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ABSTRACT

THE EFFECT OF DIFFERENT MINERAL SOURCES ON GROWTH PERFORMANCE OF
TURKEYS

By
Salah Mahdi Hadi AL-Sherify

Producers are finding unique ways to turn turkey litter into a benefit instead of a cost.
One approach is to use starved air low temperature gasification to create energy while providing
an ash that could be used as a mineral source in turkey diets. The hypothesis of this study is
gasification will result in minimal calcium and phosphorus availability due to non-specific
binding to other minerals. The aim of the studies is to evaluate calcium and phosphorus
bioavailability from turkey litter ash and the effect on the growth performance of turkeys. Two
separate experiments, each with seven diets, were conducted. The concentrations of the diets
ranged from 9.2 to 12.9 g/kg (calcium diets) and 7.4 to 12.4 g/kg (phosphorus diets). Each
experiment had six replicates per treatment with eight birds per pen from 7 to 28 days of age. In
the first experiment, no significant differences were found in production parameters or bone
measurements. However, significant differences were found in ileal calcium digestibility
between the lowest and highest concentrations of limestone and litter ash. The results suggest
that using approximately 11 g/kg calcium from turkey litter ash in the diet is comparable to a
standard limestone diet. Phosphorus source in the second experiment had an effect on the body
weight gain, feed intake, and bone parameters. The ileal phosphorus digestibility was
significantly different between the litter ash and monosodium phosphate diets. The data indicated
that using 8.4 g/kg phosphorus from the litter ash in the diet resulted in performance similar to
the monosodium phosphate diet. Therefore, litter ash can be substituted into turkey starter diets

for the first 28 days of production with no significant impact on production parameters.
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Chapter One
Literature Review
Introduction

Manure is considered a waste product of farm animals (poultry, cattle, sheep, pigs, etc.).
Due to the large number of animals in livestock facilities, the production of manure has increased
over time, which has resulted in concerns for animal producers and for the environment as well
(Zhang, 2010). However, new ways of dealing with animal waste are constantly being explored.
Poultry producers must deal with environmental problems encompassing odors, noise, feathers,
dust, water run-off and insects (Bell and Weaver, 2002). Additionally, animal waste may contain
pathogenic organisms and heavy metals that could contribute to agricultural nonpoint source
pollution (Reddy et al., 1981).

The traditional method of land application utilizing manure as a fertilizer is no longer an
option due to phosphorus loads within the soil (Eghball and Barbarick, 2007). The timing of
manure application to land is also challenging during the winter months when the ground is
frozen or covered with snow (Bell and Weaver, 2002). The limitation of land application during
the winter months was overcome by storing the manure until the spring. Nevertheless, storing
manure for long periods of time does not solve the problem for the producers, but increases their
expenses (Sharply et al., 2004). Therefore, alternative methods of reducing and utilizing poultry
manure are continually being explored.

Poultry do not utilize 100% of the dietary nutrients consumed throughout their lives.
Nutritionists have continually worked to evaluate feed ingredients for digestibility to maximize
the inclusion levels to promote effective nutrient utilization. Typically, poultry are phase-fed

allowing nutritionists to feed poultry nutrients to meet the bird’s nutrient requirements, thus



minimizing the nutrients wasted during the period of production (Rao and Clandinin, 1970;
Mateos and Sell, 1980; McNab and D'Mello 1994; Rochell et al., 2012). Any nutrients not
utilized by the bird or produced from intestinal bacteria are excreted. Sistani et al. (2001)
reported that poultry manure was considered to be a very rich source of calcium, phosphorus,
and nitrogen compare to other animals. For instance, the nitrogen and phosphorus concentrations
in broiler litter were reported to be considerably higher than in horse manure (Hansen, 2006).
Camberato et al. (1997) and Walker et al. (1997) reported that millions of tons of nutrients such
as magnesium were produced in the United States from animal facilities due to the high amounts
of manure that these facilities generated. Table 1 (Hansen, 2006; Oluyemi et al., 1979) is a
compilation of studies reporting the nutrient composition of excreta from various poultry species.

The nutrient profile of poultry litter lends itself as a great source of nutrients. As a result,
the use of poultry litter as a fertilizer could have a negative effect on the soil depending on the
nutrient profile of the soil and the amount of the nutrients contained in the manure. For example,
high concentrations of nutrients such as phosphorus may exceed the amounts needed by plants,
which then results in accumulation of phosphorus in soil potentially causing pollution (Eghball
and Barbarick, 2007). The amino acid composition of the diet is important for proper growth and
maintenance of the bird. Any exogenous amino acids not utilized and any endogenous proteins
secreted into the digestive system that are not reabsorbed will be lost in the excreta. Nitrogen
excretion can be reduced by feeding amino acids at concentrations that match their requirements.
Otherwise, high amounts of nitrogen in the litter can lead to ammonia emission (Powers and
Angel, 2008).

Ammonia emission can be reduced by treating the litter with alum, ferrous sulfate, and

phosphoric acid (Moore et al., 1996, 1999; Choi and Moore, 2008). Kim and Patterson (2003)



found that using Zn and Cu would reduce the emission of ammonia because these two elements
were used to inhibit microbial uricase that is involved in the production of ammonia. Manure
nitrogen is affected by the temperature as reported by Parker and Perkins (1959) in that they
found that drying manure at high temperature leads to reduced nitrogen concentration in the
manure.
Poultry Litter Gasification

Poultry litter and excreta can be processed and used in many different ways to reduce
environmental concerns. More recently, alternative methods have been developed to generate
energy using animal manure (Moller et al, 2007; Burns and Raman, 2010). The reduction in
dollars spent annually on storage, transport, and treatment of animal manure can save producers
millions (Appleford et al., 2005). The gasification process converts a solid (poultry litter and
excreta) into products such as gases, energy, and fuel (U.S. Department of Energy, 2004).
Manure gasification is accomplished by converting manure into a liquid oil and char using
pyrolysis without oxygen and then into gas and energy; high temperature was required with all
manure gasification processes (Antal et al., 1984; Raman et al., 1980; Appleford et al., 2005;
Abboud and Rahbar, 2010). Raman et al. (1980) reported that gas and energy production from
gasified manure increased linearly with temperature. Prapaspongsa et al. (2010) found that
thermal gasification of animal manure increased energy output and reduced greenhouse gases.
An advantage to gasification is the conversion of poultry litter into methane, thus reducing the
overall impact on the environment. Manure gasification is reported to be different between
poultry species. For example, turkey manure results in higher levels of gas production compared

to chicken manure (Hills, 1982). Further, Thygesen et al. (2011) indicated that phosphorus will



be a limited resource in the future, leading to increase recycling of phosphorus from animal
waste.

Therefore, converting poultry litter and excreta to energy with a byproduct of ash would
aid the producer by reducing energy costs and potentially creating an opportunity to utilize the
ash as a mineral source in poultry diets. Strock et al. (2006) provide the chemical properties of
turkey manure ash (Table 2).

Calcium

Calcium is an important mineral for animal growth and development. Calcium plays an
important role in animals such as neurotransmission, muscle contraction, clotting of blood,
skeletal structure, bone formation, egg shell formation, and kidney function (Joint, 2001).
Calcium is stored in many different parts of the body. The skeleton contains approximately 99%
of the body calcium and the other 1% is distributed between teeth and other tissues such as the
plasma and cellular compartments. Circulating calcium is derived from absorption of calcium
from the gut and by resorption of calcium from the bones (Joint, 2001; Pond et al, 1995). Blood
carries calcium in three forms: 60% as the free ion, 35% bound with protein, and 5 to 7%
associated with organic or inorganic acids (Pond et al, 1995). Calcium requirements vary
between the different poultry species. There are several factors influencing nutrient requirements
in poultry including genetics, age, sex, environment, health, production aims, nutrient and
vitamin levels and ratios (Applegate and Angel, 2008; Mussehl and Ackerson, 1935). For
example, laying hens require approximately 1.35% more calcium than turkeys due to the calcium
needed for eggshell formation (NRC, 1994). The National Research Council (1994)
recommendations for the nutrient requirements for poultry were based on data published more

than 30 years ago. However, genetic modifications have increased poultry performance and that



would imply that the mineral requirements should be evaluated continually. Table 3 is a
summary of the calcium requirements for different poultry species (Nutrient Requirements of
Poultry, 1994). Table 4 presents information about different calcium sources that are used to
supplement poultry diets.
Calcium Requirements of Turkeys

The refinement of calcium requirements for turkeys was studied over 70 years ago by
Mussehl and Ackerson in 1935 (Sanders et al. 1992). The calcium requirement for all animals
including birds, changes over time with the requirement being higher earlier in life and then
declining as the animal ages. The calcium requirement for starter poults was estimated to be no
more than 1% (Lindblad et al., 1954; Slinger et al., 1961; Neagle et al., 1968). However, Sanders
et al. (1992) estimated the calcium requirement was 1.25% in very young turkeys based on
performance, bone ash measurements, incidence of tibia dyschondroplasia, plasma calcium, and
calcium retention. Lilburn et al. (1997) used bone measurements (bone weight, fat extraction,
tibia and femur length and width) to evaluate the calcium requirement and reported that 0.6%
calcium was deficient, but no significant differences in performance were observed with 0.8, 1.0,
and 1.2% calcium. The improvement in genetics since the 1994 NRC Nutrient Requirements of
Poultry has necessitated increased nutrients, including dietary calcium, to support the increased
growth rates and skeletal mass (Atia et al. 2000; Roberson, 2004). As a result, genetic company
management guides are used to determine the nutrient recommendations that vary from the 1994

NRC Nutrient Requirements of Poultry (1994) (Table 5).



Calcium Availability

Calcium availability for poultry is evaluated by using bone ash, egg shell thickness, and
apparent calcium retention (Reid and Weber, 1976). Ajakaiye et al. (2003) reported that
apparent and true calcium availability can be calculated by using the following two formulas:

Ca intake — excreta Ca
x 100

Ca intake

Caintake — (excreta Ca of test chicks — excreta Ca of Ca deficient chicks) < 100

Ca intake

The first formula is used to calculate apparent calcium availability, which is the
difference between calcium intake and fecal calcium. Biological availability or true calcium
availability is calculated using the second formula that considers the calcium contribution from a
diet deficient in calcium (Ajakaiye et al. 2003). Biological availability was defined by Peeler
(1972) as “a measure of the element or ion under consideration to support some physiological
process”.

Factors including source of calcium, nonphytate phosphorus and phytase can influence
calcium availability to the bird. Initially, Bethke et al. (1930) found no difference in calcium
availability from different calcium sources such as limestone, calcium sulfate, and calcium
carbonate when evaluating bone formation in chicks fed equivalent amounts of calcium.
Furthermore, Waldroup et al. (1965) indicated equal calcium availability for the same calcium
sources used by Bethke and his group (1930), but using bone ash and growth for determining
calcium availability. However, Ajakaiye et al, (2003) determined the apparent and true calcium

availability in different calcium sources (Table 6). Calcium bioavailability of some other calcium



sources such as mono-, di-, and tricalcium phosphate were 90% compared to the standard (100%
calcium bioavailability) for calcium carbonate (Baker, 1991; Soares, 1995).

The relationship between phosphorus and calcium is important both within the bird and
in the diet being fed. The amount of phosphorus in the diet affects the calcium requirement.
Johnson and Karunajeewa (1985) found that the body weight of live birds decreased when they
were fed a diet containing 0.81% available phosphorus compared to diet with 0.45% available
phosphorus when calcium concentrations were identical for both diets. Calcium has to be
supplied in the diet within the requirements, otherwise feeding birds calcium at concentrations
greater or less than the requirement leads to negative effects. For example, calcium deficiency
leads to rickets; however, providing more calcium in the diet reduces body weight. Johnson and
Karunajeewa (1985) found that using 44% more calcium than what is recommended for 7-week-
old birds led to a reduction in body weight by 5%. Qian et al. (1996) reported that calcium
availability for turkey poults was improved with phytase supplementation. However, calcium
availability for laying hens was decreased with higher supplementation of calcium and
nonphytate phosphorus in the diet (Lim et al., 2003). An important aspect of calcium availability
is determining absorption during metabolism.

Calcium Absorption and Retention

Absorption is the physiological activity that occurs during metabolism, resulting in the
passage of nutrients from the intestinal lumen into the blood (Allen, 1982; Bronner, 1987,
Kebreab et al, 2009). In poultry, calcium is absorbed in the duodenum and jejunum of the small
intestine (Klunzinger, 2002; Hurwitz et al. 1978; Kebreab et al, 2009). There are two different

mechanisms responsible for calcium absorption in the small intestine.



One mechanism is passive diffusion (paracellular) and it operates when calcium
concentrations in the gastrointestinal tract are high (Bronner, 1987, 1990; Ledwaba, 2002). The
second mechanism is the active absorption (transcellular) and it operates when calcium
concentrations are low in the blood (Bronner, 1987, 1990; Ledwaba, 2002). Therefore, when the
calcium concentration is high in the gut, passive diffusion will be operate to move it to the blood
when it has a low level of calcium by using calcium channels. There are calcium receptors found
in animals and the number of receptors is different between species and calcium status. The
number of receptors in small animals was low compared to large animals as was indicated by a
low number of receptors for 1,25-(OH) ,-D3 in small animals compared to larger animals
(Halloran and Deluca, 1981). Also, Cross and Peterlik (1984) indicated that the number of
receptors can be increased by release of hormones such as insulin.

Numerous factors affect calcium absorption. One factor is calcium intake, which
influences calcium absorption in that absorption increases with low calcium intake and decreases
with high calcium intake. The other factor affecting calcium absorption was phosphorus
deficiency in that the absorption of calcium and Calcium Binding Protein (CaBP) from intestinal
mucosa depended on the calcium and phosphorus concentrations in the diet, especially when the
concentration of calcium was normal or higher than normal with a phosphorus deficiency
(Morrissey and Wasserman, 1971). The parathyroid gland is responsible for calcium regulation
in the animal’s body. Therefore, when the calcium concentration is deficient in the blood, the
parathyroid gland will release parathyroid hormone (PTH) to induce absorption of calcium from
the small intestine through the calcindin protein carrier and to induce resorption of calcium from
the bone by action of the hormone. Therefore, the absorption and resorption of calcium from the

gut and bones occur after kidney activation of vitamin D3 resulting in dihydroxycholecalciferol



1, 25-(OH) ,-Ds (Lioyd et al., 1978; Groff and Gropper, 2000; Underwood and Suttle, 1999;
Klunzinger, 2002). Calcium absorption is also affected by phytase and phytic acid. Intestinal
absorption of calcium is limited by phytic acid; however, phytase makes calcium more available
for absorption by release of it from phytic acid (Qian et al. (1997). Activation of phytate
hydrolysis can improve calcium absorption by using cholecalciferol (Shafey et al., 1990;
Mohammed et al., 1991). However, Ruschkowski and Hart (1992) reported that deficient vitamin
D3 with sufficient calcium in the diet leads to a decrease in calcium absorption and at the same
time cause bone loss.

Calcium is excreted from poultry through elimination of uric acid whereas pigs excrete
calcium with the feces and urine (Klunzinger, 2002). The difference between calcium excretion
in the manure and calcium intake is calcium retention. Similar to calcium absorption, phytase
and dietary calcium concentrations highly influence calcium retention. As reported by Juanpere
et al. (2005), using phytase in poultry diets improves calcium retention. Rush et al. (2005)
indicated that increasing calcium concentration in the diet leads to a decrease in apparent calcium
retention.

