help to establish an ideal feed dosage of 

RFCs, which, when implemented during broiler breeder and broiler rearing and combined 

with appropriate management, would produce a systems control approach to reducing 

Salmonella spp. proliferation in an integrated system. 
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MANUSCRIPT I. Effect of refined functional carbohydrates (RFCs) from 

enzymatically hydrolyzed yeast on the presence of Salmonella spp. in the ceca of broiler 

breeder females   

 

ABSTRACT 

 

Broiler breeders hatched from National Poultry Improvement Plan-approved (NPIP) 

Salmonella negative grandparents received either 50 g/MT of refined functional 

carbohydrates (RFCs) in their diet continuously from day of placement to end of lay and an 

equal number of birds remained as untreated controls. There were no antibiotics, Salmonella 

vaccines, or other feed treatments used. Pullets and cockerels were reared in an enclosed, 

blackout, litter-floor house under standard management conditions to photostimulation at 21 

wk of age. At this time, 28 randomly selected pullets from each diet were transferred to 

individual cages where they were housed for an additional week before they were killed and 

had their ceca tested for Salmonella spp. with selective plate culturing methods. The 

remaining pullets were transferred to a biosecure two-thirds slat and one-third litter curtain-

sided laying house where they remained until 64 wk of age. There were 8 pens of 65-80 

females and 7-18 males, depending upon flock age and housing type, fed each diet and there 

was no effort made to isolate pens from typical daily foot traffic between pens. Ceca were 

collected from 30 breeder hens from each dietary treatment at 64 wk of age and tested for 

Salmonella spp. with selective plate culturing methods. Of the ceca sampled at 23 wk from 

pullets fed the control diet, 71.4% were found to contain Salmonella spp., while 0% of the 

ceca from pullets fed the RFCs diet tested positive for Salmonella spp. (P<0.01). Of the ceca 

sampled from hens at 64 wk fed the control diet, 40% were found to contain Salmonella spp., 
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while 0% of the ceca from hens fed the RFC diet tested positive for Salmonella spp. 

(P<0.01). These data demonstrated that RFCs reduced natural Salmonella spp. colonization 

of broiler breeder hen ceca during a complete rearing and production cycle. 

 

Key words: refined functional carbohydrates, yeast, broiler breeders, Salmonella, ceca 
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MATERIALS AND METHODS 

Pullet and Breeder Diets. Feed formulas are shown in Table I-1. Day-old chicks (females 

and males) were fed a single mash starter diet with 17.5% crude protein (CP) and 2.9 kcal/g 

ME to 6 wk of age with corn ground to 800 μm using a roller mill. This was followed by a 

15.5% CP, 2.9 kcal ME/g mash growing diet to 23 wk of age containing corn ground to 1200 

μm with a roller mill. The layer diet was fed from 24 to 64 wk of age with the corn ground to 

1200 μm by roller mill and the diet formulated to contain 2.9 kcal ME/g and 15.0% CP.  

Pullet and Breeder Feed Manufacture. Dry ingredients were blended for 180 sec in a twin 

shaft counterpoise mixer (Model TRDB126‐0604, Hayes and Stolz, Fort Worth, TX) 

followed by addition of fat and mixing for an additional 90 sec. A commercially available 

RFCs additive  (Aviator SCP; Arm and Hammer Animal Health, Princeton, NJ) was hand 

added during mixing at an inclusion rate of 50 g/MT to produce the RFCs treatment diet. 

Broiler Breeder Rearing Management. A total of 1040 1-d-old female Ross 708 and 288 

male Ross 344 broiler breeders that were produced from NPIP grandparents (Aviagen, 

Huntsville, AL) were received as Salmonella spp. negative and thereafter reared in 16 female 

pens (14.3 m
2
 area; 65 females per pen) or 16 male pens (4.6 m

2 
 area; 18 males per pen) on 

new pine wood shavings floor pens in an enclosed, heated, and fan-ventilated house. All 

females and males were permanently identified with neck tags at placement. Litter was 

sprayed with water weekly in the rearing house to promote natural immunity against 

coccidiosis and to control dust. Fresh air entered each pen through side wall inlets and two 

24-inch and two 36-inch exhaust fans were used for ventilation in the rearing house. Five 

space heaters and six upward directed fans mounted in the central walkway with pens on 

either side evenly distributed air and heat. The litter temperature was 35°C (95°F) for the first 
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2 d and the ambient temperature was 29.4~32.2°C (85~90°F) through 7 d of brooding. Each 

female pen was equipped with tube feeders (DH-4; Kuhl, Flemington, NJ). Each feeder pan 

had a circumference of 132 cm. From placement to 14 d of age all female pens had 4 tube 

feeders followed by 3 tube feeders to 10 wk of age. From 11-15 wk, 4 tube feeders were 

again used. From 16 wk until birds were moved to the laying house at 21 wk of age, there 

were 4 tube feeders used for females. Males had one tube feeder per pen at all times. Two 

bell-type drinkers were used per female pen during both rearing and laying, while males had 

one bell-type drinker per pen during rearing and shared the drinkers with females during 

laying. During the first week of brooding, an additional 6 feeder lids per female pen and 3 

feeder lids per male pen were used. Two additional font drinkers per female pen and one font 

drinker per male pen were used during the first week. The lighting program utilized 23 h of 

light per day to 7 d of age, and 8 h of light per day at an average intensity of 15 lux by using 

12W florescent light bulbs to 21 wk (147 d) of rearing. Water was typically available for 6 h 

daily and  limited by a time clock and solenoid system sufficient to allow the birds to have 

unlimited access to water while feed was present and a similar amount on non-feed days 

during rearing. Males and females were fed  on a 4/3 basis from 2 to 12 wk, 5/2 basis to 21 

wk, and daily thereafter. Vaccinations for infectious bursal disease and Newcastle  disease 

virus were administered at 2, 5, 11, and 18 wk of age. Males and females were vaccinated for 

Fowl Pox and avian encephalomyelitis at 14 wk of age via wing web when individual male 

BW was obtained. 

Broiler Breeder Laying Management. At 21 wk (147 d) of age, 8 males and 60 females were 

moved to a 16-pen, biosecure, curtain-sided laying house. Each of the 16 pens (15.9 m
2
) had 

their total area partitioned into two-third wooden slats and one-third new pine shavings litter. 
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There were 4 hanging tube feeders used to feed females, and a smaller, single tube feeder 

was used to feed males. Non-dubbed males were prohibited from eating from each female 

tube feeder by the presence of grills with sixteen 4.8 x 5.8 cm holes. Water was limited to 8 h 

per day during laying beginning 30 min after feeding at 0730 h. Each pen held a nest box 

comprised of 4 double (50.8 cm wide) and 4 single (25.4 cm wide) nest spaces. Nest eggs 

were collected twice daily, maintained separate by pen in egg flats, separated from floor 

eggs, and stored in an egg cooler at 16.7°C (62°F) and 70% RH until incubated. Upon being 

moved at 21 wk of age, birds were photostimulated with 14 h of light. Day length was 

increased 10 d later to 15 h, to 15.5 h at 5% egg production, and finally to 16 h at 50% egg 

production. During normal daylight hours natural light entered the laying house through open 

or translucent curtains and supplemental light with an intensity of 35 lux at bird head level 

was provided by 18W fluorescent lamps when natural light was not present.  

23 wk Pullet Sampling. Upon being photostimulated, a random sample of 28 pullets per diet 

were transferred to individual cages in a separate biosecure house where they remained on 

their respective diets for an additional week before sampling. This number represented 4.3% 

of the flock. Prior to sampling, a final individual BW for each pullet was obtained and pullets 

fed the RFCs diet were sampled first. Pullets were killed and ceca aseptically excised, 

weighed, and placed in a cooler with ice. The remaining intestines were observed for overall 

gut health and evidence of coccidial infection, and each was assigned a score of 0 (no 

inflammation/lesions), 1 (mild inflammation/lesions), 2 (moderate inflammation/lesions), or 

3 (severe inflammation/lesions) by a blinded experienced individual. The gastrointestinal 

tracts were cut lengthwise, the contents removed, and assigned one of the above scores. 

Cecal samples were transferred to a BSL II microbiology laboratory where they were 
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individually tested for the presence of Salmonella spp. following standard methods (FSIS 

Microbiology Laboratory Guidebook, 2014). Ceca were pooled into groups of two, placed 

into stomacher bags (VWR International, Radnor, PA), and pulverized with a rubber mallet. 

A 1% buffered peptone solution was added to the bags based on the pooled sample weight to 

produce a one part sample: nine parts buffered peptone solution. Each sample solution was 

then placed in a mechanical stomacher for 30 sec and incubated at 37°C overnight (16-20 h). 

After incubation, sample solutions were mixed manually before aliquots were added to 

Tetrathionate (TT) and Rappaport-Vassiliadis (RV) broth tubes: 1 mL of sample to the TT 

tubes and 200 µL to the RV tubes. Tubes were vortexed briefly, caps were loosened, and 

tubes were incubated at 42°C for 24 h. After incubation, a 10 µL disposable inoculation loop 

was used to streak aliquots of sample from both RV and TT tubes onto Brilliant Green Agar 

(BGA) and Rapid Salmonella Agar (Bio-Rad Product #3563961; Hercules, CA 94547). 

Plates were incubated at 37°C overnight (18-24 h). Presumptive positive samples were 

confirmed with Triple Sugar Iron (TSI) and Lysine Iron Agar (LIA) slants by stabbing the 

media slants with an isolated colony obtained from one of the previously described media 

with a sterile inoculation loop and streaking upwards followed by incubation at 37°C 

overnight (18-24 h). 

64 wk Breeder Hen Sampling. A sample of 30 hens per diet were selected from the two 

rearmost pens in the curtain-sided laying house as these were believed to have the best 

opportunity to accumulate contamination due to daily foot traffic over the course of the 

study. This number represented 4.7% of the flock. Hens fed the RFCs diet were sampled 

first. Ceca were aseptically excised, weighed, and placed in a cooler with ice. Ceca samples 

were collected as above and then transferred to a BSL II microbiology laboratory where they 
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were individually tested for Salmonella spp. as above with the following exception: Xylose 

Lysine Deoxycholate Agar (XLD) was used in addition to the Brilliant Green Agar (BGA) 

and Rapid Salmonella Agar. Presumptive positive samples were confirmed as above.  

Egg Production and Hatchability. A minimum of 60 eggs per pen were set and incubated in 

a Jamesway model 252B incubator (Butler Manufacturing Co., Ft. Atkinson, WI 53538) at 

least every other week. After hatching, unhatched eggs were examined macroscopically to 

determine fertility and time of embryonic mortality with embryos that had died before 8 d of 

incubation being termed early dead and embryos that had died after this time termed late 

dead. Eggs that exhibited observable signs of contamination such as odor and gas production 

were recorded as such and presumed to be fertile. Eggs that were cracked during handling 

and incubation were not included in these calculations.  

Statistical Analysis. Plate culture data were analyzed as a 2 factor design (RFCs inclusion in 

diet versus no RFCs inclusion) with media plate serving as the experimental unit for 23 wk 

pooled bird ceca data and with bird serving as the experimental unit for 64 wk individual bird 

ceca data. These data were analyzed using GLIMMIX and FREQ procedures of SAS 

software (SAS Institute Inc., 2011). Live performance and production data were analyzed as 

a 2 factor design using the GLM procedure of SAS with pen serving as the experimental unit 

(SAS Institute Inc., 2011). Significant differences among treatment means were separated 

using the least squares means procedure. Unless otherwise stated, differences were 

considered statistically significant at P ≤ 0.05. 

 

 

 



 

39 

RESULTS 

Salmonella Incidence. Salmonella spp. were isolated in 71.4% and 40% of control-fed hen 

cecas at 23 and 64 wk, respectively. Salmonella spp. were not detected in the cecas of 

hensthat had been fed RFCs continuously at 50/MT at either sampling time (Table I-2).  

Egg Production, Fertility, Hatchability, and Livability. There was a significantly greater 

incidence of male mortality between 45 and 54 wk  of age in the RFCs-fed population (Table 

1-4). This resulted in reduced egg fertility and hatchability of total eggs in the 55-64 wk 

period (Table 1-5). Dietary inclusion of RFCs at 50 g/MT did not significantly affect hen egg 

production or livability.  
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Table I-1. Composition of broiler breeder starter, grower, and layer diets.  

Ingredients 

    

 Starter
4 

Grower
5
 Layer

6
 

   (%)  

Corn  68.01 69.99 69.99 

Soybean meal (48% CP)  25.31 17.92 19.12 

Dicalcium phosphate (18.5% P)  2.05 2.03 2.20 

Wheat bran  1.50 7.00 - 

Poultry fat  1.00 0.50 1.48 

Limestone  0.96 0.86 5.54 

Salt  0.50 0.50 0.50 

Vermiculite filler  - 0.45 0.47 

Choline chloride (60%)  0.20 0.20 0.20 

Vitamin premix
1
  0.10 0.10 0.10 

Mineral premix
2 

 0.20 0.20 0.20 

Selenium premix
3
  0.05 0.05 0.05 

DL-Methionine  0.11 0.13 0.12 

L-Lysine  - 0.07 0.03 

L-Threonine  0.01 - - 

Total  100.00 100.00 100.00 

     

Calculated nutrient content     

Crude protein  17.50 15.46 15.00 

Calcium  0.90 0.90 2.70 

Available phosphorus  0.45 0.45 0.45 

Lysine  0.90 0.79 0.75 

Methionine  0.40 0.39 0.37 

Threonine  0.60 0.53 0.51 

Methionine + cysteine  0.69 0.66 0.62 

Sodium  0.20 0.20 0.20 

Metabolizable energy (kcal/g)  2.90 2.90 2.90 
1
Vitamin premix supplied the following per kg of diet: 13,200 IU vitamin A, 4,000 IU 

vitamin D3, 66 IU vitamin E, 0.04 mg vitamin B12, 0.26 mg biotin, 4 mg menadione (K3), 4 

mg thiamine, 13.2 mg riboflavin, 22 mg d-pantothenic acid, 8 mg vitamin B6, 110 mg niacin, 

and 2.2 mg folic acid. 
2
Mineral premix supplied the following per kg of diet: manganese, 120 mg; zinc, 120 mg; 

iron, 80 mg; copper, 10 mg; iodine, 2.5 mg; and cobalt, 1 mg.
  

3
Selenium premix provided 0.2 mg Se (as Na2SeO3) per kg of diet. 

4 
Starter diet was fed to 6 wk of age. 

5
Grower diet was fed from 7 to 23 wk of age. 

6
Layer diet was fed from 24 to 64 wk of age. 
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Table I-2. Incidence of broiler breeder cecal Salmonella spp. as affected by feeding broiler 

breeders refined functional carbohydrates (RFCs) to 23 and 64 wk of age. 

 Age at Sampling, wk
 

RFCs
1 

23
2 

64
3 

(g/MT) (% Positive Salmonella spp.) 

0 71.4
 

40
 

50 ND
4 

ND
4 

 

P-value 

 

0.01 0.01 

1
RFCs (Celmanax SCP, Arm and Hammer Animal Nutrition, Princeton, NJ) were added to 

diets during mixing in sequence at the expense of vermiculite filler to produce the RFCs 

treatment diets. 
2
Sampling of n=28 pullets per treatment (5.4% of birds in rearing house) with ceca pooled 

into groups of two. 
3
Individual cecal sampling of n=30 hens per treatment (6.3% of birds in laying house). 

4
ND = not detected. 
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Table I-3. Gastrointestinal tract scores
1
 of broiler breeder hens at 23 wk of age as affected by 

feeding refined functional carbohydrates (RFCs). 

 Score
3 

Total 

RFCs
2 

0 1 2 3  

(g/MT) (n) (# birds) 

0 21 7 0 0 28 

50 25 2 0 1 28 
1
After aseptic excision of the ceca, intestinal tracts were laid out on a table, cut lengthwise 

with a pair of surgical scissors, had their contents removed, and examined for inflammation 

and coccidial lesions. 
2
RFCs (Celmanax SCP, Arm and Hammer Animal Nutrition, Princeton, NJ) were added to 

diets during mixing in sequence at the expense of vermiculite filler to produce the RFCs 

treatment diets. 
3
Indicated number of birds were assigned to scores based on the following parameters: 0 (no 

lesions), 1 (mild inflammation/lesions), 2 (moderate inflammation/lesions), or 3 (severe 

lesions/inflammation). 
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Table I-4. Broiler breeder egg production and mortality as affected by feeding of refined 

functional carbohydrates (RFCs). 

  Age (wk)  

 

 

RFCs
1 

 

 

25-35 36-44 45-54 55-64 25-64 

(g/MT)  (Hen Day Egg Production, %) 

0  71.81 70.52 52.43 41.91 60.30 

50  69.66 69.71 51.90 38.07 58.51 

       

 SEM
2 

0.965 1.019 1.087 3.508 0.928 

 P-value 0.140 0.595 0.725 0.164 0.071 

   

  (Eggs Per Hen Housed, n) 

0  54.82 47.82 34.74 23.91 161.3 

50  53.40 47.39 34.74 21.85 157.4 

       

 SEM
2 

0.744 0.739 0.645 2.060 2.620 

 P-value 0.201 0.690 0.999 0.173 0.127 

   

  (Female Mortality, %) 

0  2.09 2.09 4.59 1.67 10.44 

50  1.90 1.90 4.05 1.90 9.760 

       

 SEM
2 

0.763 0.427 0.614 0.693 0.992 

 P-value 0.867 0.764 0.541 0.812 0.636 

   

  (Male Mortality, %) 

0  7.14 16.07 1.56
b 

1.56 23.44 

50  12.5 7.81 8.93
a 

0.00 32.11 

       

 SEM
2 

3.516 4.256 1.921 1.184 5.156 

 P-value 0.298 0.196 0.018 0.369 0.280 

 

 

      

a,b
Means within column with no common superscripts differ significantly (P ≤ 0.05).

 

1
RFCs (Celmanax SCP, Arm and Hammer Animal Nutrition, Princeton, NJ) were added to 

diets during mixing in sequence at the expense of vermiculite filler to produce the RFCs 

treatment diets. 
2
Standard error of mean (SEM) for n=8 pens of initially 60 hens and 8 roosters each at start 

of egg production. 
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Table I-5. Broiler breeder fertility and hatchability as affected by feeding of refined 

functional carbohydrates (RFCs). 

