Growth of Thoroughbreds fed Different Levels of Protein and
Supplemented with Lysine and Threonine

by

William Burton Staniar

Thesis submitted to the Faculty of the
Virginia Polytechnic Institute and State University
in partial fulfillment of the requirements for the degree of
Master of Science
in

Animal and Poultry Science

APPROVED BY:

David S. Kronfeld, Chairmen

Joseph H. Herbein Larry A. Lawrence

November, 1998

Blacksburg, Virginia



Growth of Thoroughbreds fed Different Levels of Protein and
Supplemented with Lysine and Threonine

by
William Burton Staniar
David S. Kronfeld, Chairman
Department of Animal and Poultry Science

(ABSTRACT)

Currently accepted optimum protein levels for growth in the horse may be
reduced with amino acid supplementation. This study investigated the effects on growth
and protein status of Thoroughbred foals offered a supplement with a typical CP level to
a supplement that had a lower CP level fortified with limiting amino acids. The control
supplement (CS) contained 14% CP, 3.0 Mcal/kg DM, 10% corn oil, 22% soybean meal,
1.4% calcium, and three sources of fiber. The experimental supplement (LTS) contained
9% CP, 3.0 Mcal/kg DM, 10% corn oil, 3% soybean meal, 1.4% calcium, three sources
of fiber, and was fortified with .6% lysine and .4% threonine. Lysine and threonine are
the first two limiting amino acids in common diets of the horse. Mares and foals were
fed twice daily (0700 and 1400) and kept on 30-acre pastures (mixed grass/white clover)
until weaning (7 months). Weanlings continued on specified supplements and pastures
for seven additional months. Physical measurements and blood samples were taken
monthly. Measurements included weight, average daily gain (ADG), body condition
(BC), wither height, hip height, length, girth, forearm length, front and hind cannon
length, physis and fetlock circumference. Blood analysis included total protein (TP),
albumin (ALB), creatinine (CREA), and plasma urea nitrogen (PUN). Effect of diet and
time were evaluated by analysis of variance with repeated measures. No differences were
found in physical measurements between the CS and LTS groups (AB@GA0kg/day,

BC 4.9£0.05) for the observational period. Blood data also showed no difference for the

period (ALB 2.9+ 0.03 g/dl, TP 5.% 0.10 g/dl, CREA 1.% 0.02 mg/dl). These results
Abstract



suggest that the foals offered the LTS faired as well or better than foals on the CS.
Lower levels of crude protein (CP) in the diet will result in less nitrogen pollution of
pasture lands due to better utilization in the horse. By fortifying a low protein diet with
the first two limiting amino acids, the protein is used more efficiently for growth and

development, thereby benefiting both the horse and the land.

(Key Words: crude protein, amino acids, lysine, threonine, growth, horse)
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Introduction

Dietary proteins perform a foremost role in the health and growth of animals. The
variety of complex structures of proteins enables them to perform many tasks in the
living organism. In order to form these structures the body is in a continuous state of
protein turnover. Dietary protein is important because the body has no dispensable stores
of protein. When synthesis of proteins is required, the amino acids utilized come from
those absorbed from the diet, from synthesis in the body, or from the breakdown of
functional proteins in the body.

Protein requirements and roles may change with growth, maintenance, pregnancy,
and old age. Protein requirements for growth have been studied extensively due to the
importance of proper development to the usefulness of the horse. Horses are used in such
a manner that their bodies are often pushed to the limits of physical stress. Correct
muscular, skeletal, pulmonary, and cardiovascular development are essential for horses
whether their destiny be Churchill Downs, Badminton horse trials, rounding up cattle in
Wyoming, or running through hunt fields the world over.

The protein requirement for growing horses is about 14% (Jordan and Myers,
1972; Ott et al., 1979; Schryver et al., 1987; Yoakam et al., 1978). Subsequent work has
shown that the level of crude protein may be decreased through improvement in the
quality of protein (Breuer and Golden, 1971; Graham et al., 1994; Ott et al., 1981; Potter
and Huchton, 1975). Higher quality protein is used more efficiently because the amino
acid profile supplied is similar to the profile demanded for whole body protein synthesis.
Digestibility of dietary protein may also play a very important role in the choice of the
protein source to be included in the diet. The majority of amino acids are absorbed as
small peptides or free amino acids in the small intestine (Silk et al., 1985; Hara et al.,
1984). Because the digestibility of protein in different food sources varies (Potter et al.,
1992; Gibbs et al., 1996) choice of the source will affect the availability of amino acids
for absorption.

Growth of Thoroughbred foals has been surveyed extensively, and typical
patterns of growth and average daily gain (ADG) established (Hintz et al., 1979;
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Thompson 1995; Hoffman et al., 1996; Jelan et al., 1996; Saastamoinen 1996). These

studies have revealed periods during the year when foals have sudden changes in growth

patterns. Changes in growth rate, especially compensatory growth, have been associated

with manifestations of developmental orthopedic disease in yearlings (Hintz et al., 1976).
The goal of this study was to examine the effects of diets with different amino

acid compositions on the growth and protein status of foals and yearlings.
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Review of Literature

The word protein is derived from the Greek wprdteioswhich means “of the
first rank”. Ins J. Berzelius coined the word in 1838 to emphasize the importance of the
nitrogenous component of the diet in growth and health (Stryer, 1995). Proteins are
organic molecules consisting of chains of amino acids that have a carboxylic acid group
at one end and an amino group at the other. Amino acids form proteins that function as
contractile elements in muscle, enzymes that form the chemical engines in cells,
antibodies and immunoglobulins, transporters in the blood, and certain hormones.
Proteins make up over half the solid content of cells (Hunt and Groff, 1990), and
approximately 18 percent of the body weight of animals (Swenson and Reece, 1993).
They are important nutritionally because their constituent parts, amino acids, are essential
in the manufacturing of new proteins and N containing molecules. Proteins are also

important as sources of food energy.

Amino Acids

The amino acid sequence of each protein specifies the function of that particular
molecule. The almost infinite number of sequences allows for great variability in physical
properties, and hence functions, of the protein molecule. Twenty amino acids are utilized
to construct proteins. An amino acid is composed of an amino group, a carboxyl group, a
hydrogen atom, and a distinctive side chain all connected to a single carbon atom. The
different side chains impart certain characteristics to that particular amino acid (Stryer,
1995). Amino acids are classified by certain characteristics of their side chains.
Examples of these side chain include aliphatic side chains, aromatic rings, sulfur atoms,
hydroxylic groups, basic and acidic groups (Rodwell, 1993).

The same group of 20 amino acids are the building blocks for all proteins in all
species. Some species, suclkssherichia coliare able to synthesize all twenty amino

acids; however, most mammals are unable to synthesize all the amino acids at rates fast
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enough to supply the demands of protein production. This leaves a group of amino acids

that areessentialand these must be harvested from the organism’s environment.

Proteins

Protein structure is characterized by four levels of organization. The primary
structure is determined by the sequence of amino acids in accordance with a genetic code
Amino acids are joined by peptide bonds into polypeptides. This covalent bonding
occurs on the ribosomes within the cell. It is essential that while a protein is being
synthesized all the amino acids necessary for its structure be present at once. If a limiting
amino acid is missing, synthesis ceases.

The secondary structure of proteins is determined by non-covalent bonds between
nearby amino acids in the polypeptide chain. Examples of these bonds include hydrogen,
hydrophobic, and electrostatic bonds as well as Van der Walls forces. Secondary protein
structure is characterized by a number of different conformationsi-t#elix is formed
as a polypeptide chain coils upon itself with hydrogen bonds stabilizing the structure.
Thea-helices provide rigidity to the portion of the molecule where they are present
(Hunt and Groff, 1990). Th@-conformation forms a sheet-like structure that is also held
together by hydrogen bonds between strands of amino acids. Less ordered secondary
structures include loops and coils in the polypeptide chain.

The tertiary protein structure involves the spatial relationship of secondary
structural elements to each other, in other words the way-t@dices 3-sheets, loops
and coils fold onto each other. Whereas secondary structure usually involves the bonding
of amino acids that are close to one another, tertiary structure often has amino acids far
from each other on the polypeptide chain bonding to each other. Tertiary structure may
begin to reveal some of the recognizable features of a protein, such as hydrophobic amino
acids clustering towards the center of the structure, and disulfide bonds forming between
cystine residues. These changes in structure are essential in determining the final
function of the protein (Hunt and Groff, 1990).
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The quaternary protein structure is the arrangement of separate polypeptide
chains. This structure usually involves two (dimeric) or four (tetrameric) polypeptide
subunits. The aggregate of these chains is called an oligomer. The spatial orientation
and ability to shift this orientation allows these subunits to properly facilitate function of
the protein. In certain cases, the individual subunits may perform different functions.
These characteristics of proteins allow them to play important roles in intracellular
regulation (Hunt and Groff, 1990, Rodwell, 1993).

Food Sources

The function of proteins in the diet is to supply adequate amounts of needed
amino acids. There are many sources of essential amino acids available and different
species use different strategies to attain these. In ruminants, for example, a portion of the
essential amino acids are available from dead ruminal bacteria passing into the small
intestine (Richardson, 1978). Non-ruminants must rely more on the amino acid
composition in feeds and forages. Amino acid composition is different from source to
source. Non-ruminants must obtain the proper profile of amino acids to construct the
proteins necessary for its survival. Limiting amino acids are those that are not present in
sufficient quantity for production of proteins, hence they are “limiting” to the
construction of those molecules (Friedman, 1996).

Proteins are available from either animal or vegetable ingredients. Some
examples of these ingredients are cereals, legumes, other seeds, meat, seafood, insects,
and animal by-products (Friedman, 1996). Diets containing combinations of protein
sources may have different limiting amino acids due to various amino acid percentages.
Soybean meal (SBM), linseed meal, cottonseed meal, brewer’s dried grains, milk by-
products, and fishmeal are all examples protein sources that are commonly used for
feeding livestock (Hintz et al., 1971; Ott et al., 1979; Godbee and Slade, 1981; O'Mara et
al., 1997). These are used as protein sources because their composition of amino acids is
closer to that required for whole body protein synthesis (Friedman, 1996; O’Mara et al.,
1997). Corn may be a poor source of protein due to both the lower digestibility of the
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protein composition (O’Mara et al., 1997) and its lower content of lysine in comparison

with other sources.