Phosphorus

Phosphorus is one of the most important nutrients for animals. It has a positive effect on
bone strength, skeletal development, egg production, growth, and metabolism of cellular
constituents such as phospholipids (Kebreab et al., 2009). Phosphorus can be affected by other
nutrients such calcium. Kebreab and Vitti (2005) reported that calcium and phosphorus are
interrelated and the deficiency of one can affect the other. The majority of phosphorus is found
in bones and the teeth, accounting for 80%, and the other 20% is associated with other body

tissues (Klunzinger, 2002). Groff and Gropper (2000) reported that there are two forms of



phosphorus in blood serum, organic phosphorus that is associated with blood lipids and inorganic
phosphorus. Genetic modifications have improved poultry performance, which has led to
increase nutrient requirements such as phosphorus (Applegate and Angle, 2008). This change
with genetics is compounded by nutrient requirements affected by factors including age, sex,
health, production aim, nutrient concentrations, and environment (Applegate and Angel, 2008;
Mussehl and Ackerson, 1935).

Phosphorus concentrations have to be within the requirements; otherwise, having animals
with excessive or deficient dietary phosphorous will cause health problems. Waldroup (1999)
reported that supplying high amounts of phosphorus in the diet led to increase phosphorus
excretion. However, using low phosphorus levels in turkey diets will cause birds to have rickets
(Waibel et al., 1984). Phosphorus is also affected by phytase supplementation in the diet. As
indicated by Sebastian et al. (1996), using phytase in diet with low phosphorus levels had a
positive effect on broiler performance as indicated by improved growth, increased bone strength,
and retention of nutrients such as calcium and phosphorus. In addition, using phytase and non-
phytase phosphorus together in poultry diets had a greater effect on feed intake and egg
performance (Peter, 1992). Table 7 shows nonphytate phosphorus (NPP) requirements for
different poultry species (Applegate and Angel, 2008; Nutrient Requirements of Poultry, 1994).
Phosphorus sources used in poultry diets are many and most of them are represented in Table 8.
Phosphorus Requirements for Turkeys

The phosphorus requirement for turkeys has not been studied since the 1960s (Sullivan,
1962; Day and Dilworth, 1962). However, during these years genetics developed more than four
to five decades ago have led to have higher nutrients requirements for poultry species (Roberson,

2004; Applegate and Angel, 2008). For example, in 1954 Almquist found that the nonphytae
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phosphorus requirement for turkey poults was about 0.60%. More than 30 years later, the
percentage of nonphytate phosphorus was increased to 0.72% as reported by Sanders et al.
(1992). Therefore, Atia et al. (2000) found that turkey phosphorus requirements were higher than
the NRC (1994) recommendation. However, even though NRC (1994) guideline is based on data
published more than 40 years ago, it is still similar to what the modern turkey requires (Roberson
et al., 2000; Roberson and Fulton, 2000; Thompson et al. 2002).
Phosphorus Availability

Phosphorus availability is affected by several factors such as animal health, environment,
age, sex, nutrient concentrations and the type of phosphorus used in the diet (Applegate and
Angel, 2008). Phosphorus availability is also affected by different types of soybeans. For
example, use of soybean hulls in the diet increased the availability of phosphorus as reported by
Griffith and Young (1966). The phosphorus availability from different sources can be evaluated
by measuring body weight and toe ash for young turkeys (Potchanakorn and Potter, 1987).
However, Potter (1988) reported that tibia and toe ash was a better measurement for phosphorus
availability than body weight. Waldroup et al. (1965) reported that poultry phosphorus
availability from mono- and dicalcium phosphate was lower than bone meal and meat
phosphorus availability. Moreover, phosphorus availability for broilers had been increased due to
the phytase supplements in the diets (Camden et al., 2001; Rutherfurd et al., 2004; Cowieson and
Adeola, 2005),
Phosphorus Absorption and Retention

Phosphorus absorption occurs in the duodenum and jejunum of the small intestine via
two mechanisms; the first mechanism is passive transport and the second mechanism is active

transport (Klunzinger, 2002; Hurwitz et al. 1978; Kebreab et al, 2009). Phosphorus absorption

11



can be affected by nutrient concentrations in poultry diets. For example, intestinal absorption of
phosphorus was reduced with high and low concentrations of calcium and nonphytate
phosphorus respectively (Rousseau et al., 2012). In addition, phosphorus absorption improved
with the intake of phosphate (Hurwitz et al, 1978). Another study by Yan et al. (2007) reported
that sodium phosphate in the poultry intestine increased the absorption of phosphorus.

Phosphorus retention is another aspect taken under consideration during nutritional
studies. Phosphorus retention is affected by the concentration of nutrients supplied in the diet.
For instance, Hurwitz et al. (1978) found that gradually increasing phosphorus intake by way of
the diet did not affect the retention of phosphorus. Similarly, phosphorus retention was not
affected by the increase of calcium concentrations in the diets of young Pekin ducks as reported
by Rush et al. (2005). In addition, the concentrations of phytase and nonphytate phosphorus also
affect phosphorus retention. Qian et al. (1996) indicated that adding nonphytate phosphorus to
turkey diets reduced phosphorus retention; however, phosphorus retention was improved with
phytase supplementation depending on the Ca:tP ratio, especially with nonphytate phosphorus.
Moreover, phosphorus retention was also improved by improving the availability of phosphorus
in the diets of broiler chicks (Perney et al, 1993).
Calcium and Phosphorus Deficiency

Deficiency is defined as lack of a nutrient supplied in the diet. Formulating animal diets
with insufficient nutrients has a negative impact on the animal. Calcium and phosphorus
deficiencies cause health problems not only associated with growth but also with bones such as
rickets, rachitis, dyschondroplasie and osteomalacie, and perosis (Lilburn et al., 1997; Whitehead
1997; Hester and Ferket, 1998). One of the very important diseases that affect most poultry

species is rickets, which is caused by the insufficiency of the most important nutrients in poultry
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diets including calcium, phosphorus, and vitamin D (Klunzinger, 2002). There are several signs
indicative of rickets starting with growth reduction, bone weakness, and finally death (Lioyd et
al.,, 1978; Pond et al. 1995). There is a relationship between calcium and phosphorus
concentrations in the diet for animals having rickets. As a result, the ratio between calcium and
phosphorus has to follow recommended requirements for poultry species; otherwise, having high
calcium with insufficient phosphorus in the diet leads to rickets (Sanders et al., 1992). In
addition, perosis is another disease in poultry species caused by deficiency of phosphorus and
vitamin E as reported by Slinger et al. (1954). In order to prevent this kind of disease, nutrient
deficiency has to be prohibited or the diet must be supplied with other nutrients such as phytase
for preventing phosphorus deficiency (Sohail and Roland, 1999).
Summary

Calcium and phosphorus are the most important inorganic elements for poultry nutrition
and sufficient concentrations need to be present in the diet. Otherwise, deficiencies will occur
leading to performance and health issues. Numerous calcium and phosphorus sources have been
used in poultry diets such as calcium carbonate, calcium monophosphate, dicalcium phosphate,
and limestone (Tables 7 and 8). A study done by North Carolina State University Extension
(Swine News, 2006) used four different types of manure ash (three of them were from swine
manure and the fourth was from turkey litter) in swine diets. The results of this study showed no
difference in the growth performance and digestibility between ash sources and positive control
treatments; however, turkey litter ash has the highest phosphorus digestibility compared to other
treatments. Therefore, using gasified litter ash as a mineral source is not novel. However, the
improvement in technology and ash composition is unique to this study. Therefore, the

hypothesis of this study is gasification will result in minimal calcium and phosphorus availability
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due to non-specific binding to other minerals. The objective is to evaluate calcium and
phosphorus bioavailability from turkey litter ash and the effect on the growth performance of

turkeys.
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Table 1. Compilation of studies reporting the nutrient composition of excreta from various
poultry species and other animals

Composition Nutrients content
Manure % Lb/ ton1
type . 1 1
Moisture  Ash CP GE (Kcal/kg) TN  (P20s) (K20)

Poultry 48.3 171 151 2.8

Broiler ° N/A N/A  N/A N/A 59 63 40

Turkey 2 N/A N/A  N/A N/A 27 25 12

Layer ° N/A N/A  N/A N/A 35 42 28
Horse > N/A N/A  N/A N/A 9 6 11

Lb/1000 gal

Swine ° 36.5 132 109 3.1 40 37 23
Cow 15.7 2.9 3.4 3.97

Dairy ° 28 19 25
Sheep 30.5 6.1 6.3 3.84 N/A  N/A NA

! CP= crude protein, GE= gross energy, TN= total nitrogen, P205 = phosphorus, K20 =
otassium.
Zublena et al., 1990.

¥ Bandel, 1990.
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Table 2. Chemical properties of turkey manure ashl

Chemical property

Acid-digestible elements

Aluminum
Calcium
Iron
Magnesium
Manganese
Phosphorus
Potassium
Sodium
Sulfur

Zinc

Arsenic
Barium
Boron
Beryllium
Cadmium
Chromium
Cobalt
Copper
Lead
Lithium
Molybdenum
Nickel
Rubidium
Selenium
Silicon
Strontium

Titanium
Vanadium

Turkey manure ash

gkg®

4
159.2
3.8
28.6
1.9
76.5
111.7
19.9
17.2
1.4
mg kg™

5.2
163.4
107.7

0.6

1.5

34.1
10.2
418.3
17.1
7.2
24
35.3
212.1

N/A
193.4
217.9

351
27.2

! Strock et al. (2006)
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Table 3. Calcium requirements for Japanese quail, broilers, ducks, and geese

Weeks of age
Japanese quail Oto4 4t08 9to 17 Breeding
Ca% 1.00 0.85 0.53 2.5
Broilers Oto3 3106 6108 -
Ca% 1.00 0.90 0.80 -
Ducks O0to2 2t0 7 Breeding -
Ca% 0.65 0.60 2.75 -
Geese Oto4 After 4 Breeding -
Ca% 0.65 0.60 2.25 -
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Table 4. Calcium sources used in poultry diets

Calcium sources

Reference

Limestone

Calcium sulfate
Calcium carbonate
Calcium lactate
Calcium phosphate
Calcium silicate
Bone meal

Rock phosphate
Oyster shell
Mono-calcium phosphate
Di-calcium phosphate

Tri-calcium phosphate

Bethke et al., 1930
Bethke et al., 1930
Bethke et al., 1930
Bethke et al., 1930
Bethke et al., 1930
Bethke et al., 1930
Bethke et al., 1930
Bethke et al., 1930
Bethke et al., 1930
Baker, 1991; Soares, 1995
Baker, 1991; Soares, 1995

Baker, 1991; Soares, 1995
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Table 5. Calcium requirements for turkeys suggested by the National Research Council (1994),
Hybrid and Nicholas turkey management guides

------ --Calcium (%) ----------------------
Weeks of age NRC Hybrid Nicholasl
Oto4 1.20 1.40 1.45
4108 1.00 1.40 1.35
81012 0.85 1.30 1.25
12to0 16 0.75 1.15 1.10
16 to 20 0.65 1.00 1.00
20to 24 0.55 1.00 1.00

! Nicholas requirements indicated that it is suggested for 4 to 6 weeks, 6 to 10 weeks, 10 to 16
weeks, 16 to 24 weeks, and as needed respectively.
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Table 6. Effects of diliferent calcium sources on apparent and true calcium availability in broiler
chicks (0 to 2 weeks)

Soap (g/kg of  Ash (g/kg of  Apparent calcium True calcium

Calcium sources excreta fat)  defatted bone) availability (g/kg) availability (g/kg)

b ab

Calcium carbonate 52 397 257 168
Bivalve shell 114%° 416%° 352 268
Periwinkle shell 105" 401%° 431 344
Oyster shell 129%° 389" 267 185
Marble dust 143° 404%° 281 194
Snail shell 148° 397°" 302 214
S.E.M 29.9 9.3 80.5 86.4

#d Means within the same column with different letters are significantly different (P <0.05).
! Ajakaiye et al (2003)
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Table 7. National Research Council (1994) requirements for nonphytate phosphorus (NPP) for
turkeys, Japanese quail, broilers, ducks, and geese

Weeks of age
Turkey Oto3 3t06 6to09 9to 12 12 to 15 15to0 18
NPP % 0.60 0.50 0.42 0.38 0.32 0.28
Japanese quail Oto4 4t08 9to 17 Breeding - -
NPP % 0.55 0.50 0.45 0.40 - -
Broiler 0to3 3t06 6to08 - - -
NPP % 0.45 0.35 0.30 - - -
Duck 0to2 2t07 Breeding - - -
NPP % 0.40 0.30 - - - -
Geese Oto4 After 4  Breeding - - -
NPP % 0.30 0.30 0.30 - - -
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Table 8. Phosphorus sources used in poultry diets

Phosphorus sources

References

Fish meal

Poultry by products meal
Meat and bone meal
Mono-sodium phosphate
Di-calcium phosphate
Mono-calcium phosphate
Di-calcium phosphate

Defluorinated phosphate

Waldroup et al., 1965
Waldroup et al., 1965
Waldroup et al., 1965
Waldroup et al., 1965
Waldroup et al., 1965
Van der Klis et al., 1994
Coon et al., 2007

Coon et al., 2007
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Chapter Two
Calcium
Introduction

Calcium is one of the most important inorganic elements for the growth and performance
of different poultry species. One of the key roles for calcium is the development of the animal’s
skeletal structure (Mussehl and Ackerson, 1935; Siebrits, 1993). Calcium is vital for egg
production due to the large amount of calcium carbonate required for egg shell formation
(Elaroussi et al., 1994; Highfill, 1998; Klasing, 1998). Poultry species have different required
concentrations of calcium as a result of various production aims. For example, calcium
requirements for laying hens are lower at 0 to 6 weeks compared to turkeys, 0.9% versus 1.2%,
respectively (National Research Council, 1994). Therefore, calcium concentrations need to be
adequate and appropriate for the species; otherwise, calcium deficiency can lead to health
problems like rickets and skeletal abnormalities (Akpe et al., 1987).

The calcium source can influence animal performance. Typically, limestone or calcium
carbonate is the ideal calcium source to use in poultry diets (Boitumelo, 2004). Other calcium
sources have been evaluated to determine the calcium availability and absorption for poultry.
Lilburn et al. (1997) supplemented turkey diets with alternative feedstuffs including autoclaved
hatchery byproduct meal, bone meal, and limestone looking at various calcium concentrations
(0.6, 0.8, 1.0, and 1.2%) for each diet. The results indicated no significant effect on body weight
gain and feed efficiency between feedstuffs or calcium concentrations. Additionally, tibia and
femur length and width were not different between diets; however, tibia and femur ash were
trending to be significant between diets. Moreover, tibia and femur length, width, and ash were

found to be significantly different between different Ca concentrations.
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Another study conducted with broilers by Ajakaiye et al. (2003) used equal
concentrations of calcium (approximately 10 g/kg) from various sources including calcium
carbonate, bivalve shell, periwinkle shell, oyster shell, marble dust and snail shell. There were
not differences in body weight, feed intake, metabolizable energy of the diet, tibia length and
diameter, and apparent and true calcium availability. However, bone ash was significantly
greater with bivalve shell compared to oyster shell. Significant differences were found between
these sources in calcium biological availability. Two of these sources (bivalve and periwinkle
shells) were found to be equal or greater than calcium carbonate in biological availability.

In addition, a broiler study conducted by Applegate et al. (2003) used different calcium
sources at two different concentrations in the diets. The calcium sources were calcium carbonate
and calcium malate included at 4 or 9 g/kg. The study included three experiments: 1) 4 or 9 g/kg
of calcium carbonate from day 7 to 21 with Hubbard x Peterson male chicks; 2) 4 and 9 g/kg
calcium carbonate and calcium malate from day 14 to 24 with Ross 308 male chicks; 3) 4 or 9
g/kg of calcium carbonate from day 8 to 22 with Ross 308 or Hubbard x Peterson male chicks.
Initially, no significant effect on body weight gain was observed between the inclusion
concentrations of calcium carbonate. In the second experiment there was an increase in body
weight gain with 4 g/kg compared to 9 g/kg calcium included in the diet for both calcium
carbonate and calcium malate. Body weight gain was increased in the second experiment with
calcium carbonate compared to calcium malate. Moreover, calcium absorption in the ileum was
not affected by the source or concentration of calcium and tibia bone ash did not differ as well.
The third experiment showed an increase in the body weight gain with 4 g/kg compare to 9 g/kg

calcium.
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Therefore, evaluating a new calcium source is not unique; however, evaluating litter ash
as the mineral source has not previously been done with poultry, but it has been used with pigs.
A study conducted by North Carolina State University Extension (Swine News, 2006) used
turkey litter ash in the diet and results indicated no difference between the litter ash and the
positive control in growth performance and digestibility. Turkey litter was processed through a
gasification procedure by turkey producers in order to obtain turkey litter ash (Pagliari et al.,
2010; Strock et al., 2006; Mukhter and Capareda, 2006). However, gasification processes
required high temperature and it may reduce mineral bioavailability when processed litter is
supplemented in the turkey diet. Additionally, litter ash could be used as an alternative mineral
source due to the concentrations of P, Ca, N, K, Mg, and S (Eghball and Barbarick, 2007; Burns
and Raman, 2010). Therefore, this study was conducted to evaluate this unique dietary calcium
source (turkey litter ash) on the growth performance of turkeys from age 7 to 28 days.

