
ABSTRACT 

FLORES MALDONADO, KARLINTON RAFAEL. Effect of Feed Quality, Feed Additives 

and Litter Amendments in a Turkey Antibiotic Free Program on Performance and Health. 

(Under the direction of Dr. Jesse L. Grimes). 

 

The objective of this research was to determine the effect of feed form, feed function, and litter 

additive on turkey performance. Two trials in battery cages and one grow-out experiment were 

conducted using feed form, feed function, soybean meal (SBM) sources, enzymes, and litter 

amendments to increase performance without the use of antibiotics as growth promotors (AGP) 

during rearing.  In the first trial, there were 4 dietary treatments fed until 14 days of age, after 

which all birds were fed a control diet until 21 days. Three of the treatment feeds were 

crumbled while the fourth was a mini-pellet. Performance parameters and duodenum, Jejunum, 

ileum and ceca morphology were measured and analyzed. Birds fed the mini-pellet feed had a 

lower feed intakes (FI), higher body weights (BW), and similar feed conversion ratio (FCR) at 

21 days than birds fed the crumbled feeds with antibiotics. No consistent differences were 

observed for duodenum, Jejunum, ileum and ceca morphology.  It was concluded that feed 

form could benefit poult performance until 21 days. On the second experiment, poults were 

fed pellet feeds with two two levels of fines screening, two SBM sources, and the presence or 

absence of an enzyme until 20 days. The experiment was a completely randomized block 

design with a 2 x 2 x 2 factorial arrangement. Performance, duodenum, Jejunum, ileum and 

ceca morphology, and apparent metabolizable energy corrected for nitrogen (AMEn) were 

measured and statistically analyzed. The main effect of feed screened for higher pellet content 

resulted in higher bird FI and BW. There was a synergistic interaction of screening the feed 

and presence of the enzyme, resulting in an improved FCR and similar AMEn at 21 days. The 

main effects of SBM source with higher crude protein (CP) of the SBM resulted in a lower 



bird FI, similar BW and thus lower FCR. Enzyme supplementation benefited the low CP SBM 

source most, thus improving the FCR when both factors were present. Crypt depth and villus 

height:crypt depth ratio in the jejunum were affected by the feed using a high CP SBM source. 

It was concluded that increased pellet content of feed is associated with reduced feed wastage, 

while enzyme synergistically interacted with screening and SBM sources to improving poults’ 

FCR and AMEn. 

In the market bird trial conducted through to 20 wk, feed quality of all phases of a 

commercial tom feeding program and the presence of a litter amendment (biochar) was 

examined. Two levels of the screening process and 4 levels of biochar in the litter were tested. 

The experiment was a completely randomized block design with a 2 x 4 factorial arrangement. 

Birds fed screened feeds had a similar BW with improved FCR at 20 weeks of age. The 

increase of pellets in the feed facilitated the birds’ FI and improved FCR. Litter with biochar 

as an amendment increased the birds’ FI, BW, and coliform forming units at 20 weeks of age. 

Biochar level in the litter did not affect ammonia production or moisture from the litter. It was 

concluded that a higher pellet quality increases the performance.   
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LITERATURE REVIEW  

History of antibiotic usage in poultry. Antibiotics have been used for decades in food 

animals in the United States and other countries (Dibner and Richards, 2005). Most of them 

are used to treat clinical disease, prevent, and control disease and as antibiotic growth 

promotors (AGP) (McEwan and Fedorka-cray, 2002). In their review of AGP, Jones and Ricke 

(2003) and Dibner and Richards (2005) cited Moore et al. (1946) and Jukes et al. (1950) as the 

first reports on the beneficial effect of AGP in poultry and swine production. Patrick (1951) 

concluded that dietary supplementation of antibiotics could result in growth stimulation in 

turkeys, but the degree of the stimulation could not be predicted.  At the same time 

observational studies as well as randomized trials have shown an association between 

antibiotic use in food animals and the prevalence of antibiotic-resistant bacteria (Landers et al., 

2012). Starr and Reynolds (1951) wrote one of the first reports on AGP resistance when the 

authors formulated with streptomycin in turkey experimental feeds. When tetracycline was fed 

to broilers, AGP antibiotic resistance was reported (Barnes,1958; Elliot and Barnes, 1959). 

Although there were concerns about antibiotic resistance (Elam et al., 1951a, b), residual levels 

of drugs and fungal overgrowth in animals were a higher concern (Ainsworth and Austwick, 

1953). The FDA approved the use of antibiotics in animal feeds with no prescription in 1951 

and by 2002, 32 antimicrobial compounds were approved for use in the U.S. broiler industry 

(Jones and Ricke, 2003). Fifteen-compounds were listed for treatment of coccidiosis, 11 listed 

as AGP’s, and 6 for other proposes (Jones and Ricke, 2003). Surveys from reliable sources 

showed similar levels of antibiotics are used in agricultural and human health arenas, which 

has resulted in calls to limit or eliminate the use of human health-important antibiotics in 
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animal feeds (Hume, 2011). The European Union and South Korean AGP ban, and the 

Veterinary Feed Directive (VFD) final ruling in the USA are examples of regulatory 

movements towards restrictions of AGP and human medical antibiotics in animal feed.  

European and South Korea ban on AGP’s. One of the early adopters to ban AGP was 

Sweden, when in 1986 the country banned all AGP (Cogliani et al., 2011). The United 

Kingdom and other European nations followed Sweden. In 2006 the European Union banned 

all AGP’s and in 2008 it set a surveillance program for the ruling. The major goal of the ruling, 

or the goal of the European Union, was to reduce antibiotic resistance traits based on research 

or information. The broiler industry in Denmark had no change in productivity (kg of broiler 

meat/m2  of grow-out), but they observed an increase in the feed necessary to achieve that level 

of productivity (Emborg et al., 2002). Shortly after the Swedish AGP ban in 1986, morbidity 

and mortality rates among farm animals were observed to increase. Swedish officials 

developed guidelines on feed, medication management and hygiene to keep animals healthy 

and prevent infection. This program was  key in the successful change of a conventional feed 

program to a program with no AGP’s, but still used antibiotics when flocks were sick. More 

recently, the European Commission released a 12-point action plan to reduce the 25,000 patient 

deaths caused by drug resistance bacteria, which adds 1.5 billion euros to healthcare costs 

(Ziggers, 2011). South Korea completely banned AGP in animal feed by July 2011 (MIFAFF, 

2010). The poultry industry in South Korea faced a great challenge to maintain performance 

of birds due to the increase of feed cost and the use restriction of AGP in feeds (Salim et al., 

2013).  
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United States ban on AGP and antibiotic free programs. The United States had little 

regulatory activity regarding AGP’s (Dibner and Richards, 2005).  Consumer pressure is one 

of the main sources of pressure for supermarkets, whole food, and restaurant chains to require 

no AGP, antibiotic-free programs (ABF), and no antibiotics ever (NAE) programs in animal 

feed (Olenjnik, 2016; Atlanta magazine, 2017). The consumer demand for antibiotic-free 

products is growing (Gould, 2012). In addition, the industry of animal protein is listening to 

demands of ABF from consumers (Rubin, 2014; Olenjnik, 2016). Claims of chicken meat 

grown without AGP from food chains were reported by Dibner and Richards (2005), 

McDonald’s corporation in 2003 and KFC in 2002. McDonald’s corporation decided to 

eliminate antibiotics used in human medicine from its United States chicken supply in a time 

lapse of 2 years (Huffstutter and Baertlein, 2015). KFC will purchase only chicken raised 

without antibiotics that are important for human medicine by the end of 2018 (Mohan, 2017). 

Those are not the only restaurants who pledged to stop buying animal protein sources without 

certain antibiotics; more than half of the largest fast food and casual restaurant chains in the 

United States will either limit or stop serving food products from an animal fed or treated with 

antibiotics (Calderone, 2017).  

Institutions that serve food are also shifting to antibiotic-free poultry. New York, Los 

Angeles, Chicago, Miami-Dade County, and Orlando County plan to switch to antibiotic-free 

suppliers (Polansek, 2014). All of the previous decisions were voluntarily made as a reaction 

to consumer pressure, but the VFD ruling will limit the use of human important antibiotics 

from a regulatory action. The Congress enacted the Animal Drug Availability Act in 1996, 

which set the initiative towards the creation of VFD drugs (FDA, 2015). The final rule for VFD 
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drugs was completed in June 2015 (FDA, 2015). It outlines the process to authorize drugs and 

medically important antibiotics intended for the use in animal feed, requiring the supervision 

of a licensed veterinary (FDA, 2018a). A VFD drug must be an issue on the veterinary-client-

patient relationship (VCPR), has an expiration date, and it must be specific to a group of 

animals (FDA, 2018a; FDA, 2015).  As of January 1, 2017, medical important over-the-counter 

drugs, will have a VFD status (FDA, 2018b), and they can no longer be claimed or used as an 

AGP. Alternatives for antibiotics have been one of the main focus areas of study to recent 

research in poultry, prebiotics and probiotics in broilers, litter quality, feed form, feed quality, 

organic acids in turkeys as some recent examples (Mildbradt et al., 2014; K. Flores, 

unpublished data)  

Antibiotic alternatives in turkey production. Consumer pressure is reaching the turkey 

industry. Nearly all of broiler and turkey meat used by Panera Bread and Chipotle are raised 

without any antibiotic, and Subway will do the same by 2019 (Calderone, 2017). Final 

consumer turkey meat suppliers are similarly trying to satisfy the consumer no AGP, ABF, and 

NAE requirements. Butterball has reduced the number of antibiotics used and follows the VFD 

ruling from the FDA (Butterball, 2018). Perdue farms claim NAE for their products with the 

help of antibiotics alternatives, such as oregano and thyme supplements (Perdue, 2018). 

Research in AGP has grown, where multiple reviews and paper on the matter have been found 

with similar topics.(Bach Knudsen, 2001; Joerger, 2003; Guo et al., 2004; Berghman et al., 

2005; Jones and Ricke, 2005; Huff et al, 2007; Yang and Choct, 2009; Hume, 2011; Lillehoj 

and Lee, 2012; Thacker, 2013, Salim et al., 2013; Mildbradt et al., 2014; Gadde et al., 2017; 

Flores, unpublished data).  
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Feed additives have been the focus in the search of alternatives to antibiotics. Work 

with antibodies and immune modulation has been presented as AGP alternatives (Berghman 

et al., 2005; Lillehoj and Lee, 2012), indicating other possible routes in the search of AGP 

alternatives. The use of or a combination of feed additives, ingredient quality, feed quality, 

feed form, and litter quality could be used to recover performance loss due to limited AGP use. 

Research with the alternative factors on turkey poults during starter phase, and from placement 

to 20 weeks of age in commercial toms, has been done (K. Flores, unpublished data). 

Feed additives as alternatives to antibiotics in poultry. Dibner and Richards (2005) 

reviewed a steadily increase in the use of the ionophore salynomycin, as an attempt by 

producers to reduce necrotic enteritis, since the ban of AGP in Denmark. This example 

demonstrates the ambitious search for alternatives to AGP. Reviews on antibiotic alternatives 

have been done by numerous authors (Back Knudsen, 2001; Patterson and Burkholder, 2003; 

Jones and Ricke, 2005; Hume, 2011; Yang and Choct, 2009; Thacker, 2013; Yadav et al., 

2016; and Gadde et al., 2017). Yadav et al. (2016) and Gadde et al (2017) discussed alternatives 

to drugs used as antibiotics. Yang and Choct (2009) proposed six kinds of alternatives to in 

feed-antibiotics, including fiber-degrading enzymes, prebiotics, probiotics, mannan 

oligosaccharides, symbiotics, and phytobiotics. Although this list includes the most researched 

alternatives, there are more alternatives to antibiotics that have been discussed by other authors.  

Bacteriophages, bacteriocins (Joerger, 2003; Hume, 2011; Gadde et al., 2017), vitamins and 

minerals, organic acids, antimicrobial peptides (Ydav et al. 2016; Gadde et al., 2017), 

antibodies (Berghman et al., 2005; Gadde et al., 2017), clays, and metals (Gadde et al. 2017) 
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are also reviewed as antibiotics alternatives, but only prebiotics, probiotics, phytogenic and 

enzymes alternatives will be discussed in the current literature review.  

Prebiotics and probiotics use as antibiotics alternatives. Living digestive microbial 

stimulants (probiotics), and nonliving digestive microbial stimulants (prebiotics) have been 

researched in poultry extensively (Hume, 2011). Enterococcus Faecium forms lactate that can 

stimulate the metabolic activity of lactobacilli of turkey poults during the first weeks of age, 

however this direct-fed microbial (DFM) did not influence performance (Vanjen et al, 2002). 

Improved performance and reduced Salmonella presence were reported by feeding DFM 

(Primalac) in poults during the first 3 weeks of age (Grimes et al. 2008). A reduction of 

colonization of the ceca by Clostridium perfringes due to DFM (Primalac) was reported by 

Rahimi et al. (2011), but no influence on performance data was observed.  Combinations of 

prebiotics and probiotics have been also studied. Mannan oligosaccharide (MOS), β-glucan, 

and Bacillus subtilis with negative and positive controls (Bacitracin, nicarbazin, and narazin 

combination treatment) were used in combination or by it themselves in a broiler grow-out 

experiment (Wang et at., 2016). MOS and β-glucans enhanced lactobacillus colonization 

without affecting grow-out and Bacillus subtilis facilitated the growth in the late periods of the 

grow-out (Wang et at., 2016).  This inconsistency of probiotics and prebiotics on performance 

is not rare. Jiraphocakul et al. (1990) found different results in similar experiments, with 

Bacillus subtilis and antibiotics on turkeys body weight and feed efficiency responses. 

Differences in body weight and feed conversion of poults challenged with cold stress and 

Escherichia coli when fed yeast extract was achieved in the first experiment but not in the 

second similar experiment (Huff et al., 2007). In broilers, Salim et al. (2013) concluded that 
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Lactobacillus reuteri could be used as an antibiotic alternative, but a generalization of the 

effects of probiotics and prebiotics is difficult due to interactions of a specific host and a 

specific probiotic and prebiotic (Ajuwon, 2016).  There is a need to be able to identify the 

conditions under which the prebiotics and probiotics show efficacy and determine the 

mechanism of action (Patterson and Burkholder, 2003). The need of biomarkers specific to the 

probiotics and prebiotics and their unique interaction was also called for by Ajuwon (2016). 

Phytogenics as antibiotics alternatives. The antibacterial effects of phytogenics have 

been established by Dorman and Deans (2000) in vitro and a small number of animal trials. 

Ginger, pepper, coriander, bay, oregano, rosemary, sage, thyme, cloves, mustard, cinnamon, 

garlic, lemon, citrus peels, and tobacco are some of the plant-derived ingredients with 

antibacterial properties that Hume (2011) included in his review about antibiotic alternatives. 

Essential oils (EOS) definition, mode of action, use, metabolism, and toxicity were explained 

by Brenes and Roura (2010) in their review. The mode of action of EOS in poultry nutrition 

are the quorum sensing, digestive conditioning, antioxidant, antimicrobial activity, and 

modulation of gut microbiota. It is important to know that other than the host metabolism, it 

seems unlikely that intestinal microbiota could metabolize EOS. Once metabolized by the host, 

EOS compounds could be either eliminated through the kidneys as glucuronides or exhaled as 

carbon dioxide. A clear trend in the use of EOS can be observed. Lower feed conversion was 

reported in early maturing female turkeys (Bampidis et al. 2005). A blend of oregano, anise, 

and citrus essential oils at was reported to have a comparable feed conversion ratio (gain: feed) 

to the use avilamycin used as an AGP in broilers (Mountzouris et al. 2011). A reduction of 

Clostridium spp. counts in the small intestine was reported by Kirkpinar et al. (2011) due to 
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the inclusion of oregano oil, garlic oil, or a combination of both. In a broiler grow-out 

experiment by Hong et al. (2012), an essential oil mixture (oregano, anise, and citrus peel 

powder) resulted in improved feed conversion ratio (gain: feed) compared to the control and 

similar to antibiotic treatments, but it also resulted in an intermediate body gain weight, which 

was not different from the control or the antibiotic treatments. These experiments follow a 

similar trend as presented in the summary of publications about the effect of EOS by Windisch 

(2008), as summarized by Brenes and Roura (2010). Most of the research showed that EOS 

treatments resulted in a lower feed intake with similar body weights, resulting in improved 

feed conversion ratios. However, Breene and Roura also summarized works done by Botsglou 

et al. (2002), Lee et al. (2003), Hernández et al. (2004), Shanmugavelu et al. (2004), and Jang 

et al. (2007), where there was no influence of dietary EOS supplementation on bird 

performance. Phytoncide (extracted from Korean pine) was used by Zhao et al. (2015) with no 

difference in performance when compared to tylosin as AGP. The variability on performance 

results due to dietary EOS supplementation was similar to the variability in performance from 

dietary supplementation of prebiotics and probiotics. The harvesting time and state of maturity 

of plants, extraction methods of plants, method and duration of conservation and storing and 

possible synergistic or antagonistic effects of bioactive compounds could influence the 

chemical composition of plant EOS and could cause the variability in animal experiments 

(Cosentino et al., 1999; Marino et al., 1999; Juliano et al., 2000; Faleiro et al., 2002; Breene 

and Roura, 2010).  

Use of enzymes as antibiotic alternatives in poultry production. “Enzymes are 

functional proteins that catalyze or accelerate the rate of a specific chemical reaction that is 
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substrate dependent in a random or specific manner” (Ferket, 1993). Thacker (2013) provides 

a specific nutrition definition and describes enzymes as biologically active proteins that break 

specific chemical bonds to release nutrients for further digestion and absorption. Enzymes sold 

commercially and use in the industry are produced by bacteria or yeast (Ferket, 1993; Thacker, 

2013). Enzymes are available as in most cases as a mix of enzymes (Ferket, 1993). The main 

reason for the use of enzyme technology is to improve the nutritive value of feed (Munir and 

Maqsood, 2012). However, enzymes can modulate the gut microflora (Choct, 2009). The 

induced microbiota changes are mostly indirect (Gadde et al., 2017). These changes were 

classified as ileum phase and ceca phase. The higher digestibility of the nutrients reduces the 

amount of undigested substrate at the ileum. The production of poorly digestible sugars, 

oligosaccharides, have the potential to serve as prebiotics that promotes beneficial bacteria in 

the ceca (Bedford, 2000; Bedford, 2001; Bedford and Cowieson, 2012). Yang and Choct 

(2009) proposed another phase that affected the microflora in the proximal small intestine and 

the bacteria associated with the gut wall in their review of the work in xylanase by Vanhen et 

al. (1998), Danicke et al. (1999), and Huebner et al. (2002). Xylanase reduces the viscosity of 

diets with non-starch polysaccharides (NSP), which alters the bacterial profiles and gut 

physiology (Yang and Choct, 2009). Vranjes and Wenk (2007) found that a mix of enzymes 

affected the microbiota of broilers and acts to some extent as antibiotics. Yang and Choct 

(2009) and Gadde et al. (2017) summarized the possible mechanisms of in-feed enzymes. The 

first mechanism is the digestibility of nutrients not degradable by the host enzymes. The second 

is the elimination of the cell wall as a nutrient-encapsulating factor, releasing nutrients that can 

not be released by pelleting and grinding the cereals. The third is the inactivation of 
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antinutritional factors such as soluble NSP and phytic acids. Increasing the solubility of non-

soluble NSP that could increase ceca fermentation is the fourth mechanism. The last proposed 

mechanism is the provision of endogenous enzymes to the animals. Especially when the birds 

are young and are not capable to synthesize the number of enzymes required for a high efficient 

digestion. Using enzymes reduces the incidence of sticky excreta by reducing the viscosity of 

high NSP grains and improving litter condition (Morrow, 2001).  Moran and McGinnis (1966) 

reported a decrease in wet litter when enzymes where used in barley diets with high levels of 

NSP.  

Considerable research has been conducted on enzymes as antibiotics alternatives. 

Virginiamycin, an AGP was compared to a mix of protease and xylanase in corn and soybean 

meal or wheat and soybean meal diets and resulted in no difference on body weight or feed 

intake (Miles et al., 1996). The addition of antibiotics (zinc bacitracin), prebiotics (Aspergillus 

spp meal) or enzymes mixture, did not affected performance in broiler grow-out (Kirkpinar 

and Açiköz, 2004).  Sarica et al. (2005) observed no significant difference between thyme, 

garlic, with or without enzymes when compared to flavomycin as an AGP on broiler 

performance. Exceptionally high uniformity was observed when β-mannanase and no 

antibiotics or coccidiostats were fed to broilers (Jackson et al., 2004). The cited studies are just 

a small portion of the research done with enzymes as antibiotics alternatives.  

There are several key aspects to consider when adding enzymes as feed additives in 

animal diets. Enzymes are substrate dependent (Ferket, 1993), therefore ingredient quality is 

important for enzyme efficiency. It is important to know that quantity and quality of fat 

microbial status, bird age, and antimicrobial agents can modify the effects of enzymes 
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(Bedford, 2001). It is also important to have in consideration particle size, thermal processing, 

and mechanical processing when enzymes are used in feed (Vries et al., 2012).  