Protein Digestion and Absorption

Breakdown of dietary protein begins with the action of pepsin in the stomach.
Pepsin and hydrochloric acid denature and break proteins down into large polypeptides.
Pepsin’s activity ceases once the stomach’s contents enter the small intestine. Digestion
of protein continues in the small intestine with a group of pancreatic proteolytic enzymes.
These exopeptidases leave a mixture of amino acids and small peptides having a chain
length of two to six amino acid residues. This mixture continues to move through the
small intestine where further breakdown by brush border enzymes, luminal enzymes, and
cytoplasmic enzymes occurs. Transporters on the brush border membrane then actively
absorb a variety of amino acids, dipeptides, and tripeptides. These transporters appear to
be specific for certain groups of free amino acids, and small peptides. There is
competition for absorption within each of these groups. For example, each amino acid
does not have a separate transporter, instead certain transporters are responsible for
groups of amino acids. This results in competition for sites between amino acids in each
group. Further breakdown of peptides may occur in the cell cytoplasm. Amino acids and
peptides that remain are then transported across the lumen and into circulation (Silk et al.,
1985).

Amino acids are digested in various sites through the equine gastrointestinal tract
and absorbed in several different forms. Horses with ileal cannulas were fed hay and
grain diets over a period of 14 - 21 days (Potter et al., 1992). Sampling of ileal and fecal
samples showed that 206.9% of the digestible protein was digested in the small
intestine. The CP in diets containing SBM or cottonseed had a true digestibility of near
100% in the small intestine. Gibbs et al. (1996) examined the N digestibility of different
concentrates and hay in the small and large intestine of ponies fitted with ileal cannulas
and offered three diets; corn and hay, oats and hay, sorghum and hay. Nitrogen
digestibilities were then determined for the grain portion of the diet in the small and large
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intestine. The apparent prececal N digestibility of the hay was 9.42% and 52.5%

postileal. Prececal digestion of N was greater than postileal for the grain portion of the

diet (62.0+ 5.86% vs 38.@& 5.86%). In a second trial the N digestibility of SBM and
cottonseed meal were determined by the same methods. Three-quarters of the N digested
from the supplements occurred in the small intestine, with only a quarter being digested

in the large intestine (74.092.93%, 25.9% 2.93%). There is a large difference in the
digestion that occurs in the foregut and hindgut. The absorption of crude protein from the
diet occurs throughout the digestive tract, but the majority is digested in the small

intestine. Only 1- 12% of absorbed amino acids come from absorption in the hindgut
(Lewis 1995, Frape 1998).

Absorption of free amino acids and small peptides was compared in rats fed a diet
of hydrolysate of egg white protein (70% small peptides) and a corresponding mixture of
free amino acids (100% free amino acids) (Hara et al., 1984). Samples of portal blood
were analyzed for amino acid composition to get a measure of amino acid absorptive
intensity. Absorptive intensity was 70-80% higher for the mixture of small peptides than
the free amino acids. These results suggested that absorption of small peptides played an
important role in overall protein absorption.

In the ruminant, dietary protein is exposed to digestion by ruminal microflora
prior to entering the small intestine, the major site of protein absorption. This results in a
portion of the dietary protein being absorbed and utilized by the rumen microflora. The
protein that is then available for digestion and absorption in the small intestine is a
combination of protein escaping degradation in the rumen and microbial protein. This is
called the metabolizable protein (Wilkerson et al., 1993). The amino acid composition of
this mixture may be very different from that of the original dietary protein (Purser, 1970).
The amino acid composition of several protein sources after a 12-h rumen incubation, and
then passage through the small intestine of lactating Friesian cows revealed that the
portion of amino acids that disappeared in the rumen was different for each source
(fishmeal, 31%; SBM, 62.2%; corn distillers grain, 16.6%; SEM = 3.6%) (O’Mara et al.,
1997). The percentage of total amino acids that disappeared from the small intestine was
also different for each source (fishmeal, 97.2%; SBM, 95.5%; corn distillers grain,
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83.9%; SEM = 1.8%). Messman and coworkers (1996) examined the disappearance of
protein from legume forages, differing in tannin content, after passage through the rumen.
Forages with a higher tannin content had reduced degradability of protein.

Protein Metabolism

Protein metabolism includes protein turnover and N balance. Protein turnover is
comprised of protein synthesis and degradation, and within this growth of the animal.
Nitrogen balance includes protein and non-protein nitrogen (NPN) intake as well as
output (Millward et al., 1994). The body maintains a pool of amino acids in the blood
that is used to meet different requirements of protein metabolism. These amino acids are
used as the building blocks of proteins, sources of NPN, and sources of energy through
oxidation.

Protein synthesis constructs tissue and plasma proteins, protein hormones, and
protein secretions. Smaller peptides, such as neuropeptides and oxytocin, are included in
the synthesis process. Some NPN molecules that are constructed from amino acids are
niacin, pyrimidines and creatine. Oxidation of amino acids for energy begins with the
removal of the amino group. The remaining carbon skeleton is then used to generate
ATP through its entrance into the mitochondrial electron transport chain. If the amino
group is not used to synthesize other amino acids, it is excreted as urea (Hunt and Groff,
1990).

The liver plays a large role in the regulation of protein homeostasis. Amino acids
that enter the liver are separated into the following categories; 20% for protein synthesis,
23% free amino acids released back to circulation, and 57% are catabolized (Hunt and
Groff, 1990). The regulation of protein metabolism appears to involve complex
interactions between insulin, growth hormone, glucocorticoids, and dietary protein.
Evidence suggests insulin has some control over both protein synthesis and breakdown.
The effect of heightened insulin levels in fasted animals is first a decrease in protein
degradation followed by an increase in RNA activity (Lobley, 1992). Elevated levels of
amino acids in the blood increased sensitivity of muscle protein synthesis to insulin.
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Growth hormone acts synergistically with dietary protein to increase protein synthesis
(Seve and Ponter, 1997). An examination of protein turnover in underfed steers
demonstrated a reduction in protein synthesis and an increase in mobilization of proteins
from muscle (Boisclair et al., 1993). Hormonal control of protein turnover is complex

and tightly linked to dietary status of the animal.

Protein Status

The body has no dispensable protein stores. When protein is lost from the system,
it is taken from essential structural or functional elements. It is therefore important to be
able to examine the effects of diet on protein status. In order to evaluate protein status
the products of protein metabolism are examined. Examples of those that are most often
used are Plasma urea nitrogen (PUN), creatinine (CREA), total protein (TP), albumin
(ALB), N balance, 3-methylhistidine and plasma amino acid levels (PAA) (Gibson,

1990).

Total protein has been used as an indicator of protein status in several studies
(Godbee and Slade, 1981; Greppi et al., 1996; Saastamoinen, 1996). Levels of TP
increase with age in horses. Levels changed from weanling to yearling, and from
yearling to 2-year-old showed significant differences (5.72 vs 6.41 vs 6.70 g/100 ml,
respectivelyP < .05) (Godbee and Slade, 1981). Other studies have found contradictory
results, and indicated that TP levels to remain relatively constant through growth
(Saastamoinen, 1996). Levels of PAA and more specifically the ratio of nonessential
(NEAA) to essential amino acids (EAA) are used to evaluate nutritional health; as an
indicator of the amino acid profile being absorbed from the diet; and as an indicator of
protein metabolism (Cabrera et al., 1992; Zicker et al., 1994). Horses that were fed six
meals a day had constant levels of PAA, whereas those that were fed one large meal had
higher levels of PAA five hours post-prandial (Russell et al., 1986). Plasma free amino
acids may be used to evaluate availability and absorption, as well as the requirements of

amino acids.
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Plasma urea nitrogen is a by-product of amino acid catabolism. Urea levels
decrease as the biological value of dietary protein increases (Eggum, 1970). A diet that
has a composition of amino acids that is closer to that needed will leave fewer amino
acids to be catabolized, hence lower urea levels. Other factors that may affect PUN
concentrations are levels of energy intake and conditions that change protein metabolism
(e.g. pregnancy, lactation, growth, and physical stress) (Gibson, 1990).

Analysis of PUN was used as a method to determine optimal levels of lysine and
threonine in pigs fed a low protein diet or one supplemented with lysine and threonine
(Malmlof and Askbrant, 1988). Supplementation brought about a 29% decrease in mean
PUN (P < .05). Plasma urea nitrogen has also been examined as a test for lysine
requirements thought to change through growth in pigs (Coma et al., 1995). Changes in
PUN allowed determination of lysine requirements in pigs at different stages of growth.
Plasma urea nitrogen levels increased 24% in weanling horses from seven to twelve
months of age (Saastamoinen, 1996). These results indicate a decrease in protein
requirement with the aging of the foals. Levels of PUN decreased in two-year-old horses
fed SBM in comparison to those fed urea as a source of N (Godbee and Slade, 1981).
Plasma urea levels act as an indicator of how the horse is utilizing the protein being
presented in the diet. Higher plasma urea-nitrogen levels have been found in horses fed
20% CP compared to those fed 14% CP (Schryver et al. 1987).

Protein Requirements

Protein requirements define animals’ necessity for a level that will maintain life.
This can also be seen as the minimum level of the nutrient that needs to be supplied.
Contemporary work on protein requirements has looked to define adequate or optimal
levels with more attention paid to the individual systems in an attempt to get optimum as
opposed to minimum performance (Kronfeld, 1982; Wang and Fuller, 1989; Hahn and
Baker, 1995, Zello et al., 1995).

Before protein becomes limiting to growth energy requirements must be met.