  Age (wk)  

 

 

RFCs
1 

 

 

25-35 36-44 45-54 55-64 25-64 

(g/MT)  (Fertility, %) 

0  97.77 96.76 93.17 93.45
a 

95.78 

50  98.16 95.84 90.84 88.93
b 

94.31 

       

 SEM
2 

0.371 0.440 0.931 1.539 0.611 

 
P-

value 
0.450 0.163 0.115 0.047 0.112 

       

  (Hatchability of Fertile Eggs, %) 

0  93.78 93.99 90.83 91.98 92.91 

50  94.09 92.79 89.83 91.14 92.45 

       

 SEM
2 

0.571 1.146 0.961 0.601 0.353 

 
P-

value 
0.722 0.508 0.560 0.373 0.375 

       

  (Hatchability of Total Eggs Set, %)  

0  91.71 90.95 84.63 85.99
a 

88.99 

50  92.36 88.95 81.65 81.08
b 

87.20 

       

 SEM
2 

0.819 1.280 1.450 1.588 0.779 

 
P-

value 
0.568 0.279 0.191 0.050 0.132 

 

 

      

a,b
Means within column with no common superscripts differ significantly (P ≤ 0.05). 

1
RFCs (Celmanax SCP, Arm and Hammer Animal Nutrition, Princeton, NJ) were added to 

diets during mixing in sequence at the expense of vermiculite filler to produce the RFCs 

treatment diets. 
2
Standard error of mean (SEM) for n=8 pens of initially 60 hens and 8 roosters each. 
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MANUSCRIPT II. The effect of refined functional carbohydrates (RFCs) from 

enzymatically hydrolyzed yeast on the presence of Salmonella spp. in broiler breeders 

and their progeny. 

 

ABSTRACT 

 

In order to evaluate vertical transmission of enteric microbial pathogens from breeder hens to 

their progeny, two trials were conducted investigating chick gastrointestinal tracts on the day 

of hatching and broiler ceca at 33 d of age. Hatching eggs were collected from the 

aforementioned breeder flock at 33 wk of age (see Manuscript I), incubated separately, and 

then hatched. Thereafter, chicks from replicate trays were selected and had their intestines 

aseptically removed and tested for Salmonella spp. with selective plate culturing methods. 

Salmonella spp. was not isolated in chick intestines from either parental dietary treatment 

group, but intestines from RFC-fed parents exhibited a significantly greater incidence (24%) 

of no growth of other Enterobacteriaceae on the selective media used when compared to 

chicks from control parents (1%, P≤0.05). At a parent flock age of 51 wk, male progeny 

broiler chicks from each treatment were obtained as at 33 wk of age. Breeder parents and 

their broiler progeny received either 50 g/MT of RFCs in their diet or a control diet in a 2 x 2 

design with treatments assigned to 4 replicate pens of 12 males per interaction. All broilers 

were tested for cecal Salmonella spp. at 34 d of age as above. Salmonella spp. was isolated in 

broilers from one pen of control broilers that were also progeny of control breeders out of 

four replicates, yielding 25% positive Salmonella spp. with pen as the experimental unit for 

this treatment. This difference was not significant but Salmonella spp. was not isolated in any 

additional broiler pens. These data demonstrated that RFCs can reduce vertical transmission 
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of Enterobacteriaceae from breeder hens to their progeny without having significant impacts 

on progeny performance.  

 

Key words: Salmonella, refined functional carbohydrates, broiler breeder, broiler, 

transmission 
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MATERIALS AND METHODS 

Growing and Laying Feed Manufacture. Birds were fed mash diets. Dry ingredients were 

blended for 180 sec in a twin shaft counterpoise mixer (Model TRDB126‐0604, Hayes and 

Stolz, Fort Worth, TX), followed by addition of fat and mixing for an additional 90 sec. A 

commercially available RFCs additive (Aviator SCP; Arm and Hammer Animal Health, 

Princeton, NJ) was hand added during mixing at an inclusion rate of 50 g/MT to produce the 

RFCs treatment diet. All feed was manufactured at the North Carolina State University Feed 

Mill Education Unit.  

Egg Collection and Incubation. Broiler hatching eggs were collected with gloved hands at 

33 and 51 wk from the aforementioned breeder flock for the chick and broiler trials, 

respectively. Nest eggs were collected twice per day, maintained separate in egg flats by 

breeder pen, and stored in an egg cooler at 16.7°C (62°F) and 70% RH until set for 

incubation. Floor eggs were removed prior to storage. For both incubations, hatching eggs 

were identified by breeder pen and 2,880 eggs (180 eggs per each of 16 breeder pens) were 

set in 2 Jamesway model 252B incubators (Butler Manufacturing Co., Ft. Atkinson, WI). 

Eggs were firstly incubated at 38.1°C (100.5°F) dry bulb temperature that was gradually 

adjusted to 36.7°C (98°F) by 21.5 d with a wet bulb temperature of 28.9°C (84°F) throughout 

incubation. At 18 d of incubation, eggs were transferred from setters to hatching trays and 

placed in 2 Jamesway model 252B incubators until 21.5 d. During both incubations, hatching 

eggs were maintained in 2 separate incubators based on breeder treatment (50 g/MT RFC 

supplementation continuously or control-fed) for pedigree purposes and to reduce cross 

contamination between incubators as much as practically would be the case.  
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Chick Sampling. For the sampling of chicks obtained from the 33-wk-old breeder flock, 

chicks were removed from incubators and processed separately, beginning with progeny of 

RFCs-fed parents. Processing entailed randomly selecting 24 mixed sex chicks from each 

hatching tray, which had each contained hatching eggs from a single replicate pen in the 

breeder house, and placing them in a clean plastic basket. Each basket was then relocated to a 

separate facility that had been surface disinfected and maintained at a cooler ambient 

temperature relative to the hatchery. Chicks were euthanized humanely via cervical 

dislocation, had their entire underside sodden with 70% ethanol, and then had their 

gastrointestinal tracts (GIT) aseptically removed with gloved hands and sterile surgical 

instruments.  Gloves and instruments were changed intermittently during and after sampling 

RFCs-fed progeny before sampling progeny of control-fed breeders, and instruments were 

sterilized between pooled sample collection. The GIT were pooled into groups of two, placed 

into sterile stomacher bags (VWR International, Radnor, PA), weighed, pulverized with a 

rubber mallet, and placed in a cooler with ice. Samples were transferred to a BSL II 

microbiology laboratory where they were individually tested for the presence of Salmonella 

spp. following standard methods (FSIS Microbiology Laboratory Guidebook, 2014). A 1% 

buffered peptone solution was added to the bags based on the pooled sample weight to 

produce a one part sample: nine parts buffered peptone solution. Each sample solution was 

then placed in a mechanical stomacher for 30 sec and incubated at 37°C overnight (16-20 h). 

After incubation, sample solutions were briefly agitated before aliquots were added to 

Tetrathionate (TT) and Rappaport-Vassiliadis (RV) broth tubes with 1 mL of sample added 

to the TT tubes and 200 µL added to the RV tubes. Tubes were vortexed, caps were 

loosened, and tubes were incubated at 42°C for 24 h. After incubation, a 10 µL disposable 
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inoculation loop was used to streak aliquots of sample from both RV and TT tubes onto 

Brilliant Green Agar (BGA) and Rapid Salmonella Agar (Bio-Rad Product #3563961; 

Hercules, CA). Plates were incubated at 37°C overnight (18-24 h). Presumptive positive 

samples were confirmed with Triple Sugar Iron (TSI) and Lysine Iron Agar (LIA) slants by 

stabbing the media slants with an isolated colony obtained from one of the previously 

described media with a sterile inoculation loop and streaking upwards followed by incubation 

at 37°C overnight (18-24 h). Plates with a complete absence of growth after these enrichment 

steps were recorded appropriately.  

Broiler Feed Manufacture. A mash starter broiler diet was manufactured by grinding fine 

corn through a hammermill (Model 1522, Roskamp Champion, Waterloo, IA) containing a 

pair of 2.4 mm screens followed by batching and blending in a twin shaft counterpoise ribbon 

mixer for 180 sec. Wet mixing proceeded for 90 sec after the addition of poultry fat. A 

pelleted grower diet was manufactured by again grinding fine corn through a hammermill 

followed by batching and blending in the same mixer. Diets were steam-conditioned in a 

single pass conditioner for 30 seconds at a maintained temperature of 79.4°C (175°F) and 

then pelleted using a 30 HP California Pellet Mill (Model: PM1112-2, Crawfordsville, IN), 

which was equipped with a 4.4 x 35 mm die. Immediately thereafter, diets were cooled in a 

counter flow cooler (Model: VK09X09KL, Geeland Counterflow USA, Inc, Orlando, FL). 

All broiler diets were manufactured at the North Carolina State University Feed Mill 

Education Unit. 

Broiler Placement in Experimental Facility. Hatched broiler chicks that were progeny of the 

51-wk-old breeder flock were removed from hatching trays, sexed using the feather sexing 

method, counted, and maintained in hatching baskets separate by breeder pen until 
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placement. After these processes were complete, male chicks were transferred from the 

hatchery to a curtain-sided, heated, fan-ventilated housing facility on the same premises. 

There, they were maintained separate in baskets by breeder pen until 12 male chicks from the 

same breeder treatment were selected, group weighed, permanently identified with neck tags, 

and distributed among 16 floor pens with new wood litter shavings. Each pen was 1.2 m wide 

by 3.8 m long, resulting in a total pen area of 4.56 m
2
 and a stocking density of 2.6 

chicks/m
2
. Pens contained one plasson bell-type drinker and two tube feeders (DH-4; Kuhl, 

Flemington, NJ). Three additional supplemental feeder flats were used until 5 d of age, with 

one being removed at that time and another being removed at 10 d to leave one remaining 

until 14 d. Feed was added to and mounded on these as needed, typically every other day. 

Tube feeders were shaken twice daily after 7 d to maintain feed flow. An additional font 

drinker was used until 10 d of age. Litter temperatures were 36.7°C (98°F) for the first 2 d. 

Ambient temperatures were maintained at or above 32.2°C (90°F) through 7 d of brooding, 

and litter temperatures were gradually reduced to 28.8°C (84°F) by this time. House 

temperature was kept uniform throughout by use of upward directed stir fans placed in the 

center walkway with pens on either side. These ran continuously throughout the trial. 

Curtains were lowered only when ambient house temperatures approached 80°F after 14 d 

and then raised at night so that exhaust fan ventilation could be utilized.  

Lighting Program. There was 23 h of light provided through 7 d with 18 W fluorescent 

lamps, followed by 22 h until 14 d, 21 h to 21 d, and 14 h beyond 22 d. Natural light alone 

was used during daylight hours. 

Broiler Dietary Treatments. Each broiler pen was assigned to one of two dietary treatments 

within the two breeder treatments with 4 replicate pens per interaction to complete a 2 x 2 



 

52 

factorial design. Broiler diets were either a basal diet or the basal diet with RFCs addition to 

achieve 50 g/MT inclusion. Broilers were provided starter and grower feeds for ad libitum 

consumption. The starter feed was in mash form and the grower feed was pelleted. Feed 

formulas are shown in Table II-1. 

Data Collection. Broilers were group weighed at placement, 14, 21, and 28 d of age. 

Individual BW were obtained at 33 d prior to cecal sampling at 34 d. Feed consumption was 

determined at 14, 21, 28, and 33 d so that feed conversion ratios (FCR) could be calculated. 

Dead birds were weighed so that their BW could be used in the adjusted FCR calculation.  

Broiler Cecal Sampling. At 34 d, all broilers were euthanized humanely via cervical 

dislocation had their cecas aseptically excised similar to the GIT excision procedure 

performed on the chicks. The underside of the bird was sprayed with 70% ethanol, an 

incision was made with a sterile pair of scissors, and gloves and surgical tools were changed 

between sampling broilers of the four different treatment combinations. The RFCs-fed 

broilers that were progeny of RFCs-fed hens were sampled first and control-fed broilers from 

control-fed parents were sampled last. Cecas were placed in sterile filter bags (VWR 

International Product #10048-882, Radnor, PA) and individually enriched so that Salmonella 

spp. presence could be determined following the same procedures used for chick sampling 

except that Xylose Lysine Deoxycholate (XLD) agar was used in lieu of Rapid Salmonella 

agar.  

Statistical Analysis. Data produced from chick GIT sampling were analyzed as a 2 factorial 

design with the PROC FREQ procedure of SAS (SAS Institute, 2011). Groups of 4 plates per 

pooled sample (RV and TT each streaked onto Rapid Salmonella Agar and BGA) were used 

as the experimental unit. Differences were considered statistically significant when P≤0.05. 
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Data produced from 34 d individual broiler ceca sampling were analyzed as a 2 x 2 factorial 

design (2 breeder diets x 2 broiler diets) using the PROC FREQ and PROC GLM procedures 

of SAS, the former being used to determine significant differences between Salmonella 

incidence by pen and the latter being used to analyze live performance data. Means were 

partitioned by LS MEANS. For both analyses, pen was treated as the experimental unit and 

differences were considered statistically significant when P≤0.05. 
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RESULTS 

 

Chick Sampling Results. Salmonella spp. presence was not confirmed in pooled GIT 

samples from either treatment. Of the 96 GIT samples from chicks that were progeny of 

RFCs-fed parents, 23 resulted in no growth on the 4 media plates used per sample (24%). Of 

the 96 GIT samples from chicks that were progeny of control-fed parents, only 1 resulted in 

no growth on the 4 media plates used (1%)(P<0.01, Table II-2).  

Broiler Live Performance Results. A significantly greater placement BW was observed 

among chicks that were progeny of RFCs-fed parents (Table II-4, P<0.01). At 14 d, a 

reversed BW trend was observed with progeny of RFCs-fed breeder parents weighing 

significantly less than those from control-fed parents (P<0.01). However, at 33 d prior to 

sampling, significant differences were no longer evident. There were no time period or 

overall differences for BW based on broiler RFCs treatment alone or for the interaction of 

parent and progeny treatments. Progeny broilers of control-fed hens consumed less feed 

during the 15-28 d period, 29-33 d period, and overall than progeny of RFCs fed hens (Table 

II-5, P<0.01). However, RFCs addition to broiler diets resulted in less feed consumption 

during the 29-33 d period (P<0.01) and overall (P<0.05). The RFCs-fed progeny of control-

fed parents consumed the least feed during the 0-14 d period relative to the other treatment 

interactions (P<0.05). Similarly, an improved AdjFCR was observed in this treatment group 

during the 0-14 d period but there were no other time period or overall differences in FCR 

among treatment interactions (Table II-5, P<0.06). There were main effects of parent 

treatments on the FCR of broiler progeny, as significantly improved FCR was observed in 

broilers that were progeny of control-fed parents during the 0-14 d period (P<0.05), 15-28 d 

period (P<0.05), and overall (P<0.01). The RFCs-fed broilers exhibited improved FCR 
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during the 29-33 d period (P<0.05), but there was no overall difference based on broiler 

RFCs dosage alone.  

Broiler Cecal Sampling Results. Salmonella spp. was isolated in the cecas of 2 broilers from 

one replicate pen of control fed broilers that were also progeny of control fed hens. Treating 

pen as the experimental unit, this resulted in 25% positive broiler pens for this experimental 

treatment. Salmonella was not isolated in the cecas of birds from any other treatment. This 

difference was not significant (Table II-3). 
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Table II-1. Composition of broiler starter and grower diets.  

Ingredients 

   

 Starter
5 

Grower
6
 

  (%)  

Corn  54.21 68.07 

Soybean meal (48% CP)  34.76 23.33 

Dicalcium phosphate (18.5% P)  1.52 1.46 

Poultry by-product meal  5.04 4.03 

Poultry fat  2.00 1.00 

Limestone  0.63 0.62 

Salt  0.50 0.50 

Vermiculite filler  0.45 0.10 

Choline chloride (60%)  0.20 0.20 

Vitamin premix
1
  0.05 0.05 

Mineral premix
2 

 0.20 0.20 

Selenium premix
3
  0.05 0.05 

DL-Methionine  0.20 0.14 

L-Lysine  0.06 0.14 

L-Threonine  0.08 0.06 

Coccidiostat
4 

 0.05 0.05 

Total  100.00 100.00 

    

Calculated nutrient content    

Crude protein  24.00 19.00 

Calcium  1.00 0.90 

Available phosphorus  0.50 0.45 

Lysine  1.32 1.05 

Methionine  0.57 0.44 

Threonine  0.88 0.70 

Methionine + cysteine  0.95 0.77 

Sodium  0.22 0.21 

Metabolizable energy (kcal/g)  2.90 3.00 
1
Vitamin premix supplied the following per kg of diet: 6,614 IU vitamin A, 2,000 IU vitamin 

D3, 33 IU vitamin E, 0.02 mg vitamin B12, 0.13 mg biotin, 1.98 mg menadione (K3), 1.98 

mg thiamine, 6.6 mg riboflavin, 11 mg d-pantothenic acid, 3.97 mg vitamin B6, 55 mg 

niacin, and 1.1 mg folic acid. 
2
Mineral premix supplied the following per kg of diet: manganese, 120 mg; zinc, 120 mg; 

iron, 80 mg; copper, 10 mg; iodine, 2.5 mg; and cobalt, 1 mg.
  

3
Selenium premix provided 0.2 mg Se (as Na2SeO3) per kg of diet. 

4
Salinomycin (Sacox 60, Intervet/Merck; Millsboro, DE) supplied at 60 g of active 

ingredient/907.19 kg of feed. 
5
Starter diet was fed to 14 d of age. 

6
Grower diet was fed from 15 to 33 d of age. 
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Table II-2. Incidence of progeny chick gastrointestinal tract (GIT) samples obtained from 

broiler breeders at 33 wk of age resulting in no growth on selective media as affected by 

feeding broiler breeders refined functional carbohydrates (RFCs). 

 Chick GIT Sampling Results
2
 
 

RFCs
1  

(g/MT) (No Growth, %) 

0 1
B 

50 24
A 

A,B
Means within column with no common superscripts differ significantly (P≤0.01). 

1
RFCs (Celmanax SCP, Arm and Hammer Animal Nutrition, Princeton, NJ) were added to 

diets during mixing in sequence at the expense of vermiculite filler to produce the RFCs 

treatment diets. 
2
Sampling of n=96 pools of 2 GITs from 2 chicks per treatment.  
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Table II-3. Incidence of Salmonella spp. in broiler pens that were progeny of broiler 

breeders at 51 wk of age as affected by refined functional carbohydrates (RFCs) inclusion in 

broiler breeder and broiler diets. 

Breeder 

Treatment 

Broiler 

Treatment 
Broiler Sampling Results

2 

RFCs
1  

(g/MT)  (Positive Pens
3
, %) 

0 
0 25 

50 0 

50 
0 0 

50 0 
1
RFCs (Celmanax SCP, Arm and Hammer Animal Nutrition, Princeton, NJ) were added to 

diets during mixing in sequence at the expense of vermiculite filler to produce the RFCs 

treatment diets. 
2
Sampling of n=4 pens per interaction.  