Ingredient quality role in poultry ABF productions.  An increasing market for no 

AGP, ABF and NAE produced poultry (Gould, 2012, Rubin, 2014; Olenjnik, 2016) is making 

the industry listen to the demands of consumers (Rubin, 2014; Olenjnik, 2016). The turkey 

industry has focused towards decreasing the use of nontherapeutic antibiotics (Butterball, 

2018; Perdue, 2018). New management procedures, products, feed formulation, and feed form 

are being developed to maintain the yield that operations achieved with antibiotics as growth 

promoters (Bach Knudsen, 2001; Joerger, 2003; Guo et al., 2004; Berghman et al., 2005; Jones 

and Ricke, 2005; Huff et al, 2007; Yang and Choct, 2009; Hume, 2011; Lillehoj and Lee, 2012; 

Thacker, 2013, Salim et al., 2013; Mildbradt et al., 2014; Gadde et al., 2017; Flores, 

unpublished data) in order to keep performance efficiency. The lack of the ability to use 

antibiotics as growth promoters affects digestibility, by reducing the negative effect of the 

fermentative organism in the animal gut (Montagne et al., 2003). Fermentative organisms 

proliferate in the small intestine due to the increased digesta retention time when NSP are 

present in the feed (Choct et al., 1996; Choct, 1997). Between 10% and 30% of cereals grains 

are NSP (Choct, 2015). Corn and soybean meal (SBM) based diets have high amounts of NSP, 

which are classified as anti-nutritional and are detrimental for performance parameters (Choct, 

1997; Montagne et al., 2003). SBM has a high concentration of protein but also contains a 

significant amount (35%) of carbohydrates (Choct et al., 2010). Less than 1% of soybean meal 

carbohydrates are considered starch; the rest are considered free sugars and NSP (Choct et al., 

2010). Geographic origin (Parsons et al., 1991, 2000; de Coca-Sinova, 2008, 2010; Baker et 
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al., 2011; Serrano et al., 2012, 2013) and processing (Purushatem et al. 2007; González-Vega 

et al., 2011) influence the nutritional composition of SBM. Serrano et al. (2012) found 

overheated SBM in a SBM source he used in an experiment. This overheated source of SBM 

negatively affected bird average daily weight gain when compared to other sources. These 

quality issue can change the nutritional profile of the SBM (Marsman et al., 1997; Dozier and 

Hess, 2011). No differences in performances were found when matrix values to the difference 

in SBM quality were input (Serrano et al., 2013). This is an example of ingredient quality 

assurance. Feed particle size and particle distribution are also quality aspects to discuss along 

with ingredient quality. Amerah et al. (2007a) reviewed that particle size of the ingredients 

affects pellet quality, digesta passage rate, nutrient utilization, digesta particle size, digestive 

tract development, and performance. Both particle size and uniformity (distribution) of particle 

size are equally relevant to bird performance. Modifications in particles size can be created 

with the same hammer mill screens and particle size will depend on the type of grain and the 

hardness of the grain (Amerah et al., 2008). It is understood that particle size is more important 

in mash diets than in pelleted feeds (Amerah et al., 2007a), even after pellets are dissolved as 

soon as they reach the crop (Nir and Hillel, 1995).  Large particle size will change the 

physiology of the digestive tract by enlarging the gizzard (Xu et al., 2015). A well-developed 

gizzard improves gut motility by stimulating reverse peristalsis (Ferket, 2000). Particle size 

could interact with other aspects of ingredient quality. Increased corn particle size increased 

phosphorus availability in turkeys (Charbeneau and Roberson, 2004). Pacheco et al. (2014) 

concluded that solvent-extracted SBM performance, could be replaced by coarse mechanically 

processed SBM. It is well known that the feed is only as good as the quality of the ingredients.  
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Feed form and feed quality role in poultry ABF productions. Feed form can be a 

major restraining factor for performance (Quetin et al., 2004). Birds select feed particles that 

match their beak size (Moran, 1982). Preferred particle size increases while the beak grows 

(Portella et al. 1988). A sudden change of feed form can be critical, special after birds are 

moved from crumbles feeds to pelleted feeds. Lecuelle et al. (2010) reported how critical the 

change-over of feed shape and size of the feed particle is on turkey intake behaviors. The 

change of feed form caused the bird to spend less time at the feeder, had more exploratory 

pecking (close beak pecking), created more feed scattering, and delayed feed swallowing. This 

behavior change to shape and particles size was described as a neophilia. All birds have 

mechanoreceptors in their beaks (Moran, 1982), that can override the chemical senses (Nir and 

Hillel, 1995). It has been reported that turkey beak conditioning could disturb the 

mechanoreceptors (Favero et al. 2009). Beak conditioning is the trimming of the turkeys’ upper 

beak to decrease injuries when birds peak to each other. Beak conditioning is important to 

decrease mortalities due to injuries, culling birds for animal welfare, or reducing waste when 

whole turkeys are processed. The greatest impact on intake behavior in turkeys occurs at the 

end of the brooding period (Lecuelle et al. 2010) when pelleted feed is usually first supplied.  

The reduction of feed intake after a change of feed form can be affected by genetic selection. 

Quetin et al. (2004) reported that fast-growing broilers were more sensitive to a change in feed 

form to, and the effect remained for a longer period of time than a slower growing broiler. All 

these behavior result in a change from the feed form and the amount of fines found in the feed. 

It is well known that pellets have a positive impact on poultry performance (Lanson and Smith, 

1954; Calet, 1965; Nir et al., 1995; Amerah et al., 2007a, 2007b; Zang et al., 2009; Dozier et 
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al., 2010; Selle et al., 2012; Serrano et al., 2012, 2013). The improvement of using pellets is 

attributed to the increase on starch digestibility from the chemical changes during pelleting, 

changes in feed form, reduced feed wastage, increased feed intake, and less spent energy eating 

(Calet, 1965; Jensen, 1962; Jensen, 2000; Behnke, 2001). Life performance is greater when 

high-quality pellets, compared to a low quality and mash feed, are fed to broilers (Dozier et 

al., 2010). Proudfoot and Hulan (1982) concluded that higher levels of fines can have a 

detrimental effect on feed conversion and body weights. In their experiment, the authors had 

11 cents of profit for every 1 cent on inversion by feeding high-quality pellets, for the feed 

conversion improvement, though they concluded that monetary returns will depend on the mill 

costs. Feed quality can be defined, in part, as the number or percentage of fines in a pelleted 

or crumbled feed when it is served to the animal. A durable pellet could be prone to less amount 

of fines. Pellet durability is the ability to withstand mechanical handling and reach the feeder 

without creating a high quantity of fines (Amerah et al., 2007a). Pellet durability index (PDI) 

and pellet hardness are the two physical parameters that measure or determine pellet quality 

(Amerah et al., 2007a). Ingredient particle size could have an impact on PDI and pellet quality, 

but there is no scientific evidence of it (Amerah et al. 2007a). Wasnley and Mortz (2013) using 

turkeys and Abollahi et al. (2012) using broilers, discussed the benefits of increasing pellet 

quality, reducing cost by increasing the particle size of the ingredients (energy efficient) and 

adding pellet binders to the feed. 

Litter quality, ammonia and particulate matter.  The objective of using bedding 

materials or litter is to absorb moisture from fecal waste from birds, keep the grow-out 

environment reasonably dry and suitable for birds (Kheravii et al., 2017).   Monira et al. (2003) 
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demarcated litter as the medium where proper watering, feeding, and other management 

practices for birds occurs.  The efficiency of poultry bedding materials relies on its capacity to 

absorb water, reduce content, alleviate caking, and have an appropriate particle size (Brake et 

al., 1992). Current poultry rearing systems use the same bedding material or litter from 

placement to market age (Kheravii et al., 2017). If litter is not treated or handled correctly, it 

could lead to ammonia and dust problems. Ammonia is highly irritating colorless and water-

soluble gas produced in the litter by microbial decomposition of nitrogen excreted by the birds 

in the form of feces and uric acid (Al-Homidan et al., 2003; Carey et al., 2004; Ritz et al., 2004; 

Wood and Heyst, 2016). Compounds such as uric acid, undigested protein, and urea are 

potential sources to produce ammonia (Wood and Heyst, 2016). Approximately 50% of the 

nitrogen excreted by poultry is in the form of uric acid (Ritz et al., 2004). Ritz et al. (2004) 

explains the decomposition process of nitrogen to ammonia and the levels that humans can 

tolerate. Ammonia production requires uric acid, water, and oxygen to react, giving ammonia 

and carbon dioxide. Uricase and urease are the enzymes needed to for the decomposition. The 

national institute of Occupational Safety and Health limits the exposure of humans to ammonia 

to 25 ppm for 8 to 10 hours. The level considered to be dangerous to life and health is set to 

300 ppm.  In their review of ammonia and dust effect in broilers Al-Homidan et al. (2003) 

stated that ammonia may be averse to poultry in a threshold between 0 ppm and 25 ppm. Bird 

performance and health can be affected by both respiratory disease challenge and physical 

damage due to increased ammonia concentration (Ritz et al., 2004). It seems that ammonia 

affects body weight and feed efficiency more than feed intake and mortality. The type of 

bedding material has a significant effect on the emission of particular matter and ammonia 
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(Wood and Heyst, 2016). The most important factors for litter, when used as bedding material, 

to produce ammonia are the air temperature, ventilation rate, environment humidity, age of the 

litter, litter pH, litter moisture content, litter type, stocking density, and bird age (Elliot and 

Collins, 1982; Yoder and Van Wicklen, 1988; Al-Homidan et al., 1997, 1998; Al-Homidan, 

2001). A rise in temperature of 1-2˚C will rise largely the ammonia levels in an intensive 

poultry production house (Elliot and Collins, 1982). High temperatures in poultry houses do 

not only increase the ammonia production by microorganisms, but also increases the 

volatilization and transfer of ammonia from the litter to the air (Elliot and Collins, 1982). Some 

producers will decrease the rate of ventilation in poultry houses during winter as an opportunity 

to reduce energy cost in winter, accumulating ammonia to levels that could reach toxicity for 

humans and poultry (Al-Homidan et al., 2003). Ventilation rates influence ammonia 

concentrations by dilution, extraction, reduction of temperature, and reduction of humidity in 

the poultry house (Demmers et al., 1999). The pH of the litter is another factor in ammonia 

production. Litter with pH ≤ 7 will release very little ammonia, but it will be rapidly released 

when litter has a pH ≥ 8 (Reece et al., 1979). The ammonia concentrations above the litter will 

be increased when pH of the litter increases at a constant ventilation rate (Carr et al., 1990). 

Moisture in the litter is one of the primary factors in the production of ammonia. Higher litter 

moisture concentrations favor the production and release of ammonia (Al-Homidan et al., 

2003). Controlling the litter moisture will control ammonia production and pathogenic 

microorganisms can be minimized (Wood and Heyst, 2016). Wet litter is a main factor of foot-

pad dermatitis, surprisingly it occurs more when a thick layer of litter is present (Bessei, 2006). 

Moisture in the litter with ammonia have been found to produce breast blisters and skin lesions 
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(Harms et al., 1977; Proudfoot et al., 1979; Valentin and Willsch, 1987; Grashorn, 1991; 

Weaver and Meijerhof, 1991). The type of watering systems used in poultry houses has a 

significant effect on the amount of ammonia produced by the litter (Ekstrand et al., 1997; Carey 

et al., 2004). Dry and dusty litter also is detrimental to performance and the health of birds (Al-

Homidan et al., 2003) and can pose a risk for human health (Wood and Heyst, 2016). The Main 

source of dust is the bedding, but dust can also be produced by feed dust, bird skin squames, 

and feathers (Al-Homidan et al., 2003). Particulate matter becomes airborne through 

mechanical agitation of the litter, animal activity, ventilation, and use of machinery (Wood and 

Heyst, 2016).  

Litter disposal and land applications. Poultry litter odors and ammonia emissions, 

flock and house management, and disposal mechanism have been reviewed (Carey et al., 2004; 

Lacey et al., 2004; Mukhtar et al., 2004; Ullman et al., 2004).  But most complaints from 

individuals are created when animal manure is spread, as land applications, directly from the 

barn (Mukhtar et al., 2004).  The authors explain that proper litter processing can reduce odor 

releases. Animal waste could be stabilized when proper composting is done, reducing volume, 

pathogen destruction, and producing an enhanced agronomic product. Composting in some 

locations could provide supplementary income. Kelleher et al. (2002) proposed the use of 

centralized anaerobic digestion, composting and direct combustion with heat and power, as 

methods to process poultry litter. The limiting factors for this process have been the transport 

cost. A solution to consider is pyrolysis. Pyrolysis can reduce the mass of manure by 60% and 

reduce the cost of transportation (Kim et al 2009). The result of pyrolysis is biochar, which 

could be used in poultry as a feed additive and in land applications. Research of poultry litter 
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biochar has been done as a source of phosphorus in broilers and layers feeds. It could be 

detrimental to performance if high levels of arsenic are present (Evans et al., 2015). When 

arsenic levels are controlled and fed with phytase, biochar can be an alternative to rock 

phosphorus sources (Evans et al., 2016). Prasai et al. (2016) found that poultry litter biochar 

did not result in performance changes in layers, and it reduced loads of Campylobacter. 

Pyrolysis similarly offers a way to convert litter into a carbon-rich soil amendment (Revell et 

al., 2012a). Poultry biochar increased pH, soil nutrients, water holding capacity and decreased 

bulk density in a greenhouse experiment (Revell et al., 2012b). Hass et al. (2012) used different 

types of biochar as a pH and organic matter amendment on the acid soils of the Appalachian 

Mountains. It increased the pH, organic matter, and nutrients in the soil, with phosphorus being 

the uppermost nutritional addition to the soil and nitrogen the minor.  Benefits of the use of 

biochar have been studied for corn, wheat, peppers, and forages (Revell et al., 2012a; Abbasi 

and Anwar, 2015; Brantley et al., 2016; Mierzwa-Herztek et al. 2016). These authors found 

positive effects on corn and wheat, by increasing nitrogen intake, no effect on green peppers 

or grass, and a detrimental effect on forages quality. A decrease of the forage maturity time 

reduced forage quality due to an increase in phosphorus in the soil. The authors resolved the 

issue by suggesting a mixture of poultry and plant biochar to reduce phosphorous 

concentrations and pH of poultry biochar (Revelle et al., 2012a). Different biochar has variable 

properties (Verheijen et al., 2010), depending on the source of organic matter and temperature 

used in the pyrolysis process. Gaskin et al. (2008) found that poultry biochar has a higher 

content of nutrients than peanut hull and pine chip biochar. Lower content of carbon and higher 

content of minerals were found in poultry biochar when compared to plant biochar (Ro et al., 



 

 

19 

2010). Poultry litter also contains biological hazards. Hartel and Segars (2000) analyzed fresh 

and stacked litter for fecal coliforms units, as an indicator of litter intestinal pathogens. Fecal 

coliforms units decreased in the composted litter. Poultry microorganism composition depends 

on the poultry rearing system. Clostridium perfringes is more common in backyard operations, 

total fecal coliform units are higher in broiler operations (Omeira et al., 2006). The authors 

found low amounts of Salmonella in the litter, due to the competition with other bacterial flora 

in the litter (Barbour et al., 1999). Intensive managed layers litter has a higher fertilizer value, 

lower loads of bacterial pollution indicator (fecal coliform unit), and lower cadmium content 

(Hartel and Segars, 2000).   

Biochar as a litter amendment. Litter ammonia production can be managed by 

reducing litter moisture (type of drinker and waterer management), reducing the pH (≤ to 7), 

and nutrition by reducing the amount of crude protein (increased dietary amino acids) fed to 

the bird, unless it affects performance (Carey et al., 2004). Amendments applied to the litter 

can help with ammonia management. Ullman et al. (2004) classified amendments into 4 

categories by their modes of action. Amendments could be the use bacteria that promote 

orderly decomposition, the use of oxidizing and inhibiting substances to reduce decomposition, 

the use of enzymes or other biochemical moderation material, and the use of absorptive agents 

to retain volatile materials.  In this literature review, we will focus on biochar as an adsorptive 

agent. Biochar is the product of the pyrolysis process of organic matter. Pyrolysis is a 

thermochemical decomposition of organic material in the absence of oxygen (Hass et al., 

2012). Biochar has been studied to reduce ammonia when composting poultry litter. Biochar 

could be used in the reduction of ammonia during composting by reducing moisture, and by 
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its low water content (Janczak et al. 2017). The decrease of ammonia volatilization with 

biochar is attributed to multiple mechanisms. Biochar adsorbs ammonium (NH4
+) and 

promotes the immobilization and nitrification of ammonia (Mandal et al., 2016). Joseph et al. 

(2010) stated that biochar has sorption properties facilitated by its high porosity, surface area, 

and ion exchange. The development of negatively charged groups when oxidized would 

enhance the exchange of anions such as NH4
+ on the surface and in the pores of biochar. 

Ammonia was reduced when biochar was applied in composting poultry litter, but it depended 

on the rate of application (Janczak et al., 2017). Different sources of biochar have varying 

properties (Verheijen et al., 2010), depending on the source of organic matter and temperature 

used in the pyrolysis process. Both plant and poultry biochar reduced more nitrogen and 

ammonia than a control treatment when composting poultry litter, but plant biochar seemed to 

retain more ammonia than the poultry counterpart (Agyarko-Mintah et al., 2017). Bamboo 

biochar reduced ammonia, carbon dioxide, methane, and nitrous oxide in the aerobic 

composting system (Liu et al., 2017). No studies were found in where biochar was used in a 

poultry grow-out house to control ammonia. 
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Effect of feed form, soybean meal protein content, and Rovabio Advance on poult live 

performance to 3 weeks of age 

 

 

ABSTRACT 

 

 

There is considerable variation of opinion in the field of turkey production regarding the effect 

of feed particle size and quality on turkey performance. Based on research reports, feed 

characteristics are important in promoting growth by stimulating feed intake. Two studies were 

conducted to test the effects of feed form and ingredient quality in turkey poults. Bird 

performance and duodenum, Jejunum, ileum, and ceca morphology were observed in both 

trials. Apparent metabolizable energy corrected for nitrogen (AMEn) was measured in the 

second trial.  Poults were reared in battery cages (48 in the first trial, 72 in the second).  Four 

dietary treatments with differing feed form and function factors were evaluated in the first 

experiment. A completely randomized block design with a 2×2×2 factorial arrangement of 

treatments consisting of 2 amount of fines in the feed factors feed formulation with 2 soybean 

meal (SBM) sources, and 2 levels of an enzyme cocktail (Rovabio Advance) were tested. Poult 

body weight (BW), body weight gain (BWG), feed intake (FI), feed conversion ratio (FCR), 

and AMEn were determined. Differences were considered to be statistically significant at P ≤ 

0.05. Increased feed crumbles particle size with fewer fines in the starter feed overall increased 

birds’ BW (625 ± 8 g) by increasing FI (786 ± 8 g). Screened feed reduced the birds’ AMEn 

(2882 ± 40 cal/g) when the enzyme cocktail was not present. The feed formulation with 60% 

CP SBM resulted in lower FI (797 ± 8 g) and improved FCR (1.218 ± 0.005 feed g: BW g). 



 

 

41 

The enzyme cocktail interacted synergistically with screening and feed SBM source factors on 

birds’ AMEn and FCR.  

Keywords: Feed function, feed quality, particle size, enzyme, soybean meal. 
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INTRODUCTION 

 

An increasing market demand for birds reared with no antibiotic growth promotors 

(AGP), with antibiotic-free programs (ABF), and with no antibiotics ever (NAE) (Gould, 2012, 

Rubin, 2014; Olenjnik, 2016) is creating concerns and opportunities for the poultry industry 

(Rubin, 2014; Olenjnik, 2016), and is setting new goals to reduce raising meat birds with 

antibiotics (Butterball, 2018; Perdue, 2018). Consumers and fast food restaurants are setting 

goals to reduce buying meat produced with antibiotics (Dibner and Richards, 2005; Polansek, 

2014; Huffstutterand and Baertlein, 2015; Calderone, 2017). Eliminating dietary inclusion of 

antibiotic growth promoters adversely affect digestibility by allowing the proliferation of 

enteric fermentative organisms (Montagne et al., 2003). Fermentative organisms proliferate in 

the small intestine due to the increased digesta retention time when non-starch polysaccharides 

(NSP) are present in the feed (Choct et al., 1996; Choct, 1997). This is especially important 

during the starter phase when young birds have an immature microbiota and their dietary level 

NSP from soybean meal (SBM) is greater than older birds (Choct et al., 2010). Thus, 

controlling the antinutritional effects of NSP in starter diets could have a significantly positive 

impact on AGP, ABF, and NAE production systems.  

The amount of fines in the starter crumble feed should be minimized to increase feed 

intake at the birds’ placement, considering that early feed intake is an important factor affecting 

poult performance and gut health (Noy et al., 2001). Early feed intake is also critical in the 

transition from a yolk-based diet to a feed-based diet (Uni and Ferket, 2004). Although there 

is an established understanding of the nutritional requirements for the starter phase, the 

evaluation of the amount of fines fed to poults must be further examined. Corn and SBM meal-
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based diets contain high amounts of NSP. which are classified as anti-nutritional and are 

detrimental to growth performance and health (Choct, 1997; Montagne et al., 2003). Although 

soybean meal contains a high amount of protein, it also contains a significant amount (35%) 

of indigestible carbohydrates (Choct et al., 2010). Less than 1% of soybean meal carbohydrates 

are considered starch; the rest are considered free sugars and NSP (Choct et al., 2010). 

Consequently, grain and plant protein by-product NSP content have a significant effect on feed 

quality, enzyme efficiency, and poult growth performance characteristics. New varieties of 

soybean meal with high crude protein levels could be associated with reduced NSP content in 

the soybean meal, and thus result in better growth performance for turkey poults consuming 

high protein starter feed. Moreover, this new variety of high protein SBM should be tested with 

supplemental enzymes that are already used to reduce the adverse effects of dietary NSP. It 

was hypothesized that a high crude protein soybean meal usage in the feed will enhance growth 

performance characteristics, digestibility, and duodenum, jejunum, and ceca morphology 

during the starter feed phase of turkeys. Crumbles quality in this study is defined as the amount 

or percentage of fines in the crumbles offered to the bird. Birds will prehend feed particles 

according to their beak size and mechanoreceptors in the beak (Moran, 1982). This could be 

critical as beak conditioning is a common practice in turkeys at the hatchery. Where beak 

condition is the practice to trim the upper beak, to reduce injuries when birds peck at each 

other. 