ADG is primarily influenced by the level of digestible energy intake (Ott and Asquith,
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1986). Ott and Asquith investigated the effects of feeding Thoroughbred and Quarter
horse yearlings diets with different levels of digestible energy (DE), and CP. Yearlings
allowedad libitumaccess to feed showed maximum growth on a 13.5% CP diet with a
DE intake of 22.1 Mcal/d. When levels of CP were increased to 16.8% in these yearlings
while restricting DE intake to 17.3 Mcal/d maximum growth was not attained. Hence,
energy requirements must be met before protein requirements become limiting for
growth.

Study of protein requirements in livestock other than horses strives to find levels
of protein and amino acids for optimum development. Research in cattle and swine has
gone so far as to define levels of lysine, threonine, tryptophan, methionine, and sulfur
amino acids that provide for maximum growth (Fenderson and Bergen, 1975; Hahn and
Baker, 1995). Because levels of the first limiting amino acids have been defined in these
species, the concept of ideal protein is used to determine suitable levels of other amino
acids. The ideal protein requirement produces a ratio of each amino acid to the first
limiting amino acid. Wang and Fuller (1989) further define an ideal protein as, “one
which includes the minimum quantity of essential amino acid compatible with maximum
utilization of the protein as a whole.”

The quality of the dietary protein is closely linked to the concept of ideal protein
and utilization of the protein as a whole. Efficiency of the digestion, absorption, and
utilization of the amino acids is representative of the protein’s quality. A number of

different measures of protein quality have been developed (Oser, 1959; Friedman, 1996).

* Amino acid score: (mg of amino acid in 1 g of a test protein)/(mg of amino
acid in a reference protein)

* Plasma amino acid ratio: the relative changes in concentration of each of the
free EAA in plasma after consumption of a protein food, expressed as a
function of the specific amino acid requirements of an animal

» Protein efficiency ratio: (weight gain of a test group)/(total protein consumed)

» Essential amino acid index: the geometric mean of the ratios of the EAA in a

protein relative to corresponding values in a reference protein
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Reference proteins that are used are whole egg protein or casein. These proteins
are used in protein synthesis with high efficiencies and further supplementation with any
amino acid did not improve the biological value (Kronfeld, 1982). A low quality dietary
protein can be adequate if sufficient quantities are consumed to meet amino acid needs;
however, much of the amino acid content will be catabolized due to it inappropriate
profile.

Cattle
In beef cattle, protein requirements are based around the ADG, and muscle

accretion of the animal, as these are important to the final product. Protein turnover is the
rate at which protein is continuously synthesized and degraded, and is a useful variable to
examine when trying to improve weight and muscle gain (Lobley 1992, Wessels et al.,
1997). To examine the effects of amino acid supplementation on protein turnover in
Holstein steers, amino acids were labeled with an isotope and then infused into the
abomasum with other amino acids (Wessels et al., 1997). Supplementation with amino
acids increased protein turnover from 168.61.4 to 183.2 11.4 g N/d. Labeling of

amino acids with isotopes allowed protein turnover to be calculated by monitoring the
amount of N retained and excreted from cattle over time.

In dairy cattle, the protein requirements are centered on quality and quantity of
milk production. Protein content in milk is important for production of cheeses and other
dairy products. Rumen protected amino acids allow a producer to supplement their
animals so that the amino acid profile reaching the small intestine for absorption may be
more appropriate for the animals’ needs. An increase in amino acid flow to the small
intestine can result in several benefits. Increases in milk production, and content and
yield of milk protein result from improvement of the profile of absorbed amino acids, as
well as total amino acid supply (Schwab, 1996). The profile of amino acids in digestible
ruminally undegraded protein (RUP) is generally not adequate to maximize use of
metabolizable protein for protein synthesis. There are a number of approaches that have

been used to increase the amino acid flow to the intestines (Chase, 1996). These include;
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maximizing dry matter intake, increasing the amount of microbial protein synthesis,
altering the degradability of protein sources by chemical or heat treatments, selecting
protein sources to control ruminal protein degradation, selecting protein sources which
enhance the conversion of crude protein to absorbable protein, feeding high RUP sources,

and the use of ruminally protected amino acids.

Swine
Dietary protein is important in swine because of its affect on the muscle to fat

ratio. Consumers desire leaner cuts of meat; therefore, the producer wishes to feed swine
a diet that will facilitate this. Kropf and coworkers (1959) fed three diets with varying
levels of CP and protein quality (16% CP high quality, 16% CP low quality, 12% CP

high quality). Both high quality protein diets contained soybean oil meal, dried skim
milk, and brewers’ yeast. The low quality diet contained corn gluten meal and peanut
meal. They found no difference between the high quality protein diets except that those
swine slaughtered at earlier stages of growth on the 12% CP had less carcass muscling
than those eating the 16% CP diet. These differences were no longer significant at later
stages of growth. The group receiving the low quality protein had significantly lower
ADGs (P < .01) than either of the high quality protein groups. This experiment points to
an important role of protein quality in the growth of swine and raises questions as to the
appropriate level of CP for growth.

Research in swine has progressed to the point that an optimum balance between
all EAA has been proposed (Wang and Fuller, 1989). The levels are expressed as ratios
of each EAA to lysine. Optimum ratios of threonine, tryptophan, and sulfur amino acids
to lysine have been tested for appropriate levels at different stages of growth. Barrows
and gilts in early (EF = 56 to 90 kg) and late (LF = 90 to 112 kg) finishing periods were
fed diets with low and high ratios of essential amino acids (EAA) to lysine (Hahn and
Baker, 1995). Swine that were fed diets with an increased EAA:Lys ratio had improved
gain:feed ratioR < .05), whole-body and carcass protein concentraien.(0), and
whole-body and carcass protein accreti®r (08), as well as decreased urinary N
excretion and increased N retention. Results of this study show that patterns of amino

acids that may be appropriate at one stage of growth may change at other stages. With
Review of Literature 13



continued research, exact requirements of amino acids at different stages of growth may

be realized.

Horses
While the horse is not often perceived as a production animal, growth is still an

important factor in the horse properly fulfilling its performance role. The horse is unable
to produce approximately ten amino acids so these must be a part of the horse’s daily
intake (Frape, 1998). Amino acid composition of the diet is very important for the early
stages of the foals’ growth, and becomes less important as growth begins to slow
(Godbee and Slade, 1981; Saastamoinen 1996).

In determining optimum protein levels in the horse, researchers have examined
the growth of foals and yearlings on diets differing in crude protein (CP) content as well
as varying amino acid profiles. Jordon and Myers (1972) fed pony foals 11, 13, and 15%
CP diets over a period of 17 months. Growth of foals was monitored by comparing
weights, heights, and ADG'’s of the groups. Foals fed the 15% protein diet had B 32% (
< .05) higher rate of gain than foals fed the 11% protein diet. When the foals were 8
months of age, no difference was seen in the ADG between these two groups. Schryver
and coworkers (1987) examined growth and calcium metabolism in weanlings fed
varying levels of protein. Horses that were fed a 9% CP diet had significantly lower
ADG than horses on either 14, or 20% CP (.06 kg vs .63 and .69 kg respeBtiely,

.01). Because there was no significant difference in ADG between the 14 and 20% CP
diets, 14% was adequate for the weanlings’ growth. Pony weanlings fed 11, 14, or 17 %
CP had ADGs of .22 kg, .44 kg, and .40 kg. No significant difference was seen between
the 14 and 17%CP (Yoakam et al., 1978). Pulse and coworkers (1973) found a
significant linear response between CP levels of 10, 13, 16, and 19% and the response in
ADG, .35, .42, .56 and .57 kg? € .01) in immature horses.

The quality of protein in the diet is closely tied to the profile of amino acids
present. While the quality of protein may be less important for older horses, it appears to
be important for growth in younger animals. Horses at 12 months of age may have
attained 65% of their adult weight and 90% of their adult height (Saastamoinen, 1996).

Weanlings, yearlings and two-year-old horses were fed low protein diets supplemented
Review of Literature 14



with SBM or urea. The weanlings supplemented with the SBM had greater ADG’s than
those supplemented with the urea (0.64 vs. 0.29kg); however much lesser differences
were seen between the yearlings and two year olds (0.40 vs. 0.24kg, 0.40 vs. 0.28kg
respectively) (Godbee and Slade, 1981). These results show that horses are more
sensitive to the composition of amino acids in the diet during early growth.

There are a number of different sources of CP that can be added to the horses diet.
Hintz and coworkers (1971) compared diets containing linseed meal (LSM) or milk by-
products (MP). While the level of CP remained the same between these two diets the
level of lysine differed due to the amino acid profile of the LSM and MP. The LSM diet
contained 0.3 to 0.4% lysine, while the 20% MP diets contained 0.65 to 0.7% lysine.
ADG for the LSM fed horses was 0.60 kg/d, whereas the MP grew at a rate of 0.95 kg/d
(P <.05). SBM was compared to Brewers’ dried grains (BDG) as a protein source for
growth. ADG for horses fed SBM was 0.53 kg/d, while those fed BDG had an ADG of
0.44 kg/d P < .05) (Ott et al., 1979). Each of these is an example of level of protein
being the same, while the source is different and the effects on growth are different.
Difference in protein quality between these sources is the reason for differences in
growth variables. In each of these experiments, secondary trials were done examining
supplementation of lower quality protein with lysine. In each trial an increase in growth
to the level of those of the high quality protein was seen (Hintz et al., 1971, Ott et al.,
1979). The significant change in growth due to supplementation with lysine indicate this
amino acid as playing an important role in the quality of protein fed to growing horses.