3
A pen was considered to be Salmonella positive if one or more broiler cecas within the pen 

were confirmed positive for Salmonella spp.  
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Table II-4. Body weight of male broiler chickens that were progeny of 51-wk-old broiler 

breeders as affected by refined functional carbohydrates (RFCs) inclusion in broiler breeder 

and broiler diets.  

Breeder 

Treatment 

Broiler 

Treatment 
Male BW at Ages Shown 

RFCs
1 

1 d 14 d 28 d 33 d 

(g/MT) (g) 

0  44.21
B 

459.73
A 

1635.86 2311.23 

50  45.95
A 

436.82
B 

1617.09 2308.83 

SEM
2 

0.264 4.57 12.68 18.20 

P-value 0.0005 0.004 0.316 0.927 

     

 0 44.95 446.97 1636.81 2323.01 

 50 45.21 449.57 1616.15 2297.04 

SEM
2 

0.264 4.57 12.68 18.20 

P-value 0.51 0.69 0.27 0.33 

     

0 
0 44.16

 
464.46 1651.09 2339.18 

50 44.26
 

455.01 1620.64 2283.28 

50 
0 45.75

 
434.69 1622.53 2306.85 

50 46.16
 

438.94 1611.66 2310.80 

SEM
3 

0.374 6.46 17.93 25.75 

P-value 0.679 0.310 0.595 0.268 
A,B

Means within columns with no common subscripts differ significantly (P≤0.01).  
1
RFCs (Celmanax SCP, Arm and Hammer Animal Nutrition, Princeton, NJ) were added to 

diets during mixing in sequence at the expense of vermiculite filler to produce the RFCs 

treatment diets. 
2
Standard error of the mean (SEM) for n=8 pens. 

3
Standard error of the mean (SEM) for n=4 pens. 
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Table II-5. Feed intake of male broiler chickens that were progeny of 51-wk-old broiler 

breeders as affected by refined functional carbohydrates (RFCs) inclusion in breeder and 

broiler diets.  

Breeder 

Treatment 

Broiler 

Treatment 
Male Feed Intake at Ages Shown 

RFCs
1 

0-14 d 15-28 d 29-33 d 0-33 d 

(g/MT) (g) 

0  591 1792
B 

1017
B 

3400
B 

50  587 1861
A 

1065
A 

3513
A 

SEM
2 

8.01 15.25 8.78 22.57 

P-value 0.723 0.008 0.002 0.004 

     

 0 593.03 1842 1063
A 

3498
a 

 50 585.64 1812 1019
B 

3416
b 

SEM
2 

8.01 15.25 8.78 22.57 

P-value 0.527 0.186 0.004 0.025 

     

0 
0 609.18

a 
1801 1046 3455 

50 573.60
b 

1784 989 3347 

50 
0 576.88

ab 
1883 1081 3540 

50 597.68
ab

 1839 1049 3486 

SEM
3 

11.33 21.56 12.42 31.91 

P-value 0.029 0.537 0.335 0.415 
a,b

Means within columns with no common superscripts differ significantly (P≤0.05).
 

A,B
Means within columns with no common superscripts differ significantly (P≤0.01).  

1
RFCs (Celmanax SCP, Arm and Hammer Animal Nutrition, Princeton, NJ) were added to 

diets during mixing in sequence at the expense of vermiculite filler to produce the RFCs 

treatment diets. 
2
Standard error of the mean (SEM) for n=8 pens. 

3
Standard error of the mean (SEM) for n=4 pens. 
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Table II-6. Feed conversion ratio (FCR) of male broiler chickens that were progeny of 51-

wk-old broiler breeders as affected by refined functional carbohydrates (RFCs) inclusion in 

broiler breeder and broiler diets.  

Breeder 

Treatment 

Broiler 

Treatment 
Male FCR

4
 at Ages Shown 

RFCs
1 

0-14 d 15-28 d 29-33 d 0-33 d 

(g/MT) (g:g) 

0  1.43
b 

1.53
b 

1.51 1.50
B 

50  1.50
a 

1.58
a 

1.54 1.55
A 

SEM
2 

0.018 0.012 0.011 0.011 

P-value 0.012 0.012 0.051 0.004 

     

 0 1.47 1.55 1.55
a 

1.54 

 50 1.46 1.55 1.50
b 

1.52 

SEM
2 

0.018 0.012 0.011 0.011 

P-value 0.526 0.833 0.005 0.208 

     

0 
0 1.47

ab 
1.52 1.52 1.51 

50 1.39
b 

1.53 1.49 1.49 

50 
0 1.48

ab 
1.59 1.58 1.57 

50 1.52
a 

1.57 1.50 1.54 

SEM
3 

0.025 0.017 0.016 0.015 

P-value 0.043 0.445 0.118 0.745 

     
a,b

Means within columns with no common superscripts differ significantly (P≤0.05).
 

A,B
Means within columns with no common superscripts differ significantly (P≤0.01).  

1
RFCs (Celmanax SCP, Arm and Hammer Animal Nutrition, Princeton, NJ) were added to 

diets during mixing in sequence at the expense of vermiculite filler to produce the RFCs 

treatment diets. 
2
Standard error of the mean (SEM) for n=8 pens. 

3
Standard error of the mean (SEM) for n=4 pens. 

4
FCR adjusted for mortality by removing dead birds twice daily and using the resulting 

average bird number in calculations for the feed consumption period. 
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MANUSCRIPT III. The effect of refined functional carbohydrates (RFCs) 

supplemented in varying dietary dosages during broiler breeder growing and laying on 

live performance and Salmonella spp. proliferation in layer housing. 

 

ABSTRACT 

 

Two dosages (0 or 50 g/MT) during growing and four dosages (0, 50, 100, or 200) during 

laying of refined functional carbohydrates (RFCs) in the diets of NPIP Salmonella-negative 

broilers breeders were evaluated during an entire growing and laying cycle. Pullets and 

cockerels were reared separately under litter-floor, blackout, enclosed-house, rearing 

conditions until photostimulation at 21 wk of age. The birds were then transferred to a 

separate and biosecure, two-thirds slat and one-third litter, curtain-sided laying facility where 

they remained until 64 wk of age. Dietary treatments were randomized among 16 pens of 65-

80 females and 8-18 males, depending on flock age and housing type, and no effort was 

made to isolate pens from daily foot traffic. Live performance and production data were 

collected throughout the duration of the trial. An egg sample was collected and tested for 

Salmonella spp. presence in both the shell and egg contents at 39 wk of age with enzyme-

linked fluorescence assay methods followed by confirmation on selective media. Salmonella 

was not isolated in any egg samples. Overall floor egg incidence was significantly greater 

among breeders that had been fed 50 g/MT of RFCs during growing. No overall effects on 

production or mortality due to RFCs treatment during laying were observed. At the end of 

production (~64 wk of age), litter, slats, and cloacas of all birds within each pen were tested 

for Salmonella spp. Salmonella was isolated in 6 pens. While there were no discernable 

consistent effects of RFCs treatments during growing and laying, Salmonella incidence was 
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extensive among surfaces and in the cloacas of live birds in the positive pens and was likely 

attributed to high-moisture pen environments caused by fogger nozzles used to manage heat 

stress. These data demonstrated that RFCs had no detrimental impacts on live performance 

during a complete production cycle but were unable to eliminate the presence of Salmonella 

during extremely harsh environmental conditions.   

Key words: Salmonella, refined functional carbohydrates, broiler breeder, broiler, vertical 

transmission 
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MATERIALS AND METHODS 

Broiler Breeder Rearing Management. A total of 1280 day-old female Ross 708, 192 male 

Ross YPM and 96 male Ross 344 broiler breeders that were produced from NPIP 

grandparents (Aviagen, Huntsville, AL) were received as Salmonella spp. negative and 

thereafter reared in 16 female pens (14.3 m
2
 area; 80 females per pen) and 16 male pens (4.6 

m
2 

 area; 18 males per pen with 12 of the YPM and 6 of the 344 strains) on new pine wood 

shavings floor pens in an enclosed, heated, and fan-ventilated house. Fresh air entered each 

pen through side wall inlets and two 24-inch and two 36-inch exhaust fans were used for 

ventilation in the rearing house. Five space heaters and six upward directed fans installed in 

the central walkway with pens on either side evenly distributed air and heat. The litter 

temperature was 35°C (95°F) for the first 2 d and the ambient temperature was 29.4~32.2°C 

(85~90°F) through 7 d of brooding. Each female pen was equipped with tube feeders (DH-4; 

Kuhl, Flemington, NJ). Each feeder pan had a circumference of 132 cm. From placement to 

14 d of age all female pens had 4 tube feeders followed by 3 tube feeders to 10 wk of age. 

From 11-15 wk, 4 tube feeders were again used and 5 were used from 16 wk until birds were 

moved to the laying house at 21 wk of age where there were 4 tube feeders used for females. 

Males had one tube feeder per pen at all times. Two bell-type drinkers were used per female 

pen during both rearing and laying, while males had one bell-type drinker per pen during 

rearing and shared the drinkers with females during laying. During the first week of 

brooding, an additional 6 feeder lids per female pen and 3 feeder lids per male pen were 

used. There were 2 additional font drinkers per female pen and one font drinker per male pen 

used during the first week. The lighting program utilized 23 h of light per day to 7 d of age 

and 8 h of light per day at an average intensity of 15 lux by using 12W florescent light bulbs 
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to 21 wk (147 d) of rearing. Water was typically available for 6 h daily and  limited by a time 

clock and solenoid system sufficient to allow the birds to have unlimited access to water 

while feed was present and a similar amount on non-feed days during rearing. Males and 

females were fed on a 4/3 basis from 2 to 12 wk, 5/2 basis to 21 wk, and daily thereafter. 

Vaccinations for infectious bursal disease and Newcastle  disease virus were administered at 

2, 5, 11, and 18 wk of age. Males and females were vaccinated for Fowl Pox and avian 

encephalomyelitis at 14 wk of age via wing web when individual male BW was obtained. 

Pullet and Breeder Diets. Feed formulas are shown in Table III-1. Day-old chicks (females 

and males) were fed a mash starter diet with 17.5% crude protein (CP) and 2.9 kcal/g ME to 

6 wk of age with corn ground to 800 μm using a roller mill. This was followed by a 15.5% 

CP, 2.9 kcal ME/g mash growing diet to 23 wk of age containing corn ground to 1200 μm 

with a roller mill. Half of the pullets received starter and grower diets with RFCs added at 50 

g/MT while the other half remained on basal control diets. The layer diet was fed from 24 to 

65 wk of age. The layer diets consisted of a basal control diet or three treatment diets with 

RFCs addition at inclusion rates of 50, 100, or 200 g/MT that were distributed evenly 

amongst laying house pens resulting in 4 replicate pens for each layer diet and 2 replicate 

pens for each starter-grower-layer treatment diet combination. The corn was ground to 1200 

μm by roller mill and the layer diet was formulated to contain 2.9 kcal ME/g and 15.0% CP.  

Pullet and Breeder Feed Manufacture. Pullets and breeders were fed a mash diet. Dry 

ingredients were blended for 180 sec in a twin shaft counterpoise mixer (Model TRDB126‐

0604, Hayes and Stolz, Fort Worth, TX), followed by addition of fat and mixing for an 

additional 90 sec. A commercially available RFCs additive (Aviator SCP; Arm and Hammer 

Animal Health, Princeton, NJ) was hand added during mixing at an inclusion rate of either 0 
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or 50 g/MT to produce the RFCs starter and grower treatment diets. For production of the 

layer diets, RFCs were added at either 0, 50, 100, or 200 g/MT. All feed was manufactured at 

the North Carolina State University Feed Mill Education Unit.  

Transfer and Broiler Breeder Laying Management. At 21 wk (147 d) of age, 8 YPM males 

and 60 females were moved to a 16-pen, biosecure, curtain-sided laying house. Each of the 

16 pens (15.9 m
2
) had their total area partitioned into two-thirds wooden slats and one-third 

new pine shavings litter. There were 4 hanging tube feeders used to feed females, and a 

smaller, single tube feeder was used to feed males. Non-dubbed males were prohibited from 

eating from each female tube feeder by the presence of grills with sixteen 4.8 x 5.8 cm holes. 

Water was limited to 8 h per day during laying beginning at feeding at 0730 h. Each pen held 

a nest box comprised of 4 double (50.8 cm wide) and 4 single (25.4 cm wide) nest spaces. 

Upon being moved at 21 wk of age, birds were photostimulated with 14 h of light. Day 

length was increased 10 d later to 15 h, to 15.5 h at 5% egg production, and finally to 16 h at 

50% egg production. During normal daylight hours, natural light entered the laying house 

through open or translucent curtains and supplemental light with an intensity of 35 lux at bird 

head level was provided by 18W fluorescent lamps when natural light was not present. High-

pressure water foggers were employed during hot weather (after 40 wk of age) to alleviate 

heat stress.  

Body Weight. All males were group weighed at placement and individually weighed at 14 

and 64 wk. All females were group weighed at placement and 40 wk and then individually 

weighed at 64 wk.  

Egg Production and Hatchability. A minimum of 60 eggs per pen were set and incubated in 

a Jamesway model 252B incubator (Butler Manufacturing Co., Ft. Atkinson, WI 53538) at 
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least every other week. After hatching, unhatched eggs were examined macroscopically to 

determine fertility and time of embryonic mortality with embryos that had died before 8 d of 

incubation being termed early dead and embryos that had died after this time termed late 

dead. Eggs that exhibited observable signs of contamination such as odor and gas production 

were recorded as such and presumed to be fertile. Eggs that were inadvertently cracked 

during handling and incubation were not included in these calculations.  

Egg Sampling. At 39 wk of age, a sample of 20 eggs were analyzed for Salmonella spp. 

incidence as described by Musgrove et al. (2005). Eggs were collected with gloved hands 

from each of the 2 pens that received no dietary RFCs (0+0) and each of the 2 pens that 

received 50 g/MT of dietary RFCs (50+50). Gloves were changed between collecting from 

each pen and eggs were stored overnight in an egg cooler at 16.7°C (62°F) and 70% RH. 

Eggs were kept separate in egg flats and covered with aluminum foil throughout the duration 

of storage. On the next day, eggs were transported to a BSL II microbiology laboratory 

where they were pooled into groups of 5 whole eggs (4 samples per pen) and rinsed with 50 

mL of sterile PBS solution that had been warmed to 47°C for 1 min in a sterile bag. Eggs 

were then transferred to a second sterile stomacher bag (VWR International, Radnor, PA). 

Bagged rinsates and eggs were then stored at 4°C overnight. Approximately 24 h later, intact 

eggs and rinsates were removed from the laboratory refrigerator and enriched with a room 

temperature 1% buffered peptone water solution. To accomplish this, pools of 5 intact eggs 

were cracked on the edge of a sterile beaker, rinsed with sterile PBS solution to remove 

additional albumen, placed in a quart-sized sterile mason jar with an additional 20 mL of 

PBS solution, and briefly pulsed with a blender, which had been outfitted for jar attachment 

with an adapter, until the shells were pulverized. Additional PBS solution was used to rinse 
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any remaining shell that had adhered to the inside of the jar. Eggshells were returned to their 

original stomacher bag, had excess PBS solution drained, and then had  an appropriate 

amount of 1% buffered peptone solution added based on the pooled sample weight to 

produce a one part sample: nine parts buffered peptone solution. Samples were then 

incubated at 37°C overnight (16-20 h). Immediately following shell crushing and enrichment, 

1 mL of each pooled egg rinsate sample was obtained after brief agitation and added to a 

glass test tube containing 9 mL of 1% buffered peptone water. Tubes were then vortexed and 

incubated at 37°C overnight (16-20 h). Samples were then tested for Salmonella presence 

with ELFA methods.  

ELFA Analysis for Salmonella spp. Samples were tested with the ELFA instrument 

(VIDAS® 30 Multiparametric Immunoassay Instrument, BioMérieux, Inc., Marcy-l'Étoile, 

France). This process entailed mixing the sample until the it was homogenized, pipetting a 

0.5 mL aliquot into the sample well of the reagent strip, and heat lysing the cells on a heat 

block (Vidas Heat and Go, BioMérieux Product # 93554) for 5 min at 131° C. Samples were 

then allowed to cool for 10 min before being loaded into the instrument. The instrument 

functioned on the basis of a sandwich ELISA. A pipette tip designated for each sample had 

its inside coated with antibodies that recognized a Salmonella antigen. A series of washing 

phases then rid the sample of non-specific microorganisms and other debris in the sample 

matrix. The sample was then exposed to a solution containing a conjugate antibody. 

Antibodies were then cleaved in a specific enzymatic process, resulting in release of 

fluorescent molecules that could be detected by spectrophotometry. Samples were 

determined positive for Salmonella spp. if the absorbance ratio surpassed a threshold that had 

been calculated based on a standard-control run, which was updated every 14 d. All positive 
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samples were confirmed with 2 types of selective media. These were typically Rapid 

Salmonella Agar (Bio-Rad Product #3563961; Hercules, CA 94547) and XLT-4 agar. 

Confirmation entailed obtaining a 10 µL disposable inoculation loop full of solution from the 

sample bag and streaking on selective media until a pure culture was obtained. 

Analysis of Salmonella Prevalence. A series of sampling procedures were used at the end of 

the egg production cycle to investigate the incidence of Salmonella spp. among pens of the 

laying house. A derivation of a procedure previously described by Buhr et al. (2007) was 

employed. At 61 wk of age, litter and slat surfaces of each pen were sampled with sterile 

socks that had been saturated with buffered peptone water and a 7.62 cm-wide (3 in) paint 

roller brush. Sections of PVC pipe that had been sterilized were used to cover the roller. 

Further, PVC roller sheaths were sprayed with 80% ethanol between samples before a new 

sock was aseptically applied. Immediately upon collection, litter sample socks were returned 

to the sterile bag from which they came and placed in a cooler that had been filled with ice. 

They were transferred to a BSL-II microbiology lab where they were weighed, further 

enriched with buffered peptone water to achieve a 1:9 sample to enrichment solution ratio, 

and mechanically homogenized according to ELFA analysis protocol and then tested for the 

presence of Salmonella with ELFA methods. At 63 wk of age, all male cloacas were sampled 

for Salmonella presence. Sterile cotton-tipped applicators (VWR International Product 

#89031-270, Radnor, PA) were used to swab the cloaca and lower gastrointestinal tract. 

Swabs were pooled into groups of 4, (resulting in two samples per pen), placed immediately 

into a sterile baggie containing buffered peptone water, and analyzed with previously 

described methods for Salmonella presence. At 64 wk of age, all females were sampled as 
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the males with the exception that hen cloaca swabs were pooled into groups of approximately 

15 swabs, resulting in 4 samples per pen.  