Mini or micro pelleting the starter feed phase could reduce the amount of fines and 

increase the particle size of the crumbles.  Alternatively, screening the feed for a certain particle 

size of crumbles could be an option to consider. The objective of this set of studies was to 
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determine changes in bird performance, digestibility, and duodenum, jejunum and ceca 

morphology; by reducing the starter feed phase amount of fines and increasing its particle size, 

adding feed additives to the feed, and formulate with a high crude protein soybean meal to 

improve performance loss due to the restrictions on the use of AGP. 
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MATERIALS AND METHODS 

Treatments and experimental design.  For the first study, the first treatment was an 

all-vegetable based crumble. The second treatment was as treatment one but include 3 

medications: amprolium (113.5g per ton of feed), bacitracin (125g per ton of feed), and 

penicillin (125g per ton of feed). The third treatment was a mash Alphastart turkey starter 

pelleted and crumbled at the North Carolina State University feed mill (NCSU). The fourth 

treatment was an outsourced Alphastart 2mm mini pellet turkey starter. Alphastart is a 

commercial min-pelleted feed with a combination of phytogenic, probiotics and prebiotics as 

feed additives (Devenish Nutrition LLC, Fairmont, MN). Treatments 1 and 2 were from the 

same basal and had similar formulations as feeds of treatments 3 and 4. Treatment feeds were 

randomly assigned to 48 pens, with each treatment replicated 3 times within each of four blocks 

(12 pens per block), so to have 12 replicate pens per treatment. AlphaStart mini-pellet, 

AlphaStart crumble, and medicated 3-way were fed from 0-14 days of age, then switched to 

NCSU crumble from 14-21 days of age. The medicated feed treatment was used as an example 

of past industry practices for improving poult performance. The FDA approval for use of 

medications combined with penicillin was withdrawn in June 2015. The medicated treatment 

was medicated with 0.0125% amprolium (113.5 grams per ton) for the prevention of 

coccidiosis. The NSCU crumble and medicated feeds were formulated to be isocaloric and 

isonitrogenous with Alphastart diets (Table I-1). 

For the second study, a completely randomized block design with a 2 × 2 × 2 factorial 

arrangement was used. The experiment had 2 feed sources of soybean meal (SBM): a feed 

formulated with high crude protein (CP) SBM (60% CP SBM) and a feed formulated with a 
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low CP SBM (48% CP SBM). The second factor was the screening process of the diets to 

decrease fine percentage: screened feeds and not screened feeds. The third factor was the 

presence (200ml/mt) or absence of an enzyme cocktail containing arabinofuranosidases and 

xylanases (Rovabio Advance, Adisseo France S.A.S, Antony, France).   

Feed manufacturing.  For experiment 1, both the NCSU starter and the medicated 

starter feed were manufactured at the NCSU feed mill education unit. The basal diets for these 

two feeds were batched and blended in a counterpoise ribbon mixer (Model TRDB126060, 

Hayes & Stolz, Fort Worth, TX) for 3 minutes of dry mix followed by 90 seconds of a wet 

mix. The Alphastart (in mash form and already blended), the NCSU diet, and the  medicated 

starters were then conditioned for 30 seconds at 175˚F for 30 seconds in a single pass 

conditioner (Model C18LL4/F6, California Pellet Mill, Crawfordsville, IN) and then pelleted 

by 30 HP California Pellet Mill (Model PM1112-2, Crawfordsville, IN), using a 11/64” × 1 

3/8” pellet mill die. The pellets of each feed were cooled in a counter flow cooler (Model 

VK09X09KL, Geelen Counterflow USA, INC, Orlando, FL), and then crumbled by a 

Roskamp crumbler (Model 624s, Roskamp Champion, Waterloo, IA). The fourth diet, the 

Alphastart mini-pellet, was provided by Devenish nutrition (Devenish Nutrition LLC, 

Fairmont, MN). 

For the second study, all feed was manufactured at the North Carolina State University 

Feed Mill Educational Unit. Two basal feed formulations were the base for the eight factors of 

combinations of feed treatments. One basal was formulated with a 48% CP SBM and the other 

with 60% CP SBM. All treatment feeds were formulated to the same CP and amino acid levels. 

Celite (Celite, Millipore Sigma, Darmstadt, Germany) was added at 2% to both basal feeds as 
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an indigestible marker to determine apparent metabolizable energy corrected for nitrogen 

(AMEn). Each basal was mixed in a counterpoise ribbon mixer (Model TRDB126060, Hayes 

& Stilz, Fort Worth, TX), conditioned in a single pass conditioner (Model C18LL4/F6, 

California Pellet Mill, Crawfordsville, IN), pelleted in 30 HP California Pellet Mill (Model 

PM1112-2, California Pellet Mill, Crawfordsville, IN), using a 11/64” × 1 3/8” pellet mill die. 

The pellets of each feed were cooled in a counter flow cooler (Model VK09X09KL, Geelen 

counterflow USA, INC, Orlando, FL), crumbled by a Roskanp crumbler  (Model 624S, 

Roskamp Champion, Waterloo, IA), and split into four batches. The first two batches were 

sent to a mixer post crumbled in a double ribbon mixer (Model SRM304, Scott equipment, 

New Prague, MN), one of which had added the enzyme (Rodvabio Advance, 200 mL/metric 

ton in 1 L water) and mixed for 1.5 min. The other two batches were sent to a pellet shaker 

(Model 2 x 4 two-decker general Rotoshacker, Andritz Sprout-Bauer, INC, Muncy, PA) with 

U.S. Tyler 6 and 10 set of screens. The screened diets then were sent to a mixer and the enzyme 

added to one batch, thus achieving 8 feed treatments.  

Housing and management. The first study used four Petersime battery cages with 12 

compartments (48 in total) in an enclosed room, the second study used 6 Petersime battery 

cages with 12 compartments (72 in total) in an enclosed room. Pens had wire floors, and each 

was equipped with a trough drinker and feeder and a thermostatically controlled pen heater. 

The ambient temperature was gradually decreased from 95 °F at placement to 85 °F at 21 days 

of age. Humidity was approximately 55% for both experimental periods. Twenty-three (23) 

hours of light per day was provided for both projects. 
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Poults’ origin and management. The First Study was conducted with 336 male 

Nicholas Select poults (Aviagen Turkeys, Lewisburg, WV) and was placed on the test the day 

of hatch. The breeder hens were in the 3rd week of lay. Poults were weighed individually at 

placement and on days 2 (24 hrs. post placement), 7, 14, and 21. For the second study, 504  

Nicholas female poults, (Aviagen Turkeys, Lewisburg, West Virginia) were placed on the day 

of hatch. Poults were weighed individually at placement and on days 7, 14, and 21. The weight 

of each pen of birds plus culls and mortalities was used to determine feed conversion ratio 

(FCR). Poults consumed feed and water ad libitum throughout the study. Birds were check a 

minimum of 4 times per day. Mortalities were removed and weighed. Cull birds, those which 

were immobile, were removed and euthanized. All animal handling procedures were approved 

by the NCSU Institutional Animal Care and Use Committee. 

Feeding program. One starter feed phase was provided ad libitum to the poults in the 

first study. All feed allocations were weighed to the nearest gram. The weight of feed 

remaining in feeders at the end of each data collection period was recorded. All feeders were 

dumped at 14 days. All pens of poults were then fed the NCSU crumble feed from 14 to 21 

days of age. Feed allocation and feed weigh backs were used to determine feed consumption. 

Feed conversion ratio (FCR) was calculated using all birds including weights of mortalities 

and culled birds.   

In the second study, each starter feed treatment was fed ad libitum to all birds from 

placement to 20 days of age.  The feed was recorded when added to feeders and at 7, 14, and 

20 days of age to calculate bird feed intake (FI) and FCR parameters. 
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Feed analysis. Proximate analysis (250 g) was outsourced for dry matter, crude protein, 

crude fat, minerals, and total lysine for samples of each dietary treatment feed (Carolina 

Analytical Services, Bear Creek, NC). Ingredients NSP calculations was based on analysis and 

reviews done by Jaworski et al. (2015) and Choct et al. (2010). The estimated NSP content for 

the SBM source with a 60% CP was calculated with labs analysis and completed with minerals 

and NSP ratios assumptions by Choct et al (2010) (table II-3).  Feed estimated NSP content 

was calculated with the percentage of corn, wheat, wheat middlings, and SBM present in the 

formulation with each ingredient estimated NSP content (table II-4).  

Particle size determination. Particle size, pellets, crumbles, and fines determination. 

Particle size and variation procedures and calculations conformed to the American Society of 

Agricultural and Biological Engineers standard 319.4 (ASABE S319.4). Treatments composite 

sample from samples taken from each feed bag. Three subsamples were taken from each 

composite sample after being homogenized. From each subsample, 100 g of feed and 0.5 g of 

sieve aid were set in a series of sieves. The sieves used were U.S. sieves 4, 6, 8, 12, 16, 20, 30, 

40, 50, 70, 100, 140, 200, 270, and a recollection pan. The group of sieves was set in a W.S. 

Tyler Ro-Tap sieve shaker (Model RX-29, W.S. Tyler Industrial Group, Mentor, OH) for 15 

min. The feed collected in the sieve was weighed in grams and input in formulas described in 

ASABE S319.4 for the mean particle size and log standard deviation formulas. Pellets were 

defined as the feed retained in the U.S. sieve number 4, crumbles were determined by the feed 

retained in the U.S. sieves number 6 and 12 sieves, and fines were determined by the feed 

retained between U.S. sieves number 14 and the recollection pan. 
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AMEn sampling and analysis. Fecal samples were collected at 13, 14, and 15 days of 

age from every cage in the second study. Each day, 100 grams of excreta were collected from 

the battery cages excreta collection pans. On the third day, all samples were mixed in a single 

bag. The samples were then dried in a Blue M drying oven (General Signal, Blue Island, IL) 

for 48 hours at 60˚ C. The dried samples were ground and analyzed in duplicates for gross 

energy, protein, and insoluble ash (Celite, Millipore Sigma, Darmstadt, Germany) content to 

calculate AMEn. Gross energy was calculated with a plain jacket bomb calorimeter (Model 

1341, Parr Instrument Company, Moline, IL) using the Parr instrument procedure. Protein 

content was estimated by multiplying the nitrogen content of the samples by 6.25. The nitrogen 

content in the samples was analyzed by LECO True Spec N analyzer (Leco Corporation, St. 

Joseph, MI) using the Dumas method. Insoluble ash content was determined (Vogtmann et al., 

1975). 

duodenum, Jejunum, ileum and ceca morphology. In the first study, one poult per pen 

was sampled at 14 and 21 days of age for duodenum, midgut, and caeca. Samples were 

prepared for histology and analyzed by Veterinary Diagnostics Pathology, LLC at Fort Valle 

VA. 

In the second study, small intestine and ceca samples were collected from one bird per 

pen at 20 days of age. Samples were taken from the duodenal loop, jejunum, and ceca and then 

submerged in neutral buffered formalin. Samples were trimmed and tinted in slides at North 

Carolina State University College of Veterinary Medicine. Slides were observed under a 

microscope and photographed, then measured with AmScope software (Version 3.7, Amscope, 
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Irvine, CA) corrected with a 4x magnification. Measurements were taken for villus height, 

crypt depth, and muscular thickness. 

Statistical analysis. The effect of feed treatment on performance parameters and 

intestinal tissue observations were determined in a completely randomized block design using 

the GLM procedure of JMP Pro 12 (SAS Institute, Cary, NC) for ANOVA in the first study. 

Data for the second experiment were analyzed using the PROC MIXED procedure from SAS 

9.4. (SAS Institute, Cary, NC). Significant differences in main effects were separated using the 

Tukey HSD test. A P ≤ 0.05 was used to set significant difference between the main and 

interaction effects of the parameters analyzed. 

RESULTS 

Feed analysis. Calculated nutrient content for NCSU provided feed is presented in 

Tables I-2 & II-2. Results for the nutrient analysis of all four feeds can be found in Tables I-2 

& II-3. 

The particle size of the diet. The particle size of the mini-pellets was twice that of the 

crumble feeds. The amount of fines in the crumbled feeds was measured to be approximately 

30%. The mini-pellet feed was not measured for fines, as few to none were observed (Table I-

3). Screened feeds had higher feed particle size (1504 μm compared to 1474 μm) and lower 

mean log standard deviation for its sample distribution than the non-screened feeds (Table II-

4). Non-screened feeds had a higher number of fines and pellets present in the feed.  Screened 

feeds had a mean percentage of 30% fines and 70% crumbles, while non-screened feeds 

consisted of 44% fines, 52% crumbles, and 4% pellets.  
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Performance parameters. No differences were observed by treatment for bird BW at 

placement or at 2 days of age (Table I-4). The poults fed the AlphaStart mini-pellet were the 

heaviest and had greater body weight gains (BWG) at 7, 14, and 21 d (Table I-5). Poults fed 

the other 3 treatments were similar in body weight (BW) and BWG. At 14 d, cumulative BWG 

(Table I-5) appeared to be partially increased by the AlphaStart crumble and then was further 

increased when that feed was provided in the mini-pellet form.  Therefore, there appears to be 

both a form and function advantage to the AlphaStart mini-pellet as compared to the NCSU 

Crumble or the NCSU medicated feeds. There were no statistical differences for FI per bird 

from 0 to 7 d. As the trial proceeded, birds fed the AlphaStart mini-pellet treatment consumed 

more feed than those fed the other treatments, especially at 21 d (Table I-5).  However, at 14 

d, the birds fed the AlphaStart Crumble were intermediate in feed consumption, supporting the 

suggestion that there was both a form and function effect due the AlphaStart program. The 

FCR was not different due to treatment (Table I-5). At 14 d, the birds fed the NCSU medicated 

feed had a lower FCR. However, these birds also had the lowest BW at 14 d. Birds with lower 

BW tended to have an improved FCR.   

In the second experiment, BW of the birds was significantly different throughout the 

trial due to the screening process. Birds fed screened feeds had a significantly higher BW than 

those fed non-screened feeds (Table II-5). FI was significantly higher for birds fed the screened 

and low CP SBM feed treatment diets than those fed the non-screened feeds and feed 

formulated with a high CP SBM treatment throughout the experiment (Table II-7). Poult FCR 

was significantly improved at 7 and 14 days with the feed formulated with the high CP SBM. 

At 20 days, feed with low and high SBM sources interacted with the dietary enzyme.  Birds 
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fed feed formulated with a low CP SBM had significantly lower FCR when the enzyme was 

present than when it was not present. Birds fed a feed formulated with a high CP SBM had a 

lower FCR than when fed the low CP SBM with or without enzyme. Birds fed screened feeds 

had a lower FCR at 7 days than those fed non-screened feeds. At 14 and 20 days of age, the 

feed screening process interacted with the dietary enzyme. Birds fed screened feeds with 

enzyme had significantly lower FCR than when fed screened feeds, without enzyme, and non-

screened feeds with or without enzyme (Table II-8).  

Apparent metabolizable energy corrected for nitrogen. Birds fed feed formulated with 

either SBM source had a similar AMEn at 14 days of age. The feed screening process and 

enzyme factors had a first-order interaction with bird AMEn at 14 days of age. Screened feeds 

resulted in a similar bird AMEn compared to non-screened feeds when the enzyme was present. 

Not having the enzyme lowered the AMEn at 14 days of age for birds fed screened feeds 

compared to non-screened feeds (Table II-11). 

duodenum, Jejunum, ileum and ceca morphology. Although differences were 

observed among the treatments at 14 days of age (Table I-6), they did not persist to 21 d (Table 

I-7). Data were not consistent throughout the experiment. Statistical differences were only 

found in the jejunum crypt depth and villus height to crypt ratio at 20 days in the second trial. 

Feed formulated with a high CP SBM resulted in a significantly shallower crypt depth and 

higher villus height to crypt depth ratio (Table II-10), indicating a change in the number of 

enterocytes developed between feed SBM sources.  
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DISCUSSION 

In both experiments, poult FI and BW were increased due to the feed particle size and 

quality of the starter feed. Increased FI will increase the amount of nutrients the bird obtains, 

consequently increasing the BWG of the bird. The efficiency of feed prehension by the bird 

will determine the amount of energy and nutrients used related to the energy and nutrients 

gained by eating. Mash feeds will make it more difficult for the bird to prehend the feed, 

causing the bird to expend more productive energy for eating, and greater feed wastage than 

pelleted feeds (Calet, 1965; Jensen, 2000). Birds select feed particle size depending on the size 

of the beak (Moran, 1982), and when the beak grows the preferred particle size increases as 

well (Portella et al., 1998). Particle size is also referred to as feed form by some authors. Feed 

form (i.e. decreased pellet quality) can be a major limiting factor for performance (Quetin et 

al., 2004). The first feed is an important factor in early poult performance and gut health (Noy 

et al., 2001). This feed is also part of a critical transition from a yolk-based diet to a solid-based 

diet (Uni and Ferket, 2004). The starter phase is where the crumble form and quality are 

important. Favero et al. (2009) concluded that mini-pellets could be used after the second week 

of placement. In the study herein, birds fed the mini-pellet as the starter feed was observed to 

have higher BW by increasing the FI, thus having a similar FCR to crumble feeds.  In the first 

experiment, mini-pellets were concluded to be a valid option with increased feed particle size, 

or feed form, and high-quality starter feed pellets. Although, mini-pelleting cost determination 

was not conducted in this study. One potential disadvantage of the mini-pellet may be the cost 

of producing it. Mini-pelleting needs new equipment fitted to the feed mill and it is not energy 

efficient. Screened crumbled feeds (1.5 mm) were selected as an alternative to a mini-pelleted 
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feed for the second experiment. Similar results were observed in advantages for bird BW and 

FI, and also for improved FCR, were observed in the second experiment. Therefore, a screened 

crumble starter diet might be comparable in effects to mini-pelleted starter diets. Mini-pellet 

and screened crumbles share similar characteristics with pelleted feed. Pelleted feed results in 

lower feed wastage, is heat treated, and has lower amounts of fines , all which have been shown 

to results in increased FI, BWG, and improved FCR compared to a mash feed (Lanson and 

Smith, 1954; Calet, 1965; Nir et al., 1995; Amerah et al., 2007a, 2007b; Zang et al., 2009; 

Dozier et al., 2010; Selle et al., 2012; Serrano et al., 2012, 2013). Ingredient quality is as, or 

more, important than feed form. The quality of ingredients received by the feed mill will dictate 

the quality of the produced feed. Cereals and SBM contain NSP and are widely used as the 

base for animal feeds. The presence of NSP in bird diets increases the viscosity of the unstirred 

water layer of the gut mucosa and changes of the morphology in the gut. Therefore, NSP can 

be detrimental to bird nutrient efficiency (Choct, 1997). The higher bird FI and improved FCR 

with the feed formulated with a high CP SBM source could be to the changes in the amount of 

NSP that the birds consume. The effect is further explained by the interaction of feed 

formulated with low CP SBM and the enzyme at 20 days in experiment two. The enzyme used 

herein (Rovabio Advance) has arabinofuranosidases and xylanases, which act on components 

of the cell wall of the grain, thereby increasing the amount of available and digestibility of 

nutrients by reducing the amount of NSP and cell wall components. This enzyme is used in the 

industry in corn and SBM formulations. Thus, a low CP SBM source increases the enzyme 

efficiency increases by increasing the enzyme substrate (corn and SBM) is present in the 

formulation. The feed source of SBM used in this experiment did not affect the birds AMEn 
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in the current study. However, when a feed formulated with a low CP SBM was fed to the 

birds, it may have increased the number of the fermentative organisms. The presence of NSP 

in the diet is detrimental to poultry by increasing the digesta time and the number of 

fermentative organisms in the small intestine (Choct et al., 1996; Choct, 1997). Birds fed 

screened feed had a reduced AMEn value, which may have been caused by a reduction in 

transit time of the digesta. Nutrient digestibility depends on the digesta retention time. In 

broilers fed wheat-based diets, apparent metabolized energy (AME) increased linearly by 

increasing the whole tract transit time (Hughes, 2008). Transit time through the small intestine 

was reduced for diets with whole wheat when compared to ground wheat (Svihus et al., 2002). 