Materials and Methods
Birds and Husbandry

This experiment was conducted at the Michigan State University Poultry Teaching and
Research Center and approved by the animal care and use committee of Michigan State
University. Four hundreds Hybrid poults were placed in brooder batteries at one day of age and
fed a control starter diet that met or exceeded the National Research Council (1994) nutritional
requirements. On day seven, poults were individually weighed, tagged, and randomly assigned to
42 experimental pens using an Experimental Animal Allotment Program (EAAP, 2009). The
EAAP was used to ensure equal pen weights at the start of the experiment. Each pen consisted of
eight poults. Each experimental pen was assigned to one of seven experimental diets for the

remainder of the experiment resulting in six replicate pens per diet. At day 12, poults were
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moved from the battery brooders to grow-out brooders until the end of the study. Poults were
given ad libitum access to feed and water for the duration of the experiment. Temperature was
recorded daily and the lighting program followed the Hybrid management guide (Table 10).
Diet formulation

The study consisted of seven experimental diets, four diets with limestone as the Ca
source and three diets with litter ash as the Ca source. The limestone diets were formulated and
mixed in the following manner: negative control diet (NC); lowest Ca concentration 9.0 g Ca/kg
and 109 g Solka Floc/kg; positive control diet (PC); highest Ca concentration 15.1 g Ca/kg and
93 g Solka Floc/kg. The other diets, low limestone Ca (LLC) and medium limestone Ca (MLC),
were obtained by blending 66.7% NC diet and 33.3% PC diet and 66.7% PC diet and 33.3% NC
diet, respectively. The same procedure was followed for formulating and mixing the litter ash
diets: low litter ash calcium (LAC); lowest Ca concentration 9.6 g Ca/kg and 53 g Solka Floc/kg;
high litter ash calcium (HAC); highest Ca concentration 12.3 g Ca/kg and no Solka Floc;
medium litter ash calcium (MAC); blend of 50% LAC diet and 50% HAC. Phosphorus
concentration was formulated to be 9.1 g/kg for all diets except LAC and MAC diets, which
were 9.0 g/kg. Chromic oxide was included as an indigestible marker using corn starch as a
carrier at 5 g/kg diet. The calculated nutrient values are found in Table 9.
Sample Collection

A sample was taken of each experimental diet and stored at -20°C until further analysis.
A partial excreta collection was done from day 27 to day 28. Excreta collected from each pen
was scraped from the collection papers into individual zip-lock bags and stored at -20°C for
future analysis. Poults were euthanized on day 28 and the ileum, located between Meckel’s

diverticulum and the ileal-cecal junction was removed (Rutherfurd et al., 2004). lleal digesta
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from each poult in the experimental pen was collected by flushing the ileum with distilled water.
The digesta was stored in plastic containers at -20°C for further analysis. Bone samples (tibia
and femurs) from the left leg of each poult were collected, placed into a zip-lock bag by
experimental pen and stored at -20°C until further analysis.

Sample Analyses
Microwave Digestion Preparation

A microwave digestion was performed to destroy the organic matter in the determinations
of calcium and phosphorus concentrations in feed, ileal, and excreta samples. Following freeze
drying of excreta and ileal samples, freeze dried samples and feed samples were ground using a
Cyclotec Sample Mill 1093 (FOSS North America, Eden Prairie, MN) with a one mm screen to
achieve a uniform grind. Feed ingredients were analyzed prior to formulation and feed samples
were ground after diet formulation. Samples were digested in nitric acid using a MARS 5
microwave digestion system (CEM Corporation, Matthews NC) using the following procedure
(Spears and Lioyd, 2001).

All glassware used in the digestion process was washed using 30% nitric acid and
distilled de-ionized (dd) H,O to remove any residuals left from other minerals analyzed
previously. Approximately 0.4 g of sample was weighed into a digestion vessel to which 10 mL
of 70% nitric acid (Omni Trace, EMD Chemicals, Inc., Gibbstown, NJ) was added and allowed
to predigest at room temperature overnight. The next day, vessels were placed in the microwave
digester and the digestion program run at 1200 wattage; 30 minute ramp to 160°C under pressure
of 190 PSI, hold samples for 10 minutes, and cool down for five minutes. After further cooling in
a fume hood for 10 more minutes, 2 ml of 30% hydrogen peroxide (Sigma-Aldrich, St. Louis,

MO) was added. The sample digest was then transferred to a 25 ml volumetric flask and cooled
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completely; dd H,O was added to bring the volume to 25 ml. Samples were transferred to 50 ml
polypropylene tubes and stored at room temperature until calcium and phosphorus analysis.
Calcium determination

Calcium concentration was determined by atomic absorption spectroscopy after dilution
in a 1% La solution (from lanthanum chloride, Sigma-Aldrich, St. Louis, MO) as an ionization
suppressant to eliminate the phosphate interference, which occurs in an air-acetylene flame. The
initial feed ingredients were analyzed using the method of standard additions on a Solar 989
atomic absorption spectrophotometer (Thermo Elemental, Franklin, MA). Other samples (feed,
ileal contents, and excreta) were analyzed using an AA7000 Series atomic absorption
spectrophotometer (Shimadzu Scientific Instruments, Inc., Columbia, MD). These samples were
analyzed against a five point, matrix matched standard curve (Ca standard source: VWR
International, West Chester, PA) ranging in concentration between 1 and 5 pg/ml Ca. A Bovine
Liver Standard (NIST, Gaithersburg, MD) was simultaneously analyzed to maintain instrument
accuracy.
Phosphorus determination

Phosphorus was analyzed by measuring the phosphate ion concentration. These ions react
with two reagents, molybdate and Elon (p-methylaminophenol sulfate), to make a product that
can be read in the spectrophotometer called molybdenum blue (Kaplan and Pesce, 1989). The
first solution consisted of 2.5 g of molybdate sulfuric (MS) solution suspended in minimal dd
H,O added to 7 ml of sulfuric acid and the volume brought to 500 ml by adding dd H,O. The
second solution was made by dissolving 1.5 g of sodium bisulfate and 0.5 g of Elon into dd H,O
to make a 50 ml volume (Gomori, 1942). The samples were diluted tenfold using 450 ml of dd

H,0 and 50 ml of sample. Concentrations of standard samples used for analyzing phosphorus
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were 0.0, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mg/dl. The standard samples were made by using
15mg/dl phosphorus, ddH,0, MS, and Elon (Gomori, 1942). Standards and samples were run in
duplicate on a 96-well microplate. Each well received 50 pL standard or sample, 250 pL of MS
solution and 25 pL of Elon. The plate was placed in a microplate vortex mixer for 45 minutes
and read at 700 nm on a SpectraMax 384 (Molecular Devices) plate reader.
Ether extraction assay

Ether extraction was used to determine the amount of fat in feed, ileal, excreta, and bone
samples. The procedure utilized filter paper, which was hot weighed after being kept overnight in
a drying oven at 100°C. Briefly, 1 g of each sample was weighed out in duplicate on filter paper.
Filter papers, including the samples, were placed in the drying oven for approximately 8 hours
and then hot weighed again. A round bottom flask (modified soxhlet) was filled 2/3 of the way
with ethyl ether and then the extraction vessel was filled with samples (feed, ileal, excreta, or
bones). The extraction vessel takes approximately 1.5 to 2 hours to fill and siphon back the ether
to the heating flask (one cycle). After about six cycles, the lid was removed from the vessel and
samples were unloaded on trays and placed in a fume hood to evaporate the ether. When the
ether evaporated completely, the samples were placed in the drying oven at 100°C overnight and

hot weighed the following day. The percent fat calculation was determined accordingly:

DM hot wt. — Paper hot wt.
%Fat = 1—( > x 100

sample wt.

DM (dry matter) hot wt. = the hot weight of the sample + the hot weight of the paper
Paper hot wt. = the hot weight of the filter paper without sample

Sample wt. = the weight of the sample prior to being placed in the drying oven
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Dry matter

Two different dry matter protocols were used depending on the amount of sample
available. For feed and excreta samples, 1 g of sample was placed in an empty weigh pan. Pans
were weighed and dried in a drying oven at 105°C for 24 hr. The following day, samples were
weighed and recorded individually. Illeal sample dry matter was obtained by subtracting the
paper hot weight and paperclip weight, used to secure sample in filter paper, from the sample.
Energy determination

Bomb calorimetry was used to determine the energy of the feed, ileal, and excreta
samples. One g of feed and approximately 0.8 g ileal and excreta samples were weighed out and
formed into pellets using the pellet press holder. Pellet weight was recorded with two duplicate
pellets per sample. The bomb calorimeter was heated to 150°F. A standard sample, benzoic acid,
was run first followed by the samples. Two bombs were used to run samples. Each bomb head
has one capsule, where pellets were placed, and a 10 cm fuse wire was attached to each one of
the two fuses and to the pellets, away from the capsule side. The bomb head was inserted into the
bomb cylinder and secured. Each bomb was filled with oxygen to 32 atmospheres and placed in
the calorimeter bucket that was then filled with 2000 ml of dd H,O. The calorimeter bucket was
placed into the bomb calorimeter and the two ignition wires were pushed on the bomb head prior
to closing the bomb calorimeter cover. The initial temperature was taken at equilibrium and the
second reading was taken approximately six minutes after firing the bomb. The bucket and bomb
were removed from the calorimeter and bomb valve opened to release the pressure. The burned
wire was measured and used in the calculation with 1 cm of wire equal to 2.3 calories. The bomb
was cleaned and dried between samples. Energy was calculated using the following formula:

(Ft —It) x standard — (calories of wire burned)
sample wt. (g)

Heat of Combustion (cal/g) =
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Ft = Final temperature
It = Initial temperature
Standard = benzoic acid was used as standard and it has an energy value of approximately 2400
calories
Nitrogen determination

Total nitrogen was analyzed using HACH total nitrogen method (Hach et al., 1987)
running all samples in duplicate. The procedure involves weighing approximately (0.07 g) of
sample onto weigh paper. Samples were placed into a 100 ml digesdahl flask. Ten ml of sulfuric
acid was added to the sample and digested overnight at room temperature. The digesdahl burner
was heated to 440°C and the digesdahl flask was placed on it. The vacuum system was attached
to the digesdahl burner to suction smoke from the digesdahl flask. After about six minutes all
water was evaporated from the liquid sample. Next, 10 ml of 50% H,0, was added to the flask
and heated for another six minutes resulting in white smoke production from the boiling acid.
Both the digesdahl flask and condenser were removed from the burner when white smoke was no
longer being produced indicating that H,O, was removed. After cooling the contents of the flask
to room temperature, 100 ml of dd H,O was added to the sample. Eight hundred pl of the diluted
sample was removed from the flask and placed in a centrifuge tube. Twenty ml of 0.1g/l solution
of polyvinyl alcohol (PVA) was added to each tube and vortexed to ensure adequate mixing.
Each sample tube was analyzed in duplicate on a 96-well microplate. One hundred sixty pl of
sample or standard were pipetted into each well, with 32.25 pl of PVA, and 7.75 ul of Nessler
reagent. Each plate had 84 samples plus 12 standards (0, 0.01, 0.02, 0.04, 0.06, and 0.08 mg

N/ml). The plate was placed on a plate shaker for five minutes and read using a
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spectrophotometer at 460 nm wavelength (Hach et al., 1987). Nitrogen percentage was

calculated:

m oo
N (d—ig) X dilution (100)

% N =
% sample wt. (g) x 1000

x 100

% CP=%N X 6.25
mg .
N a = ((average value of N sample read by spectrophotometer — Y intercept)/slope)*100

Sample wt. (g) = the weight of the sample prior to being placed in the drying oven
CP = Crude Protein
6.25 = Consistent correction factor multiplied with N% to obtain crude protein percentage
Chromium determination

All glassware used in this analysis was washed using 30% nitric acid and distilled de-
ionized (dd) H,O to remove any residuals left from the minerals analyzed previously. Duplicate
0.5 g samples from each pen were placed into 150 ml Pyrex glass beaker and ashed at 600°C for
1.5 hours in the ashing oven. After cooling to room temperature, 3 ml of phosphoric acid-
manganese sulfate solution and 4 ml of 4.5 %, w/v, potassium bromate solution were added to
each beaker. Beakers were covered with watch glasses and digested on a hot plate for seven
minutes until the color of the digested sample changed to purple. Beakers were removed from the
hot plate and cooled to room temperature. Digested samples were rinsed from the beaker with dd
H.0 into a 100 ml volumetric flask. Calcium chloride solution, containing 4000 ppm of calcium,
was added to the flask (12.5 ml) and the volume was brought up to 100 ml by adding dd H.O.
Samples were diluted 1/3 (1 part sample, 3 part dd H,O) for feed samples and 1/7 (1 part sample,
7 part dd H,0) for ileal and excreta samples. The diluted samples were analyzed using atomic

absorption spectrophotometer (SpectrAA 220 FS, Varian Analytical Instruments, Walnut Creek,
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CA). Standard samples (0.0, 1.0, 2.0, 3.0, 4.0, 5.0 ppm) were used for analyzing the samples

(Williams et al., 1962). Chromium percentage was calculated using the following equation:

( Cr ppm/g )
sample wt. (g)

1000

% Cr = x 100

Cr ppm/g = chromium value read by the AA multiplied by the correction factor (dilution)
Sample wt. (g) = the weight of the sample prior to being placed in the drying oven
Bone

Bones were removed from the freezer, thawed, and cleaned using a scalpel. The fibula
was separated and removed from the tibia. The length and the width of each bone were measured
with a measurement tape and Vernier calipers. All the tibias from each pen were wrapped in a
piece of gauze that is big enough to hold all the bones together with a wing tag for identification;
the same procedure was used for the femurs. The package of bones was ether extracted using the
same procedure as stated above. Following ether extraction, the bones were removed from the
gauze and placed into a hot weighed crucible. The crucibles were placed in the drying oven
105°C for approximately 12 hours and then hot weighed prior to ashing at 600°C in the ashing
oven for at least 12 hours. Following ashing, the crucibles were hot weighed again.
Production Measurements

Body weight and feed intake were measured weekly. The dead birds were weighed and
factored in the calculation of body weight gain (BWG) and feed conversion ratio (FCR) per pen.
Apparent ileal nutrient digestibility and total tract digestibility were calculated as described
below (Adedokun et al., 2007):

Apparent ileal nutrient digestibility, (%) = [1 — (chromium in diet/chromium in ileal
digesta) x (nutrients in ileal digesta/nutrients in diet)]
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Total tract nutrient digestibility, (%) = [1 — (chromium in diet/chromium in excreta) x
(nutrients in excreta/nutrients in diet)].