In a study investigating the role of lysine in protein quality, Breuer and coworkers
(1971) fed six rations containing levels of lysine from 0.25 to 0.70% to twelve Quarter
horse weanlings. ADGs and feed efficiency in the horses were found to be significantly
effected by the level of lysine in the diet. ADG increased from 371g/d at the lowest level
of lysine to 730 g/d at 0.6% lysinE € .01). There was no improvement in ADG above
0.65% lysine. Ott and coworkers (1981) examined the effects of diets with similar CP
levels, but different lysine levels and concluded that 0.65% lysine was appropriate for
growth. In a follow up study they investigated the outcome of supplementing a 14% CP
diet with 0.15% lysine (total lysine 0.64%) in comparison with a 16% CP (total lysine
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0.67%) diet (Ott et al., 1981). The results showed that ADG was 0.72 kg/d for both diets.
Comparisons of diets containing 0.65% lysine and 0.49% lysine showed a slight
difference in ADG (0.56 vs. 0.43kg/d respectively) (Potter and Huchton, 1975).
Supplementation with small amounts of lysine allowed for improvement of the amino
acid profile while decreasing the amount of protein needed for optimum growth.
Graham and coworkers (1994) investigated the second limiting amino acid for
equine growth. Thirty-nine yearlings were split into three groups and fed one of three
diets. The lysine and threonine contents of the 12% CP diets were: diet A contained
0.52% lysine and 0.43% threonine; diet B contained diet A plus 0.2% lysine; and diet C
contained diet B plus 0.1% threonine. Average daily gains increased from diet A to diet
C (0.57+ 0.02, 0.64t 0.02, 0.6 A 0.02 kg/d, respectively < 0.02). There was also a
significant increase in girth gains from diet A to C (8.70.49, 10. 0.46, 11.3t 0.47
cm, respectively? < 0.05). This data showed threonine as the possible second limiting

amino acid to growth in the horse.

Equine Growth

Growth rates of Thoroughbreds have received close attention due to the
importance of optimum growth and proper muscular and skeletal development. These
factors play a large role in a horse’s future performance ability. With a better
understanding of normal growth, problems that occur with abnormal growth could be
more quickly addressed.

In a review of several growth studies the greatest increases in growth occurred
during the first month of life (Green, 1961). It was also pointed out that wither height
may be a better indicator of growth than live-weight gain due to the variability in the
latter. Growth rates of thoroughbreds in particular have been examined in a number of
different surveys (Hintz et al., 1979, Jelan et al., 1996, Pagan et al., 1996). Jelan and
coworkers (1996) examined growth data from 798 thoroughbred foals from Ireland.
They split the growth of the foals into four phases; birth to 1 month, 1 to 12 months, 12 to

15 months, and 15 to 20 months. These were seen as characteristically different periods
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of growth. During the first phase ADG was 1.6 kg/d, and then dropped to between 0.5
and 1.0 kg/d during the second period. Average daily gain increased during the third
phase to 0.7 kg/d, and again decreased during the fourth phase to 0.2 kg/d. By the time
foals were 12 months of age they had attained 76% of the weight and 94.5% of the wither
height they would have at the start of training in month 20.

Over a period of three years, a group of 350 thoroughbred foals was surveyed in
Kentucky to examine the growth patterns in this region (Pagan et al., 1996). Average
daily gain of foals during their first month was 1.5-1.7 kg/d. Slowest growth was seen in
these foals during the months of January, February, and March. In May an increase in
ADG to 0.8 kg/d occurred, probably due to spring pasture growth.

In follow up to this pervious study, Pagan and coworkers (1996) compared the
weight and height data from the foals that had been surveyed in Kentucky to data from
foals raised in Canada. Foals in Kentucky were 102.0% the weight of foals in Canada at
14 days of age and 107.2% the weight of Canadian foals at 6 months. The sixth month
corresponds to August. By February and March, the weights of the two groups were
much closer. Some of the reason for the difference in August and the lack of difference
in February and March may be due to the large contrast in seasons between Kentucky and
Canada.

In two studies of growth in thoroughbreds Green (1969, 1976) found no
differences in the growth rate of colts compared to fillies. In both studies, growth was
measured by changes in height, girth, and circumference of the metacarpal bones just
below the knee. Wither height in the initial study increased in colts and fillies 16.16 and
16.00 in respectively. Results from this study also showed no difference in the birth
weights of foals born in February through May. Average wither heights, girths and bone
circumference for foals in the second study at 14 months of age was 144, 160, and 18.5
cm respectively. Again, no differences were found between colts and fillies.

Further definition of skeletal growth rates was undertaken on 106 foals from 14 to
588 days of age (Thompson, 1995). Variables measured were body weight, wither
height, hip height, body length, knee to pastern length, width of chest and depth of girth.
Average weights of colts and fillies at 392 days of age were 388918 kg and 383.9

Review of Literature 17



29.7 kg. Wither height and hip height had similar growth patterns; however, hip height
tended to be 2 to 3 cm greater through the study. These results further establish a normal
pattern of growth for Thoroughbred foals.
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Objectives

The general objective of this study was to examine growth and protein status in
Thoroughbred foals, weanlings and yearlings offered pasture supplements with different
protein levels and amino acid compositions. The primary goal of this study was to
determine if a 9% crude protein supplement fortified with lysine and threonine would
produce similar growth to an unfortified 14% crude protein supplement. The dietary
effects were examined over an entire year to determine characteristic growth patterns.
Finally, this study continues work towards development of a diet beneficial to both the
horse and the environment.
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Materials and Methods

Protein and amino acid supplementation of pasture was studied on the growth of
22 foals from birth to 18 months of age at the Virginia Tech Middleburg Agricultural
Research and Extension Center. Dams were paired by age, breeding date and sire, and
then assigned randomly to two groups. Mares were maintained on the supplements from
May of 1997 until time of weaning, at which point the foals were continued on the diets
until July of 1998. The institution’s animal care and research committee approved the

experimental protocol.

Supplements

This study compared a diet having a typical CP level with a diet that had a lower
CP level fortified with limiting amino acids. The control supplement (CS) contained
14% CP, 3.0 Mcal/kg DM, 10% corn oil, 22% soybean meal, 1.4% calcium, and three
sources of fiber. The experimental supplement (LTS) contained 9% CP, 3.0 Mcal/kg
DM, 10 % corn oil, 3% soybean meal, 1.4% calcium, three sources of fiber, and was
fortified with 0.6% L-lysine and 0.4% L-threonine. Supplements were designed to be
isoenergetic, with mineral contents balanced to complement the pastures and meet or
exceed current recommendations (NRC 1989; Kronfeld et al., 1996). Both groups were
offered the supplements 7 to 10 days post partum and maintained on mixed grass/white
clover pasture. Groups were rotated between pastures every 28 days to negate any
pasture effect. Nutrient composition (Dairy One, Ithaca, NY) and make-up of the
supplements and pasture are shown in Appendix A table 1 and 2. Pasture and
supplements were analyzed for amino acid content (Bidlingmeyer et al., 1984) using a
Pico Tag Amino Acid Analysis System (Waters: Division of Millipore Corp., Milford,
MA., Appendix A table 3). Horse muscle protein composition was used as a reference
protein (Bryden, 1991).

Corn oil was used as a fat source because it is preferred by horses over other

vegetable fat sources (Holland et al., 1998). Beet pulp, soybean hulls, and oat straw were
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added to provide a range of different fiber sources. The intended role of these different
fiber sources was to establish a diverse microbial population in the gastrointestinal tract
with multiform fermentative capabilities. Mineral and vitamin supplementation of the
diet was formulated to complement pastures in northern Virginia (Greiwe-Crandell et al.,
1995; Kronfeld et al., 1996). The mineral premix was mixed by hand to insure the same
mineral content for each ration. The vitamin premix was formulated in collaboration
with Dr. Ted Frye and donated by Hoffman-LaRouche (Nutley, NJ).

The mares and foals were fed at 0700 and 1400 in feed tubs on the ground so that
both had access to the supplement. Feed tubs were placed in a 30-meter cirakelyith (
buckets availabley equaling the number of horses in the pasture. This setup allowed
each horse to eat its portion of the total amount of feed offered to the group. Careful
observation indicated that some mares may have received more or less supplement than
the desired amount, but the coefficient of variation in intake was approximately 10%,
certainly less than variation associated with daily pasture intake (Kronfeld, 1997). The
amount of supplement fed to the groups was such that a body condition of between 4.5
and 6 was maintained throughout the year. In order to maintain body condition the
supplement:forage ratio during months when pasture growth was good was 1:2, while
during some of the very dry or cold months it was raised to 1:1 (Appendix A table 5).

For approximately a month in February and March of 1998, yearlings were also given

free access to mixed grass/alfalfa hay (18.7% CP).

Care of animals

Twenty-four mares and foals were added to their respective groups five to seven
days following foaling. They remained on pasture 24 hours a day, 7 days a week unless
medical treatment was needed, in which case they would be brought into stalls. Mares
and foals were on the anthelmintic, vaccination, and hoof trimming schedules routine at
the MARE center (Ley et al., 1992). Two foals had to be taken off the study in the CS
group leaving final number of 10 in the CS and 12 in the LTS group. Shelter was
provided to each group by three-sided run-in sheds @®ft) in each pasture. All
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horses in the pastures hadl libitumaccess to water. At six months, foals were weaned

by removal of two mares every four days.

Blood collection

Baseline samples were taken on mares and foals in May 1997 prior to being
placed into their groups in the pasture. Blood samples were taken from mares and foals
every 28 days post parturition between 0700 and 1200. The mares and foals were not fed
on sampling mornings to reduce any effect feeding might have on samples being taken.
Blood was collected by jugular venipuncture into 7 ml tubes (Lithium Heparin
Vacutainer, Becton Dickenson, Rutherford, NJ). Samples were centrifuged within an
hour of collection for 10 minutes at 3000 rpm at@0 Plasma was pipetted off and
frozen, to be thawed later for analysis.

Blood plasma was analyzed for levels of total protein (TP), aloumin (ALB),
creatinine (CREA), and plasma urea nitrogen (PUN). Coloremetric analyses were
conducted on a Beckman Synchron CX5 (Brea, CA). Total protein was measured by a
timed endpoint biuret method (Synchron CX Clinical Systems, Kit # 442740, Brea, CA).
Albumin was measured by a timed endpoint method (Synchron CX Clinical Systems, Kit
# 442765, Brea, CA). Creatinine was measured by a modified rate Jaffe method
(Synchron CX Clinical Systems, Kit # 442760, Brea, CA). Plasma urea nitrogen was
measured by an enzymatic rate method (Synchron CX Clinical Systems, Kit # 442750).