Similarly, it has been shown that increasing the feed particle size by pelleting the feed reduces 

the transit time of the digesta (Sundu, 2008). Adding the enzyme to the screened feed increased 

the birds’ digestibility and led to similar AMEn values as the non-screened feed with or without 

the enzyme. Feed formulated with a high CP SBM reduced the enlargement of the birds’ crypts 

and increased the villus height to crypt depth ratio. The difference in the birds’ crypt depths at 

the jejunum, could be explained by the lower amount of soluble NSP in the feed formulated 

with high CP SBM. Soluble NSP increases the viscosity of the intestinal contents, thereby 

reducing the nutrient absorption efficiency of poultry (Choct et al., 1996; Choct, 1997; 

Montagne et al., 2003; Hetland et al., 2004; Hughes, 2008; Choct et al., 2010). The NSP not 

only prevented the bird from absorbing nutrients but also may change the gut physiology 

(Choct et al., 2010). Dietary fiber increases the crypt-cell proliferation and reduces the villus 

height to crypt ratio (Montagne et al., 2003). A decrease in the villus height to crypt depth ratio 

is considered to be negative to digestion and absorption (Montagne et al., 2003). In conclusion, 
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either screening or mini-pelleting the starter feed improved bird performance by having fewer 

fines and higher feed particle size. The feed formulation containing a high crude protein SBM 

source could be utilized to improve poult FI, BW, and FCR by decreasing the percentage of 

NSP in the feed. Functional factors in the mini-pellet and dietary enzyme may improve the 

poult digestibility of feed formulated with a low protein CP SBM and screened feeds by 

reducing the negative effects of NSP in the intestinal tract.  
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Table I-1. NCSU control and medicated diets ingredients composition (%) 

Ingredient      Starter 

Corn          35.00 

Wheat 10.00 

Soybean Meal 43.00 

Soybean Oil     5.00 

Calcium Carbonate    2.20 

Monocalcium Phosphate 2.55 

Salt 0.25 

Mineral mix1 0.15 

Vitamin mix2 0.15 

Selenium mix 0.05 

Choline Cl 0.20 

Lysine 0.61 

Methionine 0.50 

Sodium Bicarbonate 0.20 

Threonine 0.15 

Quantum Blue 5G 0.00 

Amprolium3 - 

Penicillin3 - 

Bacitracin methylene disalicylate 603 - 

Ingredient Total:    100.00 
1 Mineral Premix provided the following per kg of diet: manganese, 90 mg; zinc, 90 mg; 

iron, 60 mg; copper, 7.5 mg; iodine, 1.9 mg; cobalt, 0.75 mg. 
2 Vitamin premix provided the following per kg of diet: vitamin A, 19841 IU; vitamin D3, 

5952 IU; vitamin E, 99 IU; vitamin B12, 0.06 mg; biotin, 0.38 mg; menadione, 6 mg; 

thiamine, 6 mg; riboflavin, 20 mg; pantothenic acid, 33 mg; vitamin B6, 12 mg; niacin, 165 

mg; folic acid, 3 mg.  

1For 3-way ration - Amprolium (0.5lb/1000lb), Penicillin (1.04lb/1000lb) and BMD 60 

(1.04/1000) replaced 2.8lb/1000lb of basal. 
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Table I-2. NCSU control and medicated diets nutrients calculated contents (%) 

Nutrient Starter 

Crude Protein  26.60 

Metabolized energy (kcal/kg) 2983 

Lysine  1.82 

Methionine  0.82 

Methionine + Cysteine  1.18 

Tryptophan 0.32 

Threonine  1.08 

Arginine 1.65 

Valine 1.19 

Sodium 0.19 

Chlorine 0.21 

Calcium  1.45 

Available Phosphorus  0.72 
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Table I-3. Nutrient analysis1 and physical characteristics2 of experimental feeds (%) 

Nutrient 

Starter 

NCSU Control 
3-Way 

medicated3 

AlphaStart 

Crumble3 

AlphaStart 

Mini-

pellet4 

 ––––––––––––– (Feed nutrient analysis) ––––––––––––– 

Moisture 13.57 13.59 13.07 13.03 

Fat 6.16 5.80 4.03 4.77 

Protein 26.69 26.57 26.73 25.55 

Ash 7.18 7.08 7.06 6.96 

Phosphorus 0.79 0.93 0.84 0.84 

Calcium 1.39 1.45 1.27 1.3 

Sodium 0.19 0.17 0.13 0.15 

Lysine 1.95 1.98 1.92 1.93 

     

 ––––––––––– (Feed physical characteristics) –––––––––– 

Particle size (μm) 919 930 1102 2440 

Crumble   71 69 71 NA5 

Fines  29 31 29 NA5 
1Feed analysis was performed by Carolina Analytical Services (17570 NC Highway 902, Bear 

Creek, NC 27207). 
2 Physical characteristics analyzed in a homogenized and representative sample. 
3The NCSU Control and 3-way medicated feeds were the same feed from NCSU 
4The AlphaStart Crumble and Mini-pellet feeds were provided by Devenish Nutrition and 

came from the same batch. 
5 Non-applicable  
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Table I-4. Effect of feed treatment on poult body weight (g)  

Treatment 
Age (d) 

0 1 7 14 21 

NCSU Starter Crumble 59 67 177b 434ab 836b 

Medicated 3-way NCSU 

Crumble 
59 68 178b 430b 828b 

AlphaStart Crumble 59 67 180ab 445ab 836b 

AlphaStart Mini-Pellet 59 68 184a 465a 870a 

SEM1 0.5 0.6 2 7 8 

P-value 0.9 0.6 0.03 0.002 0.003 
a,b Means within a Column lacking a common superscript differ (P  ≤ 0.05). 
1 Standard error of the mean (SEM) for n= 12 pens of 7 birds each per treatment.  
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Table I-5. Effect of feed treatment on poult performance.  

Treatment 

Age (d) 

0-7 7-14 14-21 0-14d 0-21 

  —————— (Body weight gain, g) —————— 

NCSU Starter Crumble 119b 257b 402 375b 777b 

Medicated 3-way NCSU Crumble 120b 255b 404 371b 775b 

AlphaStart Crumble 121ab 267ab 392 386ab 780ab 

AlphaStart Mini-Pellet 125a 283a 405 406a 811a 

SEM1 1.6 6.5 8.3 6.6 8.6 

P-value 0.030 0.020 0.600 0.002 0.020 

 ——————— (Feed intake, g) ——————— 

NCSU Starter Crumble 125 336b 594 461b 1055ab 

Medicated 3-way NCSU Crumble 127 362a 598 489a 1087a 

AlphaStart Crumble 125 343ab 570 469ab 1040ab 

AlphaStart Mini-Pellet 125 332b 558 457b 1015b 

SEM1 2.1 5.6 13.9 6.5 15.70 

P-value 0.900 0.001 0.030 0.008 0.020 

 ———— (Feed conversion ratio, g feed: g BW) — 

NCSU Starter Crumble 0.704 0.659a 0.666 0.956a 1.266 

Medicated 3-way NCSU Crumble 0.721 0.633b 0.643 0.926b 1.250 

AlphaStart Crumble 0.707 0.669a 0.659 0.940a 1.252 

AlphaStart Mini-Pellet 0.698 0.670a 0.666 0.948a 1.260 

SEM1 0.009 0.009 0.009 0.005 0.014 

P-value 0.500 0.001 0.150 0.002 0.830 

  ———— (Feed conversion ratio (g feed: g gain)— 

NCSU Starter Crumble 1.055 1.116a 1.395 0.769a 0.733 

Medicated 3-way NCSU Crumble 1.094 1.075b 1.379 0.733b 0.709 

AlphaStart Crumble 1.059 1.091ab 1.365 0.773a 0.719 

AlphaStart Mini-Pellet 1.035 1.084b 1.374 0.771a 0.724 

SEM 0.025 0.007 0.019 0.009 0.009 

P-value 0.400 0.001 0.800 0.007 0.300 
a,b Means within a Column lacking a common superscript differ (P ≤ 0.05). 
1 Standard error of the mean (SEM) for n= 12 pens of 7 birds each per treatment. 
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Table I-6. Effect of feed treatments on poult small intestine morphology at 14 days (μm) 

Treatment Villi1 Crypt2 V:C3 Thick4 

  ———— (Duodenum) ———— 

NCSU Starter Crumble 1,711 136a 13 1847 

Medicated 3-way NCSU Crumble 1,655 106b 15 1785 

AlphaStart Crumble 1,671 113ab 16 1784 

AlphaStart Mini-Pellet 1,750 135a 14 1886 

SEM5 74 7 1 77 

P-value 0.800 0.050 0.220 0.730 

 ————— (Jejunum) ————— 

NCSU Starter Crumble 696a 126a 5.6 822a 

Medicated 3-way NCSU Crumble 427b   91b 4.8 518b 

AlphaStart Crumble 481b   96b 5.2 576b 

AlphaStart Mini-Pellet 552ab 116ab 4.8 668ab 

SEM5 45 8 0.3 50 

P-value 0.001 0.009 0.160 0.001 

 —————— (Ileum) —————— 

NCSU Starter Crumble 367 99 3.7 466 

Medicated 3-way NCSU Crumble 311 90 3.5 401 

AlphaStart Crumble 381 101 3.8 482 

AlphaStart Mini-Pellet 373 108 3.7 481 

SEM5 28 6.5 0.3 32 

P-value 0.330 0.310 0.850 0.280 

 —————— (Cecum) —————— 

NCSU Starter Crumble NA6 NA6 NA6 302a 

Medicated 3-way NCSU Crumble NA6 NA6 NA6 249b 

AlphaStart Crumble NA6 NA6 NA6  289ab 

AlphaStart Mini-Pellet NA6 NA6 NA6 247b 

SEM5 NA6 NA6 NA6 15 

P-value NA6 NA6 NA6 0.020 
a,b Means within a Column lacking a common superscript differ (P ≤ 0.05). 
1 Mean villus heights in micrometers 
2 Mean crypt depths in micrometers. 
3 Villus heights to crypt debt ratio.   
4 Thickness of the muscular layer. 
5 Standard error of the mean (SEM) for n= 12 birds each. 6 Non-applicable. 
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Table I-7. Effect of feed treatment on poult small intestine morphology at 21 days (μm) 

Treatment Villi1 Crypt2 V:C3 Thick4 

  ———— (Duodenum) ———— 

NCSU Starter Crumble 2,217 147 15.7 2363 

Medicated 3-way NCSU Crumble 2,162 142 13.6 2305 

AlphaStart Crumble 2,116 139 15.6 2255 

AlphaStart Mini-Pellet 2,110 147 14.7 2257 

SEM5 58 7 0.66 60 

P-value 0.55 0.8 0.66 0.55 

 ————— (Jejunum) ————— 

NCSU Starter Crumble 877 142 6.3 1019 

Medicated 3-way NCSU Crumble 827 129 6.5 955 

AlphaStart Crumble 855 140 6.3 996 

AlphaStart Mini-Pellet 888 137 6.7 1025 

SEM5 65 9 0.4 71 

P-value 0.91 0.76 0.87 0.9 

 —————— (Ileum) —————— 

NCSU Starter Crumble 699 139 5.3 875a 

Medicated 3-way NCSU Crumble 640 133 4.9 806a 

AlphaStart Crumble 730 150 4.9 879a 

AlphaStart Mini-Pellet 565 125 4.6 688b 

SEM5 52 9.5 0.3 59 

P-value 0.13 0.33 0.53 0.05 

 —————— (Cecum) —————— 

NCSU Starter Crumble NA6 NA6 NA6 274 

Medicated 3-way NCSU Crumble NA6 NA6 NA6 312 

AlphaStart Crumble NA6 NA6 NA6 271 

AlphaStart Mini-Pellet NA6 NA6 NA6 289 

SEM5 NA6 NA6 NA6 17 

P-value NA6 NA6 NA6 0.31 
a,b Means within a Column lacking a common superscript differ (P ≤ 0.05). 
1 Mean villus heights in micrometers. 
2 Mean crypt depths in micrometers. 
3 Villus heights to crypt debt ratio.  4 Thickness of the muscular layer.5 Standard error of the 

mean (SEM) for n= 12 birds each. 6 Non-applicable. 
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Table II-1. Diets with low and high CP SBM sources1 ingredient composition (%) 

Ingredient 
Starter formulation  

Low CP SBM2 High CP SBM3 

Corn 44.87 47.50 

Wheat 2.50 3.00 

Wheat middlings 1.00 6.00 

Soybean meal 42.00 34.00 

Soy Oil (Fat) 2.00 2.03 

Limestone 2.30 2.30 

Monocalcium phosphate  3.30 3.30 

Salt 0.23 0.23 

Mineral mix4 0.20 0.20 

Vitamin mix5 0.15 0.15 

Selenium mix 0.05 0.05 

Choline Chloride 0.20 0.20 

Lysine 0.54 0.40 

Methionine 0.32 0.30 

Sodium Bicarbonate 0.25 0.25 

Threonine 0.10 0.10 

Ingredient total  100.00 100.00 
1 Two basal were formulated with the two different sources of soybean meal, one with 48% 

crude protein and the other one with 60% crude protein. 
2 High crude protein soybean meal, 60% crude protein. 
3 Low crude protein soybean meal, 48% crude protein. 
4 Mineral Premix provided the following per kg of diet: manganese, 120 mg; zinc, 120 mg; 

iron, 80 mg; copper, 10 mg; iodine, 2.5 mg; cobalt, 1 mg. 
5 Vitamin premix provided the following per kg of diet: vitamin A, 19841 IU; vitamin D3, 

5952 IU; vitamin E, 99 IU; vitamin B12, 0.06 mg; biotin, 0.38 mg; menadione, 6 mg; 

thiamine, 6 mg; riboflavin, 20 mg; pantothenic acid, 33 mg; vitamin B6, 12 mg; niacin, 165 

mg; folic acid, 3 mg.  
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Table II-2.  Diets with low and high CP SBM sources1 calculated nutrient content (%) 

Nutrient 

Starter formulation  

Low CP SBM2 High CP SBM3 

Crude protein 25.86 25.79 

ME (kcal/Kg)4 2820 2836 

Crude Fat 4.39 4.48 

Lysine 1.74 1.74 

Methionine 0.65 0.64 

Methionine + Cysteine 1.01 1.01 

Tryptophan 0.32 0.31 

Threonine 1.03 1.01 

Arginine 1.64 1.71 

Valine 1.18 1.26 

Calcium 1.52 1.51 

Available Phosphorus 0.75 0.76 

Sodium 0.19 0.19 

Chloride 0.19 0.20 
1 Two basal were formulated with the two different sources of soybean meal, one with 48% 

crude protein and the other one with 60% crude protein. 
2 High crude protein soybean meal, 60% crude protein. 
3 Low crude protein soybean meal, 48% crude protein. 
4 Metabolized energy in kilocalories per kilogram. 
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Table II-3. Ingredients estimated non-starch polysaccharides (NSP) composition (%) 

Antinutritional Factor Corn1 Wheat1 Wheat m.1,4 SBM 

48%2,5 

SBM 

60%3.6 

Soluble NSP 2.5 1.9 1.2 11.25 2.04 

Insoluble NSP 3.8 6.2 22.7 5.75 1.04 

Cellulose 1.7 1.3 6.7 8 1.45 

Total NSP 8.1 9.5 30.7 25 4.53 
1 Values adapted from Jaworski et al. (2015). 
2 Values adapted from Choct et al. (2010). 
3 Values adapted from Choct et al. (2010) corrected with analyzed values. 
4 Wheat middlings. 
5 Soybean meal source with 48% crude protein. 
6 Soybean meal source with 60% crude protein. 
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Table II-4 Feed treatments estimated non-starch polysaccharides (NSP) composition (%) 

Antinutritional Factor  Corn Wheat Wheat m.1 SBM2 Total 

 ––––––––––– (Feed formulated with 48% CP SBM3) ––––––––––– 

Soluble NSP 1.12 0.05 0.01 4.73 5.91 

Insoluble NSP 1.70 0.16 0.23 2.42 4.50 

Cellulose 0.76 0.03 0.07 3.36 4.22 

Total NSP 3.63 0.24 0.31 10.50 14.68 

 ––––––––––– (Feed formulated with 60% CP SBM3) ––––––––––– 

Soluble NSP 1.19 0.06 0.07 0.69 2.01 

Insoluble NSP 1.81 0.19 1.36 0.35 3.71 

Cellulose 0.81 0.04 0.40 0.49 1.74 

Total NSP 3.85 0.29 1.84 1.54 7.51 
1 Wheat middlings. 
2 Soybean meals. 
3 Values estimated using feed formulation table II-1 and estimated ingredients NSP values in 

table II-3.4 Wheat middlings. 



 

 

69 

Table II-5. CP SBM source, screening, and dietary enzyme experimental feed combinations starter feed nutrient analysis1 (%) 

Nutrient 

High Crude protein SBM2 Low Crude protein SBM3 

Not screened Screened Not screened Screened 

No Enzyme  With 

Enzyme  

No Enzyme  With 

Enzyme  

No Enzyme  With 

Enzyme  

No Enzyme  With 

Enzyme 

Moisture 14.15 14.56 14.12 14.15 14.01 14.16 13.49 13.62 

Fat 3.80 3.55 3.33 3.50 3.73 3.70 4.17 3.63 

Protein 23.92 27.39 29.66 29.35 28.30 27.00 27.76 29.03 

Ash 8.84 8.50 8.69 8.80 8.69 9.00 8.54 8.21 

Phosphorus 0.94 0.80 0.92 0.89 1.03 1.00 0.95 0.79 

Calcium 1.63 1.58 1.46 1.40 1.67 1.77 1.47 1.56 

Sodium 0.16 0.14 0.16 0.17 0.17 0.17 0.14 0.16 
1Feed analysis was performed by Carolina Analytical Services (17570 NC Highway 902, Bear Creek, NC 27207). 
2 High crude protein soybean meal, 60% crude protein. 
3 Low crude protein soybean meal, 48% crude protein.
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Table II-6. Effect of feed treatments on feed physical characteristics   

SBM1 SCRN2 ENZ3 Dgw4 
Sgw5 Fines6 Crumbles7 

    –––––––––––– μm –––––––––––– –––––––––––– (%) ––––––––––– 

High CP SBM   1,504 2.78 37 61 

Low CP SBM   1,474 2.76 37 61 

SEM8 60 0.06 3 3 

P-value 0.70 0.78 0.93 0.84 

 Not Screened  1,400b 3.10a 44a 52b 

 Screened  1,578a 2.50b 30b 70b 

 
SEM8  60. 0.06 3 3 

 P-value  0.03 <0.0001 0.0001 <0.0001 

  Enzyme 1,427 2.77 40 58 

 Without Enzyme 1,550 2.78 34 64 

SEM8 60 0.06 3 3 

P-value 0.13 0.93 0.09 0.05 
a,b Means within a column lacking a common superscript differ (P ≤ 0.05). 
1 Feed Soybean meal factors. 
2 Feed screening factors. 
3 Enzyme in diet factors.  
4 Geometric mean diameters of particle by mass. 

5 Geometric standard deviation of particle diameter by mass. 
6 Fines determined in crumbles as feed over US sieve number 12. 
7 Crumbles determined as feed under US sieve number 12. 
8 Standard error of the mean (SEM) n=36 pens with 7 birds per factor. 
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Table II-7. Effect of experimental feeds on poult body weight (g) 

SBM1 SCRN2 ENZ3 

Age (d) 

0 7 14 20 

   —————————————— (g) ————————————— 

High CP SBM  56 149 345 607 

Low CP SBM   57 149 351 610 

SEM4   0.26 2.00 4.00 8.00 

P-value   0.26 0.84 0.28 0.79 

 Not Screened  56 147 340b 592b 

 Screened  57 152 356a 625a 

 SEM4  0.26 2.00 4.00 8.00 

 P-value  0.28 0.06 0.03 0.003 

             Enzyme 57 152 349 610 

 Without Enzyme 56 147 347 607 
  SEM4 0.26 2.00 4.00 8.00 
  P-value 0.06 0.06 0.76 0.72 

a,b Means within a column lacking a common superscript differ (P ≤ 0.05). 
1 Feed Soybean meal factors. 
2 Feed screening factors. 
3 Enzyme in diet factors. 
4 Standard error of the mean (SEM) n=36 pens with 7 birds per factor.
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Table II-8. Effect of feed treatments on poult body weight gain (g) 

SBM1 SCRN2 ENZ3 
Age (d) 

0-7 7-14 14-20 0-14 0-20 

High CP SBM  93 195b 263 289 552 

Low CP SBM  93 204a 263 294 558 

SEM4   2 2 4 4 7 

P-value   0.97 0.02 0.92 0.33 0.48 

 Not Screened  90a 193b 256b 284b 541b 

 Screened  95b 206a 270a 300 a 569a 

 SEM4  2 2 4 4 7 

 P-value  0.04 0.0002 0.03 0.002 0.003 

                    Enzyme 95 199 262 292 560 

 Without Enzyme 91 200 259 291 551 

  SEM 2 2 4 4 7 

  P-value 0.10 0.78 0.29 0.85 0.34 
a,b Means within a column lacking a common superscript differ (P ≤ 0.05). 
1 Feed Soybean meal factors. 
2 Feed screening factors. 
3 Enzyme in diet factors.  
4 Standard error of the mean (SEM) n=36 pens with 7 birds per factor. 
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Table II-9. Effect of the feed treatment on poult feed intake (g) 

SBM1 SCRN2 ENZ3 
Age (d) 

0-7 7-14 14-20 0-14 0-20 

High CP SBM  111b 256b 383b 367b 750b 

Low CP SBM  116a 275a 405a 391a 797a 

SEM4   2 3 6 4 8 

P-value   0.03 <0.0001 0.02 <0.0001 0.0003 

 Not Screened  113 261b 386 373b 761b 

 Screened  113 271a 402 384a 786a 

 SEM4  2 3 6 4 8 

 P-value  0.82 0.007 0.07 0.03 0.03 

     Enzyme 113 265 398 378 778 

     Without Enzyme 113 266 390 379 770 
  SEM4 2 3 6 4 8 
  P-value 0.78 0.86 0.39 0.86 0.49 

a,b Means within a column lacking a common superscript differ (P ≤ 0.05). 
1 Feed Soybean meal factors. 
2 Feed screening factors. 
3 Enzyme in diet factors. 
4 Standard error of the mean (SEM) n=36 pens with 7 birds per factor.