Statistical Analysis. Data were analyzed as a randomized design with one-way ANOVA 

unless otherwise noted. Cockerel BW data were analyzed as a 2 x 2 factorial design with 2 

grower dietary treatments and 2 strains with the GLM procedure of JMP for ANOVA (SAS 

Institute, 2011). Breeder hen BW data were analyzed as a 2 x 4 factorial design with 2 

grower dietary treatments and 4 dietary treatments fed during laying as the male BW data 

was analyzed. In both cases, means were partitioned with LS Means and significance was 

determined with Student’s t-test of significance and considered statistically significant at 

P≤0.05 unless otherwise noted. Egg production parameters, mortality, and fertility-related 

parameters during laying were analyzed on an age quartile and cumulative basis from 25 to 

64 wk of age with four 10-wk age quartiles. All data were examined for normality and 

homogeneity of variance, and percentage data were arcsine-transformed for distribution 

normalization purposes. These data were analyzed as a 2 x 4 design with 2 grower dietary 

treatments and 4 dietary treatments fed during laying using the GLM procedure of SAS and 

pen serving as the experimental unit (SAS Institute Inc., 2011). Means were separated and 

significance determined as above.  

RESULTS 

 

Male Body Weight. There were no significant differences based on dietary RFCs inclusion 

from placement to 14 wk. However, BW was significantly affected by strain of male, with 

the Ross 344 strain exhibiting greater BW than the Ross YPM strain despite the 344 males 

being outnumbered 2:1 by the YPM cockerels in each pen (P<0.05, Table III-3). These 

effects of strain were eliminated upon transfer, as only YPM males of relative intermediate 
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BW were transferred to the laying facilities. There was no effect of dietary RFCs inclusion 

on YPM male BW at 64 wk (Table III-4).  

Breeder Hen Body Weights. There were no significant effects on hen BW at 40 or 64 wk 

based on dietary RFCs inclusion. At 40 wk of age, the interaction effect of the grower and 

layer RFCs treatments approached significance (P<0.10, Table III-2), with the 50+100 hens 

exhibiting the greatest BW and the 0+100 exhibiting the lowest.  

Salmonella Incidence. Salmonella spp. was isolated in the litter of one pen and the slats of 3 

pens, with one pen (50+50) being litter and slat positive. It was further determined that 

approximately half the males in this pen were carriers of Salmonella and that all swab pools 

(15 swabs) of females from this pen were positive as well (Table III-10). Of the two pens 

identified as slat-only positive, one had swab pool samples from males and females that were 

all positive. An additional pen that was neither identified as slat nor litter positive was 

populated with birds that were positive, with both male swab pools and one of four female 

pools confirmed positive for Salmonella (Table III-10). There were no discernable consistent 

trends in Salmonella spp. incidence as affected by dietary RFCs inclusion.  

Egg Production, Fertility, Hatchability, and Livability. Hen-day egg production differed 

significantly only in the final period due to grower diet (55-64 wk), with hens fed a control 

diet during growing exhibiting greater production (P=0.0194, Table  III-5). Similarly, hens 

fed a control diet during growing exhibited greater hen-housed egg production during this 

period (P=0.0263, Table III-6). However, there were no cumulative differences observed 

among egg production parameters based on dietary RFCs inclusion during growing or laying. 

Incidence of female mortality differed only in the first laying period (25-34 wk) with hens 

that had been fed 0+0 or 0+50 diets exhibiting a greater incidence of mortality (P=0.0194, 



 

73 

Table III-7). Incidence of mortality among males fed a control diet during growing was 

significantly greater during the third period (45-54 wk, P=0.0195, Table III-6). Floor egg 

incidence was greater among hens fed 50 g/MT of RFCs during growing in the first laying 

period (25-34 wk, P=0.0506), second laying period (35-44 wk, P=0.0433), and cumulatively 

during laying (P=0.0474, Table III-9). An interaction effect of growing and laying diets on 

floor egg incidence was also observed, with 50+50 hens exhibiting the greatest incidence 

(P=0.0506, Table III-9).  



 

74 

Table III-1. Composition and analysis of broiler breeder starter, grower, and layer diets.  

Ingredients
1 

    

 Starter
5 

Grower
6
 Layer

7
 

   (%)  

Corn  67.81 69.99 69.99 

Soybean meal (48% CP)  25.31 17.92 19.12 

Dicalcium phosphate (18.5% P)  2.05 2.03 2.20 

Wheat bran  1.50 7.00 - 

Poultry fat  1.00 0.50 1.48 

Limestone  0.96 0.86 5.54 

Salt  0.50 0.50 0.50 

Vermiculite filler  0.20 0.45 0.47 

Choline chloride (60%)  0.20 0.20 0.20 

Vitamin premix
2
  0.10 0.10 0.10 

Mineral premix
3 

 0.20 0.20 0.20 

Selenium premix
4
  0.05 0.05 0.05 

DL-Methionine  0.11 0.13 0.12 

L-Lysine  - 0.07 0.03 

L-Threonine  0.01 - - 

Total  100.00 100.00 100.00 

     

Calculated nutrient content     

Crude protein  17.50 15.46 15.00 

Calcium  0.90 0.90 2.70 

Available phosphorus  0.45 0.45 0.45 

Lysine  0.90 0.79 0.75 

Methionine  0.40 0.39 0.37 

Threonine  0.60 0.53 0.51 

Methionine + cysteine  0.69 0.66 0.62 

Sodium  0.20 0.20 0.20 

Metabolizable energy (kcal/g)  2.90 2.90 2.90 
1
RFCs (Celmanax SCP, Arm and Hammer Animal Nutrition, Princeton, NJ) were added at 

the expense of vermiculite filler to produce the RFCs treatment diets.  
2
Vitamin premix supplied the following per kg of diet: 13,200 IU vitamin A, 4,000 IU 

vitamin D3, 66 IU vitamin E, 0.04 mg vitamin B12, 0.26 mg biotin, 4 mg menadione (K3), 4 

mg thiamine, 13.2 mg riboflavin, 22 mg d-pantothenic acid, 8 mg vitamin B6, 110 mg niacin, 

and 2.2 mg folic acid. 
3
Mineral premix supplied the following per kg of diet: manganese, 120 mg; zinc, 120 mg; 

iron, 80 mg; copper, 10 mg; iodine, 2.5 mg; and cobalt, 1 mg.
  

4
Selenium premix provided 0.2 mg Se (as Na2SeO3) per kg of diet. 

5 
Starter diet was fed to 6 wk of age. 

6
Grower diet was fed from 7 to 23 wk of age. 

7
Layer diet was fed from 24 to 64 wk of age. 

 

 



 

75 

Table III-2. Broiler breeder female BW as affected by flock age and dietary RFCs inclusion 

during growing and laying.  

Growing
1 

Laying
2 

  

BW at Ages Shown 

 

 

RFCs
3 

 

 
40 wk 64 wk 

(g/MT)    (g)  

0   3997 4072 

50   4020 4103 

SEM
4  11.47 19.15 

P-value  0.2105 0.2916 

    

 0  4012 4059 

 50  4003 4113 

 100  4019 4057 

 200  4000 4121 

SEM
5  16.22 27.09 

P-value  0.8299 0.2647 

    

0 

0  3999
xy 

4092 

50  4004
xy 

4095 

100  3969
y 

4027 

200  4018
xy 

4074 

     

50 

0  4025
xy 

4026 

50  4001
xy 

4130 

100  4070
x 

4087 

200  3982
y 

4168 

SEM
6  22.94 38.31 

P-value  0.0795 0.2595 
x.y

Means within columns with no common subscripts approached significance (P≤0.10). 
1
Grower diet was fed from 7 to 23 wk of age. 

2
Layer diet was fed from 24 to 64 wk of age. 

3
RFCs (Celmanax SCP, Arm and Hammer Animal Nutrition, Princeton, NJ) were added to 

diets during mixing at the expense of vermiculite filler to produce the RFCs treatment diets.  
4
Standard error of the mean (SEM) for n=8 pens. 

5
Standard error of the mean (SEM) for n=4 pens. 

6
Standard error of the mean (SEM) for n=2 pens. 
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Table III-3. Cockerel BW at 14 wk of age as affected by strain and dietary RFCs inclusion 

during growing.  

 

 

BW at 14 wk 

 

RFCs
1 

Strain  

(g/MT)  (g)  

0  2183 

50  2228
 

SEM
2 

25.30 

P-value 0.216 

  

 344 2268
a 

 YPM 2175
b 

SEM
2 

26.29 

P-value 0.014 

   

0 
344 2240

xy 

YPM 2156
y 

   

50 
344 2296

x 

YPM 2194
y 

SEM
2 

36.96 

P-value 0.0553 
x,y

Means within column with no common superscripts approached significance (P≤0.10). 
a,b

Means within column with no common superscripts differ significantly (P≤0.05). 
1
RFCs (Celmanax SCP, Arm and Hammer Animal Nutrition, Princeton, NJ) were added to 

diets during mixing at the expense of vermiculite filler to produce the RFCs treatment diets.  
2
Standard error of the mean (SEM) for n=8 pens. 
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Table III-4. Broiler breeder (Ross YPM) male body weight at 64 wk of age as affected by 

dietary RFCs inclusion during growing and after transfer to a mixed-sex breeding facility.  

Growing
1 

Laying
2 

 

BW at 64 wk 

 

 

RFCs
3 

 

 

(g/MT)   (g)  

0  4831 

50  4924 

SEM
4 

84.54 

P-value 0.4614 

  

 0 4600 

 50 4888 

 100 5015 

 200 5008 

SEM
5 

119.56 

P-value 0.1206 

   

0 

0 4722 

50 4735 

100 5086 

200 4783 

   

50 

0 4477 

50 5040 

100 4945 

200 5234 

SEM
6 

169.09 

P-value 0.1937 
1
Grower diet was fed from 7 to 23 wk of age. 

2
Layer diet was fed from 24 to 64 wk of age to pens of breeding males and females. 

3
RFCs (Celmanax SCP, Arm and Hammer Animal Nutrition, Princeton, NJ) were added to 

diets during mixing at the expense of vermiculite filler to produce the RFCs treatment diets.
 

4
Standard error of the mean (SEM) for n=8 pens. 

5
Standard error of the mean (SEM) for n=4 pens. 

6
Standard error of the mean (SEM) for n=2 pens. 
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Table III-5. Broiler breeder female hen-day egg production as affected by breeder feeding of 

refined functional carbohydrates (RFCs) during growing and laying. 

Growing
1 

Laying
2 

  

Age (wk) 

 

 

RFCs
3 

 

 
25-35 36-44 45-54 55-64 25-64 

(g/MT)   (Hen-Day Egg Production, %) 

0   92.6 82.0 66.7 48.4
a
 72.6 

50   91.8 80.3 64.3 42.8
b
 70.1 

SEM
4  1.48 1.14 1.58 1.50 1.16 

P-value  0.7041 0.3243 0.3029 0.0194 0.1498 

       

 0  93.8 81.8 64.5 44.6 71.4 

 50  90.4 80.6 63.9 46.4 70.5 

 100  92.4 81.0 65.6 44.6 71.0 

 200  92.1 81.1 67.9 47.1 72.4 

SEM
5  2.16 1.79 2.36 2.73 1.88 

P-value  0.7447 0.9732 0.6554 0.8838 0.9146 

    

0 

0  93.4 81.5 65.1 46.0 71.8 

50  90.3 80.4 64.2 47.1 70.8 

100  95.2 84.1 67.7 46.8 73.4 

200  91.5 81.8 69.7 53.9 74.3 

        

50 

0  94.2 82.1 64.0 43.1 71.0 

50  90.5 80.8 63.6 45.6 70.3 

100  89.7 78.0 63.5 42.4 68.6 

200  92.7 80.4 66.0 40.3 70.4 

SEM
6  3.46 2.67 3.83 3.00 2.84 

P-value  0.7501 0.8604 0.9521 0.2568 0.8257 
a,b

Means within column with no common superscripts differ significantly (P≤0.05).
 

1
Grower diet was fed from 7 to 23 wk of age. 

2
Layer diet was fed from 24 to 64 wk of age to pens of breeding males and females. 

3
RFCs (Celmanax SCP, Arm and Hammer Animal Nutrition, Princeton, NJ) were added to 

diets during mixing at the expense of vermiculite filler to produce the RFCs treatment diets.
 

4
Standard error of mean (SEM) for n=8 pens of initially 64 hens and 8 roosters each. 

5
Standard error of mean (SEM) for n=4 pens of initially 64 hens and 8 roosters each. 

6
Standard error of mean (SEM) for n=2 pens of initially 64 hens and 8 roosters each. 
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Table III-6. Broiler breeder female eggs per hen housed as affected by breeder feeding of 

refined functional carbohydrates (RFCs) during growing and laying. 

Growing
1 

Laying
2 

  

Age (wk) 

 

 

RFCs
3 

 

 
25-35 36-44 45-54 55-64 25-64 

(g/MT)   (Eggs Per Hen Housed, n) 

0   61.3 50.5 42.0 28.2
a 

181.9 

50   60.9 49.6 40.3 24.6
b 

175.4 

SEM
4  0.692 0.566 0.940 0.997 2.67 

P-value  0.7277 0.3013 0.2042 0.0263 0.1084 

       

 0  61.9 50.3 40.7 25.5 178.3 

 50  60.2 49.6 40.2 26.8 176.8 

 100  61.2 50.2 41.4 26.1 178.9 

 200  61.1 50.2 42.4 27.2 180.8 

SEM
5  1.01 0.884 1.45 1.79 4.41 

P-value  0.7156 0.9336 0.7353 0.9051 0.9313 

    

0 

0  61.5 49.8 40.3 26.1 177.6 

50  59.8 49.0 40.2 27.0 176.1 

100  62.7 52.1 43.0 27.4 185.3 

200  61.0 51.0 44.6 32.0 188.6 

        

50 

0  62.2 50.8 41.0 24.9 178.9 

50  60.6 50.1 40.1 26.7 177.4 

100  59.7 48.3 39.8 24.7 172.5 

200  61.1 49.3 40.1 22.3 173.0 

SEM
6  1.55 1.05 2.10 1.77 5.70 

P-value  0.5975 0.33 0.5895 0.1012 0.3506 
a,b

Means within column with no common superscripts differ significantly (P≤0.05).
 

1
Grower diet was fed from 7 to 23 wk of age. 

2
Layer diet was fed from 24 to 64 wk of age to pens of breeding males and females. 

3
RFCs (Celmanax SCP, Arm and Hammer Animal Nutrition, Princeton, NJ) were added to 

diets during mixing at the expense of vermiculite filler to produce the RFCs treatment diets.
 

4
Standard error of mean (SEM) for n=8 pens of initially 64 hens and 8 roosters each. 

5
Standard error of mean (SEM) for n=4 pens of initially 64 hens and 8 roosters each. 

6
Standard error of mean (SEM) for n=2 pens of initially 64 hens and 8 roosters each. 
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Table III-7. Broiler breeder female mortality as affected by breeder feeding of refined 

functional carbohydrates (RFCs) during growing and laying. 

Growing
1 

Laying
2 

  

Age (wk) 

 

 

RFCs
3 

 

 
25-35 36-44 45-54 55-64 25-64 

(g/MT)   (Mortality, %) 

0   0.78 1.18 1.37 1.57 4.90 

50   0.39 2.16 2.74 1.18 6.49 

SEM
4  0.278 0.543 0.729 0.544 1.40 

P-value  0.3369 0.2215 0.2036 0.6252 0.4372 

       

 0  0.78 1.58 2.74 1.97 7.07 

 50  0.79 1.97 1.56 0.79 5.12 

 100  0.40 1.19 1.57 1.57 4.73 

 200  0.39 1.96 2.34 1.17 5.88 

SEM
5  0.424 0.857 1.14 0.80 2.13 

P-value  0.837 0.9038 0.8508 0.4372 0.870 

    

0 

0  1.56
a
 1.56 2.34 2.34 7.80 

50  1.57
a
 2.37 0.78 1.57 6.30 

100  0.00
b
 0.00 2.34 2.34 4.69 

200  0.00
b
 0.79 0.00 0.00 0.79 

        

50 

0  0.00
b
 1.59 3.14 1.59 6.32 

50  0.00
b
 1.57 2.34 0.00 3.91 

100  0.79
b
 2.38 0.79 0.79 4.76 

200  0.78
b
 3.13 4.69 2.34 10.69 

SEM
6  0.394 1.21 1.49 1.11 2.57 

P-value  0.0194 0.4845 0.2867 0.3119 0.1289 
a,b

Means within column with no common superscripts differ significantly (P≤0.05).
 

1
Grower diet was fed from 7 to 23 wk of age. 

2
Layer diet was fed from 24 to 64 wk of age to pens of breeding males and females. 

3
RFCs (Celmanax SCP, Arm and Hammer Animal Nutrition, Princeton, NJ) were added to 

diets during mixing at the expense of vermiculite filler to produce the RFCs treatment diets.
 

4
Standard error of mean (SEM) for n=8 pens of initially 64 hens and 8 roosters each. 

5
Standard error of mean (SEM) for n=4 pens of initially 64 hens and 8 roosters each. 

6
Standard error of mean (SEM) for n=2 pens of initially 64 hens and 8 roosters each. 
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Table III-8. Broiler breeder male mortality as affected by breeder feeding of refined 

functional carbohydrates (RFCs) during growing and laying. 

Growing
1 

Laying
2 

  

Age (wk) 

 

 

RFCs
3 

 

 
25-35 36-44 45-54 55-64 25-64 

(g/MT)   (Mortality, %) 

0   7.83 1.79 6.49
a
 0.00 16.11 

50   4.70 0.00 0.00
b
 0.00 4.70 

SEM
4  2.29 1.27 1.74 - 2.35 

P-value  0.3504 0.3343 0.0195 - 0.1417 

       

 0  6.27 0.00 3.58 0.00 9.85 

 50  6.27 2.58 3.13 0.00 13.03 

 100  6.27 0.00 3.13 0.00 9.40 

 200  6.27 0.00 3.13 0.00 9.40 

SEM
5  3.62 1.79 3.25 - 3.79 

P-value  1.00 0.4262 0.9995 - 0.8843 

    

0 

0  0.00 0.00 7.17 0.00 7.17 

50  6.27 7.17 6.27 0.00 19.80 

100  6.27 0.00 6.27 0.00 12.53 

200  6.27 0.00 6.27 0.00 12.53 

        

50 

0  12.53 0.00 0.00 0.00 12.53 

50  6.27 0.00 0.00 0.00 6.27 

100  6.27 0.00 0.00 0.00 6.27 

200  6.27 0.00 0.00 0.00 6.27 

SEM
6  5.43 2.53 2.53 - 4.99 

P-value  0.5957 0.4411 0.9995 - 0.3611 
a,b

Means within column with no common superscripts differ significantly (P≤0.05).
 