Nutrients = defined as dry matter, nitrogen, calcium, phosphorus, fat, and energy
Statistical analysis

With a randomized complete block design (RCBD), the data were analyzed using the
PROC MIXED feature of SAS (SAS 9.2, Cary, NC. USA). Differences were adjusted using the
Tukey’s method and significance accepted at P < 0.05. Pen was used as the experimental unit.
Statistical analysis for body weight gain, feed intake, and feed conversion ratio was run for day 7
to 14, 14 to 21, 22 to 28, and 7 to 28 individually. Body weight gain, feed intake, feed
conversion ratio, ileal and excreta nutrients digestibility and bones were analyzed using the
statistical model Yij = u + Ti +Bj+ Eij, The observation (Yij) is equal to the sum of mean (p), the
mean effect of treatments (Ti), fixed effect of block (Bj), and the error term (Eij). Calcium effect
between treatments was measured using linear and quadratic contrast based on seven
concentrations of analyzed dietary calcium.

Results

Parameters measured

Body weight was measured weekly. There were no differences between treatments during
each week or from day 7 to day 28 (Tables 11, 12). The negative control diet (9.2 g/kg Ca)
resulted in the lowest body weight and unexpectedly, the medium limestone calcium (11.7 g/kg
Ca) had the highest body weight, out gaining the positive control (12.9 g/kg Ca). Overall, linear
response for the body weight gain was observed in the limestone diets due to the increase of Ca
in the diet (P < 0.03) while the body weight gain in the ash diets had a trend toward a linear
response (Table 11, 12). There was no difference between calcium sources when evaluating body

weight gain.
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Similar to the observations associated with body weight, no differences in feed intake
were observed between the dietary treatments regardless of the calcium source (Table 13). Also,
no difference was found between calcium sources in the feed conversion ratio. Feed conversion
ratio in the limestone diets showed a linear response trend (P < 0.06) while in the litter ash diets
showed a quadratic response (P <0.03; Table 14).

Bone

Femur and tibia bone measurements (length, width, weight, and ash) were determined.
No differences were observed in tibia or femur size related to dietary mineral source. However, a
difference in femur ash percentages was found between calcium sources (P < 0.05; Table 17).
Femur ash in the limestone diets had a linear response (P < 0.05) when Ca increases in the diet
while no linear or quadratic trend was observed with the litter ash. The opposite was observed
with the tibia ash with no linear trend for the limestone diets, but a quadratic response was
observed for tibia ash in the litter ash diets (P < 0.006; Table 17).

Nutrient Digestibility

Nutrient digestibility was measured in the ileum and in the excreta of the poults (Tables
15, 16). No difference was observed in the dry matter or nitrogen between the diets in the ileum
or excreta (Tables 15, 16). Ileal calcium digestibility was different between the calcium levels for
the low (P < 0.05) and high (P < 0.003) diets but no difference was observed between the
calcium sources (Table 15). Ileal calcium digestibility with limestone and litter ash diets showed
a linear response curve (P < 0.0001; P < 0.0006). lleal phosphorus digestibility has a linear trend
response curve with limestone (P < 0.06) and litter ash diets (P < 0.008). The percent fat
digestibility in the diet was different between the two mineral sources with ash litter diets having

higher values than the limestone diets (P <0.02; Table 15).
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The major differences observed in the excreta digestibility revolve around calcium (P <
0.003) and energy (P < 0.0005). Overall, the difference in total tract calcium digestibility was
significant between the calcium sources for the medium (P < 0.02) and high (P < 0.0001) diets
(Table 16). Total tract calcium digestibility in the limestone diet had a linear response curve (P <
0.0001) and with a litter ash diet had both linear and quadratic response (P < 0.0001; P < 0.02;
Table 16). Energy digestibility was different between the mineral sources for the medium diets
(P < 0.0005). Total tract energy digestibility with the ash diets showing a quadratic response
curve (P <0.002).

Discussion

Body weight and feed intake

Table 9 presents the diet formulations and analyzed values of diets providing calcium
from two different sources. The diets were designed to have calcium increase from 9.0 g/kg to
15.1 g/kg using a standard calcium source (limestone) while the alternative calcium source (litter
ash) also increasing from 9.6 g/kg to 12.3 g/kg. Since the calcium source is the only variable that
changed, the production aspects measured were anticipated to increase as the calcium levels
increased. However, this did not occur. Poults on the standard medium diet had a 41 g higher
body weight gain at the end of 21 days compared to the positive control (Table 12). However,
low diet of the litter ash had 125 g and 41 g higher body weight gain at the end of 21 days
compared to medium and high ash diets respectively (Table 12).

A similar observation was made with feed intake for the limestone and litter ash diets.
Sanders et al. (1992) found that increasing calcium levels from limestone in turkey diets do not
translate into a linear increase in body weight or feed efficiency when they used Nicholas tom

turkeys from 0 to 16 days of age. Similarly, Lilburn et al. (1997) noted that increasing calcium
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levels from limestone in turkey diets do not show a linear increase in body weight gain or feed
intake of commercial poults 0 to 18 days of age.
. Moreover, similar results have been observed in broilers where body weight gain or feed intake
was not affected by the level of calcium in the diet (Walk et al., 2012; Zyla et al., 2000). A study
with ducks found that body weight and feed intake did not increase linearly with the increase of
calcium levels (Rush et al., 2005). A study published with swine found no differences between
limestone and turkey litter ash in body weight gain and feed efficiency (Swine News, 2006).
Therefore, no differences observed in body weight gain (Table 11, 12) and feed intake (Table 13)
in the present study between calcium sources.
Bone

No significant differences were found between calcium sources related to femur or tibia
length, width, or weight (Table 17). Thus, these are similar to results reported by Lilburn et al.
(1997) for turkey poults. However, in their study, calcium level did influence the bone
measurements (Lilburn et al., 1997). In the current study, the femur ash was statistically different
between sources at 28 days of age. Lilburn et al. (1997) reported no significant differences
between tibia and femur ash with 10-day-old turkey poults due to calcium source but calcium
levels affected tibia and femur ash. Walk et al. (2012) found that with increasing levels of
calcium intake, the percentage of tibia ash increased as well. There was a linear response of
femur ash with the limestone diets (P < 0.05) and the tibia ash had a quadratic response with the
litter ash diets (P < 0.006). Calcium and phosphorus influence tibia ash more than body weight
and feed intake according to Walk et al. (2012). The differences observed between published
research and the present study may stem from the calcium: phosphorus levels in the diet or the

availability of calcium from the litter ash.
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Nutrient Digestibility

Nutrient digestibility was determined in the ileum and the excreta of turkey poults. There
were no differences in ileal digestibility between calcium sources with the exception of fat. Fat
digestibility was numerically higher in the litter ash diets compared to the limestone diets leading
to the difference between calcium sources (P < 0.02). The values are lower than what has been
reported for broilers (Mountzouris et al., 2010; Gehring et al., 2012) or swine (Johnston et al.,
2004). Mountzouris et al. (2010) reported no difference in the ileal dry matter digestibility
between different calcium levels in broilers with a dry matter percentage around 63%. Similarly,
no difference was observed in the ileal dry matter digestibility between calcium sources in
current study; however, low dry matter percentage was found (56%) (Table 15). This could be
due to diet composition or turkey versus broiler diets. Nitrogen digestibility was not significantly
different between calcium sources and similar in values reported by Gehring et al., 2012,

lleal calcium digestibility was not different between calcium sources but was different
between the levels of calcium. The diets with the lowest levels of calcium (limestone — 10.4 g/kg
vs. litter ash — 9.9 g/kg) were different (P < 0.05) compared to the highest levels of calcium
(limestone — 12.9 g/kg vs. litter ash — 12.1 g/kg; P < 0.003; Table 15). lleal calcium digestibility
values decreased as the dietary calcium levels increased in limestone diets (P < 0.0001). In the
litter ash diets, calcium digestibility increased linearly with dietary calcium levels (P < 0.0006).
Amad et al. (2011) found that ileal calcium digestibility for the control treatment was
approximately 38% when broilers age 22 to 42 days were fed calcium at a concentration of 9.9
g/kg from limestone and monocalcium phosphate, which is higher than we observed in this
experiment. Johnston et al. (2004) reported that lower calcium concentrations in the diet would

increase calcium digestibility in the ileum. However, this was not consistent with the data
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presented in Table 15. Therefore, there is an inverse relationship between calcium intake and
ileal calcium digestibility; when calcium intake increases the calcium digestibility decreases.

Ileal phosphorus digestibility was trend to be different between the calcium sources (P <
0.06). The limestone diets were trending toward a negative linear relationship between dietary
calcium values and phosphorus digestibility. The litter ash diets had a negative linear response
with less than 50% digestibility of phosphorus being found with the highest concentration of
calcium from litter ash in the diet (12.1 g/kg). Yi et al. (1996) reported ileal phosphorus
digestibility values of 53% while Camden et al. (2001) reported values of 55%. With the
exception of the highest concentration of litter ash calcium, all other values were similar to what
has been reported in the literature.

Nutrient digestibility in the excreta was similar to ileal digestibility with no differences
between calcium source except for calcium and energy digestibility (Table 16). A similar
relationship was found with excreta calcium digestibility with calcium decreasing linearly across
calcium source diets (P < 0.0001). Johnston et al. (2004) reported that reducing calcium intake
levels results in an increase in calcium digestibility which is opposite to what was observed in
the present study.

Energy digestibility in the excreta was affected by the calcium source (P < 0.0005).
Johnston et al. (2004) indicated the concentrations of calcium and phosphorus supplied in the
diet influence the energy digestibility. With the exception of the mid-levels of calcium
(limestone — 11.7 g/kg; litter ash 11.0 g/kg), energy levels were found to be similar between the
other calcium levels (Table 16). A study in pigs with turkey litter ash reported that energy

digestibility was not significantly different between NC and PC diets (Swine News, 2006).
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Summary

Using litter ash in the diet of turkey poults resulted in minimal differences compared to
the limestone diets when evaluating the calcium source. The results of body weight, feed intake,
feed conversion ratio, and tibia and femur measurements indicated no differences between
calcium sources or levels of calcium included in the diet on turkey poult performance from 7 to
28 days of age. The exception was the differences in femur ash between calcium sources that
may warrant a further investigation into the biological impact on the femur. For example, does
the difference in ash relate to the overall strength of the femur or the ability to withstand
fracturing?

Calcium digestibility needs to be considered when evaluating the excreta values while
looking at the ileal values there is no difference between sources. The data suggest that diets
formulated to contain approximately 11 g/kg of calcium from litter ash perform the same as the
limestone diet. Therefore, there appears to be no difference between the dietary calcium sources.
If the litter ash is priced competitively, turkey diets can be formulated to use it as a calcium
source. However, the amount of litter ash is considerably higher, g/kg, compared to limestone so

availability could be an issue for diet inclusion.
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Table 9. Diet formulation and nutrient composition of experimental diets (as-fed basis) for
calcium

Diet (g/kg)*
Ingredients, g/kg NC LLC MLC PC LAC MAC HAC
Corn 2644 2644 264.4 2644 2644 2649 265.4
Soybean meal, 48% CP 500 500 500 500 500 500 500
DL-Methionine 2.6 2.6 2.6 2.6 2.6 2.6 2.6
L-threonine 1.3 1.3 1.3 1.3 1.3 1.3 1.3
Lysine HCI 3.4 3.4 3.4 3.4 3.4 3.4 3.4
Soybean oil 50 50 50 50 50 50 50
Monocalcium phosphate2 31 31 31 31 17 115 6
Litter ash - - - - 77 1085 140
Limestone (38% Ca) 7 12 18 23 - - -
NaCl 3.3 3.3 3.3 3.3 3.3 3.3 3.3
Vitamin-mineral premix3 3 3 3 3 3 3
Solkafloc4 109 104 98 93 53 26.5
Chromic oxide premix5 25 25 25 25 25 25 25
Calculated analyses
ME kcal/kg 2627 2627 2627 2627 2627 2629 2630
CP g/kg 273 273 273 273 273 273 273
Calcium g/kg 9.0 110 131 151 9.6 109 123
Phosphorus g/kg 9.1 9.1 9.1 9.1 9.0 9.0 9.1
Non-phytate phosphorus g/kg 7.8 7.8 7.8 7.8 7.8 7.8 7.8
Ca:P Ratio 1.0 1.2 1.4 1.7 1.1 1.2 1.4
Determined analyses
CP g/kg 278 280 282 283 283 282 281
Calcium g/kg 9.2 104 117 129 99 110 121
Phosphorus g/kg 10.8 106 104 102 106 107 10.8
Ca:P ratio 0.9 1.0 1.1 1.3 0.9 1.0 1.1

! Diet abbreviations: NC = negative control, LLC = low limestone calcium, MLC = medium
limestone calcium, PC = positive control, LAC = low litter ash calcium, MAC = medium litter
ash calcium, HAC = high litter ash calcium.

®16% Ca, 21% P

8 Supplies the following per kg diet: Vit. A, 5484 1U; Vit. D3, 2643 ICU; Vit E,11 IU;
Menadione sodium bisulfite,4.38 mg; Riboflavin, 5.49 mg; d-pantothenic acid, 11 mg; Niacin,
44.1 mg; Choline chloride, 771 mg; Vit B12, 13.2 ug; Biotin, 55.2 ug; Thiamine mononitrate, 2.2
mg; Folic acid, 990 ug; Pyridoxine hydrochloride, 3.3 mg; I, 1.11 mg; Mn, 66.06 mg; Cu, 4.44
mg; Fe, 44.1 mg; Zn, 44.1 mg; Se, 300 ug. Also contains per g of premix: Vit. A, 1828 IU; Vit.
D3, 881 ICU; Vit E,3.67 1U; Menadione sodium bisulfite,1.46 mg; Riboflavin, 1.83 mg; d-
pantothenic acid, 3.67 mg; Niacin, 14.69 mg; Choline chloride, 257 mg; Vit B12, 4.4 ug; Biotin,
18.4 ug; Thiamine mononitrate, 735 ug; Folic acid, 330 ug; Pyridoxine hydrochloride, 1.1 mg; I,
370 ug; Mn, 22.02 mg; Cu, 1.48 mg; Fe, 14.69 mg; Zn, 14.69 mg; Se, 100 ug.

* Purified cellulose, International Fiber Corp., North Tonawanda, NY

> Chromic oxide (Cr203) premix added as indigestible marker at a ratio 1:4 of chromic oxide:
corn starch.
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Table 10. Lighting program used for the 28-day calcium trial1

Photoperiod
Day Light (hr) Dark (hr)
1 24 0
2 23 1
3to5 20 4
6t09 18 6
10 to 28 16 8

! Lighting program based on Hybrid turkey management guide
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Table 11. Body weight gain (g/bird) for turkey poults fed different dietary calcium sources from
7 to 28 days of age

1 . 2
Treatments™ Dietary Ca (g/kg) d7to 14 di5to 21 d22 to 28 d7 to 28

(g/bird)°
NC 9.2 163.3+10.6 249.7+14.1 350.0+18.3 790.0+24.3
LLC 10.4 186.6 £+ 10.6 250.8+14.1 376.3+18.3 813.7+24.3
MLC 11.7 185.7+10.6 302.6+14.1 3725+18.3 865.5+24.3
PC 12.9 1948 +10.6 2825+14.1 375.0+18.3 852.3+24.3
LAC 9.9 200.0£10.6 267.5+14.1 385.8+18.3 853.4+24.3
MAC 11.0 191.9+10.6 2849+14.1 364.2+18.3 846.3+24.3
HAC 12.1 196.6 +10.6 277.9+14.1 373.8+18.3 848.3+24.3
Probability.
Contrast
LLC vs. LAC 0.38 0.41 0.71 0.26
MLC vs. MAC 0.68 0.38 0.75 0.58
PC vs. HAC 0.90 0.82 0.96 0.91
Limestone vs. litter ash 0.42 0.87 1.00 0.78
Source of variation
Response Curve
Linear limestone” 0.06 0.02 0.39 0.03
Linear litter ash” 0.09 0.13 0.62 0.17
Quadratic litter ash6 0.16 0.30 0.57 0.22

! Diets: NC = negative control, LLC = low limestone calcium, MLC = medium limestone
calcium, PC = positive control, LAC = low litter ash calcium, MAC = medium litter ash calcium,
HAC = high litter ash calcium

2 Analyzed value

¥ Means represent 6 pens of 8 birds per pen.