 

 

74 

Table II-10. Effect of feed treatments on poult feed conversion ratio to body weight (feed consumed: body weight)   

SBM2 SCRN3 ENZ4 Age (d) 

   0-7  7-14  14-20  0-14 0-20  

High CP SBM  0.743b 0.743b 0.566b 1.066b 1.216b 

Low CP SBM  0.773a 0.765a 0.583a 1.095a 1.252a 

SEM5   0.006 0.006 0.003 0.004 0.005 

P-value   0.001 0.002 0.004 <0.0001 <0.0001 

 Not Screened  0.771a 0.748 0.578 1.094a 1.244a 

 Screened  0.745b 0.760 0.571 1.067b 1.228b 

 SEM5  0.006 0.006 0.003 0.004 0.005 

 P-value  0.005 0.041 0.178 <0.0001 0.007 

                    Enzyme 0.743b 0.746 0.575 1.073b 1.228 

 Without Enzyme 0.773a 0.762 0.574 1.088a 1.239 
  SEM5 0.006 0.188 0.003 0.004 0.005 

   P-value 0.001 0.089 0.878 0.020 0.128 
a,b Means within a column lacking a common superscript differ (P ≤ 0.05). 
1No significant interaction was found between SCRN*SBM*ENZ. 
2Feed Soybean meal factors. 
3 Feed screening factors. 
4 Enzyme in diet factors. 
5 Standard error of the mean (SEM) n=36 pens with 7 birds per factor. 
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Table II-10. Continuation interactions between enzyme and SBM source and feed screening1 (feed consumed: body 

weight) 
  

SBM2 SCRN3 ENZ4 

Age (d) 

0-7  7-14  14-20  0-14  0-20  

                     Not Screened               Enzyme 0.756 0.765a 0.581 1.093a 1.248a 

Not Screened Without Enzyme 0.785 0.757ab 0.575 1.094a 1.240ab 

             Screened                      Enzyme 0.729 0.737b 0.568 1.054b 1.209b 

                Screened        Without Enzyme 0.762 0.759ab 0.573 1.081a 1.238ab 

SEM6 0.008 0.007 0.006 0.006 0.007 

P-value 0.857 0.033 0.338 0.033 0.014 

High CP SBM                                   Enzyme 0.732 0.740 0.568 1.063 1.221bc 

High CP SBM                     Without Enzyme 0.755 0.746 0.565 1.067 1.210c 

Low CP SBM                                   Enzyme 0.754 0.762 0.519 1.083 1.236b 

Low CP SBM                     Without Enzyme 0.792 0.770 0.583 1.108 1.269a 

SEM6 0.008 0.007 0.006 0.006 0.007 

P-value 0.355 0.932 0.707 0.090 0.004 

High CP SBM    Not Screened 0.757 0.749 0.568 1.081 1.227 

High CP SBM    Screened 0.730 0.737 0.564 1.050 1.205 

Low CP SBM     Not Screened 0.785 0.773 0.588 1.106 1.261 

Low CP SBM     Screened 0.761 0.759 0.577 1.085 1.243 

SEM6 0.012 0.007 0.006 0.007 0.007 

P-value 0.872 0.897 0.552 0.409 0.778 
a,b Means within a column lacking a common superscript differ (P ≤ 0.05). 
1No significant interaction was found between SCRN*SBM*ENZ. 
2Feed Soybean meal factors. 
3 Feed screening factors. 
4 Enzyme in diet factors. 
6 Standard error of the mean (SEM) n=18 pens with 7 birds per interaction
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Table II-11.  Effect of feed treatment on poult feed conversion ratio to body weight gain (feed consumed: body 

weight gain) 
  

SBM2 SCRN3 ENZ4 Age (d) 

   0-7  7-14  14-20  0-14 0-20  

High CP SBM  1.201 1.315b 1.443b 1.275b 1.350b 

Low CP SBM  1.249 1.343a 1.499a 1.307a 1.395s 

SEM5   0.014 0.006 0.019 0.005 0.009 

P-value   0.064 0.005 0.048 <0.0001 0.001 

 Not Screened  1.253a 1.346a 1.472 1.313a 1.387s 

 Screened  1.187b 1.311b 1.467 1.270b 1.359b 

 SEM5  0.014 0.006 0.019 0.005 0.009 

 P-value  0.001 0.000 0.930 <0.0001 0.021 

                    Enzyme 1.185b 1.334 1.467 1.284 1.368 

 Without Enzyme 1.255a 1.323 1.475 1.299 1.376 
  SEM5 0.012 0.006 0.019 0.005 0.009 

  P-value 0.000 0.250 0.790 0.051 0.510 
a,b Means within a column lacking a common superscript differ (P ≤ 0.05). 
1No significant interaction was found between SCRN*SBM*ENZ. 
2Feed Soybean meal factors. 
3 Feed screening factors. 
4 Enzyme in diet factors. 
5 Standard error of the mean (SEM) n=36 pens with 7 birds per factor. 
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Table II-11. Continuation interactions between enzyme and SBM source and feed screening1 (feed consumed: body 

weight gain) 
  

SBM2 SCRN3 ENZ4 

Age (d) 

0-7  7-14  14-20  0-14  0-20  

                     Not Screened               Enzyme 1.231 1.363a 1.503 1.315a 1.389a 

Not Screened Without Enzyme 1.282 1.329ab 1.441 1.310a 1.378ab 

             Screened                      Enzyme 1.146 1.305b 1.431 1.252b 1.341b 

                Screened        Without Enzyme 1.228 1.318b 1.508 1.287a 1.373ab 

SEM6 0.013 0.009 0.023 0.007 0.009 

P-value 0.411 0.054 0.170 0.011 0.026 

High CP SBM                                   Enzyme 1.164 1.327 0.477 1.271 1.358b 

High CP SBM                     Without Enzyme 1.234 1.300 1.436 1.277 1.343b 

Low CP SBM                                   Enzyme 1.213 1.341 1.483 1.296 1.371ab 

Low CP SBM                     Without Enzyme 1.276 1.346 1.521 1.320 1.408a 

SEM6 0.013 0.009 0.023 0.007 0.009 

P-value 0.859 0.088 0.060 0.238 0.007 

High CP SBM                              Not Screened 1.229 1.334 1.465 1.297 1.365 

High CP SBM                                     Screened 1.169 1.292 1.448 1.251 1.336 

Low CP SBM                              Not Screened 1.284 1.357 1.493 1.328 1.401 

Low CP SBM                                     Screened 1.205 1.331 1.512 1.289 1.377 

SEM6 0.013 0.009 0.023 0.007 0.009 

P-value 0.610 0.374 0.385 0.631 0.782 
a,b Means within a column lacking a common superscript differ (P ≤ 0.05). 
1No significant interaction was found between SCRN*SBM*ENZ. 
2Feed Soybean meal factors. 
3 Feed screening factors. 
4 Enzyme in diet factors. 
6 Standard error of the mean (SEM) n=18 pens with 7 birds per interaction
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Table II-12. Effect of feed treatments on poult gastrointestinal morphology in turkeys at 20 days of age (μm) 

SBM1 SCRN2  ENZ3 
Duodenum Jejunum Ceca 

Villus4 Crypt5 V:C6 
Thick7 Villus Crypt V:C Thick Thick 

High CP SBM 1,593 90 20 81 1,031 93b 12.00a 97 141 

Low CP SBM 1,568 95 18 79 1,006 104a 10.00b 90 130 

SEM8   48 3 0.9 3 26 4 0.50 4 6 

P-value   0.71 0.26 0.08 0.64 0.51 0.02 0.01 0.19 0.24 

Not Screened 1,537 88 19 77 1,018 99 11.00 92 127 

Screened 1,624 97 19 83 1,019 98 11.50 95 143 

 SEM8  49 3 0.90 3 26 4 0.50 4 6 

 P-value  0.20 0.06 0.80 0.18 0.97 0.80 0.43 0.56 0.08 

Enzyme 1,636 95 19 82 1,017 101 11.00 92 137 

Without Enzyme 1,525 90 19 78 1,019 95 11.50 95 133 

  SEM8 49 3 0.9 3 26 4 0.50 4 6 

   P-value 0.10 0.21 0.67 0.38 0.53 0.19 0.34 0.54 0.87 
a,b Means within a column lacking a common superscript differ (P ≤ 0.05). 
1 Feed Soybean meal factors. 
2 Feed screening factors. 
3 Enzyme in diet factors. 
4 Mean villus heights in micrometers 
5 Mean crypt depths in micrometers. 
6 Villus heights to crypt debt ratio.   
7 Thickness of the muscular layer in micrometers. 
8 Standard error of the mean (SEM) n=36 birds per factor. 
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Table II-13. Effect of feed treatment on AMEn1 at 14 days (kcal/g) 

SBM2 SCRN3 ENZ4 AMEn 

High CP SBM   2,978 

Low CP SBM   2,955 

SEM6 
  39 

P-value   0.14 

 Not Screened  2,994a 

 Screened  2,939b 

 
SEM6  39 

 P-value  0.0009 

  Enzyme 2,986a 

  Without Enzyme 2,947b 

  SEM6 39 

  P-value 0.02 
a,b Means within a column lacking a common superscript differ (P ≤ 0.05). 
1 Apparent metabolized energy corrected for protein. 
2 Feed Soybean meal factors. 
3 Feed screening factors. 
4 Enzyme in diet factors. 
6 Standard error of the mean (SEM) n=36 samples per factor.
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Table II-13. Continuation Interaction between treatment factors5 (Kcal/g) 

SBM2 SCRN3 ENZ4 AMEn1 

 Not Screened Enzyme 2,976a 

 Not Screened Without Enzyme 3,012a 

 Screened Enzyme 2,995a 

 Screened Without Enzyme 2,882b 

SEM7 
41 

P-value <.0001 

High CP SBM  Enzyme 288 

High CP SBM  Without Enzyme 2,968 

Low CP SBM  Enzyme 2,983 

Low CP SBM  Without Enzyme 2,926 

SEM7 
41 

P-value 0.24 

High CP SBM Not Screened  2,995 

High CP SBM Screened  2,961 

Low CP SBM Not Screened  2,993 

Low CP SBM Screened  2,917 

SEM7 
41 

P-value 0.19 
a,b Means within a column lacking a common superscript differ (P ≤ 0.05). 
1 Apparent metabolized energy corrected for protein. 
2Feed Soybean meal factors. 
3 Feed screening factors. 
4 Enzyme in diet factors. 
5No significant interaction was found between SCRN*SBM*ENZ. 
7 Standard error of the mean (SEM) n=18 birds per interaction. 

 

  



 

 

81 

REFERENCES 

Butterball. 2018. Position on antibiotics. http://www.butterballcorp.com/corporate-

information/corporate-social-responsibility/position-on-antibiotics/ Accessed January 

8, 2017. 

Calderone, J. 2017. More chain restaurants move to limit antibiotics in meat production. 

https://www.consumerreports.org/overuse-of-antibiotics/more-fast-food-chains-have-

no-antibiotic-meat-on-the-menu/ Accessed January 8, 2017. 

Choct, M., Y. Dersjant-Li, J. McLeish, and M. Peisker. 2010. Soy Oligosaccharides and 

Soluble Non-starch Polysaccharides: A Review of Digestion, Nutritive and Anti-

nutritive Effects in Pigs and Poultry. Asian-Australas J. Anim. Sci.23:1386-1398. 

doi:10.5713/ajas.2010.90222. 

Choct, M., R. J. Hughes, J. Wang, M. R. Bedford, A. J. Morgan, and G. Annison. 1996. 

Increased small intestinal fermentation is partly responsible for the anti-nutritive 

activity of non-starch polysaccharides in chickens. Br. Poult. Sci 37:609-621. 

doi:10.1080/00071669608417891. 

Choct, M. 1997. Feed non-starch polysaccharides: Chemical structures and nutritional 

significance. Feed Milling International 191:13-26. 

Dibner, J. J., and J. D. Richards. 2005. Antibiotic growth promoters in agriculture: history 

and mode of action. Poult. Sci. 84:634-643. 

 



 

 

82 

Dozier, W. A., K. C. Behnke, C. K. Gehring, and S. L. Branton. 2010. Effects of feed form 

on growth performance and processing yields of broiler chickens during a 42-day 

production period. J. Appl. Poult. Res.19:219-226. doi:10.3382/japr.2010-00156. 

Favero, A., A. Maiorka, F. Dahlke, R. F. P. Meurer, R. S. Oliveira, and R. F. Sens. 2009. 

Influence of feed form and corn particle size on the live performance and digestive 

tract development of turkeys. J. Appl. Poult. Res.18:772-779. doi:10.3382/japr.2009-

00069. 

Gould, D. 2017. Survey reveals growing consumer demand for antibiotic-free meat. 

https://www.forbes.com/sites/daniellegould/2012/06/26/survey-reveals-growing-

consumer-demand-for-antibiotic-free-meat/#496fa0dd7ce1 Accessed January 8, 2017. 

Hetland, H., M. Choct, and B. Svihus. 2004. Role of insoluble non-starch polysaccharides in 

poultry nutrition. W. Poult. Sci. J.60:415-422. doi:10.1079/WPS200325. 

Hughes, R. J. 2008. Relationship between digesta transit time and apparent metabolisable 

energy value of wheat in chickens. Br. Poult. Sci. 49:716-720. 

doi:10.1080/00071660802449145. 

Huffstutter, P. J., and L. Baertlein. 2015. Chicken growers set to pay price for no-antibiotic 

McNugget. https://www.reuters.com/article/us-mcdonalds-antibiotics-

mcnuggets/chicken-growers-set-to-pay-price-for-no-antibiotic-mcnugget-

idUSKBN0M515920150309. 

https://www.reuters.com/article/us-mcdonalds-antibiotics-mcnuggets/chicken-growers-set-to-pay-price-for-no-antibiotic-mcnugget-idUSKBN0M515920150309
https://www.reuters.com/article/us-mcdonalds-antibiotics-mcnuggets/chicken-growers-set-to-pay-price-for-no-antibiotic-mcnugget-idUSKBN0M515920150309
https://www.reuters.com/article/us-mcdonalds-antibiotics-mcnuggets/chicken-growers-set-to-pay-price-for-no-antibiotic-mcnugget-idUSKBN0M515920150309


 

 

83 

Jaworski, N. W., H. N. Lærke, K. E. Bach Knudsen, and H. H. Stein. 2015. Carbohydrate 

composition and in vitro digestibility of dry matter and nonstarch polysaccharides in 

corn, sorghum, and wheat and coproducts from these grains. J. Anim. Sci. 93:1103. 

doi:10.2527/jas.2014-8147. 

Lanson, R. K., and J. R. Smyth. 1955. Pellets vs. Mash Plus Pellets vs. Mash for Broiler 

Feeding. Poult. Sci. 34:234-235. doi:10.3382/ps.0340234. 

Montagne, L., J. R. Pluske, and D. J. Hampson. 2003. A review of interactions between 

dietary fibre and the intestinal mucosa, and their consequences on digestive health in 

young non-ruminant animals. Anim. Feed Sci. Technol. 108:95-117. 

doi:10.1016/S0377-8401(03)00163-9. 

Moran, E. T. 1982. Comparative nutrition of fowl &; swine: the gastrointestinal systems., 

University of Guelph, Ontario, Canada. 

Nir, I., R. Hillel, I. Ptichi, and G. Shefet. 1995. Effect of particle size on performance. 3. 

Grinding pelleting interactions. Poult. Sci. 74:771-783. doi:10.3382/ps.0740771. 

Noy, Y., A. Geyra, and D. Sklan. 2001. The effect of early feeding on growth and small 

intestinal development in the posthatch poult. Poult. Sci. 80:912-919. 

doi:10.1093/ps/80.7.912. 

Olejnik, B. 2016. Trend toward antibiotic-free poultry product continues to grow. 

http://www.poultrytimes.com/poultry_today/article_3ecb96b6-7b45-11e6-b282-

ffa0e40429aa.html Accessed January 8, 2017. 



 

 

84 

Perdue. 2018. No antibiotic ever; https://www.perdue.com/perdue-way/no-antibiotics/ 

Accessed January 8, 2017. 

Polansek, T. 2014. Big U.S. school districts plan switch to antibiotic-free chicken. 

https://www.reuters.com/article/us-antibiotics-chicken-education/big-u-s-school-

districts-plan-switch-to-antibiotic-free-chicken-idUSKBN0JO00320141210 Accessed 

January 8, 2017. 

Rubin, J. 2014. Consumers are demanding antibiotic-free meat, and Big Food is starting to 

listen. https://www.pri.org/stories/2014-08-11/consumers-are-demanding-antibiotic-

free-meat-and-big-food-starting-listen Accessed January 8, 2017. 

Selle, P. H., D. J. Cadogan, X. Li, and W. L. Bryden. 2010. Implications of sorghum in 

broiler chicken nutrition. Anim. Feed Sci. Technol. 156:57-74. 

doi:10.1016/j.anifeedsci.2010.01.004. 

Serrano, M. P., M. Frikha, J. Corchero, and G. G. Mateos. 2013. Influence of feed form and 

source of soybean meal on growth performance, nutrient retention, and digestive 

organ size of broilers. 2. Battery study. Poult. Sci. 92:693-708. doi:10.3382/ps.2012-

02372. 

Sundu, B. 2008. The effect of diet and pellet size on the passage rate of feed in the digestive 

tract of broiler chickens. Agroland 15:330-335. 

Svihus, B., H. Hetland, M. Choct, and F. Sundby. 2002. Passage rate through the anterior 

digestive tract of broiler chickens fed on diets with ground and whole wheat. Br. 

Poult. Sci. 43:662-668. doi:10.1080/0007166021000025037. 



 

 

85 

Uni, Z., and R. P. Ferket. 2004. Methods for early nutrition and their potential. W. Poult. Sci. 

J.60:101-111. doi:10.1079/WPS20040009. 

Vogtmann, H., H. P. Pfirter, and A. L. Prabucki. 1975. A new method of determining 

metabolisability of energy and digestibility of fatty acids in broiler diets. Br. Poult. 

Sci 16:531-534. doi:10.1080/00071667508416222. 

Zang, J. J., X. S. Piao, D. S. Huang, J. J. Wang, X. Ma, and Y. X. Ma. 2009. Effects of Feed 

Particle Size and Feed Form on Growth Performance, Nutrient Metabolizability and 

Intestinal Morphology in Broiler Chickens. Asian-Australas J. Anim. Sci.22:107-112. 

doi:10.5713/ajas.2009.80352. 

 

 

 

 

 

 

 

 

 

 



 

 

86 

Effect of biochar and Miscanthus ssp. as litter treatments and feed form in male 

turkeys. 

 

 

ABSTRACT 

 

Litter is important for birds’ performance, health, and environmental impact. Pine shavings are 

the most common bedding for poultry. However, the increase in its price and its scarcity have 

created new research opportunities for reusing litter bedding. Increased fines in the feed have 

been found to decrease performance to 3 weeks; however, data is needed to determine the 

effect of fed fines to market age. The objective of this study was to determine how biochar and 

Miscanthus grass in the litter and reducing the amount of fines in the feed affect performance, 

small intestine morphology, ammonia production and litter microbiology. Eight hundred and 

twenty-seven Nicolas Select male poults were randomly assigned to 48 concrete-floor pens. 

The experimental design was a completely randomized block design with a 2×4 factorial 

arrangement of 2 levels of fines in the feed (screened vs non-screened) and 4 litter mixes using 

old brooder litter (70% in all) and a combination of biochar and Miscanthus grass (0% biochar 

& 30% Miscanthus spp.; 5% biochar and 25% Miscanthus spp.; 10% biochar & 20% 

Miscanthus spp.; 20% biochar & 10 % Miscanthus spp.). Bird body weight (BW), weekly body 

weight gain (BWG), feed intake (FI), feed conversion ratio (FCR), feed particle size, pellet 

durability index (PDI), ammonia production of litter, coliform count units in litter (CFU), and 

duodenum, jejunum, ileum and ceca morphology were determined, and differences were 

considered to be statistically significant at P≤0.05. Poults fed screened feeds were significantly 

different in FI (45.58 ± 0.08 kg), and FCR (2.205 ± 0.014 feed: gain) from 0 to 20wk of age. 

Litter treatment with 20% biochar resulted in higher BW from 11 to 20 wk of age (20.91 ± 
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0.16 kg). At 11 wk, less activity was needed to decake 20% biochar pens, which may 

correspond to a reduced stress level experienced by the birds. Moreover, standard method agar 

coliform CFU decreased significantly in the 20% biochar litter treatment at 20wk (7.85 ± 0.07 

log CFU/g). No difference due to litter or screening levels were observed on litter ammonia 

emissions. In conclusion, lowering the amount of fines in the feed increased BW by increasing 

FI and improved FCR at 20wk. The inclusion of biochar at 20% and Miscanthus spp. at 10% 

did not affect litter ammonia emissions, but increased BWG at 11 wk (3.70 ± 0.05 kg). 

 

Keywords: turkey, feed quality, litter, biochar, Miscanthus. 
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Introduction 

Feed quality in this study is defined as an amount or percentage of fines in the feed 

offered to the bird. Birds will prehend feed particles according to their beak size and 

mechanoreceptors in the beak (Moran, 1982). This could be critical since beak conditioning is 

common practice on turkeys at the hatchery. Beak conditioning is done through the practice of 

trimming the upper beak to decrease injuries when turkeys peak each other. On Previous 

experiments, decreasing the starter phase amount of feed fines could be done by mini or micro 

pelleting the feed (K. Flores, unpublished data). However, mini-pelleting feed requires certain 

pellet mill dies and inversion.  Alternatively, screening the feed for certain particle size of 

crumbles could be an option to reduce the amount of fines in the feed. When switched to 

pelleted diets, fines could be removed by screening the pellets.  

Litter provides birds with a proper medium on which watering, feeding and other 

management practices are carried (Monira et al., 2003). Consequently, litter quality will also 

impact the performance of the bird. Environmental concerns, ammonia management, and odor 

complaints make litter treatment an interesting factor to research on. Amending used poultry 

litter with alternate material to wood shavings may not only reduce bedding costs but may also 

alleviate the negative effects of used built-up litter on bird performance. Miscanthus grass is 

being used as cosubstrate in the anaerobic digestion of chicken manure to generate energy and 

as a waste treatment before land applications (Li et al., 2016).Biochar, a product of pyrolysis 

of organic matter, reduces ammonia emission when poultry litter is composted (Agyarko-

Mintah et al. 2017; Janczak et al. 2017; Liu et al., 2010), and it increases soil pH, organic 
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matter, and nutrients when land applied (Hass et al., 2012; Revelle et al. 2012; Abbasi and 

Anwar, 2015; Brantley et al. 2016).   