1
Grower diet was fed from 7 to 23 wk of age. 

2
Layer diet was fed from 24 to 64 wk of age to pens of breeding males and females. 

3
RFCs (Celmanax SCP, Arm and Hammer Animal Nutrition, Princeton, NJ) were added to 

diets during mixing at the expense of vermiculite filler to produce the RFCs treatment diets.
 

4
Standard error of mean (SEM) for n=8 pens of initially 64 hens and 8 roosters each. 

5
Standard error of mean (SEM) for n=4 pens of initially 64 hens and 8 roosters each. 

6
Standard error of mean (SEM) for n=2 pens of initially 64 hens and 8 roosters each. 
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Table III-9. Broiler breeder floor egg incidence as affected by breeder feeding of refined 

functional carbohydrates (RFCs) during growing and laying. 

Growing
1 

Laying
2 

  

Age (wk) 

 

 

RFCs
3 

 

 
25-35 36-44 45-54 55-64 25-64 

(g/MT)   (Floor Eggs, %) 

0   1.11
y 

1.26
b
 1.34 1.91 1.32

b
 

50   2.22
x 

2.43
a
 2.45 2.76 2.41

a
 

SEM
4  0.366 0.374 0.50 0.589 0.355 

P-value  0.0506 0.0433 0.136 0.327 0.0474 

       

 0  1.06 1.24 1.23 1.58 1.23 

 50  2.74 2.59 2.70 3.52 2.81 

 100  1.63 1.75 1.53 2.33 1.74 

 200  1.23 1.80 2.12 1.92 1.70 

SEM
5  0.522 0.604 0.763 0.831 0.531 

P-value  0.1549 0.4907 0.5545 0.4122 0.2462 

    

0 

0  0.47 0.90 1.94 2.18 1.17
y
 

50  1.58 1.08 0.881 1.89 1.32
y
 

100  1.25 1.22 0.843 1.62 1.20
y
 

200  1.14 1.84 0.168 1.96 1.60
y
 

        

50 

0  1.65 1.57 0.53 0.97 1.28
y
 

50  3.90 4.1 4.52 5.14 4.29
x
 

100  2.00 2.29 2.21 3.04 2.28
y
 

200  1.32 1.77 2.56 1.88 1.80
y
 

SEM
6  0.598 0.649 0.792 1.09 0.467 

P-value  0.3881 0.1832 0.0732 0.272 0.0506 
x,y

Means within column with no common superscripts approached significance (P≤0.10).
 

a,b
Means within column with no common superscripts differ significantly (P≤0.05). 

1
Grower diet was fed from 7 to 23 wk of age. 

2
Layer diet was fed from 24 to 64 wk of age to pens of breeding males and females. 

3
RFCs (Celmanax SCP, Arm and Hammer Animal Nutrition, Princeton, NJ) were added to 

diets during mixing at the expense of vermiculite filler to produce the RFCs treatment diets.
 

4
Standard error of mean (SEM) for n=8 pens of initially 64 hens and 8 roosters each. 

5
Standard error of mean (SEM) for n=4 pens of initially 64 hens and 8 roosters each. 

6
Standard error of mean (SEM) for n=2 pens of initially 64 hens and 8 roosters each. 
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Table III-10. Broiler breeder egg fertility as affected by breeder feeding of refined functional 

carbohydrates (RFCs) during growing and laying. 

Growing
1 

Laying
2 

  

Age (wk) 

 

 

RFCs
3 

 

 
25-35 36-44 45-54 55-64 25-64 

(g/MT)   (Fertility, %) 

0   97.35 96.74 94.80 92.44 95.86 

50   97.19 96.93 94.47 91.77 95.82 

SEM
4  0.208 0.338 0.735 1.264 0.353 

P-value  0.591 0.707 0.754 0.721 0.934 

       

 0  97.67 96.52 94.51 93.50 96.05 

 50  97.51 96.59 94.79 93.95 96.12 

 100  96.64 97.71 94.25 90.75 95.64 

 200  97.26 96.51 94.99 90.24 95.56 

SEM
5  0.295 0.478 1.040 1.788 0.499 

P-value  0.150 0.286 0.960 0.400 0.809 

    

0 

0  98.10
x 

95.72 94.52 95.31 96.17 

50  97.70
xy 

96.12 95.42 93.77 96.13 

100  96.46
xyz 

98.08 94.66 87.99 95.41 

200  96.50
xyz 

97.05 94.62 92.68 95.75 

        

50 

0  97.24
xy 

97.33 94.51 91.68 95.93 

50  97.33
xy 

97.07 94.15 94.13 96.11 

100  96.83
y 

97.34 93.85 93.50 95.88 

200  98.01
x 

95.98 95.36 87.80 95.37 

SEM
6  0.417 0.676 1.471 2.529 0.706 

P-value  0.092 0.215 0.907 0.241 0.933 
x,y

Means within column with no common superscripts approached significance (P≤0.10).
 

1
Grower diet was fed from 7 to 23 wk of age. 

2
Layer diet was fed from 24 to 64 wk of age to pens of breeding males and females. 

3
RFCs (Celmanax SCP, Arm and Hammer Animal Nutrition, Princeton, NJ) were added to 

diets during mixing at the expense of vermiculite filler to produce the RFCs treatment diets.
 

4
Standard error of mean (SEM) for n=8 pens of initially 64 hens and 8 roosters each. 

5
Standard error of mean (SEM) for n=4 pens of initially 64 hens and 8 roosters each. 

6
Standard error of mean (SEM) for n=2 pens of initially 64 hens and 8 roosters each. 
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Table III-11. Broiler breeder hatch of fertile eggs as affected by breeder feeding of refined 

functional carbohydrates (RFCs) during growing and laying. 

Growing
1 

Laying
2 

  

Age (wk) 

 

 

RFCs
3 

 

 
25-35 36-44 45-54 55-64 25-64 

(g/MT)   (Hatch of Fertile Eggs, %) 

0   98.57 97.83 93.65 89.72 96.07 

50   98.53 97.64 94.05 88.22 95.90 

SEM
4  0.329 0.337 1.11 1.155 0.433 

P-value  0.933 0.703 0.806 0.387 0.787 

       

 0  98.15 98.42
x 

93.55 91.79 96.40 

 50  98.65 97.09
y 

94.31 89.99 95.99 

 100  98.52 96.92
y 

95.03 86.32 95.59 

 200  98.88 98.51
x 

92.51 87.79 95.96 

SEM
5  0.465 0.477 1.573 1.634 0.612 

P-value  0.740 0.086 0.712 0.169 0.833 

    

0 

0  97.97 98.21 92.71 91.94 96.06 

50  98.77 96.73 94.66 90.62 96.06 

100  98.62 97.65 95.68 88.71 96.37 

200  98.92 98.73 91.54 87.60 95.79 

        

50 

0  98.34 98.63 94.38 91.64 96.73 

50  98.53 97.45 93.97 89.35 95.92 

100  98.42 96.19 94.36 83.92 94.82 

200  98.83 98.30 93.48 87.97 96.13 

SEM
6  0.657 0.674 2.225 2.311 0.865 

P-value  0.962 0.419 0.843 0.696 0.612 
x,y

Means within column with no common superscripts approached significance (P≤0.10).
 

1
Grower diet was fed from 7 to 23 wk of age. 

2
Layer diet was fed from 24 to 64 wk of age to pens of breeding males and females. 

3
RFCs (Celmanax SCP, Arm and Hammer Animal Nutrition, Princeton, NJ) were added to 

diets during mixing at the expense of vermiculite filler to produce the RFCs treatment diets.
 

4
Standard error of mean (SEM) for n=8 pens of initially 64 hens and 8 roosters each. 

5
Standard error of mean (SEM) for n=4 pens of initially 64 hens and 8 roosters each. 

6
Standard error of mean (SEM) for n=2 pens of initially 64 hens and 8 roosters each. 
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Table III-12. Broiler breeder hatch of total eggs as affected by breeder feeding of refined 

functional carbohydrates (RFCs) during growing and laying. 

Growing
1 

Laying
2 

  

Age (wk) 

 

 

RFCs
3 

 

 
25-35 36-44 45-54 55-64 25-64 

(g/MT)   (Hatch of Total Eggs, %) 

0   95.80 94.64 88.77 82.98 92.10 

50   95.92 94.64 88.84 80.96 91.89 

SEM
4  0.021 0.535 1.067 1.664 0.547 

P-value  0.856 0.995 0.964 0.415 0.800 

       

 0  95.86 95.00 88.37 85.82 92.59 

 50  96.19 93.78 89.39 84.52 92.26 

 100  95.21 94.71 89.59 78.34 91.43 

 200  96.17 95.08 87.87 79.18 91.70 

SEM
5  0.685 0.756 1.509 2.354 0.774 

P-value  0.730 0.619 0.829 0.130 0.718 

    

0 

0  96.10 94.00 87.54 87.64 92.38 

50  96.46 92.96 90.30 84.95 92.33 

100  95.13 95.79 90.62 78.18 91.95 

200  95.46 95.82 86.61 81.15 91.71 

        

50 

0  95.63 95.99 89.19 84.00 92.79 

50  95.89 94.59 88.47 84.10 92.18 

100  95.30 93.63 88.56 78.51 90.91 

200  96.87 94.35 89.13 77.21 91.68 

SEM
6  0.969 1.069 2.135 3.329 1.094 

P-value  0.722 0.199 0.627 0.894 0.923 
1
Grower diet was fed from 7 to 23 wk of age. 

2
Layer diet was fed from 24 to 64 wk of age to pens of breeding males and females. 

3
RFCs (Celmanax SCP, Arm and Hammer Animal Nutrition, Princeton, NJ) were added to 

diets during mixing at the expense of vermiculite filler to produce the RFCs treatment diets.
 

4
Standard error of mean (SEM) for n=8 pens of initially 64 hens and 8 roosters each. 

5
Standard error of mean (SEM) for n=4 pens of initially 64 hens and 8 roosters each. 

6
Standard error of mean (SEM) for n=2 pens of initially 64 hens and 8 roosters each. 
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Table III-13. Incidence of Salmonella spp. in housing and broiler breeders at 64 wk of age as 

affected by breeder feeding of refined functional carbohydrates (RFCs) during growing and 

laying. 

 

Growing
1 

Laying
2 

  

Salmonella spp. Incidence 

 

Pen 

Number
3 

 

RFCs
4 

 

 
Litter

5 
Slats

6 Male 

Swabs
7 

Female 

Swabs
8 

 (g/MT)    (+/-)  (%) 

1 0 200  - - 0 0 

2 50 0  - - 0 0 

3 50 100  - - 100 25 

4 0 200  - + 100 100 

5 0 50  - - 0 25 

6 50 100  - + 50 25 

7 50 0  - - 0 0 

8 0 50  - - 0 0 

9 0 100  - - 0 25 

10 50 200  - - 0 0 

11 50 50  + + 50 100 

12 0 0  - - 0 0 

13 0 0  - - 0 0 

14 50 50  - - 0 0 

15 50 20  - - 0 0 

16 0 100  - - 0 0 
1
Grower diet was fed from 7 to 23 wk of age. 

2
Layer diet was fed from 24 to 64 wk of age to pens of breeding males and females. 

3
Odd-numbered pens were in the north side of the housing facility and even-numbered pens 

were on the south side. 
4
RFCs (Celmanax SCP, Arm and Hammer Animal Nutrition, Princeton, NJ) were added to 

diets during mixing at the expense of vermiculite filler to produce the RFCs treatment diets.
 

5
Incidence of Salmonella presence on a pre-enriched, sterile sock after it had made contact 

with the entire litter surface of the pen. 
6
Incidence of Salmonella presence on a pre-enriched, sterile sock after it had made contact 

with the entire slat surface of the pen. 
7
Incidence of Salmonella presence in 2 pooled groups of 4 cotton-tipped applicators obtained 

after individually swabbing males of each pen. 
8
Incidence of Salmonella presence in 4 pooled groups of 15 cotton-tipped applicators 

obtained after individually swabbing females of each pen.
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MANUSCRIPT IV. The effect of refined functional carbohydrates (RFCs) from 

enzymatically hydrolyzed yeast on the transmission of Salmonella spp. from broiler 

breeders to progeny broilers and proliferation in broiler housing. 

 

ABSTRACT 

 

Hatching eggs were collected from four treatment groups of broiler breeder females at 48 wk 

of age that had been fed either refined functional carbohydrates (RFCs) or control diets, with 

RFCs included at 0+0, 0+50, 50+0, or 50+50 g/MT during growing (0-21 wk) and laying 

(+22-64 wk) phases, respectively, and incubated under standard conditions to produce 576 

male and female progeny chicks. These were assigned to sex separate, new-litter pens by 

parent treatment and fed either a 0 or 50 g/MT RFCs diet to complete a 4 x 2 factorial design. 

Treatments were assigned to 6 replicate pens of 12 broilers per interaction for both males and 

females in a randomized complete block design. Feed intake and BW and feed intake were 

determined at 14, 28, and 42 d of age. Litter was sampled by pen using sterile socks at 35 d 

and tested for Salmonella spp. using an enzyme linked fluorescence assay method. 

Salmonella spp. was isolated from 7 of 48 control-fed broiler pens but was not isolated from 

any RFCs-fed pens (P≤0.05). Thereafter, 48 males and 48 females were selected based on 

litter Salmonella presence and RFCs treatment. The cecas of these broilers were aseptically 

excised after a lairage simulation and tested for presence of Salmonella spp. Of the 48 

control-fed broilers from litter-positive pens, 16 were confirmed positive for presence of 

Salmonella spp. in their ceca. No broilers from litter-negative pens fed RFCs were positive 

(P<0.05). Female broilers that were fed RFCs exhibited greater BW at 28 d (P<0.05) and 42 

d (P<0.10) compared to the controls. These data demonstrated that RFCs reduced Salmonella 
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in the litter and ceca of broilers when fed continuously and was not detrimental to broiler live 

performance.  

 

Key words: Salmonella, refined functional carbohydrates, broilers, transmission, broiler 

breeders 
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MATERIALS AND METHODS 

 

Egg Collection and Incubation. Broiler hatching eggs were collected with gloved hands at 

48 wk of age. Nest eggs were collected twice daily, maintained separate in egg flats by 

breeder pen, and stored in an egg cooler at 16.7°C (62°F) and 70% RH until set for 

incubation. Floor eggs were removed prior to storage. There were 1,440 eggs (180 eggs per 

each of 8 breeder pens) set in a Natureform Model NMC-2000 incubator (Natureform 

International, Jacksonville, FL) that held eleven 180-egg trays to E 17 of incubation. Extra 

trays were used to fill empty incubator space to maintain uniform air flow. At E 17, eggs 

were separated by parent treatment groups (50 g/MT RFCs supplementation continuously or 

control-fed) and transferred into two Natureform Model NOM-45 incubators until E 21.5. 

Chick paper was placed in the bottom of each hatching basket to minimize vertical transfer of 

organic matter between egg trays that represented individual pens. Eggs were initially 

incubated at 38.1°C (100.5°F) dry bulb temperature that was gradually decreased to 36.7°C 

(98°F) in the presence of a wet bulb temperature of 28.9°C (84°F) at E 17. Upon transfer, the 

wet bulb temperatures were increased to 31.1°C (88°F) and the ventilation reduced to 

maintain a RH of 67%, which was adjusted thereafter as chicks began to hatch. As chicks 

were pulled from the incubator at E 21.5, samples of chick paper lining the bottoms of 

hatching baskets and 4 randomly selected egg shells from each basket of eggs were placed 

into sterile filter bags and enriched with buffered peptone water. These were enriched and 

assayed according to ELFA protocol for Salmonella presence. 

ELFA Analysis for Salmonella spp. Samples were collected in sterile filter bags and placed 

on ice for transport to the BSL II facility. After a sample weight was obtained, samples were 

enriched with a 1% buffered peptone water solution to produce a 1 part sample: nine part 
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buffered peptone water dilution if the sample had not been pre-enriched. A Salmonella 

supplement (BioMérieux Product # 42650) was then added directly to the enrichment 

solution so that 0.04 mL for every gram of sample ratio was achieved (1 mL of supplement 

for 225 mL of BPW). Samples were then mechanically homogenized (if needed) for 1 min 

before being incubated for 26-30 h at 37°C. After incubation, samples were removed based 

on their order collected and tested with the ELFA instrument (VIDAS® 30 Multiparametric 

Immunoassay Instrument, BioMérieux, Inc., Marcy-l'Étoile, France). This process entailed 

mixing the sample bag until the contents were homogenized, pipetting a 0.5 mL aliquot into 

the sample well of the reagent strip, and heat lysing the cells on a heat block (Vidas Heat and 

Go, BioMérieux Product # 93554) for 5 min at 131° C. Samples were then allowed to cool 

for 10 min before being loaded into the instrument. The instrument functioned on the basis of 

a sandwich ELISA. A pipette tip designated for each sample had its inside coated with 

antibodies that recognized a Salmonella antigen. A series of washing phases then rid the 

sample of non-specific microorganisms and other debris in the sample matrix. The sample 

was then exposed to a solution containing a conjugate antibody. Antibodies were then 

cleaved in a specific enzymatic process, resulting in release of fluorescent molecules that 

could be detected by spectrophotometry. Samples were determined positive for Salmonella 

spp. if the absorbance ratio surpassed a threshold that had been calculated based on a 

standard-control run, which was updated every 14 d. All positive samples were confirmed 

with 2 types of selective media. These were typically Rapid Salmonella Agar (Bio-Rad 

Product #3563961; Hercules, CA 94547) and XLT-4 agar. Confirmation entailed obtaining a 

10 µL disposable inoculation loop full of solution from the sample bag and streaking on 

selective media until a pure culture was obtained.   
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Broiler Feed Manufacture. A mash starter broiler diet was manufactured by grinding corn 

through a hammermill (Model 1522, Roskamp Champion, Waterloo, IA) containing a pair of 

2.4 mm screens followed by batching and blending in a twin shaft counterpoise ribbon mixer 

(Model TRDB126060, Hayes & Stolz, Fort Worth, TX) for 180 sec. A 4.55 kg (10 lbs) 

aliquot of basal mash was acquired before fat addition, a sample taken, and the remainder 

reserved as the carrier for the RFCs additive. Wet mixing proceeded for 90 sec after the 

addition of poultry fat during which a 50 g/MT dosage of RFCs were added to the treatment 

diet after being sieved to remove any aggregates and thoroughly mixed with the reserved 

carrier feed. Starter diets were steam-conditioned in a single pass conditioner for 30 sec at a 

maintained temperature of 79.4°C (175°F) and then pelleted using a 30 HP California Pellet 

Mill (Model PM1112-2, Crawfordsville, IN) that was equipped with a 4.4 x 35 mm die. 