* Includes negative control diet

> Includes negative control diet

® Includes negative control diet
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Table 12. Body weight gain (g/pen) for turkey poults fed different dietary calcium sources from 7 to 28 days of age

1 . 2
Treatments Dietary Ca (g/kg) d7 to 14 di5to 21 d22 to 28 d7 to 28
(g/pen)’
NC 9.2 1,306 +85.0 1,937+113.8 2,800+146.1 6,176+ 222.7
LLC 10.4 1,493+85.0 2,007+113.8 3,010+146.1 6,510+ 222.7
MLC 11.7 1,485+85.0 2,393+113.8 2,980+146.1 6,859 +222.7
PC 12.9 1558 +85.0 2,260+113.8 3,000+ 146.1 6,818 +222.7
LAC 9.9 1,600 +85.0 2,140+113.8 3,087 +146.1 6,827 +222.7
MAC 11.0 1535+85.0 2,253+113.8 2913+146.1 6,702 +222.7
HAC 12.1 1573+85.0 2,223+113.8 2,990+ 146.1 6,786 +222.7
Probability.
Contrast
LLC vs. LAC 0.38 0.41 0.71 0.32
MLC vs. MAC 0.68 0.39 0.75 0.62
PC vs. HAC 0.90 0.82 0.96 0.92
Limestone vs. litter ash 0.42 0.88 1.00 0.82
Source of variation
Response Curve
Linear Iimestone4 0.06 0.01 0.39 0.03
Linear litter ash” 0.09 0.08 0.62 0.13
Quadratic litter as.h6 0.16 0.24 0.57 0.23

! Diets: NC = negative control, LLC = low limestone calcium, MLC = medium limestone calcium,
PC = positive control, LAC = low litter ash calcium, MAC = medium litter ash calcium,

HAC = high litter ash calcium

2 Analyzed value

¥ Means represent 6 pens of 8 birds per pen.

% Includes negative control diet

® Includes negative control diet

® Includes negative control diet
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Table 13. Feed intake (g/pen) for turkey poults fed different dietary calcium sources from 7 to 28 days of age

1 . 2
Treatments Dietary Ca (g/kg) d7to 14 di5to 21 d22 to 28 d7 to 28
(glpen)’
NC 9.2 2,070 +£92.0 3,240+£109.1 4,753+190.3 10,063 +325.9
LLC 10.4 2,020+ 92.0 3,257+109.1 4,893+190.3 10,170+ 325.9
MLC 11.7 2,043 +92.0 3,423+109.1 5,230+190.3 10,697 +325.9
PC 12.9 2,120+ 92.0 3,383+109.1 5,160+ 190.3 10,663 +325.9
LAC 9.9 2,157 +92.0 3,403+109.1 4,960+ 190.3 10,520+ 325.9
MAC 11.0 2,048 +£92.0 3,370+109.1 4,950+ 190.3 10,368 +325.9
HAC 12.1 2,117+92.0 3,483+109.1 5,020+ 190.3 10,620+ 325.9
Probability.
Contrast
LLC vs. LAC 0.30 0.35 0.81 0.45
MLC vs. MAC 0.97 0.73 0.31 0.48
PC vs. HAC 0.98 0.52 0.61 0.93
Limestone vs. litter ash 0.54 0.47 0.45 0.98
Source of variation
Response Curve
Linear Iimestone4 0.68 0.23 0.07 0.12
Linear litter ash” 0.98 0.18 0.39 0.33
Quadratic litter ash® 0.96 0.82 0.71 0.78

! Diets: NC = negative control, LLC = low limestone calcium, MLC = medium limestone calcium,
PC = positive control, LAC = low litter ash calcium, MAC = medium litter ash calcium,

HAC = high litter ash calcium

2 Analyzed value

¥ Means represent 6 pens of 8 birds per pen.
% Includes negative control diet

® Includes negative control diet

® Includes negative control diet
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Table 14. Feed conversion ratio for turkey poults fed different dietary calcium sources from 7 to 28 days of age

1 . 2
Treatments Dietary Ca (g/kg) d7to 14 di5to 21 d22 to 28 d7 to 28
(feed/gain)°
NC 9.2 1.84 +£0.16 1.69 + 0.06 1.70 £ 0.07 1.63 +£0.02
LLC 10.4 1.36 £ 0.16 1.65 + 0.06 1.63+0.07 1.56 +£0.02
MLC 11.7 1.38+0.16 1.45 + 0.06 1.82 +£0.07 1.56 +£0.02
PC 12.9 1.36 £ 0.16 1.51 +0.06 1.73+0.07 1.56 +£0.02
LAC 9.9 1.34 +0.16 1.59 + 0.06 1.61+0.07 1.54 +0.02
MAC 11.0 1.34 +0.16 1.51 +0.06 1.70 £ 0.07 1.55+0.02
HAC 12.1 1.35+0.16 1.57 +0.06 1.68 +£0.07 1.57 +£0.02
Probability.
Contrast
LLC vs. LAC 0.94 0.54 0.89 0.49
MLC vs. MAC 0.88 0.54 0.28 0.76
PC vs. HAC 0.96 0.49 0.68 0.93
Limestone vs. litter ash 0.87 0.69 0.35 0.59
Source of variation
Response Curve
Linear limestone” 0.06 0.02 0.41 0.06
Linear litter ash5 0.07 0.17 0.85 0.14
Quadratic ltter ash® 0.12 0.17 0.77 0.03

! Diets: NC = negative control, LLC = low limestone calcium, MLC = medium limestone calcium,
PC = positive control, LAC = low litter ash calcium, MAC = medium litter ash calcium,

HAC = high litter ash calcium

2 Analyzed value

¥ Means represent 6 pens of 8 birds per pen.

% Includes negative control diet

® Includes negative control diet

® Includes negative control diet
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Table 15. lleal digestibility mean and standard error for turkey poults fed different dietary calcium sources from 7 to 28 days of age

1 ] 2
Treatments™ Dietary Ca (g/kg) DM N (%) Ca (%) P (%) Fat (%) Energy (Kcal/g)
NC 9.2 55.77+1.20 81.78+2.19 49_46aJ_r 362 60.04+338 37.14+2.89 2851 +61.2
LLC 104 5748 +1.20 81.49+2.19 39,11abi 435 60.89+3.38 40.08+2.89 2921 +61.2
MLC 11.7 55.10+1.20 77.85%+2.19 29_74bci 435 5191+3.38 34.85+2.89 2791 £ 61.2
PC 12.9 5493+1.20 79.46+2.19 14_04Ci 442 53.38+3.38 36.50+2.89 2824 +61.2
LAC 9.9 55.99+1.20 78.53+2.19 27_26bci 3.97 52.61+338 42.15+2.89 2776 £61.2
MAC 11.0 56.64+1.32 80.09+240 3450°+539 51.22+370 4457+317  2738+61.2
HAC 12.1 57.92+1.20 78.68+2.19 29_35b +3.01 45.97+3.38 42.30+2.89 2898 + 61.2
Probability.

Contrast

LLC vs. LAC 0.39 0.35 0.05 0.09 0.62 0.10

MLC vs. MAC 0.39 0.50 0.49 0.89 0.03 0.57

PC vs. HAC 0.09 0.80 0.003 0.13 0.17 0.40

Limestone vs. litter ash 0.32 0.78 0.43 0.06 0.02 0.42

Source of variation
Response Curve

Linear Iimestone3 0.36 0.28 <0.0001 0.06 0.57 0.44
Linear litter ash4 0.19 0.48 0.0006 0.008 0.21 0.61
Quadratic litter ash5 0.75 0.74 0.08 0.67 0.19 0.07

¢ Means within the same column, not sharing a common superscript, are significantly different (P < 0.05).

! Diets: NC = negative control, LLC = low limestone calcium, MLC = medium limestone calcium, PC = positive control,
LAC = low litter ash calcium, MAC = medium litter ash calcium, HAC = high litter ash calcium

2 Analyzed value

® Includes negative control diet

* Includes negative control diet

> Includes negative control diet

58



Table 16. Excreta digestibility mean and standard error for turkey poults fed different dietary calcium sources from 7 to 28 days of age

1 ) 2
Treatments™ Dietary Ca (g/kg) DM N (%) Ca (%) P (%) Fat (%) Energy (Kcal/g)
NC 9.2 57.78+0.66 57.18+2.44 5508%+197 43944189 4816+4.00 3124%+26.1
LLC 104 50.99 + 0.66 58.49+244 4978%°+197 47.35+1.89 4527+4.00 3184%+26.1
MLC 11.7 5857 +0.66 59.36 +2.44 33211197 41.15+1.89 47.72+4.00 3131%+26.1
PC 12.9 59.01 +0.66 58.89+2.44 26.07°+197 43.08+1.89 46.99+400 3156°+26.1
LAC 9.9 58.60 + 0.66 55.66+2.44 4619°9+197 4152+189 47.40+4.00 3111%+26.1
MAC 11.0 58.76+0.66 59.18+2.44 4010°%+197 43.99+1.89 38.26+4.00 2990°+ 26.1
HAC 12.1 50.12+0.66 55.12+244 3838%+197 4260+1.89 39.38+4.00 3127%+261
Probability
Contrast
LLC vs. LAC 0.17 0.42 0.21 0.04 0.71 0.06
MLC vs. MAC 0.84 0.96 0.02 0.30 0.10 0.0005
PC vs. HAC 0.91 0.28 <0.0001 0.86 0.19 0.44
Limestone vs. litter ash 0.54 0.26 0.003 0.46 0.14 0.0005

Source of variation
Response Curve

Linear limestone- 0.47 0.59 <0.0001 0.29 0.96 0.73
Linear litter ash” 0.19 0.81 <0.0001 0.91 0.05 0.42
Quadratic litter ash5 0.65 0.50 0.02 0.91 0.57 0.002

¢ Means within the same column, not sharing a common superscript, are significantly different (P < 0.05).

! Diets: NC = negative control, LLC = low limestone calcium, MLC = medium limestone calcium, PC = positive control, LAC = low
litter ash calcium, MAC = medium litter ash calcium, HAC = high litter ash calcium

2 Analyzed value

® Includes negative control diet

* Includes negative control diet

> Includes negative control diet
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Table 17. Bone measurements, ash, and dry weight for turkey poults fed different dietary calcium sources from 7 to 28 days of age

et Dietary Ca Length (cm) Width (mm) Ash (%) Dry bone wt. (g)°
(9/kg) Femur Tibia Femur Tibia Femur Tibia Femur Tibia
NC 9.2 6.98 +0.07 9.37 +0.13 6.34+£0.10 6.33+0.08 43.03+0.53 50.86 +1.45 18.69 +0.84 22.89 +1.52
LLC 10.4 6.92 £0.07 9.28 £0.13 6.14 +0.10 6.27 +0.08 42.53+0.53 49.83+1.45 19.35+0.84 23.95+1.52
MLC 11.7 6.96 + 0.07 9.39 + 0.13 6.32+0.10 6.39+0.08 43.42+0.53 49.96+1.45 19.58+£0.84 24.21 +1.52
PC 12.9 7.03+0.07 9.54 £0.13 6.34+0.10 6.46+0.08 44.35+0.53 50.08+1.45 20.59+0.84 25.93 +1.52
LAC 9.9 6.94+0.07 9.41 +0.13 6.30+0.10 6.43+0.08 42.03+0.53 47.42+1.45 19.15+0.84 24.48 +1.52
MAC 11.0 6.83+0.07 9.60 +0.13 6.11 £ 0.10 6.36 £0.08 43.24 +0.53 46.01 +1.45 17.45+0.84 24.98 +1.52
HAC 12.1 6.93+0.079.20 +0.13 6.29+0.10 6.37+0.08 42.42+0.53 50.88 +1.45 19.04 £0.84 22.77 +1.52
Probability
Contrast
LLC vs. LAC 0.79 0.50 0.26 0.15 0.51 0.25 0.87 0.81
MLC vs. MAC 0.22 0.28 0.16 0.80 0.81 0.06 0.08 0.72
PC vs. HAC 0.36 0.09 0.70 0.41 0.02 0.70 0.20 0.15
Limestone vs. ash 0.28 0.99 0.70 0.82 0.05 0.13 0.07 0.62
Source of variation
4
Response Curve
Linear limestone  0.59 0.32 0.68 0.14 0.05 0.74 0.13 0.18
Linear ash 0.46 0.53 0.47 0.94 0.86 0.98 0.86 0.93
Quadratic ash 0.26 0.09 0.21 0.60 0.92 0.006 0.37 0.21

! Diets: NC = negative control, LLC = low limestone calcium, MLC = medium limestone calcium, PC = positive control, LAC = low

litter ash calcium, MAC = medium litter ash calcium, HAC = high litter ash calcium
2 Analyzed value
® Dry bone wt. = ether extracted bone weight.
* Includes negative control diets for linear and quadratic calculations
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Chapter Three
Phosphorus
Introduction

Phosphorus is an important element for poultry production (Powell et al., 2008).
Applegate and Angel (2008) reported that phosphorus is important for animal growth and bone
development and the amount of phosphorus consumed will increase as long as animals are
growing. Moreover, phosphorus is important for the animal’s blood, enzymes and cells and is
used in the synthesis of the high-energy chemicals ADP and ATP (Bell and Weaver, 2002; Pond
et al., 1995). Phosphorus concentrations have to be sufficient in poultry diets; otherwise, health
problems, such as rickets, may develop (Waibel et al., 1984). Phosphorus digestion and
absorption occurs in the ileum and the absorption of phosphorus is increased when dietary
phosphorus intake increases and is decreased with increased calcium intake (Hurwitz et al.,
1978). However, Powell et al. (2011) found that phosphorus digestibility increased as calcium
concentration increased. Moreover, phosphorus digestibility is affected by microbial phytase due
to the improvement of phosphorus digestibility with the addition of microbial phytase in the diet
(Rutherfurd et al. 2004).

Phosphorus availability and digestibility are other important factors for animal growth
and they need to be measured to determine the phosphorus requirement. The bone ash method
was initially used to determine phosphorus availability from different phosphorus sources in
turkey diets (Wilcox et al. 1954, 1955). In addition, body growth is another measure of the
availability of phosphorus and it provides similar results to bone ash (Patrick and Bacon 1957;

Summers et al., 1959). Moreover, Akpe et al. (1987) found that bone ash and bone densitometry
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could be used for measuring phosphorus availability from different phosphorus sources for
poults; however, bone densitometry was faster and more accurate than bone ash.

There are many sources of phosphorus used in poultry diets and the effect of these
sources varies between animals. Monocalcium and dicalcium phosphate are the most standard
phosphorus sources used with poultry. Wilcox et al. (1954) found that phosphorus from
monocalcium phosphate and dicalcium phosphate were equally effective in terms of turkey
growth; however, phosphorus from monocalcium phosphate increased tibia ash compared to
dicalcium phosphate. Scott et al. (1962) evaluated anhydrous dicalcium phosphate (CaHPO,) and
found that adding soybean meal to a diet with this source of phosphorus would increase bone
ash. Other researchers demonstrated that anhydrous dicalcium phosphate (CaHPO,4) was a poor
phosphorus source compared to hydrated dicalcium phosphate CaHPO,4.2H,0 (Gillis et al., 1962;
Scott et al., 1962). Therefore, different phosphorus sources have been evaluated to determine
their efficacy in poultry nutrition.