We hypothesized that birds fed lower amounts of fines in the feed will have an 

increased BW, FI, and improved FCR and that litter with higher levels of biochar will decrease 

the litter ammonia emissions. The objective of this study was to determine changes in bird 

performance, digestibility, gastrointestinal morphology, litter ammonia emission, and CFU 

presence by feeding birds fewer amounts of fines and rearing birds in the litter with 

amendments. 
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MATERIALS AND METHODS 

Treatments and experimental design. A completely randomized block design with a 2 

× 4 factorial arrangement of 2 levels of amount of fines in the feed (screened feeds/low amount 

of fines versus not screened feeds/high amount of fines). There were four levels of biochar in 

the litter with the same amount of used breeder litter (70% of litter mix), with the remainder 

consisting of a combination of 0, 5, 10, or 20 % of biochar and 30, 25, 20, or 10 % Miscanthus 

ssp.  grass, respectively. Therefore, there were four litter treatments: control (70% used breeder 

litter, 0% biochar, and 30% Miscanthus ssp.  grass), biochar 5% (70% used breeder litter, 5% 

biochar, and 25% Miscanthus ssp.  grass), biochar 10% (70% used breeder litter, 10% biochar, 

and 20% Miscanthus ssp.  grass), and biochar 20% (70% used breeder, 20% biochar, and 10% 

Miscanthus ssp.  grass). 

Feed manufacturing. The North Carolina State University Feed Mill Educational Unit 

manufactured all feed phases and treatments. One common basal formulation was used per 

feed phase for the two feed treatments and both treatments had the same nutrient composition. 

The starter 1 feed was blended in a counterpoise ribbon mixer (Model TRDB1260960, Hayes 

& Stolz, Fort Worth, TX), conditioned in a single pass conditioner (Model C18LL4/F6, 

California Pellet Mill, Crawfordsville, IN), pelleted in a 30-horsepower pellet mill (Model 

PM1112-2, Crawfordsville, IN) using a 11/64” × 1 3/8” pellet mill die. Feed pellets were 

cooled in a counter flow cooler (Model VK09X09KL, Geelen counterflow USA, INC, 

Orlando, FL), and crumbled by a Roskamp crumbler (Model 624S, Roskamp Champion, 

Waterloo, IA). Half of the batch was screened with 6 and 12 U.S. sifters in a shaker (Model 2 

x 4 two-decker general Rotoshacker, Andritz Sprout-Bauer, INC, Muncy, PA),  and the other 
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half was kept as the original crumble (with fines). Both diets were mixed with a post-fat 

application in the counterpoise ribbon mixer.  The rest of the feed program phases were mixed 

in the counter poise ribbon mixer, pelleted in a 10 ton/hour pellet mill (Model 60-130, Bliss 

Industries, LLC, Ponca City, OK), using a 11/64” × 1 3/8” pellet mill die. Feed pellets were 

cooled by a 10-ton counter flow cooler (Model VK19X19KL, Geelen Counterflow USA, INC, 

Orlando, FL), and fines removed in a pellet screener (Model 3 5/7 Roto-Shack, Andritz Sprout-

Bauer, INC, Muncy, PA), and to be later post-pelleted fat coated. Half of the batch was sent 

directly to the feed truck. From the other half, 30% of the batch was sent to the crumbler (Model 

PC-83311855, California Pellet Mill, Crawfordsville, IN) or roller mill (Model C128889, 

RMS, Sea, SD) to generate fines to be added to the rest of the screened pellets. Fines were 

created with pellets that were  already coated with fat, which allowed us to have the same 

amount of fat in both diets. 

Housing and management. This study used a double curtain house with 48 pens with 

concrete floors. Each pen was set with a bell drinker and feeder. The ambient temperature was 

gradually decreased from 95 °F at placement to 85 °F at 14 days of age and reduced to 5 °F 

every week until the ambient temperature was achieved. Humidity was approximately 55% for 

the entire experimental period. Twenty-four (24) hours of light per day was provided for the 

first 3 days and from 3 days to the end of the study natural light and day length was provided. 

Turkeys’ origin and management. Eight hundred and twenty-seven (827) male poults, 

Nicholas Select (Aviagen Turkeys, Lewisburg, WV) were placed on the day of hatch. Poults 

were weighed by pen at placement, 14, and 21 days. Turkeys were weighed individually from 

5 wk to 20 wk of age. The weight of each pen of birds plus culls and mortalities was used to 
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determine feed conversion ratio (FCR). Toms consumed feed and water ad libitum throughout 

the study. Birds were check a minimum of 4 times per day. Mortalities were removed, weighed 

and feeders weights were recorded. Culled birds, those which were immobile, had a leg issue 

or were badly injured, were removed and euthanized. All animal handling procedures were 

approved by the NCSU Institutional Animal Care and Use Committee. 

Feeding program. Each feed treatment was fed ad libitum to all birds from placement 

to 20 wk of age. Turkeys were fed 6 feed phases, (starter1, starter 2, grower 1, grower 2, 

finisher 1, and finisher 2) on a pound per bird feeding program (Table II-1). The feed was 

recorded when added to feeders and at 2, 3, 5, 8, 11, 14, 17, 20 wk of age to generate feed 

intake (FI) and FCR calculations. 

Feed analysis. Proximate analysis (250 g) was outsourced for dry matter, crude protein, 

crude fat, minerals, and total lysine for samples of each dietary treatment feed (Carolina 

Analytical Services, Bear Creek, NC). 

Particle size determination. Particle size, pellets, crumbles, pellets, and fines 

determination were conducted for three separate locations of feed handling (loading truck, 

filling feeding box and at the feeder. A sampling of the three-feed handling location allowed 

us to observe the degradation of the feed and measure the amount of fines presented to the bird.  

Particle size and variation procedures and calculations conformed to the American Society of 

Agricultural and Biological Engineers standard 319.4 (ASABE S319.4). One representative 

feed sample from each diet was used. Three subsamples were taken from each sample after 

being homogenized. From each subsample, 100 g of feed and 0.5 g of sieve aid were set in a 

series of sieves. The sieves used were U.S. sieves 4, 6, 8, 12, 16, 20, 30, 40, 50, 70, 100, 140, 
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200, 270, and a collection pan. The group of sieves was set in a W.S. Tyler Ro-Tap sieve shaker 

(Model RX-29, W.S. Tyler Industries Group, Mentor, OH) for 15 min. The feed collected in 

the sieve was weighed in grams and input in formulas described in ASABE S319.4 for the 

mean particle size and log standard deviation formulas. Screen size for pellet and crumbles 

were selected in accordance with the ASAE S269.5 with a pellet diameter of 4.4 mm.  For the 

starter 1 feed, pellets were determined by the feed retained in the U.S. sieve number 4, crumbles 

were determined by the feed retained in the U.S. sieves number 6 and 12 sieves, and fines were 

determined by the feed retained between U.S. sieves number 14 and the recollection pan. For 

the rest of the feed program phases, pellets were determined as the feed collected under a U.S. 

sieve number 6 and fines over a U.S. sieve number 6. 

Pellet durability Index. The Holmen Method pellet durability test, equipment (Model 

NHP100, Holmen Group, Stockholm, Sweden), and protocol were used to determine pellet 

quality. Four representative samples from each feed phase and screening treatment were used 

on a 30 (two samples) and 60 (two samples) to determine the Pellet Durability Index (PDI). 

Each sample was sieved with a U.S. number 5 sieve and 100g of pellets were tested (30 and 

60 seconds). The pellets remaining were weighted and PDI was calculated as the percentage 

of pellets left after the test. 

Litter Ammonia production. At 14 weeks of age, ammonia emissions by the litter 

treatments were measured with Honeywell GasAlert Extreme Ammonia gas monitor (Model 

GAXT-A2-DL, Honeywell Analytics, INC, Lincolnshire, IL). A gallon Pyrex bowl 

(Item#6001043, World Kitchen, LLC, Rosemont, IL) was placed in the middle of each pen, 

avoiding wet litter areas. The ammonia reader was placed inside and the ammonia reading, in 
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ppm of ammonia, was recorded for 1 minute. The rate of production was calculated in ppm per 

second. Litter samples, from the same place the ammonia samples were conducted, were taken 

to determine water content in the litter.  At 20 wk, 20 hours after the turkeys were loaded out, 

a 5-gallon bucket was used to collect a sample from each corner and center of each pen. The 

sample later was homogenized with a wood chipper. After mixing the homogenized sample, 

100 grams were placed in 500 ml glass jar with the ammonia reader. The time was recorded 

until the reader reached 25 ppm of ammonia, the alarm in the reader went off. The rate of 

production of ammonia was calculated in ppm per second. From the homogenized sample, a 

subsample per pen was taken to determine water content in the litter. To determine water 

content in the litter, all samples were dried in a Blue M drying oven (General Signal, Blue 

Island, IL) for 48 hours at 80 °C. 

Litter Chemical Composition. Litter samples were taken before placement and at 20 

wk for chemical analysis. Analysis for total nitrogen (Kjeldahl method), total phosphorus, 

ammonia nitrogen, nitrate, pH, total carbon, sodium, potassium, calcium, magnesium, and 

copper were conducted by the North Carolina State University Environmental Analysis Lab. 

General coliform forming units count and Salmonella assays.  Before placing in the 

pens, litter samples were analyzed for Coliform forming units (CFU).  Samples were also taken 

at 20wk of age, 15 hours after the birds were loaded. All materials were autoclaved at 250 °F, 

22 PSI and at least 45 minutes. Circular bandages (socks) (Item Tubigrip #1448, Mölnlycke 

Health Care, Norcross, GA) were soaked with 25 ml of buffered peptone water at 1% (BPW) 

in a sterile stomacher bag. The socks later were used to collect litter by rolling them on a PVC 

pipe attached to a paint roller to obtain a whole pens sample (avoiding soaked litter spots). 



 

 

95 

Between changes of socks, or between pens, nitrile gloves were changed, tools were sterilized 

by soaking in ethanol 80%. The PVC was sterilized, between pens, by cleaning with a bleach 

wipe the excess of organic matter and spraying ethanol at 80% to be set on fire. After sample 

collection, socks were placed back in their respective stomacher bags to be transported, in 

biohazard cooler, to the lab. 41 ml of BPW was added to the socks, stomached for 1 minute in 

a stomacher. One ml was taken and pooled every 3 pens (2 replicates per litter treatments and 

8 per diet treatment) dilute for the CFU assay in 9 ml tube with 0.01% BPW. In total 7 dilutions 

were achieved and plated in duplicates on standard method agar (SMA) and incubated for 24 

hours at 37 °C. BioMérieux Vidas SP protocol for Salmonella and equipment (Model Vidas, 

BioMérieux, INC, Marcy-l'Étoile, France) detection was used to detect Salmonella in the pens. 

The stomacher bags with 65 ml of BPW and the sample socks were enriched with a Salmonella 

supplement, provide by BioMérieux, for 28 hours and then used the Vidas instrument and 

protocol to determine absence or presence of salmonella. It is important to notice that no 

restricted traffic flow was implemented through the study. 

duodenum, Jejunum, ileum and ceca morphology. Small intestine and ceca samples 

were collected from one bird per pen at 21 days of age. Samples were taken from the duodenal 

loop, jejunum, ileum and ceca and then submerged in neutral buffered formalin. Samples were 

trimmed and tinted in slides at North Carolina State University College of Veterinary 

Medicine. Slides were observed under a microscope and photographed, then measured with 

AmScope software (Version 3.7, Amscope, Irvine, CA) calibrated with a 4x magnification. 

Measurements were taken for villus height, crypt depth, and muscular thickness. 
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Statistical analysis. A complete randomized block design was used. Water content was 

included as a covariant in the litter ammonia production rate models. Data were analyzed using 

the PROC MIXED procedure of SAS 9.4. (SAS Institute, Cary, NC).   Significant differences 

in main effects and interactions were separated using LS Means (Tukey HSD test) with P ≤ 

0.05. 

RESULTS 

Feed analysis. Calculated nutrient content for NCSU provided feed is presented in 

Table III-2. Results for the nutrient analysis of all four feeds can be found in Table III-3. The 

estimated NSP content for the SBM source with 60% CP is lower. Feed formulated with the 

SBM source with 60% CP had a lower estimated amount of NSP. 

The particle size of the feed. Levels of screening at Stater 1 feed phase were 

significantly different in the diameter geometric mean diameters of the particle by mass (Dgw), 

geometric standard deviation of particle diameter by mass (SGW), fines content, crumbles 

content, and pellets content. The screened diet had a higher particle size (Dgw), higher 

crumbles content, higher Sgw, and lower content of pellets than a not screened diet. For the 

rest of the feed phases, presented as pellets, we observed degradation of both feed through the 

feeding system. Thus an increase in the amount of fines in the feed was found in the feeder. 

Both feed treatments had a decreased particle size when the feed was sampled at the feeder, 

but the screened diet had a statically higher feed particle size, similar or higher distribution, 

higher content of pellets, and a lower content of fines. We achieved total mean for all the 

screened phases of 29 % of fines, where the starter 2 and growers averaged 21% fines and the 

finishers 43.17%. The non-screened diets, on the other hand, had a total average of 57% of 
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fines, where the starter 2 and grower diets averaged 54% fines and the finishers 57.67% fines 

content (Tables III 4-9). 

Pellet durability index. Screened Grower 2 had a higher pellet durability when tested 

in the Holmen equipment at 30 and 60 seconds. The finisher 1 screened diet had a higher PDI 

when tested at 60 seconds. No difference between the rest of the feed phases was found in PDI 

(Table 10). 

Performance parameters. Birds fed the screened diets had a higher BW from 2 wk to 

17 wk. At 20 wk of age, the effect was no longer significant. The level of biochar in the litter 

influenced BW from 11 wk to 20 wk. Birds reared on a litter with 20% biochar had a higher 

body weight than the control birds, both 5% biochar and 10% biochar had an intermediate 

effect (Table 11). Bird BWG was higher when fed screened diets at 2, 3, and 8 wk of age. At 

20 wk. of age, birds fed the not screened diets had a higher BWG. The only point where litter 

affected BWG was at 11 wk., where the 20% biochar litter resulted in a higher BWG than the 

control, and both 5% biochar and 10% biochar had an intermediate effect (Table 12). A higher 

FI was achieved by the screened diet at 3, 5, and 8 wk. of age, but it had a lower FI at 17 and 

20 wk. of age than the not screened diet. The 20% biochar and 10% biochar treatment resulted 

in a higher feed intake at 20 wk than the control fed birds, while 5% biochar had an 

intermediate effect (Table 13). The FCR and FCR for BWG were statically different by the 

screening and litter factors. Birds fed the screened diets had an improved FCR and FCR for 

BWG through the experiment (Tables III 14-15). Litter treatment had an effect early in the 

experiment, at 2 wk. The birds fed the 20% biochar treatment had an improved FCR and FCR 

for BWG than the rest of the treatments. At 11 wk. of age the 20% biochar resulted in an 
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improved FCR than the control. For litter with 10% biochar, an intermediate effect was found 

for a litter with 5 % biochar (Tables III 14-15). 

Ammonia production of the litter. Ammonia levels at 14 and 20 wk were similar for 

screening and litter treatments. We observed an increase in ammonia level from 14 to 20wk. 

of age (Table 17). 

Chemical composition of the litter. Litter chemical composition before placement had 

different values for phosphorus, sodium, calcium, magnesium, copper, pH, and total Kindjal 

nitrogen depending on the percentage of biochar added to the litter. After the trial was 

concluded at 20 wk, all litter treatments resulted in increased concentrations of nitrogen, 

diluting all the other nutrients. 

General coliform unit count and Salmonella. Initial coliform units of litter for the 

control, 5% biochar, 10% biochar, and 20% biochar treatments were 5.0, 5.2, 5.1, and 4.8 log 

CFU per gram, respectively. Litter with 20% biochar had a lower amount of coliforms than the 

control litter At 20 wk of age. Litter containing 5% biochar and 10% biochar had an 

intermediate effect on coliform load (Table 18). All pens were negative for salmonella at 20 

wk. (data not presented).  

duodenum, Jejunum, ileum and ceca morphology. Screening the feed resulted in a 

higher muscular thickness of the duodenum at 21 days of age. The 20% Biochar litter treatment 

resulted in a higher value for villus height at the duodenum, villus height at the ileum, and 

ileum muscularis than the litter treatments with 5% and 10% biochar, with the control litter 

treatment having intermediate values. 
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DISCUSSION 

Feed particle size selection increases as the birds’ beak size increases with age, 

matching the peak size (Moran, 1982). In this study the particle size of the feed was increased 

by screening the feed, changing the feed form, and reducing the amount of fines in crumbles 

and pellets. Screened crumbles increased the BW, FI and FCR of the birds at 5 wk. By selecting 

for a higher feed particle size, we change the form of the crumbles. Feed form has been 

categorized as a major limiting factor for poultry performance (Quetin et al., 2004). These 

results are consistent with previous studies with screened crumbles and mini-pellets in turkey 

poults (Favero et al., 2009; K. Flores, unpublished data). Screening the crumbles increased the 

textural characteristics of the starter and reducing the levels of fines that are detrimental to 

FCR and BW (Porudfoot and Hulan, 1982). Screened pellets increased BW until 17 wk, 

decreased FI, and improved FCR until 20wk. Screened crumbles having a smaller gap in 

particle size to pellets, could decreased the stress that is attributed to a feed particle size change 

(Lecuelle et al. 2010). 

Performance of the birds is increased when fed pellets, particularly with low amounts 

of fines. When screened pelleted feeds were offered to birds, BW increased, FI decreased, and 

FCR improved.  The effects of pelleted feed on performance has been extensively studied and 

reviewed (Lanson and Smith, 1954; Calet, 1965; Nir et al., 1995; Amerah et al., 2007a, 2007b; 

Zang et al., 2009; Dozier et al., 2010; Selle et al., 2012; Serrano et al., 2012, 2013), but studies 

investigating pellet quality in turkeys are limited. Pellet quality as defined by the fines content 

is very critical, since mechanical receptors present in the beak (Moran 1982) may override the 

chemical sense (Nir and Hillel, 1995), which could be disturbed by beak conditioning of 
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turkeys (Favero et a., 2009). Our results are similar to a broiler study reported by Dozier et al. 

(2010), where higher pellet quality resulted in improved performance. It is critical to achieve 

a good pellet quality at the feeder, and not just when it leaves the feed mill. Our study suggests 

the generation of fines by transportation up to the feeder to be 29% overall for a screened 

pelleted feed and 57% fines for the non-screened pelleted diets. Reducing the amount of fines 

in the crumbled and pelleted feed generate at the feed mill reduced significantly the amount of 

fines present at the feeder.  The lower amount of fines present in the product when shipped, 

the less fines the feed will have at arrival, subsequently the amounts of fines will be 

accumulative. Pellets also need to have a basic form of physical quality in terms durability to 

withstand the rigors of transportation (Thomas and Van der Poel, 1996).  

The inclusion of 20% biochar in the litter resulted in increased BW, BWG, and 

improved FCR at 11 wk. This is the only week when BWG was affected, which resulted in all 

the subsequent weeks having an increased BW through 20 wk for birds reared on 20% char. 

The effect of biochar in the litter on performance could be explained by stress caused when 

removing caking fecal material from the pens. At 10 wk. litter fecal cake was removed from 

all pens, this handling activity potentially caused stress to birds. The lack of statistically 

significant differences in feed intake, but a difference in BW and FCR, could suggest an 

expenditure of energy by a stress factor that could have been reduced with lower amounts of 

cake in the pens. It was observed, but not measured, that litter with 20% biochar did not contain 

as much cake. It is possible that the reduced amount cake in treatments with 20% biochar lead 

to less time working in the pens reducing the stress in the birds. In turn, birds that experienced 

less stress could be expected to have better and more efficient growth. At 20 weeks, no 
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difference in ammonia emission from the litter or litter moisture was observed, indicating that 

biochar in the litter did not affect final environmental conditions in the house. Nonetheless 

chemical analysis comparisons of the litter, before placement and at 20 wk., revealed that 

increasing the levels of biochar in the litter increased the levels of nitrogen adsorption of the 

litter. The house, as a whole, had a maximum level of 7 ppm ammonia in the air of the hallways 

measured at a height of 1.5 m from the floor. These ammonia levels could have originated 

from any treatment. Enclosed ventilated rooms with ammonia readers installed in each pen at 

bird level could be a more effective way to measure daily ammonia produced by the litter 

treatments. A reduction of pathogen loads could be found in the litter with higher levels of 

biochar at 20 wk. The count of CFU has been related to the pathogen load of beddings. Lower 

counts of CFU could be related to lower loads of intestinal pathogens (Hartel and Segars, 

2000).  Salmonella was not present in any of the treatments. The absence of Salmonella could 

be due to the lack of the organism in the feed, whole house, or farm. More information about 

the effects of biochar, on Salmonella, inoculation of Salmonella in transit-limited experiments 

could be studied. 

Miscanthus grass is being used as cosubstrate in the anaerobic digestion of chicken 

manure to generate energy and as a waste treatment before land applications (Li et al., 2016).  

Miscanthus grass was present in the gizzards at 21 days of age in all sampled birds (Data not 

showed). But no statically difference in performance was observed until 11 wk, where is 

speculated bird stress was inserted by decaking the litter. No performance statically differences 

were observed in broilers at 42 days of age when Miscanthus grass was used as a litter 

treatment (Hulet et al. 2010). In our study, no ammonia production difference was observed 
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between any litter treatment. Although no work with Miscanthus grass was found on ammonia 

production, there was no difference in litter ammonia production when other grasses are used 

as beddings. No effect on litter ammonia production was observed in a broiler study when 

chopped Bermuda grass and Switchgrass were used as litter treatments (Davis et al., 2015).  