Immediately thereafter, diets were cooled in a counter flow cooler (Model VK09X09KL, 

Geeland Counterflow USA, Inc, Orlando, FL) and crumbled with samples being collected 

periodically during bagging. A pelleted grower diet was manufactured by again grinding corn 

through a hammermill followed by batching and blending in the same mixer. The RFCs were 

added to the treatment diets, samples were collected, and pellets made as detailed above. All 

diets were manufactured at the North Carolina State University Feed Mill Education Unit and 

feed samples of both treatments were transferred to a BSL-II laboratory after manufacture to 

be assayed for presence of Salmonella using the ELFA methods. 

Broiler Placement in Experimental Facility. After aseptic collection of chick paper samples, 

hatched broiler chicks were removed from hatching trays, sexed using the feather sexing 

method, counted, and maintained in hatching baskets separate by breeder pen until 

placement. After these processes were complete, male and female chicks were transferred 
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from the hatchery to a curtain-sided, heated, fan-ventilated housing facility on the same 

premises. The chicks were maintained separate in baskets by breeder pen until 12 male or 

female chicks (depending on assigned pen sex) from the same breeder treatment were 

selected, group weighed, permanently identified with neck tags, and distributed among 96 

floor pens with new wood litter shavings. Each pen was 1.22 m (4 ft) wide by 1.83 m (6 ft) 

long, resulting in a total pen area of 2.23 m
2
 and a stocking density of 5.38 chicks/m

2
. Mesh 

screen was used to separate groups of 8 pens that had been blocked based on control or RFCs 

diet feeding so as to minimize transfer of litter, dust, and other contaminants between pens. 

Pens contained one Plasson bell-type drinker and one tube feeder (Kuhl, Flemington, NJ). 

Three additional supplemental feeder flats were used until 5 d of age, with one being 

removed at that time and another being removed at 10 d to leave one remaining until 14 d. 

Feed was added and mounded to these trays as needed, typically every other day. At 14 d, 

remaining feed was screened from feeder lids back into the tube feeder. Tube feeders were 

shaken twice daily after 7 d to ensure consistent feed flow. An additional font drinker was 

used until 10 d of age. Litter temperatures were 36.7°C (98°F) for the first 2 d. Ambient 

temperatures were thereafter maintained at or above 32.2°C (90°F) through 7 d of brooding, 

and litter temperatures had been gradually reduced to 28.8°C (84°F) by this time. House 

temperature was kept uniform throughout by use of upward directed fans placed in the center 

of the house. These fans operated continuously throughout the trial. Curtains were lowered 

only when ambient house temperatures approached 80°F after 14 d and then raised at night 

so that exhaust fan ventilation could be utilized.  
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Lighting Program. A photoperiod of 23 h of light was provided through 7 d by 18 W 

fluorescent lamps, followed by 22 h until 14 d, 21 h to 21 d, and 14 h beyond 22 d. Natural 

light alone was used during daylight hours after 7 d of age. 

Broiler Dietary Treatments. Each broiler pen was assigned one of two dietary treatments 

within the four breeder dietary treatments with 4 replicate pens per interaction to complete 

the 4 x 2 design. Broiler diets were either a basal diet or the basal diet with 50 g/MT RFCs 

addition. Broilers were provided starter and grower feeds for ad libitum consumption. The 

starter feed was in crumble form and the grower feed was pelleted. Feed formulas are shown 

in Table IV-1. 

Live Performance Data. Broilers were group weighed at placement, 14, 28, and 42 d of age. 

Feed consumption was determined at 14, 28, and 42 d so that feed conversion ratios (FCR) 

could be calculated. Mortalities were removed and weighed twice daily so that their BW 

could be used in the adjusted FCR calculation.  

Litter Sampling. At 21 d, a pair of sterile socks (Tubigrip Product # 1448) was placed over 

clean plastic cover boots aseptically as described by Buhr et al. (2007). Socks had been cut 

into 15.24 cm (6 in) sections, sterilized, placed in a sterile sampling bag (VWR International 

Product #10048-882, Radnor, PA), and pre-enriched with 25 mL of a buffered peptone water 

solution prior to sampling. Boots were then used to traverse the entire area of each pen. 

Samples were pooled based on breeder treatment at 21 d. At 28 d, the process was repeated 

with a sample of the pens sampled at 14 d on an individual basis to validate that Salmonella 

had not been tracked between pens during the previous pooled sampling activities. Once it 

had been verified that not all pens that comprised the same pool sample were positive, a 

novel method was employed at 35 d in which each of the 96 pens were sampled on an 
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individual basis using one pre-enriched sterile sock placed on a 7.62 cm-wide (3 in) paint 

roller. Sections of PVC pipe that had been sterilized were used to cover the roller. The same 

roller was used to sample broiler pens that had been fed a control diet, and another to sample 

those that had been fed the RFCs diets. Further, PVC roller sheaths were sprayed with 80% 

ethanol between samples before a new sock was aseptically applied. A 1.22 m (4 ft) pole was 

attached to the rollers so that the entire surface of the pen could be rolled with the sock 

without having to enter the pen.  

Litter Sample Processing. Immediately upon collection, litter sample socks were returned to 

the sterile bag from which they came and placed in a cooler that had been filled with ice. 

They were transferred to a BSL-II microbiology lab where they were weighed, further 

enriched, and mechanically homogenized according to ELFA analysis protocol and then 

tested for the presence of Salmonella with ELFA methods. 

Broiler Cecal Sampling. At 48 d, 48 broilers were selected based upon dietary treatment, 

litter Salmonella presence at 35 d, and parent treatment. There were 2 pens (12 male and 12 

female birds) selected that had been on Salmonella-positive litter and fed a control diet as a 

positive control to assess the incidence of cecal Salmonella carriage due to litter 

contamination. Likewise, 2 additional pens were selected on the basis of being litter 

Salmonella-negative at 35 d and being fed the RFCs diet to serve as negative controls. All 

birds sampled at 48 d were progeny of breeder parents fed the 0+0 diet series. Birds were 

withdrawn from feed for approximately 12 h after which a lairage simulation was employed 

to mimic what would be typical with commercial broiler production. Birds were loaded by 

pen into transport crates and left outside of the housing facilities for an additional 3 h. 

Thereafter, birds were transferred to a poultry processing facility on the same premises where 
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they were weighed, euthanized humanely via cervical dislocation, and had their cecas 

aseptically excised. The underside of each bird was sprayed with 80% ethanol, an incision 

was made with a sterile pair of scissors to access and excise the ceca. Gloves and surgical 

tools were changed between sampling broilers of the two treatments. The RFCs-fed broilers 

were sampled first and control-fed broilers were sampled last. Cecas were placed in sterile 

filter bags (VWR International Product #10048-882, Radnor, PA), pulverized with a rubber 

mallet to expel contents, and individually enriched so that Salmonella spp. presence could be 

determined following the same procedures used for litter samples. The entirety of these 

processes was repeated again at 55 d with 48 birds that were progeny of 50+50 breeder 

parents in order to evaluate potential effects of the parent diet. 

Salmonella Serotyping. Representative litter and cecal Salmonella isolates were preserved at 

-80°C (-112°F) until the respective serovars were determined. Freezer cultures were 

incubated overnight on nutrient agar to obtain a single colony, which was then suspended in a 

capped tube containing nutrient holding agar. Serovars were determined by the United States 

Department of Agriculture National Veterinary Services Laboratories (Ames, IA).   

Statistical Analysis. The experiment was a 4 x 2 design within sex with 4 breeder parent 

dietary treatments and 2 broiler dietary treatments. Feed consumption, BW, FCR, BW gain, 

and mortality data were analyzed as a randomized complete block design with the GLM 

procedure of JMP for ANOVA (SAS Institute, 2011). Means were partitioned with the LS 

Means procedure. Significance was determined by Tukey’s HSD and Student’s t tests of 

significance and considered statistically significant at P≤0.05 unless otherwise noted. The 35 

d litter data were analyzed as the live performance data was except that binomial data were 

analyzed independent of sex with the PROC FREQ procedure of SAS and significance was 
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determined by the Chi-Square Likelihood Ratio. Data from 44 and 55 d individual broiler 

ceca sampling were analyzed independently as a 2 factor design (2 broiler dietary treatments) 

using the PROC FREQ  procedures of SAS. Significance was determined by the Chi-Square 

Likelihood Ratio and considered statistically significant at P<0.05 unless otherwise noted.   

RESULTS 

Incubator Sampling and Chick Quality. Salmonella spp. was not isolated from any of the 

incubator chick paper samples obtained from 8 trays representing individual breeder pens. 

Likewise, Salmonella spp. were not isolated from feed samples.   

Broiler Live Performance Results. Male broilers that were progeny of 0+0 breeder parents 

exhibited greater BW than progeny broilers of 50+50 breeder parents at 14 and 28 d (P<0.05, 

Table IV-5). However, this effect was no longer observed at 42 d. There were no significant 

BW differences among female broilers due to parent RFCs treatment. However, female 

broilers fed RFCs exhibited numerically greater BW at 28 d (P<0.05) and 42 d (P<0.10, 

Table IV-9). The interaction of parent and progeny dietary treatments did not significantly 

affect the BW of male or female broilers at any age. Feed intake was significantly affected 

(P<0.05) by breeder RFCs  treatment for both sexes during early growth, with progeny of 

0+50 breeders consuming the most feed from placement to 14 d (Tables IV-6 and IV-10). 

This trend continued for females during the 15-28 d period (P<0.10) and overall (P<0.05). 

Parent RFCs treatment had a significant effect on female progeny FCR during the 29-42 d 

period, with 0+0, 0+50, and 50+50 progeny exhibiting improved FCR when compared to 

progeny of 0+50 breeders (P<0.05, Table IV-11). There were no significant effects of parent 

or progeny RFCs on incidence of broiler mortality for either sex.  
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Litter Sampling. Salmonella presence was confirmed in initial pooled samples collected via 

boot sampling procedures. It was confirmed that Salmonella was not tracked between pens 

during these activities, as pens from a single treatment confirmed positive previously by 

pooled samples were sampled individually and not all were positive. At 35 d, the presence of 

Salmonella spp. was confirmed in 7 of the 48 broiler pens (14.58%) that had been fed a 

control diet and not isolated in pens fed RFCs at 50 g/MT, resulting in a significant treatment 

effect (P=0.006, Table IV-2). There were no significant breeder parent treatment effects.   

Individual Ceca Sampling. At 44 d, 11 broilers of the 24 sampled from broiler litter-positive 

pens that were progeny of 0+0 breeders and fed a control diet were confirmed positive for 

ceca Salmonella presence (29.17%). No broilers from litter-negative pens of the 0+0 parent 

treatment that were fed RFCs were confirmed positive, resulting in a significant treatment 

difference (P<0.0001, Table IV-3). The BW of broilers sampled at this time did not differ 

significantly. Upon repeating these sampling procedures at 55 d with 50+50 breeder progeny 

broilers, 7 of the 24 broilers sampled from broiler litter-positive pens fed a control diet were 

confirmed positive for ceca Salmonella presence (29.17%), while there were no broilers from 

litter-negative pens of the 50+50 parent treatment that had been fed RFCs confirmed positive 

(P=0.001, Table IV-4). A significant BW difference was observed at 55 d among broilers 

sampled, with broilers fed RFCs exhibiting a greater BW (P=0.023, Table IV 4). 

Salmonella Serovar. Replicate litter and ceca samples were determined to be Salmonella 

enterica serovar Senftenberg.  
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Table IV-1. Composition of broiler starter and grower diets.  

Ingredients 

   

 Starter
5 

Grower
6
 

  (%)  

Corn  54.21 68.07 

Soybean meal (48% CP)  34.76 23.33 

Dicalcium phosphate (18.5% P)  1.52 1.46 

Poultry by-product meal  5.04 4.03 

Poultry fat  2.00 1.00 

Limestone  0.63 0.62 

Salt  0.50 0.50 

Vermiculite filler  0.45 0.10 

Choline chloride (60%)  0.20 0.20 

Vitamin premix
1
  0.05 0.05 

Mineral premix
2 

 0.20 0.20 

Selenium premix
3
  0.05 0.05 

DL-Methionine  0.20 0.14 

L-Lysine  0.06 0.14 

L-Threonine  0.08 0.06 

Coccidiostat
4 

 0.05 0.05 

Total  100.00 100.00 

    

Calculated nutrient content    

Crude protein  24.00 19.00 

Calcium  1.00 0.90 

Available phosphorus  0.50 0.45 

Lysine  1.32 1.05 

Methionine  0.57 0.44 

Threonine  0.88 0.70 

Methionine + cysteine  0.95 0.77 

Sodium  0.22 0.21 

Metabolizable energy (kcal/g)  2.90 3.00 
1
Vitamin premix supplied the following per kg of diet: 6,614 IU vitamin A, 2,000 IU vitamin 

D3, 33 IU vitamin E, 0.02 mg vitamin B12, 0.13 mg biotin, 1.98 mg menadione (K3), 1.98 

mg thiamine, 6.6 mg riboflavin, 11 mg d-pantothenic acid, 3.97 mg vitamin B6, 55 mg 

niacin, and 1.1 mg folic acid. 
2
Mineral premix supplied the following per kg of diet: manganese, 120 mg; zinc, 120 mg; 

iron, 80 mg; copper, 10 mg; iodine, 2.5 mg; and cobalt, 1 mg.
  

3
Selenium premix provided 0.2 mg Se (as Na2SeO3) per kg of diet. 

4
Salinomycin (Sacox 60, Intervet/Merck; Millsboro, DE) supplied at 60 g of active ingredient 

per 907.19 kg of feed (1 lb/ton). 
5
Starter diet was fed to approximately 14 d of age. 

6
Grower diet was fed from 15 to 33 d of age. 
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Table IV-2. Incidence of Salmonella spp. presence in litter of sex-separate broiler pens at 35 

d as affected by refined functional carbohydrates (RFCs) inclusion in broiler breeder and 

broiler diets.  

Breeder 

Treatment
1 

Broiler 

Treatment
2 Litter Sampling Results

3
  

RFCs  

(g/MT) (%) 

0+0  8.33 

0+50  4.17 

50+0  4.17 

50+50  12.50 

P-value 0.638 

  

 0 14.58
A 

 50 0.00
B 

P-value 0.006 
A,B

Means within columns with no common subscripts differ significantly (P≤0.01).  
1
Sampling of n=24 broiler pens that were progeny of broiler breeder females at 48 wk of age 

that had been fed either refined functional carbohydrates (RFCs) or control diets with RFCs 

included at 0+0, 0+50, 50+0, or 50+50 g/MT during growing (0-21 wk) and laying (+22-64 

wk) phases, respectively.  
2
Sampling of n=48 pens per broiler treatment.  

3
Sampling of a 2.23 m

2
 litter surface within sex-separate broiler pens.  
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Table IV-3. Body weight and prevalence of Salmonella spp. in male and female
1
 broiler ceca 

at 44 d that were progeny of 0+0 breeders
2
 as affected by refined functional carbohydrates 

(RFCs) inclusion in broiler diets.  

Broiler 

Treatment
3 BW 

Ceca Salmonella 

Prevalence 

RFCs  

(g/MT) (g)  (%) 

0 2966 45.83
A 

50 3061 0.00
B 

P-value 0.257 <0.01 
A,B

Means within columns with no common subscripts differ significantly (P≤0.01).  
1
Sampling of 12 males and females within each treatment.  

2
Sampling of 48 progeny broilers of broiler breeders that were fed a control diet (0 g/MT 

RFCs) during growing (0-21 wk) and laying (+22-64 wk) phases.  
3
Sampling of n=24 broilers per broiler treatment.  
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Table IV-4. Body weight and prevalence of Salmonella spp. in male and female
1
 broiler ceca 

at 55 d that were progeny of 50+50 breeders
2
 as affected by refined functional carbohydrates 

(RFCs) inclusion in broiler diets.  

Broiler 

Treatment
3 BW 

Ceca Salmonella 

Prevalence 

RFCs  

(g / MT) (g)  (%) 

0 4245
a 

29.17
A 

50 4027
b 

0.00
B 

P-value 0.023 0.001 
a,b

Means within columns with no common subscripts differ significantly (P≤0.05).  
A,B

Means within columns with no common subscripts differ significantly (P≤0.01).  
1
Sampling of 12 males and females within each treatment.  

2
Sampling of 48 progeny broilers of broiler breeders that were fed dietary RFCs (50 g/MT 

RFCs) during growing (0-21 wk) and laying (+22-64 wk) phases.  
3
Sampling of n=24 broilers per broiler treatment.  
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Table IV-5. Body weight of male broiler chickens that were progeny of 48-wk-old broiler 

breeders as affected by refined functional carbohydrates (RFCs) inclusion in broiler breeder 

and broiler diets.  

Breeder 

Treatment
1 

Broiler 

Treatment
 

 
Male BW at Ages Shown 

RFCs  1 d 14 d 28 d 42 d 

(g/MT)   (g) 

0+0   42 554
a 

1695
a 

3297 

0+50   42 552
ab 

1691
a 

3266 

50+0   42 538
bc 

1655
ab 

3241 

50+50   42 534
c 

1638
b 

3247 

SEM
2  0.276 5.506 16.30 30.69 

P-value  0.807 0.031 0.049 0.576 

      

 0  41
b 

544 1659 3246 

 50  42
a 

545 1680 3279 

SEM
3 

 0.195
 

3.894 11.53 21.71 

P-value  0.028 0.863 0.210 0.282 

      

0+0 
0  42 560 1692 3274 

50  42 549 1698 3319 

       

0+50 
0  42 550 1706 3300 

50  42 553 1677 3232 

       

50+0 
0  41 537 1636 3197 

50  42 538 1674 3284 

       

50+50 
0  42 529 1604 3211 

50  42 539 1672 3282 

SEM
4 

 0.390 7.780 23.04 43.39 

P-value  0.848 0.580 0.198 0.272 
a,b,c

Means within columns with no common subscripts differ significantly (P≤0.05).  
1
BW of broiler pens that were progeny of broiler breeder females that had been fed either 

refined functional carbohydrates (RFCs) or control diets with RFCs included at 0+0, 0+50, 

50+0, or 50+50 g/MT during growing (0-21 wk) and laying (+22-64 wk) phases, 

respectively.  
2
Standard error of the mean (SEM) for n=12 pens. 

3
Standard error of the mean (SEM) for n=24 pens. 

4
Standard error of the mean (SEM) for n=6 pens. 
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Table IV-6. Feed intake of male broiler chickens that were progeny of 48-wk-old broiler 

breeders as affected by refined functional carbohydrates (RFCs) inclusion in broiler breeder 

and broiler diets.  