As new byproducts become available in the poultry industry, there is potential to include
them within the diet. However, depending on the cost and nutrient availability not all byproducts
are considered. Turkey producers are processing turkey litter through a gasification procedure
(Pagliari et al., 2010; Strock et al., 2006; Mukhter and Capareda, 2006). The byproduct, litter
ash, could be used as an alternative mineral source due to the concentrations of P, Ca, N, K, Mg,
and S (Eghball and Barbarick, 2007; Burns and Raman, 2010). However, the high temperatures
during the gasification process may reduce the bioavailability of these minerals when fed in a
turkey diet. Therefore, a study was conducted to evaluate phosphorus availability from a unique

dietary mineral source (turkey litter ash) on the performance of turkeys from 7 to 28 days of age.
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Materials and Methods

Birds and Husbandry

This experiment was conducted at the Michigan State University Poultry Science
Teaching and Research Center and approved by the animal care and use committee of Michigan
State University. Three hundred eighty-five Hybrid poults were placed in brooder batteries at one
day of age and fed a control starter diet that met or exceeded the National Research Council
(1994) nutritional requirements. On day seven, poults were individually weighed, tagged, and
randomly assigned to 42 experimental pens using an Experimental Animal Allotment Program
(EAAP, 2009). The EAAP was used to ensure equal pen weights at the start of the experiment.
Each pen consisted of eight poults. Each experimental pen was assigned to one of seven different
experimental diets for the remainder of the experiment resulting in six replicate pens per diet. At
day 12, poults were moved from the battery brooders to grow-out brooders until the end of the
study. Poults were given ad libitum access to feed and water for the duration of the experiment.
Temperature was recorded daily and the lighting program followed the Hybrid management
guide (Table 19).
Diet formulation

Diets were formulated and mixed at Purdue University and transported to Michigan State
University. The study consisted of experimental diets, four diets with monosodium phosphate as
the P source and three diets with litter ash as the P source. The monosodium phosphate diets
were formulated and mixed in the following manner: Negative control diet (NC); lowest P
concentration 5.3 g P/kg and 90 g Solka Floc/kg; positive control diet (PC); highest P
concentration of 9.2 g P/kg and 72 g Solka Floc/kg. The other diets, low monosodium phosphate

(LMP) and medium monosodium phosphate (MMP), were obtained by blending 66.7% NC diet
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and 33.3% PC diet and 66.7% PC diet and 33.3% NC diet, respectively. The same procedure was
followed for formulating and mixing the litter ash diets: low litter ash phosphorus (LAP); lowest
P concentration 5.5 g P/kg and 41 g Solka Floc/kg; high litter ash phosphorus (HAP); highest P
concentration of 7.3 g P/kg and no Solka Floc; medium litter ash phosphorus (MAP); blend of
50% LAP diet and 50% HAP. The calcium concentration was formulated to be 15.1 g/kg for all
diets. Chromic oxide was included as an indigestible marker using corn starch as a carrier at 5
g/kg diet. The calculated nutrient values are found in Table 18.
Sample Collection

A sample of each experimental diet was taken and stored at - 20°C until further analysis.
A partial excreta collection was done from day 27 to day 28. Excreta collected from each pen
was scraped from the collection papers into individual zip-lock bags and stored at -20°C for
future analysis. Poults were euthanized on day 28 and the ileum, located between Meckel’s
diverticulum and the ileal-cecal junction was removed (Rutherfurd et al., 2004). lleal digesta
from each poult in the experimental pen was collected by flushing the ileum with distilled water
and storing the digesta in plastic containers at - 20°C for subsequent analysis. Bone samples
(tibia and femurs) from the left leg of each poult were collected placed into a zip-lock bag by
experimental pen and stored at - 20°C until further analysis.

Sample Analyses

Microwave Digestion Preparation

A microwave digestion was performed to destroy the organic matter in the determinations
of calcium and phosphorus concentrations in feed, ileal, and excreta samples. Following freeze
drying of excreta and ileal samples, freeze dried samples and feed samples were ground using a

Cyclotec Sample Mill 1093 (FOSS North America, Eden Prairie, MN) with a one mm screen to
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achieve a uniform grind. Feed ingredients were analyzed prior to formulation and feed samples
were ground after diet formulation. Samples were digested in nitric acid using a MARS 5
microwave digestion system (CEM Corporation, Matthews NC) using the following procedure
(Spears and Lioyd, 2001).

All glassware used in the digestion process was washed using 30% nitric acid and
distilled de-ionized (dd) H,O in order to remove any residuals left from other minerals analyzed
previously. Approximately 0.4 g of sample was weighed into a digestion vessel to which 10 mL
of 70% nitric acid (Omni Trace, EMD Chemicals, Inc., Gibbstown, NJ) was added and allowed
to predigest at room temperature overnight. The next day, vessels were placed in the microwave
digester and the digestion program run at 1200 wattage; 30 minute ramp to 160°C under pressure
of 190 PSI, hold samples for 10 minutes, and cool down for five minutes. After further cooling in
a fume hood for 10 more minutes, 2 ml of 30% hydrogen peroxide (Sigma-Aldrich, St. Louis,
MO) was added. Sample digest was then transferred to a 25 ml volumetric flask and cooled
completely; dd H,O was added to bring the volume to 25 ml. Samples were transferred to 50 ml
polypropylene tubes and stored at room temperature until analyses of calcium and phosphorus.
Calcium determination

Calcium concentration was determined by atomic absorption spectroscopy after dilution
in a 1% La solution (from lanthanum chloride, Sigma-Aldrich, St. Louis, MO) as an ionization
suppressant to eliminate the phosphate interference, which occurs in an air-acetylene flame. The
initial feed ingredients were analyzed using the method of standard additions on a Solar 989
atomic absorption spectrophotometer (Thermo Elemental, Franklin, MA). Other samples (feed,
ileal contents, and excreta) were analyzed using an AAT7000 Series atomic absorption

spectrophotometer (Shimadzu Scientific Instruments, Inc., Columbia, MD). These samples were
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analyzed against a five point, matrix-matched standard curve (Ca standard source: VWR
International, West Chester, PA) ranging in concentration from 1 to 5 pg/ml Ca. A Bovine Liver
Standard (NIST, Gaithersburg, MD) was simultaneously analyzed to maintain instrument
accuracy.
Phosphorus determination

Phosphorus was analyzed by measuring the phosphate ion concentration. These ions react
with two reagents, molybdate and Elon (p-methylaminophenol sulfate), to make a product that
can be read in the spectrophotometer called molybdenum blue (Kaplan and Pesce, 1989). The
first solution consisted of 2.5 g of molybdate sulfuric acid (MS) suspended in minimal dd H,O
added to 7 ml of sulfuric acid and the volume brought to 500 ml by adding dd H,0. The second
solution was made by dissolving 1.5 g of sodium bisulfate and 0.5 g of Elon in dd H,O to make a
50 ml volume (Gomori, 1942). The samples were diluted tenfold using 450 ml of dd H,O and 50
ml of sample. Standard sample concentrations used for analyzing phosphorus were 0.0, 1.0, 1.5,
2.0, 3.0, 4.0, and 5.0 mg/dl. The standard samples were made by using 15 mg/dl phosphorus, dd
H,0, MS, and Elon (Gomori, 1942). Standards and samples were run in duplicate on a 96-well
microplate. Each well received 50 pL standard or sample, 250 pL of MS solution and 25 pL of
Elon. The plate was placed in a microplate vortex mixer for 45 minutes and read at 700 nm on a
SpectraMax 384 (Molecular Devices) plate reader.
Ether extraction assay

Ether extraction was used to determine the amount of fat in feed, ileal, excreta, and bone
samples. The procedure utilizes filter papers, which were hot weighed after keeping them
overnight in the drying oven at 100°C. Briefly, 1 g of sample was weighed out in duplicate on

filter paper. Filter papers, including the samples, were placed in the drying oven for
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approximately eight hours and then hot weighed again. A round bottom flask (modified soxhlet)
was filled with ethyl ether two thirds of the way and then the extraction vessel was filled with
samples (feed, ileal, excreta, or bones). The extraction vessel took approximately 1.5 to 2 hours
to fill and to siphon the ether back into the heating flask (one cycle). After about six cycles, the
lid was removed from the vessel and samples were unloaded on trays and placed in a fume hood
to evaporate the ether. When the ether evaporated completely, the samples were placed in the
drying oven at 100°C overnight and hot weighed the following day. The percent fat was

determined accordingly:

DM hot wt. — Paper hot wt.
%Fat = 1—( ) x 100

sample wt.

DM (dry matter) hot wt. = the hot weight of the sample + the hot weight of the paper
Paper hot wt. = the hot weight of the filter paper without sample
Sample wt. = the weight of the sample prior to being placed in the drying oven
Dry matter

Two different dry matter protocols were used depending on the amount of sample
available. For feed and excreta samples, 1 g of sample was placed in an empty weigh pan. Pans
were weighed and dried in a drying oven at 105°C for 24 hr. The following day, samples were
weighed and recorded individually. Illeal sample dry matter was obtained by subtracting the
paper hot weight and paperclip weight (used to secure sample in filter paper) from the sample.
Energy determination

Bomb calorimetry was used to determine the energy of the feed, ileal, and excreta
samples. One g of feed and approximately 0.8 g of ileal and excreta samples were weighed out
and formed into pellets using the pellet press holder. Pellet weight was recorded with two

duplicate pellets per sample. The bomb calorimeter was heated to 150°F. A standard sample,
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benzoic acid, was run first followed by the samples. Two bombs were used to run samples. Each
bomb head had one capsule, where pellets were placed, and a 10 cm fuse wire was attached to
each one of the two fuses and to the pellets, away from the capsule side. The bomb head was
inserted into the bomb cylinder and secured. Each bomb was filled with oxygen to 32
atmospheres and placed in the calorimeter bucket that was then filled with 2000 ml of dd H,0.
The calorimeter bucket was placed into the bomb calorimeter and the two ignition wires were
pushed on the bomb head prior to closing the bomb calorimeter cover. The initial temperature
was taken at equilibrium and the second reading was taken approximately six minutes after firing
the bomb. The bucket and bomb were removed from the calorimeter and bomb valve opened to
release the pressure. The burned wire was measured and used in the calculation where 1 cm wire
equaled 2.3 calories. The bomb was cleaned and dried between samples. Energy was calculated
using the following formula:

(Ft —1It) x standard — (calories of wire burned)

sample wt. (g)

Heat of Combustion (cal/g) =

Ft = Final temperature
It = Initial temperature
Standard = benzoic acid was used as standard and it has an energy value of approximately 2400
calories
Nitrogen determination

Total nitrogen was analyzed using HACH total nitrogen method (Hach et al., 1987)
running all samples in duplicate. The procedure involves weighing approximately 0.07 g of
sample onto a type of paper. Samples were placed into a 100 ml digesdahl flask. Ten ml of
sulfuric acid was added to the sample and digested overnight at room temperature. The digesdahl

burner was heated to 440°C and the digesdahl flask was placed on it. The vacuum system was
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attached to the digesdahl burner to suction smoke from the digesdahl flask. After about six
minutes all the water was evaporated from the liquid sample. Next, 10 ml of 50% H,0, was
added to the flask and heated for another six minutes resulting in white smoke production
resulting from the boiling acid. Both digesdahl flask and condenser were removed from the
burner when white smoke was no longer being produced indicating that H,O, was removed.
After cooling the contents of the flask to room temperature, 100 ml of dd H,O was added to the
sample. Eight hundred pl of the diluted sample was removed from the flask and placed in a
centrifuge tube. Twenty ml of 0.1g/l solution of polyvinyl alcohol (PVA) was added to each tube
and vortexed to ensure adequate mixing. Each sample tube was analyzed in duplicate on a 96-
well microplate. One hundred sixty pl of sample or standard was pipetted into each well, with
32.25 pl of PVA, and 7.75 pl of Nessler reagent. Each plate had 84 samples plus 12 standards
(0.0, 0.01, 0.02, 0.04, 0.06, and 0.08 mg N/ml). The plate was placed on a plate shaker for 5
minutes and read using a spectrophotometer at 460 nm wavelength (Hach et al., 1987). Nitrogen

percentage was calculated:

N (%) x dilution (100)
%N = X 100

sample wt. (g) x 1000

% CP=%N X 6.25

m
N (d_;g) = ((average value of N sample read by spectrophotometer — Y intercept)/slope)*100

Sample wt. (g) = the weight of the sample prior to being placed in the drying oven
CP = Crude Protein

6.25 = Consistent correction factor multiplied with N% to obtain crude protein percentage
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Chromium determination

All glassware used in this analysis was washed using 30% nitric acid and distilled de-
ionized (dd) H,O to remove any residuals left from the minerals analyzed previously. Duplicate
0.5 g samples from each pen were placed into 150 ml Pyrex glass beaker and ashed at 600°C for
1.5 hours in the ashing oven. After cooling to room temperature, 3 ml of phosphoric acid-
manganese sulfate solution and 4 ml of 4.5 %, w/v, potassium bromate solution were added to
each beaker. Beakers were covered with watch glasses and the samples were digested on a hot
plate for seven minutes until the color of the digested sample changed to purple. Beakers were
removed from the hot plate and cooled to room temperature. Digested samples were rinsed from
the beaker with dd H,O into a 100 ml volumetric flask. Calcium chloride solution, containing
4000 ppm of calcium, was added to the flask (12.5 ml) and the volume was brought up to 100 ml
by adding dd H,O. Samples were diluted 1/3 (1 part sample, 3 parts dd H,0) for feed samples
and 1/7 (1 part sample, 7 parts dd H,O) for ileal and excreta samples. The diluted samples were
analyzed using atomic absorption spectrophotometer (SpectrAA 220 FS, Varian Analytical
Instruments, Walnut Creek, CA). Standard samples (0.0, 1.0, 2.0, 3.0, 4.0, 5.0 ppm) were used
for analyzing the samples (Williams et al., 1962). Chromium percentage was calculated using the
following equation:

( Cr ppm/g )

sample wt. (g)
1000

% Cr = x 100

Cr ppm/g = chromium value read by the AA multiplied by the correction factor (dilution)

Sample wt. (g) = the weight of the sample prior to being placed in the drying oven
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Bone

Bones were removed from the freezer, thawed, and cleaned using a scalpel. The fibula
was separated and removed from the tibia. The length and the width of each bone were measured
with Stainless steel tape. All the tibias from each pen were wrapped in a piece of gauze held
together with a wing tag for identification; the same procedure was used for the femurs. The
package of bones was ether extracted using the same procedure as stated above. Following ether
extraction, the bones were removed from the gauze and placed into a hot weighed crucible. The
crucibles were placed in the drying oven 105°C for approximately 12 hours and then hot
weighed prior to ashing at 600°C in the ashing oven for at least 12 hours. Following ashing, the
crucibles were hot weighed again.
Production Measurements

Body weight and feed intake were determined weekly. The dead birds were weighed and
factored in the calculation of body weight gain and feed conversion ratio per pen. Apparent ileal
nutrient digestibility and total tract digestibility were calculated as described below (Adedokun et
al., 2007):

Apparent ileal nutrient digestibility (%) = [1 — (chromium in diet/chromium in ileal
digesta) x (nutrients in ileal digesta/nutrients in diet)]

Total tract nutrient digestibility (%) = [1 — (chromium in diet/chromium in excreta) x
(nutrients in excreta/nutrients in diet)].

Nutrients = defined as dry matter, nitrogen, calcium, phosphorus, fat, and energy
Statistical analysis

With a randomized complete block design (RCBD), the data were analyzed using the
PROC MIXED feature of SAS (SAS 9.2, Cary, NC. USA). Differences were adjusted using the

Tukey’s method and significance accepted at P < 0.05. Pen was used as the experimental unit.
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Statistical analysis for body weight gain, feed intake, and feed conversion ratio was run for day 7
to 14, 14 to 21, 22 to 28, and 7 to 28 individually. Body weight gain, feed intake, feed
conversion ratio, ileal and excreta nutrient digestibility and bones were assessed using the
statistical model Yij = pu + Ti +Bj+ Eij where the observation (Yij) is equal to the sum of mean
(1), the mean effect of treatments (Ti), fixed effect of block (Bj), and the error term (Eij).
Phosphorus effect between treatments was measured using linear and quadratic contrast based on
seven concentrations of analyzed dietary phosphorus.