Smith et al. (2004) found that Bermuda grass hay mixed with pine shavings did not affect 

market age turkey hens’ performance, or litter nitrogen content when compared to pine 

shavings. The lack of studies with Miscanthus grass in poultry creates the opportunity to work 

with Miscanthus grass for its potential energy value and usage as litter amendment. 

Significant differences in the duodenum, ileum and ceca morphology at 21 days was 

observed due to screening and litter treatments. The increase of the birds’ duodenum 

muscularis thickness is contradictory to previous experiments done in our lab (K. Flores, 

unpublished data). Poults usually eat litter or particulates in the litter, biochar could have been 

consumed from the litter. Out of the 36 pens with biochar, 9 birds contained biochar (data not 

shown) in the gizzard at 21 days. Out of those 9 birds, 6 birds came from the treatment with 

20% biochar in the litter.  These numbers could be higher depending on the hardness of 

biochar; if soft it could be easily non-visible, and not quantified, due to a reduction of size in 

the gizzard. However, the birds with biochar visible in the gizzard suggested that is possible 

that birds ate biochar from the litter when it was highly available, even though the biochar was 

not supplemented into the feed. In several studies, poultry litter biochar has been reported to 

have a high pH (Hass et al. 2012), high phosphorus levels (Revelle et al. 2012a), high levels 

of toxic-heavy-metal levels (Evans et al., 2015, 2017), and can decrease the presence of certain 

pathogens in birds (Prasai et al., 2016). If biochar is consumed by the birds it could increase 
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the pH of the birds at the duodenum decreasing the amount of buffering solutions needed, 

changing its morphology. The extra phosphorus supplementation and its availability for the 

turkeys will depend on the source of the litter biomass litter residue. (Akpe et al., 1984). If the 

minerals in biochar are not absorbed by the bird, along with changes in the pH could change 

the microbiota of the animal and thus change the morphology of the duodenum and ileum. 

Arsenic levels in biochar should be measured and take in consideration when biochar is used. 

Evans et al. (2016) found negative performance in broilers when biochar was fed to the birds, 

due to a high concentration of arsenic in the biochar used in his experiment. Biochar performed 

similarly to positive control when a low arsenic poultry litter biochar was fed to broilers (Evans 

et al., 2017). In this trial, we did not observe any bird health issue or performance loss that can 

be linked to birds reared on a litter with biochar. While biochar did not influence the diversity 

of microorganism in the gut when fed to layers, it did lower the number of certain pathogens 

(Prasai et al., 2016). The increased in villus height and surface have been previously linked 

with increased levels of performance (Wu et al., 2004). The increased villus height could 

explain the higher performance of litter with 20% biochar in the litter when birds were stress 

at 10 weeks of age, though the small intestine morphology data only corresponds to 21 days of 

age. The change on BWG for 11 weeks was enough to separate bird BW of birds on 20% 

biochar litter from the control, even though there were no other statistically changes on BWG 

on subsequent weeks. This can be a great example of the importance of a bird with enhanced 

gut health. In our study, no pH, phosphorus levels and arsenic levels of pure biochar were not 

measured, which has been shown to be of high interest when birds consume biochar. 

Subsequently, if biochar is going to be ingested by birds it would be of our interest to know 
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the rate of ingestion, nutrient composition, arsenic composition, change in pH in the gut and 

change of microbiota in the gut.   

Once the litter has no more purpose in a growth out and has been composted it could 

be used as a soil amendment.  Composting the litter is a crucial part to reduce pathogens loads 

and to produce an enhanced agronomic product (Mukhtar et al., 2004).  The chemical values 

analyzed could be used as rough estimate of the nutrient values for plants of the litter, 

meanwhile litter will be composted and lost and gain nutrients. When composting biochar will 

absorb ammonium and immobilizes ammonia (Mandal et al. 2016), by its sorption properties 

facilitated by its high porosity, surface and ion exchange (Joseph et al., 2010). Thus, reducing 

the ammonia liberated to the environment when composting. The effect of the biochar will 

depend of the on the rate of application of biochar (Janczak et al.,2017). It will also need to be 

consider the amount of ammonia and other nitrogen sources that the biochar adsorbed during 

the grow-out operations. Once the litter with biochar has been composted it may increase the 

pH, water holding capacity, organic matter, and nutrients in the soil (Hass et al., 2002).  Several 

studies have shown the benefits of biochar with different crops (Revell et al., 2012a; Abbasi 

and Anwar, 2015; Brantley et al., 2016; Mierzwa-Herztek et al. 2016). Nutrient analysis after 

composting are encourage before agricultural usage due to biochar characteristics variability 

(Verheijen et al., 2010) and litter composition. 

 In conclusion, reducing the amounts of fines in the feed may increase the growth and 

feed conversion of market turkeys. High levels of biochar in the litter reduced the coliform 

forming units in the litter while maintaining the same ammonia levels at 20 weeks. Biochar at 

20%, in combination with Miscanthus grass at 10%, we speculate it reduced pen litter cake. 
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Less cake meant less stress of handling to remove the cake in this possibly resulting in less 

stress and improved bird performance.  The gain in performance due to this episode carried on 

until 20 weeks.  The FCR was improved for birds on the 20% biochar litter during the 8 to 11 

week time period. Dust and black beetles were present in the first weeks of production but 

were not present by the time the birds were market age.  Litter with biochar could be analyzed 

for nutrient composition, composted, and later land applied as a high value agronomic soil 

amendment. Alternatively, the resulting poultry litter, with Miscanthus grass and biochar, 

could be tested for energy content and suitability for use as a biomass fuel.
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Table III-1. Experimental feed program1 nutrient composition (%) 

Ingredient  Starter1 Starter2 Grower 1 Grower 2 Finisher 1 Finisher 2 

Corn 18.60 22.00 26.20 34.30 40.70 44.50 

Wheat 20.00 20.00 20.00 20.00 20.00 20.00 

Soybean meal 38.00 35.00 30.00 22.50 17.00 13.40 

Poultry meal 10.00 10.00 10.00 10.00 10.00 10.00 

Fat 7.03 7.03 8.09 8.08 8.05 8.08 

Limestone 1.80 1.65 1.58 1.45 1.10 1.08 

Monocalcium2 2.55 2.35 2.25 2.00 1.50 1.35 

Salt 0.20 0.20 0.20 0.20 0.20 0.20 

Mineral Mix3 0.20 0.20 0.20 0.20 0.20 0.20 

Vitamin Mix4 0.20 0.20 0.20 0.20 0.20 0.20 

Selenium Mix 0.05 0.05 0.05 0.05 0.05 0.05 

Choline Chloride  0.20 0.20 0.20 0.20 0.20 0.20 

Lysine 0.45 0.44 0.41 0.33 0.33 0.30 

Methionine 0.45 0.43 0.38 0.30 0.28 0.25 

Sodium 

Bicarbonate 
0.13 0.13 0.13 0.13 0.13 0.13 

Threonine 0.15 0.13 0.13 0.08 0.08 0.08 

Ingredient total  100.00 100.00 100.00 100.00 100.00 100.00 

Feed per bird (kg)5 2.73 5.45 8.18 11.36 13.64 15.91 
1Both screened and not screened feeds share the same ingredient composition 
2 Monocalcium phosphate. 

3 Mineral Premix provided the following per kg of diet: manganese, 120 mg; zinc, 120 mg; 

iron, 80 mg; copper, 10 mg; iodine, 2.5 mg; cobalt, 1 mg. 
4 Vitamin premix provided the following per kg of diet: vitamin A, 26455 IU; vitamin D3, 

7937 IU; vitamin E, 132 IU; vitamin B12, 0.08 mg; biotin, 0.51 mg; menadione, 8 mg; 

thiamine, 8 mg; riboflavin, 26 mg; pantothenic acid, 44 mg; vitamin B6, 16 mg; niacin, 220 

mg; folic acid, 4 mg.  
5 Feed fed to birds per feed phase in kilograms. 

 



 

 

107 

Table III-2. Experimental feed program1 calculated nutrient composition (%)  

 Nutrient composition   Starter 1    Starter 2   Grower 1   Grower 2 Finisher 1 Finisher 2 

Crude Protein 30.70 29.50 27.20 23.90 21.60 20.00 

ME (kcal/Kg)1 3080 3120 3225 3311 3392 3432 

Crude Fat 9.80 9.80 10.9 11.00 11.10 11.20 

Lysine 1.89 1.80 1.65 1.39 1.25 1.140 

Methionine 0.84 0.81 0.73 0.62 0.58 0.53 

Methionine + Cysteine 1.23 1.18 1.08 0.93 0.87 0.80 

Tryptophan 0.33 0.31 0.28 0.24 0.21 0.19 

Threonine 1.19 1.12 1.04 0.87 0.79 0.73 

Arginine 1.89 1.80 1.64 1.42 1.25 1.15 

Valine 1.31 1.25 1.15 1.01 0.91 0.84 

Calcium 1.50 1.41 1.35 1.25 1.03 0.99 

Av. Phosphorus1 0.75 0.71 0.68 0.63 0.52 0.49 

Sodium 0.19 0.19 0.18 0.18 0.18 0.18 

Chloride 0.18 0.18 0.18 0.18 0.18 0.19 
1 Both screened and not screened feeds were formulated to achieve the same nutrient composition. 
2 Metabolized energy in kilocalories per kilogram. 
3 Calculated available phosphorus per feed phase.
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Table III-3. Screened and not screened diets nutrient analysis through experimental feed program1 (%)  

Nutrient 

Starter 1 Starter2 Grower 1 Grower 2 Finisher 1 Finisher 2 

 

SCRN2 
 Not 

SCRN3 
 

SCRN 
 Not 

SCRN  SCRN  Not 

SCRN  SCRN  Not 

SCRN  SCRN  Not 

SCRN  SCRN  Not 

SCRN 

Moisture 10.95 11.20 11.37 11.10 11.18 10.79 11.30 10.62 11.57 11.62 11.03 10.76 

Fat 9.91 9.40 7.61 7.48 10.81 11.50 9.53 10.07 10.90 10.53 11.16 11.26 

Protein 29.95 29.08 29.71 29.48 26.01 26.28 23.72 24.19 20.91 20.59 18.52 18.67 

Ash 7.43 7.65 7.36 7.50 6.55 7.14 6.32 6.41 5.08 5.13 4.31 4.22 

Phosphorus4 1.01 1.02 1.12 1.02 1.02 1.09 1.08 1.06 1.00 0.91 0.74 0.65 

Calcium 1.55 1.61 1.74 1.56 1.61 1.53 1.61 1.60 1.43 1.21 1.01 1.02 

Sodium 0.18 0.19 0.18 0.18 0.19 0.15 0.15 0.15 0.18 0.20 0.15 0.20 
1 Feed analysis was performed by Carolina Analytical Services (17570 NC Highway 902, Bear Creek, NC 27207). 
2 Screened feed treatments. 
3 Not screened feed treatments. 
4 Total phosphorus in diet treatments. 
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Table III-4. Effect of screened and not screened on starter 1 feed physical characteristics 

Diet 
Dgw1 Sgw2 Fines3 Crumbles4 Pellets5 

 ———— (μm) ———— ———————— (%) ——————— 

Screened 2,375a 1.77b 0.14b  0.86a 0.00b 

Not Screened 2,121a 2.20a 0.20a 0.70b 0.10a 

SEM6 23 0.02 0.03 0.02 0.01 

P-value 0.001 0.0002 0.04 0.0004 0.01 
a,b Means within a column lacking a common superscript differ (P ≤ 0.05). 
1 Geometric mean diameters of the feed particle by mass. 

2 Geometric standard deviation of particle diameter by mass. 
3 Fines determined in pellets as feed over US sieve number 12. 
4 Crumbles determined as feed Between US sieve number 4 and 12. 
5 Pellets determined as feed under US sieve number 4. 
6 Standard error of the mean (SEM) n=3 samples per treatment. 
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Table III-5. Effect of feed transportation on starter 2 feed physical characteristics 

Diet 
Dgw1 Sgw2 Fines3 Pellets4 

 ———— (μm) ———— —————— (%) ———— 

Screened at truck 4,122a 1.77c 3.67d 96.67a 

Not Screened at truck 2,195c 2.87b 43.67a 56.33d 

Screened at box 3,152b 2.63b 16.00c 84.00b 

Not Screened at box 1,862c 3.23a 54.33a 48.67d 

Screened at feeder 2,877b 2.63b 25.67b 74.33c 

Not Screened at feeder 1,978c 2.97ab 50.00a 50.00d 

SEM5 88 0.06 1.72 1.73 

P-value <0.0001 <0.0001 <0.0001 <0.0001 
a,b Means within a column lacking a common superscript differ (P ≤ 0.05). 
1 Geometric mean diameters of particle by mass. 

2 Geometric standard deviation of particle diameter by mass. 
3 Fines determined in pellets as feed over US sieve number 6. 
4 Pellets determined as feed under US sieve number 6. 
5 6 Standard error of the mean (SEM) n=3 samples per treatment. 
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Table III-6.  Effect of feed transportation on grower 1 feed physical characteristics 

Diet 
Dgw1 Sgw2 Fines3 Pellets4 

 ———— (μm) ———— —— (%) —— 

Screened at truck 4,265a 1.70b 2.67c 97.33a 

Not Screened at truck 2,338bc 2.63a 40.33ab 59.67bc 

Screened at box 3,912a 1.93b 7.67c 92.33a 

Not Screened at box 2,140c 2.67a 45.33a 54.67c 

Screened at feeder 2,921b  2.47a 26.67b 73.33b 

Not Screened at feeder 1,631c 2.67a 62.33a 37.67c 

SEM5 161 0.07 3.76 3.76 

P-value <0.0001 <0.0001 <0.0001 <0.0001 
a,b Means within a column lacking a common superscript differ (P ≤ 0.05). 
1 Geometric mean diameters of the feed particle by mass. 

2 Geometric standard deviation of particle diameter by mass. 
3 Fines determined in pellets as feed over US sieve number 6. 
4 Pellets determined as feed under US sieve number 6. 
5 Standard error of the mean (SEM) n=3 samples per treatment. 
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Table III-7. Effect of feed transportation on grower 2 feed physical characteristics 

Diet 
Dgw1 Sgw2 Fines3 Pellets4 

 ———— (μm) ———— ————— (%) ———— 

Screened at truck 4,130a 1.83b 4.00c 96.33a 

Not Screened at truck 2,648c 2.73a 30.67b 69.33b 

Screened at box 3,545b 2.27b 12.00c 88.00a 

Not Screened at box 2,223cd 2.83a 40.33ab 59.67c 

Screened at feeder 4,103a 1.83b 9.00c 91.00a 

Not Screened at feeder 1,890d 2.87a 50.00a 50.00d 

SEM5 92 0.10 2.60 0.26 

P-value <0.0001 <0.0001 <0.0001 <0.0001 
a,b Means within a column lacking a common superscript differ (P ≤ 0.05). 
1 Geometric mean diameters of particle by mass. 

2 Geometric standard deviation of particle diameter by mass. 
3 Fines determined in pellets as feed over US sieve number 6. 
4 Pellets determined as feed under US sieve number 6. 
5 Standard error of the mean (SEM) n=3 samples per treatment.
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Table III-8. Effect of feed transportation on finisher 1 feed physical characteristics 

Diet 
Dgw1 Sgw2 Fines3 Pellets4 

 ———— (μm) ———— ————— (%) ————— 

Screened at truck 3,930a 1.97c 5.00d 95.00a 

Not Screened at truck 2,404b 2.67a 34.33c 65.67b 

Screened at box 3,532a 2.20bc 12.33d 87.67a 

Not Screened at box 1,808b 2.90a 50.00b 50.00c 

Screened at feeder 2,229b 2.67a 41.67bc 58.33bc 

Not Screened at feeder 1,233c 2.53ab 75.33a 24.67d 

SEM5 104 0.09 2.42 2.42 

P-value <0.0001 <0.0001 <0.0001 <0.0001 
a,b Means within a column lacking a common superscript differ (P ≤ 0.05). 
1 Geometric mean diameters of particle by mass. 

2 Geometric standard deviation of particle diameter by mass. 
3 Fines determined in pellets as feed over US sieve number 6. 
4 Pellets determined as feed under US sieve number 6. 
5 Standard error of the mean (SEM) n=3 samples per treatment. 
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Table III-9. Effect of feed transportation on finisher 2 feed physical characteristics 

Diet 
Dgw1 Sgw2 Fines3 Pellets4 

 ———— (μm) ———— ————— (%) ———— 

Screened at truck 4,006a 1.80c 6.33c 93.67a 

Not Screened at truck 2,095c 2.87a 40.33b 59.67b 

Screened at box 3,204b 2.37b 19.00c 81.00a 

Not Screened at box 2,225c 2.77ab 37.67b 62.33b 

Screened at feeder 2,073c 2.93a 44.67b 55.33b 

Not Screened at feeder 1,175d 2.70ab 73.00a 27.00c 

SEM5 152 0.10 3.27 3.27 

P-value <0.0001 <0.0001 <0.0001 <0.0001 
a,b Means within a column lacking a common superscript differ (P ≤ 0.05). 
1 Geometric mean diameters of particle by mass. 

2 Geometric standard deviation of particle diameter by mass. 
3 Fines determined in pellets as feed over US sieve number 6. 
4 Pellets determined as feed under US sieve number 6. 
5 Standard error of the mean (SEM) n=3 samples per treatment. 
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Table III-10. Screened and not screened feeds PDI results tested with Holmen method at 

30 and 60 seconds (%) 

Diet Starter 2 Grower 1 Grower 2 Finisher 1 Finisher 2 

 ————————————— (30 s) —————————————  

Screened 87.58 90.26 89.62a 89.9 82.1 

Not Screened 86.88 90.97 85.97b 90.7 84.6 

SEM1 1.0300 0.23 0.21 0.34 0.52 

P-value 0.6700 0.19 0.0064 0.25 0.08 

      

 ————————————— (60 s) —————————————  

Screened 68.90 73.68 77.1a 76.95a 56.71 

Not Screened 66.87 78.18 64.3b 70.93b 62.81 

SEM1 0.8100 1.44 1.01 0.79 2.1 

P-value 0.2200 0.16 0.01 0.0327 0.18 
a,b Means within a column lacking a common superscript differ (P ≤ 0.05). 
1 Standard error of the mean (SEM) n=2 samples per treatment. 
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Table III-11. Effect of screening and litter factors on male turkey mean body weight (Kg) 

Feed Litter 
Turkey age in weeks 

0  2  3  5 8  11 14  17  20  

Screened  0.065 0.47a 0.88a 2.29a 5.28a 8.88a 13.4a 17.00a 20.59 

Not Screened  0.065 0.44b 0.87b 2.16b 5.00b 8.60b 13.14b 16.72b 20.68 

SEM1 
 0.003 0.004 0.01 0.03 0.04 0.06 0.06 0.09 0.12 

P-value  0.600 0.0002 <0.0001 0.005 <0.0001 0.004 0.006 0.03 0.510 
 0% Biochar 0.065 0.45 0.84 2.18 5.07 8.56b 13.00b 16.54b 20.29b 

 5% Biochar 0.065 0.44 0.83 2.14 5.05 8.66ab 13.22ab 16.84ab 20.52ab 

 10% Biochar 0.065 0.46 0.87 2.29 5.22 8.81ab 13.33ab 16.94ab 20.82ab 

 20% Biochar 0.065 0.46 0.86 2.27 5.22 8.92a 13.53a 17.13a 20.91a 

 SEM2 0.004 0.01 0.02 0.04 0.06 0.09 0.09 0.13 0.16 

  P-value 0.842 0.24 0.21 0.07 0.11 0.04 0.002 0.01 0.02 
a,b Means within a column lacking a common superscript differ (P ≤ 0.05). 
1 Standard error of the mean (SEM) n=24 pens with 17 birds per treatment. 
2 Standard error of the mean (SEM) n=12 pens with 17 birds per treatment. 
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Table III-12. Effect of screening and litter factors on male turkey mean body weight gain (Kg) 

Diet Litter 
Turkey age in weeks 

2  3  5  8  11  14  17  20  

 Screened  0.401a 0.816a 1.34 3.00a 3.60 4.53 3.59 3.68b 

Not Screened  0.375b 0.750b 1.41 2.84b 3.60 4.54 3.59 4.10a 

SEM1 
 0.004 0.010 0.03 0.03 0.03 0.04 0.06 0.08 

P-value  0.0002 <.0001 0.08 0.0002 0.94 0.79 0.94 0.01 
 0% Biochar 0.384 0.772 1.35 2.89 3.49b 4.44 3.54 3.92 

 5% Biochar 0.379 0.762 1.32 2.90 3.61ab 4.56 3.62 3.76 
 10% Biochar 0.393 0.800 1.42 2.93 3.59ab 4.52 3.61 4.07 

 20% Biochar 0.396 0.797 1.41 2.94 3.70a 4.61 3.59 3.78 

 SEM2 0.006 0.014 0.04 0.04 0.05 0.06 0.09 0.11 

  P-value 0.250 0.180 0.12 0.72 0.02 0.19 0.93 0.17 
a,b Means within a column lacking a common superscript differ (P ≤ 0.05). 
1 Standard error of the mean (SEM) n=24 pens with 17 birds per treatment. 
2 Standard error of the mean (SEM) n=12 pens with 17 birds per treatment. 
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Table III-13. Effect of screening and litter factors on male turkey mean feed intake (Kg) 