Breeder 

Treatment
1 

Broiler 

Treatment 

 
Male Feed Intake at Ages Shown 

RFCs  1-14 d 15-28 d 29-42 d 1-42 d 

(g/MT)   (g) 

0+0   661
a 

1735 2651 5087 

0+50   662
a 

1709 2847 5086 

50+0   643
ab 

1696 2698 5066 

50+50   626
b 

1672 2773 4989 

SEM
2  9.51 21.66 81.91 53.83 

P-value  0.040 0.247 0.339 0.558 

      

 0  646 1700 2736 5030 

 50  649 1706 2749 5085 

SEM
3 

 6.72 15.32 57.88 38.09 

P-value  0.773 0.781 0.878 0.313 

      

0+0 
0  665 1707 2620 5127 

50  656 1709 2682 5048 

       

0+50 
0  651 1728 2848 5077 

50  672 1690 2847 5095 

       

50+0 
0  645 1672 2631 4989 

50  640 1719 2764 5143 

       

50+50 
0  624 1637 2845 4926 

50  629 1706 2702 5053 

SEM
4 

 13.44 30.62 115.8 76.09 

P-value  0.657 0.142 0.693 0.408 
a,b

Means within columns with no common subscripts differ significantly (P ≤ 0.05). 
1
Feed intake of broiler pens that were progeny of broiler breeder females that had been fed 

either refined functional carbohydrates (RFCs) or control diets with RFCs included at 0+0, 

0+50, 50+0, or 50+50 g/MT during growing (0-21 wk) and laying (+22-64 wk) phases, 

respectively.   
2
Standard error of the mean (SEM) for n=12 pens. 

3
Standard error of the mean (SEM) for n=24 pens. 

4
Standard error of the mean (SEM) for n=6 pens. 
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Table IV-7. Feed conversion ratio (FCR) of male broiler chickens that were progeny of 48-

wk-old broiler breeders as affected by refined functional carbohydrates (RFCs) inclusion in 

broiler breeder and broiler diets.  

Breeder 

Treatment
1 

Broiler 

Treatment 

 
Male FCR

2
 at Ages Shown 

RFCs  1-14 d 15-28 d 29-42 d 1-42 d 

(g/MT)   (g:g) 

0+0   1.19 1.52 1.67 1.56 

0+50   1.20 1.51 1.82 1.62 

50+0   1.20 1.52 1.69 1.57 

50+50   1.17 1.52 1.73 1.58 

SEM
3  0.014 0.013 0.048 0.025 

P-value  0.513 0.880 0.134 0.399 

      

 0  1.19 1.53
x 

1.74 1.59 

 50  1.19 1.50
y 

1.73 1.58 

SEM
4 

 0.010 0.009 0.034 0.018 

P-value  0.921 0.059 0.822 0.801 

      

0+0 
0  1.19 1.56 1.66 1.56 

50  1.19 1.49 1.69 1.56 

       

0+50 
0  1.19 1.51 1.82 1.61 

50  1.22 1.50 1.82 1.63 

       

50+0 
0  1.20 1.52 1.70 1.57 

50  1.19 1.51 1.70 1.58 

       

50+50 
0  1.18 1.53 1.77 1.60 

50  1.17 1.51 1.68 1.56 

SEM
5 

 0.020 0.019 0.068 0.035 

P-value  0.698 0.286 0.834 0.790 
x,y

Means within columns with no common subscripts approached significance (P≤0.10). 
1
FCR of broiler pens that were progeny of broiler breeder females that had been fed either 

refined functional carbohydrates (RFCs) or control diets with RFCs included at 0+0, 0+50, 

50+0, or 50+50 g/MT during growing (0-21 wk) and laying (+22-64 wk) phases, 

respectively.   
2
FCR adjusted for mortality by removing dead birds twice daily and using the resulting 

average bird number in calculations for the feed consumption period. 
3
Standard error of the mean (SEM) for n=12 pens. 

4
Standard error of the mean (SEM) for n=24 pens. 

5
Standard error of the mean (SEM) for n=6 pens. 
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Table IV-8. Mortality of male broiler chickens that were progeny of 48-wk-old broiler 

breeders as affected by refined functional carbohydrates (RFCs) inclusion in broiler breeder 

and broiler diets.  

Breeder 

Treatment
1 

Broiler 

Treatment 

 
Male Mortality at Ages Shown 

RFCs  1-14 d 15-28 d 29-42 d 1-42 d 

(g/MT)   (%) 

0+0   0.00 0.00 0.69 1.39 

0+50   1.19 1.19 2.58 4.96 

50+0   0.00 0.00 2.78 2.78 

50+50   0.00 0.69 2.22 2.92 

SEM
2  0.71 0.573 1.21 1.549 

P-value  0.53 0.375 0.608 0.427 

      

 0  0.595 0.94 1.98 3.52 

 50  0.00 0.00 2.15 2.50 

SEM
3 

 0.500 0.406 0.856 1.096 

P-value  0.405 0.108 0.890 0.514 

      

0+0 
0  0.00 0.00 1.39 1.39 

50  0.00 0.00 0.00 1.39 

       

0+50 
0  2.38 2.38 2.38 7.14 

50  0.00 0.00 2.78 2.78 

       

50+0 
0  0.00 0.00 1.39 1.39 

50  0.00 0.00 4.17 4.17 

       

50+50 
0  0.00 1.39 2.79 4.17 

50  0.00 0.00 1.67 1.67 

SEM
4 

 0.298 0.810 1.710 2.190 

P-value  0.530 0.375 0.608 0.389 
1
Mortality incidence among broiler pens that were progeny of broiler breeder females that 

had been fed either refined functional carbohydrates (RFCs) or control diets with RFCs 

included at 0+0, 0+50, 50+0, or 50+50 g/MT during growing (0-21 wk) and laying (+22-64 

wk) phases, respectively.   
2
Standard error of the mean (SEM) for n=12 pens. 

3
Standard error of the mean (SEM) for n=24 pens. 

4
Standard error of the mean (SEM) for n=6 pens. 
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Table IV-9. Body weight of female broiler chickens that were progeny of 48-wk-old broiler 

breeders as affected by refined functional carbohydrates (RFCs) inclusion in broiler breeder 

and broiler diets.  

Breeder 

Treatment 

Broiler 

Treatment 

 
Female BW at Ages Shown 

RFCs  1 d 14 d 28 d 42 d 

(g/MT)   (g) 

0+0   42 519 1456 2692 

0+50   42 526 1480 2691 

50+0   42 518 1467 2711 

50+50   42 510 1448 2679 

SEM
2  0.305 5.55 13.52 20.52 

P-value  0.847 0.277 0.396 0.730 

      

 0  42 518 1446
b 

2673
y 

 50  42 519 1479
a 

2714
x 

SEM
3 

 0.216 3.92 9.56 14.51 

P-value  0.341 0.955 0.020 0.057 

      

0+0 
0  42 519 1438 2655 

50  42 518 1475 2729 

       

0+50 
0  42 524 1462 2664 

50  42 528 1470 2719 

       

50+0 
0  42 513 1438 2681 

50  42 523 1497 2742 

       

50+50 
0  43 516 1448 2694 

50  42 505 1448 2665 

SEM
4 

 0.431 7.84 19.12 29.00 

P-value  0.678 0.613 0.473 0.272 
x,y

Means within columns with no common subscripts approached significance (P ≤ 0.10). 
a,b

Means within columns with no common subscripts differ significantly (P ≤ 0.05).  
1
BW of broiler pens that were progeny of broiler breeder females that had been fed either 

refined functional carbohydrates (RFCs) or control diets with RFCs included at 0+0, 0+50, 

50+0, or 50+50 g/MT during growing (0-21 wk) and laying (+22-64 wk) phases, 

respectively.  
2
Standard error of the mean (SEM) for n=12 pens. 

3
Standard error of the mean (SEM) for n=24 pens. 

4
Standard error of the mean (SEM) for n=6 pens. 
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Table IV-10. Feed intake of female broiler chickens that were progeny of 48-wk-old broiler 

breeders as affected by refined functional carbohydrates (RFCs) inclusion in broiler breeder 

and broiler diets.  

Breeder 

Treatment
1 

Broiler 

Treatment 

 
Female Feed Intake at Ages Shown 

RFCs  0-14 d 15-28 d 29-42 d 0-42 d 

(g/MT)   (g) 

0+0   628
b 

1446
y 

2260 4335
b 

0+50   654
a 

1514
x 

2344 4511
a 

50+0   619
b 

1465
xy 

2342 4356
b 

50+50   622
b 

1445
y 

2247 4314
b 

SEM
2  8.66 18.69 48.69 48.42 

P-value  0.033 0.052 0.346 0.031 

      

 0  632 1450
y 

2282 4363 

 50  629 1486
x 

2318 4362 

SEM
3 

 6.13 13.22 34.44 34.25 

P-value  0.778 0.061 0.499 0.512 

      

0+0 
0  632 1430 2230 4292 

50  623 1463 2291 4377 

       

0+50 
0  661 1503 2409 4574 

50  646 1524 2279 4448 

       

50+0 
0  607 1433 2238 4278 

50  630 1497 2446 4434 

       

50+50 
0  626 1431 2250 4307 

50  618 1459 2244 4320 

SEM
4 

 12.24 26.42 68.83 68.45 

P-value  0.425 0.849 0.126 0.237 
x,y

Means within columns with no common subscripts approached significance (P≤0.10).  
a,b

Means within columns with no common subscripts differ significantly (P≤0.05).  
1
Feed intake of broiler pens that were progeny of broiler breeder females that had been fed 

either refined functional carbohydrates (RFCs) or control diets with RFCs included at 0+0, 

0+50, 50+0, or 50+50 g/MT during growing (0-21 wk) and laying (+22-64 wk) phases, 

respectively.   
2
Standard error of the mean (SEM) for n=12 pens. 

3
Standard error of the mean (SEM) for n=24 pens. 

4
Standard error of the mean (SEM) for n=6 pens. 
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Table IV-11. Feed conversion ratio (FCR) of female broiler chickens that were progeny of 

48-wk-old broiler breeders as affected by refined functional carbohydrates (RFCs) inclusion 

in broiler breeder and broiler diets.  

Breeder 

Treatment
1 

Broiler 

Treatment 

 
Female FCR

2
 For Ages Shown 

RFCs  0-14 d 15-28 d 29-42 d 0-42 d 

(g/MT)   (g:g) 

0+0   1.21 1.54 1.82
b 

1.63 

0+50   1.24 1.59 1.94
a 

1.70 

50+0   1.20 1.55 1.82
b 

1.65 

50+50   1.22 1.55 1.83
b 

1.64 

SEM
3  0.018 0.017 0.028 0.022 

P-value  0.382 0.204 0.016 0.110 

      

 0  1.22 1.57 1.86 1.66 

 50  1.21 1.55 1.85 1.66 

SEM
4 

 0.013 0.012 0.020 0.016 

P-value  0.762 0.318 0.637 0.985 

      

0+0 
0  1.22 1.56 1.83 1.64 

50  1.20 1.53 1.82 1.62 

       

0+50 
0  1.26 1.61 2.00 1.74 

50  1.22 1.57 1.88 1.67 

       

50+0 
0  1.18 1.55 1.80 1.62 

50  1.21 1.55 1.84 1.69 

       

50+50 
0  1.21 1.55 1.81 1.62 

50  1.22 1.55 1.84 1.64 

SEM
5 

 0.026 0.023 0.040 0.031 

P-value  0.684 0.852 0.218 0.166 
a,b

Means within columns with no common subscripts differ significantly (P≤0.05).  
1
FCR of broiler pens that were progeny of broiler breeder females that had been fed either 

refined functional carbohydrates (RFCs) or control diets with RFCs included at 0+0, 0+50, 

50+0, or 50+50 g/MT during growing (0-21 wk) and laying (+22-64 wk) phases, 

respectively.   
2
FCR adjusted for mortality by removing dead birds twice daily and using the resulting 

average bird number in calculations for the feed consumption period. 
3
Standard error of the mean (SEM) for n=12 pens. 

4
Standard error of the mean (SEM) for n=24 pens. 

5
Standard error of the mean (SEM) for n=6 pens. 
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Table IV-12. Mortality of female broiler chickens that were progeny of 48-wk-old broiler 

breeders as affected by refined functional carbohydrates (RFCs) inclusion in broiler breeder 

and broiler diets.  

Breeder 

Treatment
1 

Broiler 

Treatment 

 
Female Mortality at Ages Shown 

RFCs  1-14 d 15-28 d 29-42 d 1-42 d 

(g/MT)   (%) 

0+0   0.00 0.00 1.39 1.39 

0+50   0.00 0.00 2.36 2.36 

50+0   0.69 0.00 2.78 3.47 

50+50   0.69 0.00 1.88 2.60 

SEM
2  0.493 0.00 1.46 1.76 

P-value  0.580 - 0.916 0.870 

      

 0  0.347 0.00 2.22 2.57 

 50  0.347 0.00 1.98 2.33 

SEM
3 

 0.348 0.00 1.03 1.25 

P-value  1.00 - 0.872 0.893 

      

0+0 
0  0.00 0.00 1.39 1.39 

50  0.00 0.00 1.39 1.39 

       

0+50 
0  0.00 0.00 3.33 3.33 

50  0.00 0.00 1.39 1.39 

       

50+0 
0  0.00 0.00 2.78 2.78 

50  1.39 0.00 2.78 4.17 

       

50+50 
0  1.39 0.00 1.39 2.78 

50  0.00 0.00 2.38 2.38 

SEM
4 

 0.696 0.00 2.06 2.49 

P-value  0.262 - 0.914 0.932 
1
Mortality incidence among broiler pens that were progeny of broiler breeder females that 

had been fed either refined functional carbohydrates (RFCs) or control diets with RFCs 

included at 0+0, 0+50, 50+0, or 50+50 g/MT during growing (0-21 wk) and laying (+22-64 

wk) phases, respectively.   
2
Standard error of the mean (SEM) for n=12 pens. 

3
Standard error of the mean (SEM) for n=24 pens. 

4
Standard error of the mean (SEM) for n=6 pens. 
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DISCUSSION 

Instead of challenging hens with a specific Salmonella serovar during Experiment I, broiler 

breeders from NPIP grandparent flocks were allowed to become naturally exposed to 

Salmonella spp. present in the environment where inoculation and proliferation were 

achieved through incorporated experimental procedures such as untreated feed, daily foot 

traffic between pens, and the stress of transfer to cages or slats upon photostimulation. The 

RFCs were able to significantly reduce the incidence of naturally occurring Salmonella spp. 

in the ceca of broiler breeder females in a complete growing and laying cycle under these 

conditions that reasonably reflected commercial circumstances. There were no antibiotics or 

similar antimicrobial feed components used in addition to the RFCs. Therefore, the absence 

of cecal Salmonella spp. at both sampling times was attributed to RFCs action in whole or in 

part.  

The weekly litter spraying regime used in Experiment I breeder rearing probably exacerbated 

Salmonella spp. and similar Enterobacteriaceae in the litter floor pens during rearing and had 

some effect on overall health, as intended. Under commercial scenarios, litter moisture 

ranges from dry to wet. That range was covered in the course of Experiment I, which 

indicated that the RFCs used posed no significant health risk. Furthermore, initiation of 

laying diet feeding before sexual maturity intentionally created a slightly greater pen 

moisture environment due to early dietary calcium (Leeson and Summers, 1987) as intended 

in this study. Consequently, the microbial populations may have been provided an 

opportunity to proliferate more than under more ideal conditions. However, greater litter 

moisture was previously reported to discourage proliferation of Salmonella and other 

microbes due to ammonia development and the subsequent increase in pH (Turnbull and 
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Snoeyenbos, 1973) but elevated ammonia levels were not observed in the facility. 

Nevertheless, these manipulated experimental conditions were meant to simulate imperfect 

conditions that might have been encountered in a commercial setting so as to test the 

effectiveness of dietary inclusion of RFCs in a somewhat challenging scenario.  

Since ingredients of animal origin were used at the feed mill and environmental vectors such 

as mice and insects were present, Salmonella spp. were obviously present in the environment 

in Experiment I, as evidenced by the data. No animal byproducts were used in the diets of the 

present study, but these products were used routinely in the feed mill. Contaminated 

equipment, transport, and storage units were other possible sources (Jarquin et al., 2009). 

Despite biosecurity measures taken throughout the duration of this study, environmental 

contamination of housing facilities was entirely possible due to these typical feed and 

environmental vectors in a manner similar to the best managed commercial scenarios. 

Furthermore, Salmonella spp. has demonstrated an ability to persist in farm-type 

environments with or without poultry present for at least one year (Davies and Wray, 1996). 

Contamination could have been the result of a previously housed Salmonella positive flock 

despite the cement floor facilities used in this study having been thoroughly cleaned and 

disinfected. 

In Experiment I, fertility and hatchability of total eggs set were both significantly greater in 

control-fed populations during the final (55-64 wk) period, which was a result of increased 

male mortality in earlier periods (Table 1-4). However, no overall significant difficulties in 

live performance were observed. Male mortality was likely not related to dietary RFCs 

inclusion due to the absence of this affect in Experiment III (Table III-8). These results 

suggested that RFCs included continuously at 50 g/MT were sufficient in reducing 
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Salmonella in the cecas of hens while maintaining the number of eggs produced at the same 

rate of the control-fed hens.  

A combinatorial dosimetry approach was investigated in Experiment III, with broiler 

breeders being fed 0 or 50 g/MT RFCs during growing and 0, 50, 100, or 200 g/MT RFCs 

during the laying period. This allowed for responses to RFCs addition during rearing as well 

as dosages greater than the initially investigated 50 g/MT dosage to be investigated, as it 

would be of interest to poultry producers to establish a range of efficacy for such an additive. 