Physical Measurements

Growth rates were evaluated every 28 d by a combination of body weight (BW),
body condition score, wither and hip heights, length of body, forearm, and cannon bones,
girth, and circumference of the physis and fetlocks. Body weights were measured using a
portable electronic walk-on scale (Model TC-10S, Tyrel Corp.). Body condition was

scored using the method of Henneke et al. (1983). Measurements were performed by the
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same person each month so as to reduce variation in evaluation. Appendix A table 6 gives

definitions of each measurement taken.

Statistical Analysis

Dependent variables are summarized as least squares means and least squares
standard errors (SE) of the mean. Dependent variables were analyzed for differences
between the supplements over the entire sampling period by analysis of variance with
repeated measures (SAS, 1989). The model statement included diet, horse within diet,
time, and diek time interaction. Tukey’s multiple-comparison procedure was used to
test differences between time periods. Means from months that appeared to show a
difference in the variable measured were subjected to two sample t-tests to determine if
there was a statistical difference between the diets during that month. Differences are

considered significant atRa< .05.
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Results

Physical Measurements

Body weight (CS 26% 5.6 kg vs LTS 263 5.1 kg) and average daily gain
(ADG) (CS .80+ .02 kg/d vs LTS .84 .02 kg/d) were not differenP(= .75,P = .20,
respectively) for the groups during the total observational period of 14 months (Figure 1
and 2). There was also no difference in mean BW or ADG between colts andRilies (
.60). Cumulative percent increase in weight shows an increase over 14 months of 416%
by the LTS group and 369% by the CS group (Figure 3). In March the ADG tended to be
greater in yearlings fed LTS than in those fed the CS @..084 vs .7% .071 kg/d,
respectivelyP = .065). The ADGs for March represent a 237% and 134% increase from
the previous month in ADG for the LTS and CS groups, respectively (Figure 4). The
ADG decreased in October and November, with the foals on the LTS tending to show
less of a decrease in ADG than the foals on the Control supplement (Ocit..0®8kg
vs .87+ .071 kg/dP = .008; Nov. .6& .064 kg vs .5 .071 kg/dP = .080).

Body condition scores were not differeRt£ .86) between groups during the
sampling period (Appendix B table 5 and 6). The mean condition scores for the LTS and
CS groups were 4.98.05 and 4.94 .04, respectively. Condition scores were
maintained with no changes between seasons.

Mean wither heights (CS 138.97 cm vs LTS 13& .88 cm,P = .88) and hip
heights (CS 14% 1.0 cm vs LTS 14& .95 cm,P = .56) showed no difference between
supplements over the period of the study (Figure 5 and 6). The mean wither heights at 14
months for the LTS and CS groups were 150.60 cm and 150.4 .66 cm,
respectively. These tended to be 2 to 3 cm lower than mean hip heights at 14 months
(152.0+ 0.62 cm and 152.¥% 0.68 cm, respectively).

Girth measurements (CS 14197 cm vs LTS 142 .89 cm,P = .48) and length
measurements (CS 1361.2 cm vs LTS 13% 1.1 cm,P = .49) were not different over
the period of the study (Figure 7 and 8). Mean girth circumference and length at 14

months in the LTS and CS groups (166.39 cm vs 163.& .87 cm; 159.& 1.00 cm vs
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160.7+ 1.10 cm, respectively) were similar to known growth patterns (Hintz et al., 1979,
Jelan et al., 1996, Pagan et al., 1996).

Mean forearm length (CS 38.39 cm vs LTS 3& .35 cm,P = .94), front cannon
length (CS 3% .27 cm vs LTS 3% .24 cm,P = .63), and hind cannon length (CS#4
.35cmvs LTS 43 .32 cm,P = .21) all showed no difference in growth between groups
(Figure 9, 10 and 11). Growth of these bones did not seem to show the same trends in
ADG as other measurements. Front cannon bones increased.@m, hind cannon
bones grew 3.& .55 cm, and the forearm increasedtl32 cm in length during the
observational period.

Circumference of the physis and fetlock did not diffe=(.33,P = .28,
respectively) between the groups (Figure 12 and 13). Mean physis circumferences for the
LTS and CS groups were 23125 cm and 29.4 .20 cm. Mean fetlock circumferences
for the LT and Control groups were 24517 cm and 24.8 .19 cm. Fetlock and physis
circumference tended to be larger in the Control group in early spring than those of the
LT group.

Power analysis of measurement data showed low power of the tests for all
variables measured = .05, n = 11, power = .050 to .238). The number of subjects in
each group that would be needed to find a difference in each variable over the period of
the study ranged from 41 for the hind cannon, to 20,574 for the for@axn80,a = .10)
(Appendix A table 7).

Blood Analysis

Mean plasma ALB levels were not different between the CS and LTS groups
(2.89% 0.03 and 2.9& 0.03 g/dl, respectively = .78), and showed no change over the
study period (Figure 14). Mean TP levels also did not vary over the study period and no
difference was perceived between the CS and LTS groups#50B63and 5.7& .04 g/dI,
respectivelyP = .46) (Figure 15).
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Mean plasma CREA levels for the CS and LTS groups .03 and 1.06& .03
mg/dl, respectively? = .77) were not different over the 14 months. Levels of CREA
tended to increase after birth until July and August, then to decrease slightly and remain
constant through 14 months (Figure 16). Plasma urea nitrogen levels for the CS and LTS
groups (18.7% 0.38 and 18.8& 0.35 mg/dI, respectively = .92) were not different
between treatments. Levels of urea in both groups showed a steady increase from May
through November. This became less pronounced through the following months (Figure
17). The ratio of urea to creatinine was not different between the CS and LTS groups
(17.87x .68 and 18.53 .61, respectivelyp = .48) (Figure 18). The pattern the ratio
followed over the 14 months was similar to that of urea due to the fact that creatinine
levels remained close to 1.0 mg/dl (Appendix B table 33 and 34). In November the

urea:creatinine ratio was highé& € .018) in the LTS group than the CS.
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Discussion

These results support the hypothesis that an improvement in the quality of protein
fed will allow a decrease in the percentage of CP needed to maintain optimum growth.
The evidence from this experiment includes: 1) no difference between treatment groups
over the observational period for any of the indicators of protein status; 2) no difference
between treatment groups over the observational period for any of the growth
measurement taken; 3) similar growth in both groups to that seen in past growth surveys
of Thoroughbreds.

Further examination of the results over restricted periods show differences
between the two diets. This evidence includes: 1) a higher ADG in the LTS group in
October and March; 2) a cumulative percent increase of weight in the LTS group of
416% compared to 369% in the CS group; 3) a 237% increase in ADG from February to
March for the LTS group in comparison to 134% for the CS group.

The LTS group was provided a supplement with a higher quality protein. First,
the supplement contained a greater percentage of lysine and threonine, the first and
second limiting amino acids in the horse. Second, the percentage of crude protein in the
LTS was lower than that in the CS. These two factors should have led to a more efficient
utilization of dietary protein. Previous work has shown that yearlings offered a diet
fortified with lysine and threonine had higher ADG’s than yearlings fed as isonitrogenous
diet with endogenous levels of these two amino acids (Graham et al., 1994).

Comparison of the two supplements on the basis of crude protein should take into
account an average of 18% CP in the pasture (Appendix A table 1). The total dietary CP
averaged 15.5% for the LTS group and 16.8% for the CS group (1:2 supplement to
pasture ration). These levels of protein place both groups within the optimal range for
CP% for growth. Blood measurements of protein status confirm the equivalence of
protein intakes.

No differences in PUN concentration between the two groups were found due to
both diets supplying more protein than was required for optimum growth. The PUN and

urea:creatinine ratio reflected an increase in urea concentrations through the first seven
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months of the study, because creatinine remained unchanged this increase in the
urea:creatinine ratio was correlated negatively with the decrease in ADG during the same
months P < .0001). These results suggest a reduction in protein requirement and
heightened protein catabolism as the growth rate diminishes. A similar relationship
appeared in a study of weanlings 7 to 10 months of age (Saastamoinen, 1996). Other
indicators of protein status showed no difference between the two treatment groups and
no trends over the observational period.

In general, PUN concentration decreases as the quality of dietary protein increases
(Eggum, 1970). Low quality protein, as well as excesses of protein above that required
will increase PUN concentrations. Higher PUN levels have been found in horses fed
20% CP compared to those fed 14% CP (Schryver et al. 1987). The levels of CP as well
as lysine were above those recommended by the NRC from the time the foals were
weaned until the end of the study for both diets (Appendix A figure 1).

Weight data from previous studies done at the MARE Center were interpreted to
show a “spring slump” in the weights of yearlings in early spring (Hoffman, 1997). This
“slump” in growth curve is formed due to a steadily decreasing ADG during the winter
and then a sudden increase in ADG in the early spring. This period of growth may be
more appropriately called a spring recovery. This trend is best seen in the ADG data.

The greatest ADG was seen during the first four to six weeks of life. Large
ADG’s in the first month of growth have been reported in other studies of Thoroughbreds
(Jelan et al., 1996; Pagan et al., 1996). This large initial growth may merit further
examination, as there has been suggestion that colostrum may have some effect on
growth (Seve and Ponter, 1997). During the next four months, ADG remained constant.

In October and November, the weight gains shown during the summer months
began to decrease. This decline may be due to several different reasons. First, the
change in season and subsequent cooler temperatures cause increased energy demands
for thermoregulation and the development of a thicker winter coat. Second, foals were
weaned in November. Third, pasture quality begins to decrease at this time of year,
supplying the weanlings with less of the energy they need to grow. The stress of weaning
as well as changes in feeding habits may have played a role in the decrease in growth
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rates. During the months of December, January, and February ADG remained low when
foals were faced with cold weather conditions and the poorest pasture conditions of the
year. A comparison of Thoroughbreds’ growth in different climactic regions (Pagan et
al., 1996) indicated that growth is affected by severity of seasons and availability of
pasture.