Diet Litter 
Turkey age in weeks 

2  3  5  8 11 14 17 20 

Screened  0.52 1.08a 3.18a 8.03a 15.31 27.64 34.53b 45.58b 

Not Screened  0.51 1.04b 3.05b 7.85b 15.14 28.07 35.32a 48.10a 

SEM1 
 0.01 0.01 0.03 0.07 0.13 0.20 0.25 0.370 

P-value  0.25 0.02 0.01 0.07 0.35 0.14 0.03 <0.0001 
 0% Biochar 0.52 1.06 3.07 7.86 15.09 27.43 34.63 45.71b 

 5% Biochar 0.51 1.05 3.07 7.82 15.04 27.56 34.55 46.36ab 

 10% Biochar 0.53 1.09 3.19 8.14 15.63 28.36 35.26 47.75a 

 20% Biochar 0.51 1.06 3.11 7.94 15.14 28.08 35.26 47.52a 

 SEM2 0.01 0.02 0.05 0.10 0.18 0.28 0.35 0.48 

  P-value 0.32 0.20 0.22 0.10 0.09 0.08 0.30 0.01 
a,b Means within a column lacking a common superscript differ (P ≤ 0.05). 
1 Standard error of the mean (SEM) n=24 pens with 17 birds per treatment. 
2 Standard error of the mean (SEM) n=12 pens with 17 birds per treatment. 
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Table III-14. Effect of screening and litter factors on male turkey mean feed conversion ratio1 (feed consumed: body weight) 

Diet Litter 
Turkey age in weeks 

2  3  5  8  11  14  17  20  

Screened  1.119b 1.231b 1.393 1.520b 1.725b 2.062b 2.032b 2.205b 

Not Screened  1.159a 1.285a 1.416 1.572a 1.763a 2.137a 2.113a 2.311a 

SEM2 
 0.010 0.009 0.015 0.008 0.012 0.011 0.012 0.014 

P-value  0.008 <0.0001 0.284 <0.0001 0.027 <0.0001 <0.0001 <0.0001 
 0% Biochar 1.147a 1.267 1.412 1.551 1.764a 2.110 2.094 2.234 

 5% Biochar 1.154a 1.269 1.432 1.549 1.737ab 2.085 2.052 2.251 
 10% Biochar 1.159a 1.267 1.399 1.560 1.775a 2.129 2.084 2.275 

 20% Biochar 1.095b 1.229 1.387 1.523 1.698b 2.075 2.059 2.273 

 SEM3 0.014 0.012 0.021 0.012 0.017 0.016 0.017 0.020 

  P-value 0.012 0.074 0.275 0.160 0.010 0.077 0.281 0.426 
a,b Means within a column lacking a common superscript differ (P ≤ 0.05). 
1 Feed conversion ratio corrected for mortalities. 
2 Standard error of the mean (SEM) n=24 pens with 17 birds per treatment. 
3 Standard error of the mean (SEM) n=12 pens with 17 birds per treatment. 
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Table III-15. Effect of screening and litter factors on male turkey mean feed conversion ratio for BWG1 (feed consumed: body 

weight) 

Diet Litter 
Turkey age in weeks 

2  3  5  8  11  14  17  20  

Screened  1.300b 1.328b 1.434 1.538b 1.967b 2.246b 2.172b 2.329b 

Not 

Screened  1.360a 1.397a 1.460 1.593a 2.020a 2.331a 2.261a 2.439a 

SEM2 
 0.012 0.010 0.015 0.009 0.014 0.012 0.014 0.022 

P-value  0.001 <0.0001 0.245 <0.0001 0.011 <0.0001 <0.0001 <0.0001 
 0% Biochar 1.340a 1.372 1.455 1.571 2.020a 2.302 2.241 2.359 

 5% Biochar 1.353a 1.378 1.477 1.569 1.991ab 2.275 2.196 2.379 

 10% 

Biochar 1.351a 1.371 1.441 1.580 2.030a 2.321 2.229 2.401 

 

20% 

Biochar 1.274b 1.329 1.415 1.542 1.9344b 2.256 2.199 2.397 

 SEM3 0.017 0.014 0.218 0.012 0.020 0.017 0.019 0.022 

  P-value 0.007 0.075 0.260 0.152 0.007 0.055 0.258 0.486 
a,b Means within a column lacking a common superscript differ (P ≤ 0.05). 
1 Feed conversion ratio calculated with body weight gain and corrected for mortalities. 
2 Standard error of the mean (SEM) n=24 pens with 17 birds per treatment. 
3 Standard error of the mean (SEM) n=12 pens with 17 birds per treatment. 
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Table III-16. Effect of biochar on chemical composition of the litter in mg/kg 

Litter 
Litter chemical composition 

TKN 1 TP 2 NH3N 3 NO3 N 4 pH 5 TC 6 NA 7 K 8 Ca 9 Mg 10 Cu 11 

 ––––––––––––––––––––––––––––––––––––––– (Before placement) –––––––––––––––––––––––––––––––––– 

0% Biochar 12140 3810 366 61 7.82 392200 938 5923 5776.7 1068 127 

5% Biochar 16220 4170 370 47 8.25 415500 1769 9428 7314.8 1617 195 

10% Biochar 14460 4580 367 44 8.47 341900 2327 11324 8221.3 2357 229 

20% Biochar 19800 12500 327 53 9.34 355000 7050 29456 29087.2 6799 631 

 ––––––––––––––––––––––––––––––––––––––––– (At 20 weeks) –––––––––––––––––––––––––––––––––––– 

0% Biochar 22527 14769 4975 557 8.53 195600 3957 14627 23062 2108 87 

5% Biochar 21670 13569 4870 330 8.67 205800 4110 15207 22689 2077 121 

10% Biochar 24947 14664 4975 306 8.61 221600 4326 15596 21978 2276 132 

20% Biochar 24419 14129 5410 134 8.49 210800 4988 18416 24321 2693 170 
1 Total Kjeldah nitrogen. 
2 Total Phosphorous. 
3 Ammoniacal nitrogen. 
4 Nitrate nitrogen. 
5 pH (-log of hydrogen concentration). 
6 Total carbon. 
7 Sodium 
8 Potassium. 
9 Calcium. 
10 Magnesium. 
11 Cooper.
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Table III-17. Effect of screening and litter factors on pen ammonia production (ppm) 

  

Diet 

  

Litter 

Turkey age in weeks   

14  20  

Screened  0.45 3.03 

Not Screened  0.41 2.68 

SEM1 
 0.05 0.35 

P-value  0.38 0.49 
 0% Biochar 0.51 2.20 

 5% Biochar 0.44 3.19 
 10% Biochar 0.41 3.26 

 20% Biochar 0.37 2.75 

 SEM2 0.06 0.50 

 P-value 0.38 0.42 

Water content P-value3 0.25 0.97 
1 Standard error of the mean (SEM) n=24 pens with 17 birds per treatment. 
2 Standard error of the mean (SEM) n=12 pens with 17 birds per treatment. 
3 Water content as covariance P-value. 
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Table III-18. Effect of screening and litter factors on pen CFU1 (log count per g) 

Diet Litter 20 k 

Screened  8.01 

Not Screened                          8.03 

SEM2 
 0.06 

P-value  0.40 
 0% Biochar 8.2 a 

 5% Biochar 8.08 ab 
 10% Biochar 8.09 ab 

 20% Biochar 7.85 b 

 SEM3 0.07 

  P-value 0.09 
1 Fecal coliform forming units. 
2 Standard error of the mean (SEM) n=8 samples. 
3 Standard error of the mean (SEM) n=4 samples. 
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Table III-19. Effect of feed treatment on poult duodenum morphology at 21 days (μm) 

Diet Litter  Villus1 Crypt2 V:C3 Thick4  

Not Screened  2076 148 15 144b 

Screened 2155 150 15 159a 

SEM5 
 46 6 0.59 4.80 

P-value  0.22 0.82 0.73 0.03 
 0% Biochar 2082ab 149 15 144 

 5% Biochar 2051b 166 13 142 
 10% Biochar 2019b 139 16 154 

 20% Biochar 2310a 143 17 165 

 SEM6 67 8 0.86 6.80 

  P-value 0.01 0.08 0.01 0.07 
a,b Means within a column lacking a common superscript differ (P ≤ 0.05). 

1 Mean villus heights in micrometers 
2 Mean crypt depths in micrometers. 
3 Villus heights to crypt debt ratio.   
4 Thickness of the muscular layer in micrometers. 
5 Standard error of the mean (SEM) n= 24 birds per factor. 
6 Standard error of the mean (SEM) n= 12 birds per factor. 
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Table III-20. Effect of feed treatment on poult jejunum morphology at 21 days (μm) 

Diet Litter  Villus1 Crypt2 V:C2 Thick3  

Not Screened  1090 161 7.2 176 

Screened 1111 156 7.5 173 

SEM4 
 46 6 0.5 6 

P-value  0.74 0.51 0.5 0.52 
 0% Biochar 1051 156 7.0 182 

 5% Biochar 1119 156 7.5 170 
 10% Biochar 1132 162 7.4 181 

 20% Biochar 1100 160 7.5 166 

 SEM5 65 9 0.5 9 

 P-value 0.82 0.95 0.9 0.74 
1 Mean villus heights in micrometers 
2 Mean crypt depths in micrometers. 
3 Villus heights to crypt debt ratio.   
4 Thickness of the muscular layer in micrometers. 
5 Standard error of the mean (SEM) n= 24 birds per factor. 
6 Standard error of the mean (SEM) n= 12 birds per factor. 

 

  



 

 

126 

Table III-21. Effect of feed treatment on poult ileum morphology and ceca muscularis 

thickness at 21 days (μm) 

Diet Litter  Villus1 Crypt2 V:C3 Thick4  Ceca5 

Not Screened 916 147 6.5 204 235 

Screened 989 149 7.2 211 221 

SEM6 
 30 5 0.3 9 14 

P-value  0.09 0.79 0.13 0.56 0.46 
 0% Biochar 872b 152 6.3 201ab 220 

 5% Biochar 960ab 139 7.1 198ab 224 
 10% Biochar 920ab 149 6.6 189b 252 

 20% Biochar 1058a 152 7.4 241a 216 

 SEM7 43 7 0.4 13 21 

  P-value 0.03 0.56 0.26 0.02 0.60 
a,b Means within a column lacking a common superscript differ (P ≤ 0.05). 

1 Mean villus heights in micrometers 
2 Mean crypt depths in micrometers. 
3 Villus heights to crypt debt ratio.   
4 Thickness of the muscular layer in micrometers. 
5 Thickness of the ceca muscular layer in micrometers. 
6 Standard error of the mean (SEM) n= 24 birds per factor. 
7 Standard error of the mean (SEM) n= 12 birds per factor. 



 

 

127 

REFERENCES 

Abbasi, M. K., and A. A. Anwar. 2015. Ameliorating effects of biochar derived from poultry 

manure and white clover residues on soil nutrient status and plant growth promotion-

greenhouse experiments. PloS one 10:e0131592. 

Agyarko-Mintah, E., A. Cowie, L. Van Zwieten, B. P. Singh, R. Smillie, S. Harden, and F. 

Fornasier. 2017. Biochar lowers ammonia emission and improves nitrogen retention 

in poultry litter composting. Waste Manage. 61:129-137. 

 

Akpe, M. P., P. E. Waibel, and R. V. Morey. 1984. Bioavailability of Phosphorus in Poultry 

Litter Biomass Ash Residues for Turkeys. Poult. Sci. 63:2100-2102. 

doi:10.3382/ps.0632100. 

Amerah, A. M., V. Ravindrah, R. G. Lentle, and D. G. Thomas. 2007a. Feed particle size: 

Implications on the digestion and performance of poultry. W. Poult. Sci. J.63:439-

455. doi:10.1017/S0043933907001560. 

Amerah, A. M., V. Ravindran, R. G. Lentle, and D. G. Thomas. 2007b. Influence of feed 

particle size and feed form on the performance, energy utilization, digestive tract 

development, and digesta parameters of broiler starters. Poult. Sci. 86:2615-2623. 

doi:10.3382/ps.2007-00212. 

Brantley, K. E., M. C. Savin, K. R. Brye, D. E. Longer, and M. Goss. 2016. Nutrient 

availability and corn growth in a poultry litter biochar‐amended loam soil in a 

greenhouse experiment. Soil Use and Management 32:279-288. 

doi:10.1111/sum.12296. 

Calet, C. 1965. The Relative Value of Pellets versus Mash and Grain in Poultry Nutrition. W. 

Poult. Sci. J. 21:23-52. doi:10.1079/WPS19650006. 



 

 

128 

Davis, J. D., J. L. Purswell, and A. S. Kiess. 2015. Evaluation of chopped switchgrass and 

chopped bermudagrass as litter materials over multiple heavy broiler flocks. J. Appl. 

Poult. Res. 24:343-351. doi:10.3382/japr/pfv034. 

Dozier, W. A., K. C. Behnke, C. K. Gehring, and S. L. Branton. 2010. Effects of feed form 

on growth performance and processing yields of broiler chickens during a 42-day 

production period. J. Appl. Poult. Res.19:219-226. doi:10.3382/japr.2010-00156. 

Evans, A. M., J. W. Boney, and J. S. Moritz. 2016. The effect of poultry litter biochar on 

pellet quality, one to 21 d broiler performance, digesta viscosity, bone mineralization, 

and apparent ileal amino acid digestibility. J. Appl. Poult. Res. 26:89-98. 

Evans, A. M., S. A. Loop, and J. S. Moritz. 2015. Effect of poultry litter biochar diet 

inclusion on feed manufacture and 4-to 21-d broiler performance. J. Appl. Poult. Res. 

24:380-386. 

Favero, A., A. Maiorka, F. Dahlke, R. F. P. Meurer, R. S. Oliveira, and R. F. Sens. 2009. 

Influence of feed form and corn particle size on the live performance and digestive 

tract development of turkeys. J. Appl. Poult. Res.18:772-779. doi:10.3382/japr.2009-

00069. 

Hartel, P. G., W. I. Segars, J. D. Summer, J. V. Collins, A. T. Phillips, and E. Whittle. 2000. 

Survival of Fecal Coliforms in Fresh and Stacked Broiler Litter. J. Appl. Poult. 

Res.9:505-512. doi:10.1093/japr/9.4.505. 

Hass, A., J. M. Gonzalez, I. M. Lima, H. W. Godwin, J. J. Halvorson, and D. G. Boyer. 2012. 

Chicken manure biochar as liming and nutrient source for acid Appalachian soil. J. 

Environ. Qual. 41:1096-1106. 



 

 

129 

Hulet, R. M., P. H. Patterson, T. L. Cravener, and T. A. Volk. 2010. Alternative bedding for 

broilers: From vegetative buffers to fuels. Poult.Sci. 89:42. 

Janczak, D., K. Malińska, W. Czekała, R. Cáceres, A. Lewicki, and J. Dach. 2017. Biochar to 

reduce ammonia emissions in gaseous and liquid phase during composting of poultry 

manure with wheat straw. Waste Manage. 66:36-45. 

Jensen, L. S. 2000. Influence of pelleting on the nutritional needs of poultry. Asian-Australas 

J. Anim. Sci.13:35-46. 

Joseph, S. D., M. Camps-Arbestain, Y. Lin, P. Munroe, C. H. Chia, J. Hook, L. Van Zwieten, 

S. Kimber, A. Cowie, and B. P. Singh. 2010. An investigation into the reactions of 

biochar in soil. Soil Res. 48:501-515. 

Lanson, R. K., and J. R. Smyth. 1955. Pellets vs. Mash Plus Pellets vs. Mash for Broiler 

Feeding. Poult. Sci. 34:234-235. doi:10.3382/ps.0340234. 

Lecuelle, S., I. Bouvarel, A. Chagneau, P. Lescoat, F. Laviron, and C. Leterrier. 2010. 

Feeding behaviour in turkeys with a change-over from crumbs to pellets. Appl. Anim. 

Behav. Sci. 125:132-142. doi:10.1016/j.applanim.2010.04.009. 

Li, C., S. Strömberg, G. Liu, I. A. Nges, and J. Liu. 2017. Assessment of regional biomass as 

co-substrate in the anaerobic digestion of chicken manure: Impact of co-digestion 

with chicken processing waste, seagrass and Miscanthus. Biochem. Eng. J. 118:1-10. 

doi:10.1016/j.bej.2016.11.008. 

Liu, N., J. Zhou, L. Han, S. Ma, X. Sun, and G. Huang. 2017. Role and multi-scale 

characterization of bamboo biochar during poultry manure aerobic composting. 

Bioresour. Technol. 241:190-199. 

 



 

 

130 

Mandal, S., R. Thangarajan, N. S. Bolan, B. Sarkar, N. Khan, Y. S. Ok, and R. Naidu. 2016. 

Biochar-induced concomitant decrease in ammonia volatilization and increase in 

nitrogen use efficiency by wheat. Chemosphere 142:120-127. 

Mierzwa-Hersztek, M., K. Gondek, and A. Baran. 2016. Effect of poultry litter biochar on 

soil enzymatic activity, ecotoxicity and plant growth. Appl. Soil Ecol.105:144-150. 

Monira, K. N., M. A. Islam, M. J. Alam, and M. A. Wahid. 2003. Effect of litter materials on 

broiler performance and evaluation of manureal value of used litter in late autumn. 

Asian-Australas J. Anim. Sci.16:555-557. 

Moran, E. T. 1982. Comparative nutrition of fowl & swine: the gastrointestinal systems., 

University of Guelph, Ontario, Canada. 

Mukhtar, S., J. L. Ullman, J. B. Carey, and R. E. Lacey. 2004. A review of literature 

concerning odors, ammonia, and dust from broiler production facilities: 3. Land 

application, processing, and storage of broiler litter. J. Appl. Poult. Res. 13:514-520. 

Nir, I., R. Hillel, I. Ptichi, and G. Shefet. 1995. Effect of particle size on performance. 3. 

Grinding pelleting interactions. Poult. Sci. 74:771-783. doi:10.3382/ps.0740771. 

Prasai, T. P., K. B. Walsh, S. P. Bhattarai, D. J. Midmore, T. T. H. Van, R. J. Moore, and D. 

Stanley. 2016. Biochar, Bentonite and Zeolite Supplemented Feeding of Layer 

Chickens Alters Intestinal Microbiota and Reduces Campylobacter Load. PLoS One 

11:e0154061. doi:10.1371/journal.pone.0154061. 

Revell, K. T., R. O. Maguire, and F. A. Agblevor. 2012a. Field Trials With Poultry Litter 

Biochar and Its Effect on Forages, Green Peppers, and Soil Properties. Soil Sci. 

177:573. 



 

 

131 

Revell, K. T., R. O. Maguire, and F. A. Agblevor. 2012b. Influence of Poultry Litter Biochar 

on Soil Properties and Plant Growth. Soil Sci. 177:402.Selle, P. H., D. J. Cadogan, X. 

Li, and W. L. Bryden. 2010. Implications of sorghum in broiler chicken nutrition. 

Anim. Feed Sci. Technol. 156:57-74. doi:10.1016/j.anifeedsci.2010.01.004. 

Serrano, M. P., M. Frikha, J. Corchero, and G. G. Mateos. 2013. Influence of feed form and 

source of soybean meal on growth performance, nutrient retention, and digestive 

organ size of broilers. 2. Battery study. Poult. Sci. 92:693-708. doi:10.3382/ps.2012-

02372. 

Serrano, M. P., D. G. Valencia, J. Méndez, and G. G. Mateos. 2012. Influence of feed form 

and source of soybean meal of the diet on growth performance of broilers from 1 to 

42 days of age. 1. Floor pen study. Poult. Sci. 91:2838-2844. doi:10.3382/ps.2012-

02371. 

Smith, J. C. 2004. Chopped bermuda grass hay as an alternative bedding material for rearing 

market turkey hens. MS Thesis. North Carolina State University, Raleigh, NC. 

Thomas, M., and A. F. B. van der Poel. 1996. Physical quality of pelleted animal feed 1. 

Criteria for pellet quality. Anim. Feed Sci. Technol. 61:89-112. doi:10.1016/0377-

8401(96)00949-2. 

Verheijen, F., S. Jeffery, A. C. Bastos, M. Van der Velde, and I. Diafas. 2010. Biochar 

application to soils. A critical scientific review of effects on soil properties, processes, 

and functions.EUR 24099:162. 

Wu, Y. B., V. Ravindran, D. G. Thomas, M. J. Birtles, and W. H. Hendriks. 2004. Influence 

of phytase and xylanase, individually or in combination, on performance, apparent 



 

 

132 

metabolisable energy, digestive tract measurements and gut morphology in broilers 

fed wheat-based diets containing adequate level of phosphorus. Br. Poult. Sci 45:76-

84. doi:10.1080/00071660410001668897. 

Zang, J. J., X. S. Piao, D. S. Huang, J. J. Wang, X. Ma, and Y. X. Ma. 2009. Effects of Feed 

Particle Size and Feed Form on Growth Performance, Nutrient Metabolizability and 

Intestinal Morphology in Broiler Chickens. Asian-Australas J. Anim. Sci.22:107-112. 

doi:10.5713/ajas.2009.80352. 



 

 

133 

SUMMARY 

Reducing the amount of fines in the feed, selecting high-quality ingredients improved 

efficiency when antibiotics were not present in the feed. We can’t have the luxury to overlook 

them in an antibiotic free setting. A continuous program, from starter to finisher feed phases, 

with a reduction of fines in crumbled and pelleted feed, could be beneficial to the performance 

of the birds. The reduction of antinutritional factors in feed formulated with a soybean meal 

source with higher crude protein could improve the bird efficiency. The use of enzymes could 

increase the digestibility of feed formulated with 48% crude protein soybean meals and with 

feed that induces a higher rate of transit. Reused litter with biochar and Miscanthus grass as 

amendments may be used as a medium where birds grow.  