Results
Parameters measured

Body weight and feed intake were measured on a weekly basis from day 7 to 28. Body
weight was different between phosphorus sources (P < 0.01; Tables 20, 21). Body weight gain
for monosodium phosphate diets had a negative linear trend (P < 0.01) while the litter ash diets
had a positive linear trend (P < 0.01; Table 20). The same was observed when evaluating the
body weight gain on a pen level (Table 21). The inversely related linear curves resulted in
differences between the high (12.4 g/kg — standard vs. 9.3 g/kg — litter ash) phosphorus levels in
the diet (P < 0.002) during the 21-day period (Tables 20, 21).

Differences in body weight gain are also reflected in feed intake (Table 22) and feed
conversion ratio (Table 23). Feed intake was influenced by phosphorus source with consumption
linearly decreasing as dietary phosphorus concentrations increased with the standard phosphorus
diets (P < 0.02; Table 22). While not significant, there was a trend for poults on the litter ash
diets to consume more feed with increasing phosphorus concentrations. The feed conversion

ratio was not affected by phosphorus source, but it had a positive linear response (P < 0.03) to
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increasing phosphorus concentrations in the standard diet while no linear or quadratic response
was observed with the litter ash diets (Table 23).
Bone

Bone parameters analyzed in the study were femur and tibia length, width, percent ash,
and bone weight (Table 26). Femur and tibia length were not different between treatments (P >
0.05). Femur width is influenced by phosphorus source (P < 0.05) while no influence was
observed with the tibia. Femur width had a positive linear response as the phosphorus levels
increased in litter ash diets. Femur and tibia ash were highly influenced by phosphorus source (P
< 0.0002, P < 0.0001 respectively). Both femur and tibia ash had a positive linear response (P <
0.004, P < 0.0008 respectively) and quadratic response (P < 0.04, P < 0.003 respectively) with
litter ash diets whereas the monosodium phosphate diets resulted in no linear or quadratic trend.
Bone weight was not influenced by the phosphorus source but the femur had a negative linear
response to the increasing phosphorus concentrations in the monosodium phosphate diets (P <
0.009). However, there was a strong positive linear response (P < 0.0002) for the femur (Table
26) with the litter ash diets. No linear or quadratic trends were found for tibia bone weight.
Nutrient digestibility

Nutrient digestibility was measured in the ileum and excreta from the turkey poults at day
28. The apparent ileal digestibility (Table 24) indicated that phosphorus source influenced
nitrogen (P < 0.04), calcium (P < 0.0004), fat (P < 0.03), and energy (P < 0.0004). The nitrogen
values from the litter ash source had a quadratic response curve (P < 0.03). The difference in the
ileal nitrogen digestibility was noted between the low diets of monosodium phosphate and litter
ash. The apparent digestibility of calcium had a strong negative linear relationship to the dietary

phosphorus concentrations in the standard diets (P < 0.0007; Table 24). While differences were
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observed in the fat and energy values related to phosphorus source, no linear or quadratic lines
can be used to explain the response values.

Total gastrointestinal tract digestibility is reported in Table 25. The phosphorus source
had an impact on dry matter digestibility with values associated with the standard diets being
numerically higher than those associated with the litter ash diets (P < 0.006; Table 25). The
percent nitrogen was different between phosphorus sources (P < 0.003) with a negative linear
trend associated with the litter ash diets (P < 0.002). Although, calcium differences existed
between the mineral sources (P < 0.02), the values could not be explained by linear or quadratic
equations. Percent phosphorus digestibility in the standard diet was greatly affected by litter ash
(P < 0.0001) having a negative linear response to increasing phosphorus levels with monosodium
phosphate diets (P < 0.0001), while the litter ash had a quadratic response (P < 0.02). Finally, the
energy value was different between the phosphorus sources (P < 0.0001). No linear response was
found for the monosodium phosphate source, but the litter ash energy values had a negative
linear response to the increasing phosphorus levels (P < 0.0001; Table 25).

Discussion
Body Weight and Feed Intake

The diets of this study contained two different phosphorus sources (monosodium
phosphate and litter ash). Monosodium phosphate was the standard source used with phosphorus
concentrations of 7.9, 9.4, 10.9 and 12.4 g/kg respectively. The test phosphorus source was litter
ash at concentrations of 7.4, 8.4, and 9.3 g/kg respectively. The phosphorus concentrations in all
diets were formulated to increase from low to high concentrations while maintaining a consistent
amount of calcium across dietary treatments (15.1 g/kg). Potter (1988) reported that 4.4 g of total

phosphorus was needed to obtain good body weight gain for turkeys 0 to 4 weeks of age.
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Waldroup et al. (2000) indicated that the phosphorus requirements for broiler body weight gain
is about 5.7 g for 0 to 3 wk of age but can change depending on the calcium and nonphytate
phosphorus concentrations in the diet. The 1994 NRC recommendation for phosphorus was 6
g/kg from O to 4 wks of age. Those values are considerably lower than the negative control diet
(7.9 g/kg). The study was conducted to determine the availability of phosphorus from litter ash to
be used in turkey diet formulations.

Body weight gain was found to be significant between treatments from d 7 to 28 (P <
0.01; Table 20 and 21). Body weight, feed intake and feed conversion ratio had a negative linear
response to phosphorus concentrations of the monosodium phosphate diets (Tables 20-23). The
opposite was observed with the litter ash diets with a positive linear response trending toward
significance. Potchanakorn and Potter (1987) and Potter (1988) used increasing concentrations of
phosphorus from different sources in turkey diets to three weeks of age and found that body
weight gain increased linearly with all phosphorus sources. Diets with increased concentrations
of phosphorus and a consistent concentration of calcium resulted in a linear increase in body
weight and feed intake (Driver et al., 2005). This is similar to what was observed with the litter
ash diets. The negative linear response with the monosodium phosphate diets may be due to the
calcium: phosphorus ratio and nonphytate phosphorus concentrations in the diets.
Bone

Bone characteristics including femur and tibia length, width, ash, and weight were
evaluated (Table 26). Femur and tibia length were not influenced by the phosphorus source,
however, femur width was affected. It is unclear why the femur width was affected by the
phosphorus source but it could be related to the available phosphorus for bone growth. The

percent of ash in the femur and tibia was highly affected by phosphorus source (P < 0.0002; P <
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0.0001) with a positive linear trend observed with the litter ash treatments in both bones (P <
0.004; P < 0.0008; Table 26). No difference was observed between tibia and femur ash with the
monosodium phosphate treatments similar to results reported by Roberson et al. (2004).
Roberson et al. (2004) found an increase in the bone ash values with the increase of calcium and
nonphytate phosphorus concentrations. Bone ash was a good factor for evaluating phosphorus
availability compared to body weight (Nelson and Walker, 1964).
Nutrient digestibility

Apparent ileal digestibility was evaluated using the different phosphorus sources (Table
24). Apparent ileal dry matter digestibility was not different between phosphorus sources. De
Coca-Sinova et al. (2008) and Adedokun et al. (2007) reported dry matter digestibility values
similar to those in the present study. A difference between nitrogen digestibility existed with
phosphorus source (P < 0.04) with the values reported being similar to values in the literature
(De Coca-Sinova et al., 2008). The differences observed in the calcium digestibility may be due
to the extremely low (5.54%) and negative (-4.31%) values found at the highest concentrations
of phosphorus in the monosodium phosphate diet. lleal phosphorus digestibility values did not
vary between sources or have a linear relationship to calculated values. However, the litter ash
diets had a quadratic relationship with phosphorus digestibility at the highest and lowest dietary
phosphorus concentrations being similar while phosphorus digestibility at the the middle
phosphorus concentration was 4 to 6% higher (P < 0.04). Rodehutscord et al. (2012) found the
phosphorus digestibility did not change with increased concentrations of phosphorus similar to
the monosodium phosphate diets of this study. The ileal fat digestibility and energy values were

different between the litter ash and monosodium phosphate diets (P < 0.03, P < 0.0004). Fat
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digestibility was found to be approximately similar to the digestibility of fat reported by
Mountzouris et al. (2010).

Total tract nutrient digestibility was analyzed and reported in Table 25. Total tract dry
matter digestibility was different between the phosphorus sources (P < 0.006). Yi et al. (1996)
found that dry mater total tract digestibility decreased with the increase of phosphorus
concentrations in the diet. Nitrogen digestibility was different between standard phosphorus diets
and litter ash treatments (P < 0.003). The total tract nitrogen digestibility decreased linearly with
the increase of phosphorus concentrations in the litter ash treatments. However, Johnston et al.
(2004) reported that nitrogen, dry matter, and energy total tract digestibility was not affected by
lowering the concentration of phosphorus in pig diets. Calcium digestibility was different
between the two phosphorus sources (P < 0.02) but no linear or quadratic trends were observed
within the dietary sources. However, Johnston et al. (2004) indicated that total tract calcium
digestibility in pigs increased when the concentration of phosphorus decreased in the diet. The
phosphorus digestibility was different between the phosphorus sources (P < 0.0001). Phosphorus
digestibility in birds fed the monosodium phosphate diets had a negative linear response (P <
0.0001) to increasing dietary phosphorus while phosphorus digestibility in birds fed the litter ash
diets had a quadratic response (P < 0.02) with an increase and then decrease in percent
phosphorus digestible as the dietary phosphorus increased in the diet. Johnston et al., (2004)
observed that lowering phosphorus concentration in the diet reduced total tract phosphorus
digestibility.

Although there were no differences between sources of phosphorus for fat digestibility,
fat digestibility had a negative linear response (P < 0.04) to increasing phosphorus in both the

monosodium phosphate diets and litter ash diets. Energy total tract digestibility was different
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between phosphorus sources (P < 0.0001) and there was a negative linear response (P < 0.0001)
to the increasing dietary phosphorus levels in the litter ash diets only. The literature is sparse on
data related to nutrient digestibility of ash being fed to poultry. However, a study that involved
feeding turkey litter ash to swine found no differences in digestibility compared to the control
diets (Swine News, 2006).
Summary

Body weight gain and feed intake were influenced by the source of phosphorus resulting
in differences between the monosodium phosphate and litter ash diets. Feed conversion ratio was
not different between the phosphorus sources in the study. Within the femur and tibia
measurements, the percent ash was greatly influenced by the sources with litter ash having
values lower than the monosodium phosphate diets. The ramifications of these differences are
unknown but could lead to skeletal weakness or have a negative influence on femur and tibia
strength later in life. Most of the nutrients digested in the ileum and total tract showed
differences between the two sources. The most important parameters to further evaluate would
be calcium and phosphorus digestibility. However, the data support the use of litter ash at the

concentration of 8.4 g/kg to provide the phosphorus needed for the turkey poult from day 7 to 28.
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Table 18. Diet formulation and nutrient composition of experimental diets (as-fed basis)
for phosphorus

Diet (g/kg)™
Ingredients, g/kg NC LMP  MMP PC LAP  MAP HAP
Corn 2734 2734 2734 2734 2718 2727 2736
Soybean meal, 48% CP 500 500 500 500 500 500 500
DL-Methionine 2.6 2.6 2.6 2.6 2.6 2.6 2.6
L-Threonine 1.3 1.3 1.3 1.3 1.3 1.3 1.3
Lysine HCI 3.4 3.4 3.4 3.4 3.4 3.4 3.4
Soybean oil 50 50 50 50 50 50 50
Monosodium phosphate2 12 18 24 30 - - -
Litter ash - - - - 77 101 125
Limestone (38% Ca) 36 36 36 36 216 172 128
NaCl 3.3 3.3 3.3 3.3 3.3 3.3 3.3
Vitamin-mineral premix3 3 3 3 3 3 3 3
Solkafloc” 0 84 78 72 41 205
Chromic oxide premix5 25 25 25 25 25 25 25
Calculated analyses
ME, kcal/kg 2658 2658 2658 2658 2653 2656 2659
CP, g/kg 274 274 274 274 274 274 274
Calcium, g/kg 15.1 15.1 15.1 15.1 15.1 15.1 15.1
Phosphorus, g/kg 5.3 6.6 7.9 9.2 55 6.4 7.3
Nonphytate phosphorus, g/kg 4.0 53 6.6 7.9 4.2 51 6.0
Ca:P Ratio 2.9 2.5 2.1 1.6 2.7 2.4 2.1
Determined analyses
CP, g/kg 283 285 286 287 281 281 282
Calcium, g/kg 152 148 144 140 149 152 155
Phosphorus, g/kg 7.9 9.4 10.9 124 7.4 8.4 9.3
Ca:P Ratio 1.9 1.6 1.3 1.1 2.0 1.8 1.7

* Diet abbreviations: NC = negative control, LMP = low monosodium phosphate, MMP =
medium monosodium phosphate, PC = positive control, LAP= low litter ash, MAP = medium
I|tter ash, HAP = high litter ash

Made by Prince Agri Products Quincy, IL and it has 26% P, 19% Na, and 1500 ppm fluorine.

% Supplies the following per kg DIET: Vit. A, 5484 IU; Vit. D3, 2643 ICU; Vit E,11 IU;
Menadione sodium bisulfite,4.38 mg; Riboflavin, 5.49 mg; d-pantothenic aC|d 11 mg; Nlacin,
44.1 mg; Choline chloride, 771 mg; Vit B12, 13.2 ug; Biotin, 55.2 ug; Thiamine mononitrate, 2.2
mg; Folic acid, 990 ug; Pyridoxine hydrochloride, 3.3 mg; I, 1.11 mg; Mn, 66.06 mg; Cu, 4.44
mg; Fe, 44.1 mg; Zn, 44.1 mg; Se, 300 ug. Also contains per g of premix: Vit. A, 1828 IU; Vit.
D3, 881 ICU; Vit E,3.67 1U; Menadione sodium bisulfite,1.46 mg; Riboflavin, 1.83 mg; d-
pantothenic acid, 3.67 mg; Niacin, 14.69 mg; Choline chloride, 257 mg; Vit B12, 4.4 ug; Biotin,
18.4 ug; Thiamine mononitrate, 735 ug; Folic acid, 330 ug; Pyridoxine hydrochloride, 1.1 mg; I,
370 ug; Mn, 22.02 mg; Cu, 1.48 mg; Fe, 14.69 mg; Zn, 14.69 mg; Se, 100 ug.

Purlfled cellulose. International Fiber Corp., North Tonawanda, NY

> Chromic oxide (Cr203) premix added as indigestible marker at a ratio 1:4 of chromic
oxide:corn starch.
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Table 19. Lighting program used for the 28 day phosphorus trial1

Photoperiods
Day Light (hr) Dark (hr)
1 24 0
2 23 1
3to5 20 4
6t09 18 6
10 to 28 16 8

! Lighting program based on Hybrid guide
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Table 20. Body weight gain (g/bird) for turkey poults fed different dietary phosphorus sources from 7 to 28 days of age

1 . 2
Treatments Dietary P (g/kg) d7to 14 di5to 21 d22 to 28 d7 to 28
(g/bird)°
NC 7.9 146.9 + 35 279.2+75 373.8+13.8 799.8ab +224
LMP 9.4 153.6+35  277.1+7.5 3638+138 794401004
MMP 10.9 146.5+35  2588+7.5 3383+138 73951094
PC 12.4 137.4+35 2575+75 3254 +13.8 720.4bi 22 4
LAP 7.4 146.6+35  277.1+75 3450+138 768701004
MAP 8.4 159.3+35  2925+7.5 3458+138 797604004
HAP 9.3 158.7 + 35 296.7+ 7.5 3742 +£13.8 829.5ai 224
Probability.
Contrast
LMP vs. LAP 0.16 1 0.34 0.42
MMP vs. MAP 0.01 0.003 0.70 0.08
PC vs. HAP 0.0001 0.0008 0.02 0.002
Monosodium phosphate vs. Litter ash 0.003 0.0004 0.28 0.01
Source of variation
Response curve
Linear monosodium phosphate4 0.03 0.02 0.009 0.006
Linear litter ash” 0.005 0.04 0.29 0.08
Quadratic litter ash® 0.40 0.78 0.90 0.88

2D Means within the same column, not sharing a common superscript, are significantly different (P < 0.05).