In March, a considerable increase in ADG was observed in both treatment groups
(Figure 4). This change is due to milder temperatures, improving pasture conditions, and
presumably some compensatory growth after depressed gains during the winter months.
The large increase in growth during this month was revealed by examining the
percentage change in ADG from February to March (Figure 3). The greatest changes in
ADG prior to March were less than 50%. There was also a considerable difference in
ADG between the two groups during March. Changes in growth rate, especially
compensatory growth, have been associated with manifestations of developmental
orthopedic disease in yearlings (Hintz et al., 1976). Any way to lessen the degree of
change may help in decreasing the amount of physitis that is often seen with spring
growth and after weaning.

Energy intake may be the main causative factor in the changes in growth seen
over the observational period. Protein to energy ratios are important in interpreting
protein’s effect on growth. Work with Thoroughbred and Quarter horses has shown that
energy plays a first limiting role to growth with protein being limiting only when energy
is supplied in sufficient quantities (Ott and Asquith, 1986). When energy intake was
restricted in the yearlings increased protein intake had no effects on growth. The effect
of low energy intakes may have been seen during the winter months of this trial, when
both groups had similarly low ADG. When energy intakes increase in the spring
differences due to protein content of the diet may become apparent.

Growth of the foals in this study was similar to growth shown in previous studies.
Hip height was generally 2-3 cm greater than wither height. This trend in growth has
also been encountered in Thoroughbred foals raised in Kentucky (Thompson 1995).

Wither and hip heights of the Kentucky yearlings at 390 d £14/6 and 14% .50 cm,

respectively) were similar to measurements from this study£14and 15k 1.2 cm,
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respectively). Growth of the forearms was relatively greater than that of either the front

or hind cannon bones. Measurements of forearm, front cannon, and hind cannon length,
as well as physis and fetlock circumference appeared to decrease in the third month of the
study; however, this was regarded as an error due to a change in observers during this
month. Girth and length were similar to measurements from a previous study done on the
station (Hoffman, 1997). Mean physis circumference at 12 months in the LTS and CS
groups (31.2 0.20 cm, 30.% 0.22 cm) showed an increase from initial circumference

of 6.8 cm and 6 cm, respectively. These increases were slightly greater than those
observed by Green (1969), although differences in measuring technique may account for
this.

The profile of amino acids that were available for absorption may have been
different for these two treatment groups. The CS group had protein supplied in the
supplement mainly from SBM and the remainder from the pasture. The LTS group had a
smaller percentage of SBM in the supplement, with assumed equal pasture intake to the
CS group. The LTS group also had their supplement fortified with .6% lysine and .4%
threonine. If the lysine and threonine were more available for absorption than amino
acids bound up in feed, then animals on the LTS diet probably had a more readily
available source for these essential amino acids.

Different sources of protein vary in their digestibility in the small intestine (Potter
et al., 1992). Proteins are broken down in the small intestine into free amino acids as
well as di- and tri-peptides (Silk et al., 1985). The degradability of proteins and therefore
profile of amino acids available for absorption may vary with the composition of the diet.
Digestibility of corn protein tended to be lower than that of SBM in the small intestine of
ponies (Gibbs et al., 1996).

The weanlings and yearlings on the LTS had the free forms of the first two
limiting amino acids available for absorption. The result of this may have been a profile
of amino acids reaching tissues that was more appropriate for protein synthesis. While
most months show no difference in growth variables between the two groups, there are
differences in the rate of gain at certain points in the growth curve. These differences

may be attributed to a difference in the availability of amino acids in the supplements.
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The difference in the two supplements is best seen in October, and November,
when foals are being weaned, and in March, with the arrival of spring. These periods
relate to nutritional and environmental challenges to the foals. The diet change
associated with weaning is second only to that at birth, hence proper nutrition during this
period is critical. The LTS group was better able to maintain growth during this period.
In March, pasture conditions are improving and daily temperatures begin to rise. One
study showed ADG of foals to increase in one month from .5 to .6 kg/d in the spring
(Pagan et al., 1996). This study showed a particularly large increase from February to
March in ADG from .3 to 1.0 kg/d in the LTS group, with the CS group’s ADG
increasing by half of this.

Power analysis of the data indicates that, in order to find a difference between the
two treatment groups due to diet, the number of horses in each group would need to be
much greater than was available for the study (Appendix A table 7). The number of
horses needed to find a difference ranged from 41 for the hind cannon to 20,574 for the
forearm. The number for the hind cannon was particularly high because of the variation
in the measurements taken for this variable. The power of the {@sfdd detecting the
research hypothesis is low for all dependent variables. This verifies that differences
between the groups were far too small to detect with 10 and 12 horses in the groups.

Crude protein levels in the pasture were particularly high during this study, with a
high of 22% in March and a low of 15% in June. Forage levels of CP may decrease to
levels of 10% or lower, particularly in dry summer conditions (Minson, 1990). High CP
levels may have overshadowed effects of the supplements on protein status in this study.
A 9% CP supplement fortified with lysine and threonine may show more benefits in

horses raised on lower quality pasture.
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Implications

Fortification with the free amino acid forms of lysine and threonine may improve
the availability of these amino acids for absorption and utilization by the horse. One
benefit of an improved amino acid profile is that it provides for optimal growth without
forcing the horse to squander energy removing waste of amino acid catabolism. Another
advantage of higher protein quality is that it allows reduction in protein intake, hence it
diminishes contamination of the environment with nitrogen and phosphorus. This work
suggests that closer attention to the amino acid composition of the diet will sustain the

performance of the horse while at the same time protect and enhance the environment.
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Figure 1. Weights (meah SE) of foals fed a 14% CP supplemesd CS) or a 9% CP supplement, fortified with lysine and
threonine (<] LTS).
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Figure 2. Daily gain (meat SE) of foals fed a 14% CP supplemesb CS) or a 9% CP supplement, fortified with lysine and
threonine (<] LTS).
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Figure 3. Mean cumulative weight gain of foals fed a 14% CP supplen®nCS) or a 9% CP supplement, fortified with lysine
and threonine (= LTS). Values were calculated as a percent of initial weight.
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Figure 5. Wither heights (meanSE) of foals fed a 14% CP supplemesb (CS) or a 9% CP supplement, fortified with lysine and
threonine (<] LTS).
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Figure 6. Hip heights (meanSE) of foals fed a 14% CP supplemesb (CS) or a 9% CP supplement, fortified with lysine and
threonine (<] LTS).
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Figure 8. Length (meah SE) of foals fed a 14% CP supplemesb (CS) or a 9% CP supplement, fortified with lysine and
threonine <] LTS).
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Figure 9. Forearm lengths (mearSE) of foals fed a 14% CP supplemesd CS) or a 9% CP supplement, fortified with lysine
and threonine¢] LTS).
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Figure 10. Front cannon bone lengths (me&E) of foals fed a 14% CP supplemesd CS) or a 9% CP supplement, fortified
with lysine and threonineq{| LTS). Decreases from month to month due to observer error.
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Figure 11. Hind cannon bone lengths (me&BE) of foals fed a 14% CP supplemesbd (CS) or a 9% CP supplement, fortified
with lysine and threonine}{| LTS). Decreases from month to month due to observer error.
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Figure 12. Physis circumference (mea8E) of foals fed a 14% CP supplemesd CS) or a 9% CP supplement, fortified with
lysine and threonine{| LTS). Decreases from month to month due to observer error.
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Figure 13. Fetlock circumference (mea®E) of foals fed a 14% CP supplemesbd (CS) or a 9% CP supplement, fortified with
lysine and threonine{| LTS). Decreases from month to month due to observer error.
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Figure 14. Plasma levels of albumin (me&a8E) in foals fed a 14% CP supplemesbd (CS) or a 9% CP supplement, fortified
with lysine and threonineq{] LTS).
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Figure 15. Plasma levels of total protein (mea&E) in foals fed a 14% CP supplemesb (CS) or a 9% CP supplement,
fortified with lysine and threoning-{¢| LTS).
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Figure 16. Plasma levels of creatinine (me&E) in foals fed a 14% CP supplemesd (CS) or a 9% CP supplement, fortified
with lysine and threonineq{] LTS).
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Figure 17. Plasma levels of urea (me&ar&E) in foals fed a 14% CP supplemesd (CS) or a 9% CP supplement, fortified with
lysine and threonine[| LTS).
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Figure 18. Urea to creatinine ratio (mea8E) in the blood of foals fed a 14% CP supplementCS) or a 9% CP supplement,
fortified with lysine and threoning-¢| LTS).
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Appendix A Tables

Appendix A table 1. Nutrient composition on a DM basis of the pasture, 14% crude protein
(CS), and 9% crude protein, fortified with lysine and threonine (LT) supplefnents

Control LT Pasture
Supplement Supplement
ltem Mean SE Mean SE  Mean SE
Crude protein, % 13%7 21 8.5 18 186 .43
Crude fat, % 145 60 148 .70 46 .12
Acid detergent fiber, % 312 55 32.° 73 3306 58
Neutral detergent fiber, % 430 63 444 101 564 1.05
Non-structural carbohydrates, % 190 154 178 279 14% 74
Ca% 1.8 .07 1.8 .07 5 .03
P % 0.5 .02 6 .02 3 .01
Mg % 0.2 .01 Z .01 Z .00
K % 1.7 .04 g .02 Z .07
Na % 0.3 .02 3 .03 0 .00
Fe mg/kg 543 19.7 562 32.8 1078 118
Zn mg/kg 176 21.3 174 9.5 56 3.1
Cu mg/kg 386 232 408 1.87 6.2 3.19
Mn mg/kg 708 197 699 173 814 292
S% 0.2 .00 Z .01 Z .00
Clion % 0.6 .01 g .05 6 .02

& Analysis performed by Dairy One, Ithaca, NY
®n=30°n=10"n=4,"n=46

Appendix A 56



Appendix A table 2. Ingredient composition (%) of the 14% CP supplement (CS) and the 9% CP
supplement, fortified with lysine and threonine (LTS)

Ingredient CS LTS
Oat straw 22.7 25.1
Medium cracked corn 3.9 20.1
Beet pulp 16.3 16.1
Soybean hulls 14.8 15.1
Corn oil 10.8 11.1
Molasses (cane) 4.9 5.0
Soybean meal 21.7 3.0
Limestone 2.2 1.8
Calcium phos dibasic 1.7 1.8
Lysine® N/A .6
Vitamin premixX® 5 5
Mineral premix 5 5
Threoniné N/A 4

& Courtesy of Dr. Dave Burnham (Heartland Lysine, Inc. Chicago IL)

® Courtesy of Dr. John Wilson (Hoffman-LaRoche, Nutley, NJ)

¢ Provided the following amounts per kg of diet: vitamin A, 6,900@4arotene, 17.6; vitamin4D1,290 IU; vitamin E,

132 mg; vitamin C, 333 mg; Niacin, 15 mg; Thiamin, 7 mg; Riboflavin, 3.5 mg; Folic acid, .33 mg; Biotin, .21 mg.