There were no effects of these varying dosages on breeder hen rates of egg laying or BW in 

Experiment III. However, both hen-day production and eggs per hen housed were 

significantly improved in the final laying period by feeding a control diet (0 g/MT RFCs) 

during growing to pullets in this trial (Tables III-5 and III-6).  This coincided with 

numerically greater overall egg production in both trials among pullets fed control diets 

during growing. The RFCs may have improved health during growing to the point of saving 

a few birds that would have otherwise died. These birds probably remained in the RFCs 

population but laid fewer eggs, which would explain the numerically reduced egg production 

of RFCs-fed hens when compared to control-fed hen production. Also in support of this 

reasoning, there was a greater incidence of floor eggs among hens fed 50 g/MT during 

growing in Experiment III (Table III-9). These may have been laid by weaker birds that were 

unable to easily reach the nest boxes. A greater number of floor eggs in this population also 

explained the population’s reduced overall egg production since floor eggs were more 

susceptible to being eaten.  Regarding mortality, periods of mild heat stress in the open-sided 

laying houses accounted for some sporadic mortality in each trial. But, overall mortality for 

both sexes was within typical commercial norms.  
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Just as in Experiment I, breeder hen rates of lay were not notably affected overall by feeding 

RFCs to breeders in Experiment III. This was expected, since greater dosages of MOS given 

to breeder hens were previously unable to elicit an egg production effect (Shashidhara and 

Devegowda, 2003). A notable trend was observed in the present data regarding the number of 

eggs per hen housed as affected by various dosages of RFCs. Hens that had been fed a 

control diet during growing followed by 100 or 200 g/MT RFCs during laying laid the most 

eggs. Conversely, hens fed 50 g/MT followed by 100 or 200 g/MT RFCs during growing and 

laying, respectively, laid the fewest eggs overall (Table III-6). A similar trend was observed 

in overall female mortality, with the 0+200 hens exhibiting the greatest mortality and the 

50+200 exhibiting the least (Table III-7). These data suggested that inclusion of RFCs in 

breeder diets above 50 g/MT led to unpredictable results. Indeed, the results of feeding 50 

g/MT of RFCs during growing and laying were similar in Experiments I and III. This dosage 

did not result in overall harm or benefit, and was able to fulfill the intended purpose of 

Salmonella spp. control in Experiment I. 

The broiler breeder flock described in Experiment III, however, exhibited multiple examples 

of Salmonella contamination at the end of the production period. Upon sampling the litter 

and slats of each pen with the hypothesis that Salmonella would not be found in pens that had 

been continuously supplemented with RFCs (50+50, 50+100, or 50+200), it was found that 

Salmonella were present in some (Table III-13). To verify that these results reflected the 

carrier status of the housed breeders, all males and females of the facility had their cloacas 

swabbed and analyzed for presence of Salmonella. Pen litter and slat Salmonella status was 

typically reflective of bird cloaca status. Similarly, all pens that had Salmonella-positive 
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males also had positive females, suggesting that Salmonella could be transmitted horizontally 

during mating. 

Despite being reared in the same facility with almost identical management practices as the 

breeder flock in Experiment I, there was no evidence to support the hypothesis that RFCs 

supplemented in the diets of breeders of Experiment III at some point during either growing 

or laying would reduce presence of Salmonella. However, there was one critical difference in 

management that was the likely cause of these unexpected results. A fogger system was 

employed in the Experiment III housing facility to alleviate heat stress during hot summer 

months, and sampling took place at the beginning of autumn. While this system contributed 

to lower heat stress-related mortality, it also created a higher-moisture housing environment. 

The problem was exacerbated by lack of continuous ventilation during daylight hours while 

foggers were operating to disperse the water particles, which sometimes resulted in the 

pooling of water in feeder pans and on other pen surfaces, which would not be unlike some 

commercial scenarios. Indeed, higher water activity has been shown to increase Salmonella 

prevalence in litter (Turnbull and Snoeyenbos, 1973) and broiler housing (Carr et al., 1994). 

These results suggested that a threshold in microbial pathogen defense existed when using 

RFCs as a control method. The RFCs were effective as a preventative measure against 

Salmonella after appropriate management conditions were provided to initially limit bacterial 

populations rather than as a treatment method to combat increased microbial presence. 

Investigations of RFCs effects on progeny performance when fed to breeder parents were 

conducted in Experiments II and IV. Overall, the broiler live performance effects of feeding 

RFCs to both the breeder parents and broiler progeny was observed to vary in the present 

studies but comparative scientific literature pertaining to this matter was limited. In 
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Experiment II, at a broiler age of 1 d, those progeny of breeders that had been fed a RFCs 

diet exhibited a greater BW (P<0.01), but the effect was reversed at 14 d with control-fed 

progeny exhibiting  a greater BW (Table II-4). These were the only observable differences in 

BW in Experiment II. While a greater BW was not observed among male broilers that were 

progeny of RFCs-fed breeders in Experiment IV, control-fed progeny did exhibit greater BW 

at 14 and 28 d due to greater feed consumption during the 1-14 d period. However, the effect 

had diminished by 42 d and all progeny exhibited the same BW (Table IV-5). Inclusion of 

RFCs in parent diets did not affect female BW, but did affect female broiler feed efficiency. 

Specifically, feeding of RFCs to breeder parents during the growing period only (i.e. the 

0+50 g/MT diet) resulted in poorer feed efficiency and greater feed consumption during the 

final growing periods of female broiler chickens. Since nutritional and immune modulators in 

breeder parent diets were shown to affect progeny performance (Kidd, 2003), it was likely 

that inconsistent (i.e. non-continuous) inclusion of RFCs in parent diets negatively affected 

the performance of these female broilers. 

In a similar manner, breeder parent dietary inclusion of RFCs at 50 g/MT did have 

observable effects on progeny live performance. These maternal effects were probably 

modulated by an immune response in the breeder parents. Fungal presence in breeder feeds 

has been demonstrated to have both negative and positive effects on progeny immunity. For 

example, aflatoxins and their toxic metabolites reduced progeny chick antibody production 

and macrophage function when they were present in breeder parent feeds (Qureshi et al., 

1998). However, addition of Saccharomyces cerevisiae to breeder diets after aflatoxin 

exposure demonstrated an ability to reduce the negative effects of the aflatoxin and improve 

non-specific immune function (Stanley et al., 2004; Matur et al., 2010, 2011). These data 
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were representative of the dichotomy that has existed relative to fungal presence in animal 

feeds. Supplementation of a live yeast culture to breeder diets at inclusion levels of 0, 0.1, 

0.3, and 0.5% during growing in conditions that closely reflected breeder management 

conditions in the present trials did not have any effects on the performance of either the 

breeders or their broiler progeny (Brake, 1990). Conversely, yeast cell wall derivatives have 

been shown to affect breeder parent immunity in certain studies. Supplementation of mannan 

oligosaccharides at a rate of 0.5 g/kg to breeder diets was reported to improve male sperm 

density, antibody titer levels, and some live production values (Shashidhara and Devegowda, 

2003). Clearly, inclusion of fungi or fungal-derived products in poultry feeds has had a range 

of effects on live performance and health.  

Instead of the progeny exhibiting a direct immune response to RFCs in parent diets, it was 

hypothesized that live performance differences were rather attributable to an indirect immune 

response that followed modulation of the gut microflora by low RFCs levels in parent diets. 

Supplementation of chicks with the alimentary flora of adult chickens has prevented later 

colonization of Salmonella (Rantala and Nurmi, 1973; Yu et al., 1999). Similarly, in ovo 

injection of heat-killed Campylobacter jejuni stimulated precocious immune development 

due to an antigenic response in chicks (Noor et al., 1995). Indeed, one preliminary exposure 

to microorganisms in the life of the naturally hatched chicks has been consumption of 

maternal cecal and fecal droppings. Feeding of RFCs to parents affected the microbiota of 

the progeny gastrointestinal tract as evidenced in Experiment II. Specifically, there was a 

significant reduction in the number of detectable Enterobacteriaceae in the gastrointestinal 

tracts of the chicks from these parents (Table II-2). It has been demonstrated that the bacterial 

flora in pathogen-free chickens (i.e. incubated and reared in a sterile environment) was 
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significantly altered, with cecal microorganisms being 100-fold less prevalent in pathogen-

free chickens when compared to conventionally raised animals (Coloe et al., 1984). It was 

possible that the lack of precocious exposure to these microorganisms resulted in a delayed 

immune response by those progeny, which would have explained the early detriment to 

RFCs-fed progeny live performance in the early growing stages. However, confirmation of 

this hypothesis would have required further testing of a myriad of immune responses as well 

as the gut microbiotas of neonatal chickens. This was beyond the scope of the present 

studies.  

It was important that the effects of RFCs on broiler live performance when supplemented in 

the broiler diets, regardless of parental RFCs dietary inclusion, be investigated within the 

scope of a typical integrated live production model. It was previously reported that RFCs 

improved BW, feed intake, and feed efficiency when fed at 100 g/MT, and that feeding RFCs 

in combination with a direct fed microbial or coccidiostat resulted in greater villus heights 

and increased nitrogen retention, respectively (Gomez and Angeles, 2011; Gomez et al., 

2012). But, RFCs were only supplied to male broilers at a greater dosage during the finishing 

period in each of these former trials. The present trials evaluated a continuous dosage of 50 

g/MT to male and female broilers. Female broiler BW was improved at 28 d of age when 

these broilers were fed this dosage continuously, and the trend continued to 42 d of age 

(Table IV-9). While male broiler BW was not affected in either broiler progeny trial, there 

was a significant improvement in male FCR near the end of the growing period in 

Experiment II (Table II-6) and an improvement that approached significance in Experiment 

IV for the 15-28 d period (Table IV-7). Overall FCR for either males or females in both trials 

were the same. Any response to dietary RFCs at the 50 g/MT dosage was more likely to be 
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detected in female broilers due to less variability in live performance and slower growth 

rates. Additionally, female chicks typically hatch before male chicks, which had led to 

differences in long-term performance. The RFCs only improved and did not negatively affect  

broiler live performance in both trials and mortality was not significantly affected overall by 

broiler dietary RFCs inclusion. 

One challenge of supplementing yeast derivatives to animal feeds was the possibility of 

stimulating innate immunity and consequently diminishing growth and feed efficiency. This 

was especially evident in broilers that were not exposed to a microbial challenge (Huff et al., 

2006). A comprehensive study investigating yeast cell walls, beta glucans, and 

mannoproteins in broiler diets found that live performance was not notably altered by 

including these in the feed, however a consistent response of greater villus height was 

observed among all yeast derivative treatments (Morales-López et al., 2009). The 

immunostimulation provided by additives of fungal origin was attributed to beta glucans, 

which were conserved carbohydrate structures among fungi that resulted in an immune 

response after recognition by metazoan carbohydrate receptors (Brown and Gordon, 2005). 

One result of this response was upregulation of heterophil functionality, namely 

phagocytosis, bactericidal killing, and oxidative burst, in chicks fed a purified beta glucan 

diet (Lowry et al., 2005). The immature chickens of this study were subsequently protected 

against Salmonella enterica serovar enteritidis later in life. Thus, it was possible that a 

synergistic protective mechanism against fimbriated enteropathogens was epigenetically 

transferred by feeding RFCs. Purified D-mannose sugars have been reported to bind directly 

to and sequester pathogens as discussed previously while residual beta glucans in the additive 

stimulated innate immunity for further control of invading pathogens. As evidenced by data 
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in Experiments II and IV, a 50 g/MT RFCs dosage did not diminish broiler live performance. 

Any immunostimulatory effects of the additive were likely offset by improvements in live 

performance due to a reduction in pathogen challenge. This phenomenon has been previously 

demonstrated to occur in turkeys, where RFCs ameliorated diminished live performance 

when supplemented to animals that had been exposed to transport stress and an E. coli 

challenge (Huff et al., 2013).   

The incidence of vertically transmitted Salmonella from breeder parents in Experiment I to 

their progeny needed to be investigated, since the ultimate aim of Salmonella spp. control in 

broiler parents has been to accomplish control in the broiler progeny. Therefore, Experiment 

II consisted of firstly investigating the incidence of Salmonella in the gastrointestinal tracts 

of hatched chicks followed by an investigation of cecal Salmonella among broiler progeny 

aged 34 d.  

Despite aseptically excising entire gastrointestinal tracts and enriching them similarly as the 

cecas from Experiment I, Salmonella were not isolated in day-old chicks in either control-fed 

or RFCs-fed progeny groups. However, a significantly greater incidence of “no growth” on 

selective media among the RFCs progeny intestinal samples suggested that these intestines 

had fewer overall Enterobacteriaceae. E. coli, Proteus, and Enterobacter were commonly 

isolated during the plate culture procedures employed and were represented among cultures 

of intestinal samples obtained in this trial. These Enterobacteriaceae were genetically similar 

to and resided in the same family as Salmonella (Sanderson, 1976). Likewise, most utilize 

the fimbriae to adhere to surfaces (Clegg and Gerlach, 1987) and were likely to form 

complexes with RFCs in a manner similar to Salmonella species. Indeed, carbohydrate 

binding sites of Enterobacterial fimbriae were shown to bind mannose sugars similarly but at 
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different rates dependent upon genus (Firon et al., 1984). It was possible that Salmonella spp. 

existed in low numbers within chick intestines and were inhibited by growth of more 

abundant Enterobacteriaceae (Van Schothorst and Renaud, 1983), which represented an 

inherent challenge in the culturing procedures employed. The results indicated, barring 

variance introduced by incubation in separate machines and culturing procedures, that the 

presence of fimbriated microbes in chick intestines were significantly reduced if the breeder 

parents had been fed RFCs diets.  

As these trials progressed, Salmonella sampling and enrichment methods were gradually 

modified to accommodate greater bacterial recovery rates, to reduce cross contamination, and 

to increase accuracy of the results. Some practices employed to reduce cross contamination 

were consistently abided by, such as sampling RFCs-fed populations first. This was based on 

the hypothesis that these samples would be less likely to harbor microbes that could 

potentially contaminate a negative sample and result in a false positive. Other improvements 

to the sampling methodology were implemented over time and according to the sample size. 

The plate culture protocol derived from the FDA’s Bacteriological Analytical Manual was 

useful for small sample sizes. Further, this method sometimes allowed for alternative 

conclusions when hypotheses regarding Salmonella status were rejected, as was the case with 

chick progeny intestinal cultures in Experiment II. This method was laborious when 

compared to the ELFA assay performed with the VIDAS instrument. Thus, ELFA 

technology was utilized in Experiments III and IV when sample sizes were increased. As 

mentioned previously, inferences regarding RFCs action against microbes other than 

Salmonella were unable to be made but were also not necessarily within the scope of those 

experiments.  
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The litter sampling method used in Experiments III and IV was the most notable innovation 

in methodology during the course of these studies. Previously reported litter sampling 

methods required drag sponges or placing a sterile sock on the boots of a person, who then 

walked on the litter to collect a pooled sample of organic material to be tested for Salmonella 

spp. prevalence (Buhr et al., 2007; Marin and Lainez, 2009; Mueller-Doblies et al., 2009). 

These methods were not conducive to sampling multiple floor pen litter surfaces because 

they were laborious, increased likelihood of cross contamination, and increased the time 

between sample collection and further enrichment. Also, pre-enrichment of socks with 

buffered peptone water was not reported in past studies, but rather they were only moistened 

with a saline solution (Buhr et al., 2007). This step in the current methodology facilitated 

maximum bacterial recovery through immediate enrichment and increased the affinity of the 

sock for organic matter on the litter surfaces. An ability to sample the entire litter surface 

without entering the pen also represented a novel litter sampling methodology that could be 

successfully employed in commercial and research facilities alike.  

Again, it was imperative to reduce the incidence of vertical transmission of Salmonella from 

parents to progeny when integrated control approaches were implemented. The absence of 

Salmonella spp. in the ceca of broiler progeny of RFCs fed breeders as compared to control 

breeders at 33 d of age in Experiment II suggested that this could be possible with RFCs 

(Table II-3). Thus, the incidence of Salmonella spp. in the litter of RFCs-fed breeder progeny 

was of interest in Experiment IV. There were no significant interactions between the parent 

and progeny RFCs treatments regarding litter Salmonella status. This was likely due to the 

confounding effect introduced by the fogger system in that breeder parent flock, as evidenced 

by RFCs-fed breeder pens exhibiting Salmonella presence shortly after broiler hatching eggs 
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for Experiment IV were collected (Table III-10). A reduction in vertical transmission of 

Salmonella spp. by feeding RFCs to parents would be difficult to observe unless a challenge 

study was employed, but this was beyond the scope of the current studies.  

Yet, the ability of RFCs to eliminate Salmonella in the gastrointestinal tracts of broilers when 

fed at 50 g/MT continuously was demonstrated in both Experiments II and IV. Although 

Salmonella were only isolated in a single broiler pen in Experiment II, this was a control-fed 

pen. The feeding of RFCs significantly reduced litter Salmonella incidence in RFCs-fed 

broilers in Experiment IV, as Salmonella were only isolated in the litter and cecas of broilers 

fed a control diet throughout the course of the experiment (Table IV-2). The litter Salmonella 

status was reflective of the broiler gastrointestinal tract status, as demonstrated by the follow-

up sampling of positive and negative pens. This was further confirmed by serotyping these 

isolates. Although not as common as other serovars, Salmonella serovar Senftenberg is 

known to pose a threat to poultry production. This serovar has demonstrated the capability to 

be transmitted vertically (Liljebjelke, et al., 2005) and resist desiccation in poultry production 

environments where it was able to persist despite cleaning and sanitation (Pedersen et al., 

2008). These results were in agreement with the results obtained in Experiment I, indicating 

that the mechanisms of RFCs preventing intestinal and subsequent environmental Salmonella 

contamination were evident in both broiler breeder and broiler live production. Thus, RFCs 

were an effective Salmonella control approach in two of the live production tiers found in 

broiler integrations.    
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SUMMARY AND CONCLUSIONS 

In conclusion, Experiment I demonstrated that Salmonella spp. naturally proliferated in the 

ceca of broiler breeder pullets and hens produced from NPIP grandparents throughout a 

complete production cycle but could be controlled by continuous inclusion of 50 g/MT of 

RFCs in the diet. Since control of Salmonella during production of feed can be costly and 

inefficient, it was important that it could be controlled in broiler parents so as to prevent 

vertical transmission to boiler progeny that ultimately could lead to contamination at the 

processing plant and in processed poultry products. Following the integrated control 

approach, RFCs were also able to eliminate Salmonella in the litter and gastrointestinal tracts 

of broilers after they had been naturally exposed to the microorganism in a manner similar to 

the control achieved in broiler breeders.   

As global poultry production has shifted away from antibiotic usage in feeds as a means to 

control opportunistic pathogens, it has become imperative that alternative products such as 

RFCs be investigated. It would be difficult to state that the RFCs treatment totally eliminated 

Salmonella spp. without exhaustive testing beyond the scope of this study. However, the 

collective data from Experiments I, II, and IV demonstrated the efficacy of the RFCs in 

achieving substantial control of Salmonella spp. in broiler breeders and their progeny in near 

commercial conditions during a complete production cycle. The inability to repeat these 

results in Manuscript III indicated that RFCs may not be able to completely eliminate 

Salmonella if proliferation in the environment exceeded a certain level. Thus, RFCs and 

similar feed additives should be employed concurrently with proper facility sanitation and 

management to effectively limit enteric microbe populations. Overall, dietary RFCs inclusion 

at 50 g/MT was able to effectively eliminate Salmonella spp. in the live poultry and their 
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environments without negatively affecting overall live performance, mortality, and egg 

production so long as appropriate supportive management practices were coincident. These 

studies confirmed that RFCs were an effective feed additive component of a systems control 

approach to reducing Salmonella spp. in a model broiler integration.  

 

 

 

 

 