! Diet abbreviations: NC = negative control, LMP = low monosodium phosphate, MMP = medium monosodium phosphate, PC =

positive control, LAP = low litter ash, MAP = medium litter ash, HAP = high litter ash

2 Analyzed value

¥ Means represent 6 pens of 8 birds per pen.
* Includes negative control diet

® Includes negative control diet

® Includes negative control diet



Table 21. Body weight gain (g/pen) for turkey poults fed different dietary phosphorus sources from 7 to 28 days of age

1 . 2
Treatments Dietary P (g/kg) d7 to 14 di5to 21 d22 to 28 d7 to 28
3
(9/pen)
NC 7.9 1,175+ 295 2,233 +60.3 2,990 +£110.6 6’3ggabi 179.3
LMP 9.4 1,229 £29.5 2,217+60.3 2,910+ 110.6 61355abi 179.3
MMP 10.9 1,160 £ 29.5 2,070+£60.3 2,707 £110.6 51916abi 179.3
PC 12.4 1,100£295  2,0600+60.3 26031106 5763°+1793
LAP 7.4 1,173 £295 2,217+60.3 2,760 £ 110.6 6,150abi 179.3
MAP 8.4 1,274 £29.5 2,340 £60.3 2,767 £110.6 6,381ab +179.3
HAP 9.3 1,269 £ 29.5 2,373 +60.3 2,993 +110.6 6,636ai 179.3
Probability.
Contrast
LMP vs. LAP 0.19 1 0.34 0.42
MMP vs. MAP 0.009 0.003 0.70 0.08
PC vs. HAP 0.0003 0.0008 0.02 0.002
Monosodium phosphate vs. Litter ash 0.003 0.0004 0.28 0.01
Source of variation
Response curve
Linear monosodium phosphate4 0.03 0.02 0.009 0.006
Linear litter ash5 0.008 0.04 0.29 0.08
Quadratic litter ash6 0.43 0.78 0.90 0.88

%P Means within the same column, not sharing a common superscript, are significantly different (P < 0.05).

! Diet abbreviations: NC = negative control, LMP = low monosodium phosphate, MMP = medium monosodium phosphate, PC =
positive control, LAP = low litter ash, MAP = medium litter ash, HAP = high litter ash

* Analyzed value

¥ Means represent 6 pens of 8 birds per pen.

* Includes negative control diet

> Includes negative control diet

® Includes negative control diet
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Table 22. Feed intake (g/pen) for turkey poults fed different dietary phosphorus sources from 7 to 28 days of age

1 . 2
Treatments Dietary P (g/kg) d7to 14 di5to 21 d22 to 28 d7 to 28
(g/pen)’
NC 7.9 1,907 £32.9 3,250+68.2 4,843+124.2 1010003% 211.2
LMP 9.4 1,943 +32.9 3,267+68.2 4,793+124.2 1010033% 211.2
MMP 10.9 1,863+329 3,117+68.2 4573+124.2 9’553ab +211.2
PC 12.4 1,827 £32.9 3,043+68.2 4,413+124.2 9,283bi 211.2
LAP 7.4 1,880 +£32.9 3,160+68.2 4,673+124.2 9,713ab +211.2
MAP 8.4 1983+329 3,383+68.2 4,803+124.2 10’170abi 211.2
HAP 9.3 1,933+32.9 3,340+68.2 4,987 +124.2 10,2605%_r 211.2
Probability.
Contrast
LMP vs. LAP 0.18 0.28 0.50 0.34
MMP vs. MAP 0.01 0.009 0.20 0.05
PC vs. HAP 0.03 0.004 0.002 0.002
Monosodium phosphate vs. Litter ash 0.05 0.01 0.03 0.02
Source of variation
Response curve
Linear monosodium phosphate4 0.04 0.02 0.01 0.009
Linear litter ash5 0.19 0.05 0.11 0.08
Quadratic litter as.h6 0.13 0.17 0.95 0.47

4% Means within the same column, not sharing a common superscript, are significantly different (P < 0.05).

! Diet abbreviations: NC = negative control, LMP =

E)osmve control, LAP =
Analyzed value

Means represent 6 pens of 8 birds per pen.

Includes negative control diet
Includes negative control diet
® Includes negative control diet
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Table 23. Feed conversion ratio for turkey poults fed different dietary phosphorus sources from 7 to 28 days of age

Treatments1 Dietary P (g/kg)2 d7to 14 di5to 21 d22 to 28 d7 to 28
p . (3
(feed/gain)
NC 7.9 1.62 £0.02 1.46 £0.02 1.62 £0.04 1.56 £ 0.02
LMP 9.4 1.58 +0.02 1.48 +0.02 1.65+0.04 1.58 + 0.02
MMP 10.9 1.61+£0.02 1.51+£0.02 1.69 £ 0.04 1.62 £0.02
PC 12.4 1.66 + 0.02 1.48 +0.02 171+ 0.04 1.61 +0.02
LAP 7.4 1.60 £0.02 1.43£0.02 1.70 £ 0.04 1.58 £ 0.02
MAP 8.4 1.56 + 0.02 1.45+0.02 1.74 £ 0.04 1.60 + 0.02
HAP 9.3 1.52 £0.02 1.41£0.02 1.67 £0.04 1.55+0.02
Probability:
Contrast
LMP vs. LAP 0.42 0.12 0.35 0.83
MMP vs. MAP 0.06 0.05 0.36 0.40
PC vs. HAP <0.0001 0.02 0.48 0.02
Monosodium phosphate vs. Litter ash 0.001 0.001 0.51 0.09
Source of variation
Response curve
Linear monosodium phosphate4 0.11 0.28 0.09 0.03
Linear litter ash” 0.001 0.36 0.98 0.32
Quadratic litter as.h6 0.56 0.17 0.72 0.39

! Diet abbreviations: NC = negative control, LMP = low monosodium phosphate, MMP = medium monosodium phosphate, PC =
positive control, LAP = low litter ash, MAP = medium litter ash, HAP = high litter ash

* Analyzed value

¥ Means represent 6 pens of 8 birds per pen.

* Includes negative control diet

> Includes negative control diet

® Includes negative control diet
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Table 24. lleal digestibility mean and standard error for turkey poults fed different dietary phosphorus sources from 7 to 28 days of
age

Treatments™  Dietary P (g/kg)” DM N (%) Ca (%) P (%) Fat (%)  Energy (Kcallg)
NC 7.9 62_96abi 0.69 89.19+0.96 21.72+5.35 61.01+£280 51.72+2.95 3107bci 32.4
LMP 9.4 63960+ 0.69 89.09%0096 16.66+535 58.02+2.80 49.78+295 305024304
MMP 10.9 64_29abi 069 8882+0.96 554+535 5862+280 53.24+2.95 3227abi 32.4
PC 12.4 63.80°+069 8741+096 -431+535 56.82+2.80 56.18+2.95 3156%C+2304
LAP 7.4 6174°+069 86.06+0.96 2024+535 51.70+2.80 5595+2.95 3979%4304
MAP 8.4 64.97ai 069 8795096 26.80+535 57.00+2.80 59.34+295 3133abci 32.4
HAP 9.3 65.03ai 069 86.20£096 2249+535 53.24+280 60.53+2.95 3138abci 32.4
Probability
Contrast
LMP vs. LAP 0.03 0.03 0.64 0.12 0.15 0.0002
MMP vs. MAP 0.50 0.53 0.008 0.68 0.15 0.05
PC vs. HAP 0.22 0.38 0.001 0.37 0.31 0.55
Monosodium phosphate vs. Litter ash ~ 0.85 0.04 0.0004 0.10 0.03 0.0004
Source of variation
Response curve
Linear monosodium phosphate® 0.36 0.20 0.0007 0.35 021 0.33
Quadratic litter ash® 0.13 0.03 0.49 0.04 0.67 0.49

¢ Means within the same column, not sharing a common superscript, are significantly different (P < 0.05).

! Diet abbreviations: NC = negative control, LMP = low monosodium phosphate, MMP = medium monosodium phosphate, PC =
positive control, LAP = low litter ash, MAP = medium litter ash, HAP = high litter ash

* Analyzed value

® Includes negative control diet

* Includes negative control diet

> Includes negative control diet
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Table 25. Excreta digestibility mean and standard error for turkey poults fed different dietary phosphorus sources from 7 to 28 days of

age
1 ) 2
Treatments Dietary P (g/kg) DM N (%) Ca (%) P (%) Fat (%) Energy (Kcal/g)
NC 7.9 6410+ 051 63.07°+138 40844253 6273°£230 6149+201 3233+ 160
LMP 9.4 64.20£0.51 62.83%+1.38 34.74+253 52.92°+230 5558201 3375 +16.0
MMP 10.9 63.26+051 61.28%°+138 31.45+253 41.16°+230 56.81+201 3300°+16.0
PC 12.4 64.06+051 62.63°+138 36.51+253 39.78°+230 54.61+201 3280°+16.0
LAP 7.4 62.37+0.51 61.40°°+138 40.19+253 53.80°+230 59.77+201 3211+ 16.0
MAP 8.4 63.06 051 5856°°+138 41.19+253 6035°+230 57.22+201 3148%+16.0
HAP 9.3 62.44+051 56.00°°+138 3561+253 58.08°+230 5512+201 3107°+16.0
Probability
Contrast
LMP vs. LAP 0.02 0.47 0.14 0.79 0.15 <0.0001
MMP vs. MAP 0.77 0.17 0.006 <0.0001 0.89 <0.0001
PC vs. HAP 0.03 0.002 0.80 <0.0001 0.86 <0.0001
Monosodium phosphate vs. Litter ash  0.006 0.003 0.02 <0.0001 0.31 <0.0001
Source of variation
Response curve
Linear monosodium phosphate- 064 0.65 0.16 <0.0001 0.04 0.36
Linear litter as,h4 0.56 0.002 0.19 0.47 0.04 <0.0001
Quadratic litter ash® 0.06 0.46 0.21 0.02 0.64 0.46

¢ Means within the same column, not sharing a common superscript, are significantly different (P < 0.05).
! Diet abbreviations: NC = negative control, LMP = low monosodium phosphate, MMP = medium monosodium phosphate, PC =
positive control, LAP = low litter ash, MAP = medium litter ash, HAP = high litter ash

* Analyzed value

® Includes negative control diet
* Includes negative control diet
> Includes negative control diet

91



Table 26. Bone measurements, ash, and dry weight for turkey poults fed different dietary phosphorus sources from 7 to 28 days of age

L1 Diearyp Length (cm) Width (mm) Ash (%) Dry bone wt. (g)°
(9/kg) Femur Tibia Femur Tibia Femur Tibia Femur Tibia
NC 79  6.85+0.50 9.08+0.11 6.16+0.10 6.17%°+0.15 43.54° +0.78 52.85% + 1.05 18.34%° + 0,51 21.37 +0.91
LMP 9.4  6.87+0509.15+0.11 6.12+0.10 6.01°°+ 0.15 43.84% + 0.78 52.35%°+ 1.05 19.18% + 0.51 22.73 +0.91
MMP 109 811+0508.83+0.11 6.14+0.10 6.19%+0.15 42.40% +0.78 55.25° + 1.05 18.06%° + 0.51 19.45 = 0.91
PC 124  6.68+0508.85+0.11 5.95+0.10 6.10%°+0.15 43.93% + 0.78 53.07%° + 1.05 16.59°° + 051 19.84 +0.91
LAP 74 6.6020.509.06+0.11 574 +0.10 550°+0.15 38.29° +0.78 43.61° +1.05 1522° +051 19.47 0.91
MAP 84  6.66+0.508.94+0.11 587+0.10 5.79°°+ 0.1541.14°° + 078 48.96° + 1.05 17.57% + 0.51 20.83 + 0.91
HAP 9.3  6.91+0.509.09+0.11 6.13+0.10 630%+0.15 42.83% +0.78 51.10%° + 1.05 18.79%° + 0,51 22.32 +0.91
Probability

Contrast

LMP vs. LAP 0.71 0.59 0.007 0.02 <0.0001 <0.0001 <0.0001 0.02

MMP vs. MAP 0.05 0.49 0.05 0.07 0.26 0.0002 0.51 0.29

PC vs. HAP 0.74 0.13 0.19 0.35 0.32 0.19 0.005 0.06

NaH,PO, vs. ash®  0.24 0.33 0.05 0.07 0.0002 <0.0001 0.08 0.79

Source of variation
5
Response curve

Linear NaH,PO, 0.75 0.05 0.16 0.94 0.94 0.45 0.009 0.06
Linear ash 0.72 0.97 0.04 0.005 0.004 0.0008 0.0002 0.06
Quadratic ash 0.98 0.46 0.53 0.62 0.04 0.003 0.05 0.74

#¢ Means within the same column, not sharing a common superscript, are significantly different (P < 0.05).

! Diet abbreviations: NC = negative control, LMP = low monosodium phosphate, MMP = medium monosodium phosphate, PC =
positive control, LAP = low litter ash, MAP = medium litter ash, HAP = high litter ash

2 Analyzed value

®Dry bone wt. = ether extracted bone weight.

* Monosodium phosphate (NaH,PO,); ash = litter ash

> Includes negative control diets for linear and quadratic calculations
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Chapter Four
Overall Conclusion

The hypothesis of this study is gasification will result in minimal calcium and phosphorus
availability due to non-specific binding to other minerals. The objective is to evaluate calcium
and phosphorus bioavailability from turkey litter ash and the effect on the growth performance of
turkeys. Turkey litter ash was used as a calcium and phosphorus source in the studies. Different
levels of the litter ash were compared to various levels of calcium (limestone) and phosphorus
(monosodium phosphate) standard sources. The first experiment evaluated the availability of
calcium from litter ash and the second experiment looked at phosphorus availability. Each study
evaluated body weight, feed intake, feed conversion ratio, bone characteristics, and ileal and total
tract nutrient digestibility.

In the first experiment there were no significant differences between turkey litter ash and
limestone for body weight gain, feed intake, feed conversion ratio, and tibia and femur
measurements with different calcium levels during the study period. However, femur ash was
significantly different between the two calcium sources. No difference was observed between
calcium sources; however, significant difference was found between calcium levels in the ileal
digestibility of calcium, specifically between low limestone 10.4 g/kg and low litter ash 9.9 g/kg
and between high limestone 12.9 g/kg (PC) and high litter ash 12.1 g/kg. Also, ileal fat
digestibility was found to be different between calcium sources. Similarly, total tract calcium
digestibility was noted to be different between sources. Additionally, no differences were found
between the source and the level of calcium on the ileal and total tract dry matter, nitrogen,

phosphorus, fat, and energy digestibility. Therefore, the results of this experiment suggest that
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using approximately 11 g/kg calcium from turkey litter ash in the diet will result in performance
similar to the standard limestone diet.

Phosphorus source in the second experiment had an effect on the body weight gain and
feed intake. However, feed conversion ratio was not different between monosodium phosphate
and turkey litter ash. There were no differences observed between sources or levels of
phosphorus on tibia and femur length. No difference was found between phosphorus sources on
tibia width and weight; however, there was a difference between phosphorus levels, specifically
between low monosodium phosphate diet 9.4 g/kg and low litter ash diet 7.4 g/kg on tibia width.
Differences were also found between phosphorus sources on femur width and femur and tibia
ash. Additionally, litter ash had decreased tibia and femur ash compared to monosodium
phosphate sources. Litter ash and monosodium phosphate phosphorus sources had an effect on
most of the ileum and total tract nutrient digestibility, specifically nitrogen, calcium, fat, and
energy with ileum and dry matter, nitrogen, calcium, phosphorus, and energy with the total tract.
Therefore, the data of this experiment found that using 8.4 g/kg phosphorus from the litter ash in
the diet resulted in performance similar to the monosodium phosphate diet.

The price of litter ash may be cheaper than the standard calcium and phosphorus sources.
However, the availability and inclusion level of the litter ash can limit the use within turkey
diets. Additional, studies should be conducted to evaluate the impact of using litter ash for an
entire grow-out period using the availability values from this project. Another aspect that needs
to be evaluated is the inclusion of a phytase and the impact it might have on phosphorus within

the litter ash.
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