4 Provided the following amounts per kg of diet: Fe, 46.1mg; Zn, 105.8mg; Cu, 25.11mg; Mn, 18.02 mg; Se, .55 mg; I,
.35 mg; NaCl used as carrier, 4160 mg.
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Appendix A table 3. Amino acid composition (g/kg) of the pasture, 14% crude protein (CS), and
9% crude protein, fortified with lysine and threonine(LTS) supplements

Control Supplement LT Supplement Pasture
ltem Meant SE Mean SE Meafi SE
ASP 5.87 .067 3.80 .040 11.66 .068
GLU 10.60 .032 7.37 .027 14.37 .063
SER 3.17 .003 2.30 .000 4.46 .016
GLY 3.23 .007 2.63 .003 6.04 .022
HIS? 2.43 .007 1.97 .003 3.11 012
ARG? 5.07 012 3.50 .006 7.33 .030
THR? 3.20 .010 4.77 .003 6.10 .024
ALA 3.37 .003 3.10 .006 8.48 .036
PRO 4.20 .006 3.53 .007 7.44 .053
TYR 2.83 .007 2.10 .006 4.14 .016
VAL? 3.67 .007 2.83 .003 7.28 .031
MET? .00 .000 .00 .000 1.28 .006
CYS .00 .000 .00 .000 .00 .000
ILE® 3.40 .006 2.37 .003 5.87 .025
LEU? 5.50 .006 4.40 .000 10.02 .039
PHE 3.30 .000 2.37 .003 6.39 .028
LYS® 4.57 .003 6.63 .023 6.41 .032

@ Essential
® Triplicate analysis
¢ Composite of 16 samples
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Appendix A table 4. Amino acid composition (mg/g CP) of the pasture, 14% crude protein (CS),
and 9% crude protein, fortified with lysine and threonine(LTS) supplements

FF Diet LT Diet Pasture
ltem Mean SE Meafi SE Mearf SE
ASP 42.82 4,92 27.74 2.95 85.14 4.96
GLU 77.37 2.35 53.77 1.95 104.86 4.63
SER 23.11 0.24 16.79 0.00 32.56 1.15
GLY 23.60 0.49 19.22 0.24 44.07 1.58
HIS? 17.76 0.49 14.36 0.24 22.67 0.85
ARG? 36.98 0.88 25.55 0.42 53.52 2.20
THR? 23.36 0.73 34.79 0.24 44 51 1.73
ALA 24.57 0.24 22.63 0.42 61.93 2.66
PRO 30.66 0.42 25.79 0.49 54.30 3.88
TYR 20.68 0.49 15.33 0.42 30.21 1.15
VAL? 26.76 0.49 20.68 0.24 53.13 2.26
MET? 0.00 0.00 0.00 0.00 9.38 0.45
CYS 0.00 0.00 0.00 0.00 0.00 0.00
ILE? 24.82 0.42 17.27 0.24 42.84 1.82
LEU? 40.15 0.42 32.12 0.00 73.17 2.85
PHE 24.09 0.00 17.27 0.24 46.67 2.03
LYS? 33.33 0.24 48.42 1.70 46.75 2.36

& Essential
® Triplicate analysis
¢ Composite of 16 samples
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Appendix A table 5. Amount of supplement fed to mares, foals, weanlings and yearlings through
the study period.

Horses Dates fed Amount per tub, kg/day
Mares, early lactatidn May - August 3.63

Mares and foals late lactatfbn September - October 378
Weaned foafs November - December 1.95
Yearlings, moderate growth January - March 2.90
Yearlings, moderate growth April - June 2.2

& Supplement to pasture ratio of 1:1
® Supplement to pasture ratio of 1:2
NRC (1989) recommended daily B8 Mcal/d,” 29 Mcal/d.? 18 Mcal/d, 21 Mcal/d
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Appendix A table 6. Description of body measurements used to monitor growth of foals

Variable Measurement description
Wither height distance from the ground to the highest point of the withers

Hip height distance from the ground to the highest point of the croup
Body length  distance from the point of the shoulder to the point of the buttock

Girth circumference of the girth behind the elbow and an inch behind the
highest point of the withers

Forearm distance from the point of the elbow to the accessory carpal bone
Front cannon distance from the accessory carpal bone to the proximal sesamoids

Physis circumference of the knee at the metaphysis of the distal radius, just above
the accessory carpal bone

Fetlock circumference of the fetlock at the metaphysis of the distal third
metacarpal bone, just above the proximal sesamoids

Hind cannon distance from the point of the hock (calcaneus) to the proximal sesamoids
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Appendix A figure 1. NRC (1989) recommendations for CP and lysine (g/d) for weanlings and yearlings 6 and 12 months with
mean weights of 245 and 375 (kg) and ADG's of .95 and .80 (kg/d) compared to estimated intakes of CP and lysine ffom pasture
and supplemeht 26 kg/d intake, 18% CP, 6.41 g/kg lysiféntake appendix table 4 kg/d, LTS 8.5% CP, 6.63 g/kg lysine, CS
13.7% CP, 4.57 g/kg lysine
Appendix A 62



Appendix A table 7. Power analysis of test to find a difference between treatments and
estimation of the number of subjects per treatment group required to find a difference.

Appendix A

b

Power (1B) n
Variable n=1% 0=.05 p=.80,0=.10
Length 0.097 152
Hip 0.084 209
Girth 0.099 146
Wither 0.052 2909
Forearm 0.050 20574
Hind cannon 0.238 41
Front cannon 0.077 265
Physis 0.157 70
Fetlock 0.187 55
BC 0.052 3380
ADG 0.229 43

Mean of 10 and 12
"Number of subjects required
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Appendix B Tables

Appendix B table 1. Body weight (kg) of foals fed a 14% crude protein supplement

Control Supplement

Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98 Jun-98
1 70.3 128.4 160.1 187.3 217.3 236.8 264.9 2821 2944 308.0 316.2 340.6 352.0 361.5
100.7 152.4 184.2 2132 246.8 281.2 316.2 3334 350.2 3615 367.0 3955 387.8 3924
73.0 106.1 129.7 1579 186.0 220.0 249.0 265.8 274.4 2858 2944 320.2 3352 347.0
92,5 1229 158.8 192.3 231.8 2685 2944 308.4 320.2 330.7 336.6 3574 376.5 393.3
96.6 155.6 179.6 202.8 230.9 256.7 2821 2935 306.6 3175 3279 316.2 346.1 360.6
80.3 1329 158.8 183.7 212.3 238.6 2540 276.7 288.5 303.5 3125 337.0 354.3 363.8
776 111.6 143.8 179.6 217.7 258.5 281.7 298.0 315.7 327.0 334.8 3679 381.0 400.1
64.9 124.3 156.5 179.6 2195 260.4 292.1 3125 324.3 331.6 3452 3719 390.1 4123
75.7 138.3 165.6 192.3 2254 260.4 280.3 291.7 303.0 319.8 331.1 3574 3574 371.0
10 73.0 1256 153.3 186.0 220.0 252.7 2685 283.0 297.6 308.4 3225 3443 360.2 379.2
Meand 80.5 129.8 159.0 187.5 220.8 253.4 278.3 2945 3075 3194 328.8 350.9 364.1 378.1

& Least squares SE of means = 3.60

O 0O NO UL~ WDN

Appendix B 64



Appendix B table 2. Body weight (kg) of foals fed a 9% crude protein supplement, fortified with lysine and threonine

LT Supplement
Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98 Jun-98

1 110.2 134.7 1524 188.2 226.8 2658 299.8 3189 3334 3447 356.1 383.3 4014 4232

2 76.7 140.6 173.7 200.0 2322 266.3 297.1 3152 316.6 3329 3325 3674 379.2 386.9
3 89.8 141.1 169.6 196.4 2245 2522 2749 2894 301.2 311.2 3239 3565 3729 3828
4 67.6 1179 1515 188.2 230.0 260.8 2935 3184 331.1 339.7 3493 3774 3955 4073
5 61.2 1148 1374 1565 1819 207.3 2331 247.7 2563 2595 2722 2903 301.2 301.2
6 576 106.1 136.1 168.3 200.9 236.8 2654 2853 3016 3175 3311 356.1 371.0 3851
7 748 121.1 150.6 184.6 2223 257.6 291.2 3125 3279 3434 352.0 3819 4005 4114
8 82.1 140.6 167.8 203.7 2354 276.7 3148 338.8 3524 3665 3742 3924 386.0 4164
9 78.5 1352 1579 1873 2173 2495 280.8 307.1 318.0 3279 3393 3774 396.9 401.9
10 84.8 136.1 164.7 193.2 220.0 2495 276.2 281.2 2889 300.3 302.1 339.3 3529 366.0

11 51.3 97.1 1315 164.2 198.2 226.8 2604 2849 3021 3125 325.7 3579 379.2 3951
12 70.3 1334 1569 186.9 2195 2522 286.7 306.2 319.3 3329 3348 3629 3856 388.7
Meand 75.4 126.6 1542 184.8 217.4 250.1 281.2 300.5 3124 3241 3327 3619 3769 388.8

?Least squares SE of means = 3.29

Appendix B 65



Appendix B table 3. Average daily gain (kg/d) of foals fed a 14% crude protein supplement

Control Supplement
Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98

1 203 111 095 1.05 .68 .08 .60 43 48 .29 .86 40 .33
2 1.81 111 1.02 1.17 121 1.22 .60 59 40 19 1.00 27 16
3 1.16 .82 .98 98 119 1.02 59 .30 40 .30 .90 52 41
4 1.06 125 1.17 1.38 1.28 .90 49 41 .36 21 73 67 59
5 2.06 .84 81 .08 .90 .89 40 46 .38 .36 -41 1.05 51
6 1.84  0.90 87  1.00 .92 54 79 41 52 32 .86 .60 .33
7 1.19 113 125 1.33 1.43 81 57 62 40 27 1.16 46 67
8 2.08 1.13 81 140 143 111 71 41 .25 48 94 63 .78
9 2.19 .95 94 116 122 .70 40 40 59 40 92 .00 48
10 1.84 97 114 119 114 56 51 51 .38 49 76 56 67

Meand 172 1029 .99% 116 1.14 871 57 457 47" 33 77 46T A9

& Least squares SE of means = 0.07
b.c.d. e fy/alues with different superscripts are differenPat .10
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Appendix B table 4. Average daily gain (kg/d) of foals fed a 9% crude protein supplement, fortified with lysine and threonine

Horse May-97 Jun-97

LT Supplement

Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98

1

O 00O ~NOO Ul WN

[EY
o

11
12
Mean$

.86 62 125 135 136 1.19 67 51 40 40 .95 .63 76
224  1.16 92 113 119 1.08 .63 .05 57 -.02 1.22 41 27
1.79  1.00 .94 .08 97 79 51 41 .35 44 1.14 57 .35
1.76 117 128 146 1.08 1.14 .87 44 .30 .33 .08 63 41
1.87 79 67 .89 .89 .90 51 .30 11 44 .63 .38 .00
1.70 105 113 1.14 125 1.00 .70 57 .56 48 .87 52 49
162 103 119 132 124 117 75 54 54 .30 1.05 .65 .38
2.05 95 125 111 144  1.33 .84 48 49 27 63 22 1.06
1.98 79 103 105 113 1.09 92 .38 .35 40 1.33 .68 17
1.79 100 1.00 94  1.03 .94 17 27 40 .06 1.30 48 46
1.60 121 114 119 100 1.17 .86 .60 .36 46 1.13 75 56
2.20 82 105 114 114 121 .68 46 48 .06 .98 79 11
1.79 979 1.0 114 114 109 68 47" AT .30 1.0 57 47

Least squares SE of means = 0.06
b.c.d. e fy/alues with different superscripts are differenPat .10
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Appendix B table 5. Body conditibof foals fed a 14% crude protein supplement

Control Supplement
Horse Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98  Jun-98

1 4.5 4.5 4.5 4.5 4.5 4.5 4.0 4.0 4.0 4.5 5.0 5.0
2 5.0 4.5 5.0 5.0 5.5 5.0 5.0 5.0 5.5 5.0 4.5 4.5
3 5.5 5.0 4.5 5.0 5.0 4.5 4.5 4.5 4.5 4.5 5.0 4.5
4 5.0 5.0 5.0 5.0 5.0 4.5 5.0 5.0 5.0 4.5 5.0 5.5
5 5.0 4.5 5.0 5.5 5.0 5.0 5.0 4.5 5.0 4.5 4.5 5.0
6 5.0 5.0 5.0 5.0 5.0 5.0 4.5 4.5 4.5 5.0 5.0 5.0
7 5.0 5.0 5.0 5.0 5.0 5.0 5.5 5.0 4.5 5.0 5.0 5.0
8 5.5 5.0 5.0 5.5 5.5 5.0 5.0 5.0 5.0 5.5 5.5 5.0
9 5.0 5.0 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.5 5.0
10 5.0 5.0 5.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.5
Meand 5.1 4.9 5.0 5.1 5.1 4.9 4.9 4.8 4.8 4.9 5.0 5.0

@ Body condition measured on a scale of 1-10 (Henneke et al., 1983)
b east squares SE of means = 0.08
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Appendix B table 6. Body conditidof foals fed a 9% crude protein supplement, fortified with lysine and threonine

LT Supplement

Horse Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98 Jun-98
1 4.5 5.0 5.0 55 5.0 5.0 55 5.0 5.0 5.0 55 55
2 4.5 4.5 5.0 55 5.0 5.0 5.0 5.0 5.0 5.0 5.0 55
3 5.0 5.0 5.0 5.0 5.0 4.5 5.0 4.5 4.5 5.0 5.0 5.0
4 5.0 5.0 5.0 5.0 5.0 4.5 5.0 5.0 5.0 5.0 55 55
5 5.0 5.0 5.0 55 5.0 5.0 5.0 4.5 4.5 5.0 55 55
6 5.0 4.5 4.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 55
7 4.5 4.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
8 4.5 4.5 5.0 5.0 55 5.0 5.0 5.0 5.0 5.0 4.5 5.0
9 5.0 5.0 4.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 55 55
10 5.0 4.0 5.0 5.0 5.0 4.0 4.5 5.0 5.0 4.5 5.0 5.0
11 5.0 4.5 4.5 5.0 5.0 4.5 5.0 4.5 4.5 4.5 5.0 5.0
12 5.0 4.5 5.0 5.0 5.0 4.5 5.0 5.0 5.0 4.5 5.0 5.0

Meand 4.8 4.6 4.9 5.1 5.0 4.8 5.0 4.9 4.9 4.9 5.1 5.3

#Body condition measured on a scale of 1-10 (Henneke et al., 1983)
b east squares SE of means = 0.07
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Appendix B table 7. Wither height (cm) of foals fed a 14% crude protein supplement

Control Supplement
Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98 Jun-98

1 106.7 1194 1219 1321 1346 137.2 139.7 1422 1448 1473 1473 1473 149.9 1499
116.8 127.0 1295 134.6 139.7 1422 1422 1473 1499 1473 1499 1524 1549 1524
106.7 116.8 127.0 1295 1346 139.7 139.7 1422 1448 1473 1473 1473 1499 1499
1143 1194 1245 1321 137.2 139.7 1422 1448 147.3 1473 1499 1499 1499 1524
116.8 127.0 1295 1321 137.2 139.7 1422 1422 1448 1448 1473 1499 147.3 1499
109.2 1219 1219 1295 137.2 139.7 139.7 1448 147.3 1448 1473 1499 1499 1499
106.7 114.3 1245 1295 137.2 1422 1397 1448 1448 1473 1524 1499 1524 1524
106.7 111.8 1245 127.0 137.2 139.7 1422 1422 147.3 1448 1448 1499 1499 1473
109.2 1194 1245 1295 137.2 137.2 139.7 1448 1422 1448 1473 1473 147.3 1499

10 106.7 116.8 1219 1295 137.2 139.7 139.7 1422 1448 1448 1473 1473 147.3 1499
Meang 110.0 119.4 125.0 130.6 136.9 139.7 140.7 143.8 1458 146.1 148.1 149.1 1499 1504
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& Least squares SE of means = 0.66
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Appendix B table 8.

Wither height (cm) of foals fed a 9% crude protein supplement, fortified with lysine and threonine

LT Supplement

Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98
1 116.8 1219 127.0 132.1 139.7 139.7 1448 1448 1473 1473 1473 1499 1524
2 109.2 1219 1245 1295 137.2 139.7 139.7 1448 1448 1448 1499 1499 147.3
3 114.3 127.0 127.0 134.6 137.2 139.7 142.2 142.2 1448 1473 1473 147.3 149.9
4 106.7 116.8 1245 132.1 1346 139.7 142.2 1448 1473 1473 1473 1499 1524
5 104.1 1143 116.8 1219 1245 1321 1295 132.1 1372 1346 1346 137.2 137.2
6 101.6 111.8 1194 1245 1321 137.2 139.7 142.2 1448 1448 1448 147.3 147.3
7 111.8 1245 1245 1295 137.2 1422 1448 1448 1473 1499 1524 149.9 154.9
8 111.8 127.0 1295 134.6 139.7 142.2 1448 1448 1473 1473 1524 1524 149.9
9 111.8 1219 1245 1321 1346 139.7 139.7 1422 1473 1473 147.3 149.9 149.9
10 116.8 127.0 1321 134.6 139.7 1422 1448 144.8 1473 1499 1524 1549 154.9
11 101.6 1143 116.8 1245 1321 132.1 137.2 1422 1448 1448 147.3 1499 1473
12 111.8 1219 1245 132.1 137.2 139.7 1422 1448 1499 147.3 1499 1524 1499

Meand 109.9 1209 124.2 130.2 1355 1389 141.0 1429 1458 146.1 147.7 149.2 1494

& Least squares SE of means = 0.60
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Appendix B table 9. Hip height (cm) of foals fed a 14% crude protein supplement

Control Supplement
Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98 Jun-98

1 109.2 1245 127.0 134.6 139.7 1422 1422 1473 1473 1499 1524 1499 1524 1524
1194 1295 1295 137.2 1422 1473 1473 1499 1524 1499 1524 1549 1549 1549
109.2 1194 127.0 1295 137.2 1422 1422 1448 147.3 1473 1499 1473 1524 1524
111.8 127.0 127.0 134.6 139.7 1422 1473 147.3 1473 1499 1524 1524 1524 1549
1194 1321 1346 137.2 139.7 1422 1448 147.3 1499 1499 1499 1524 1499 1524
111.8 1245 1295 1321 137.2 1422 1422 1473 1473 1499 1499 1524 1524 1524
109.2 116.8 1245 1321 139.7 1448 1448 147.3 147.3 1499 1524 1524 1524 1549
109.2 1194 127.0 1295 137.2 1422 1448 147.3 1499 1499 1499 1499 1499 1499
109.2 1245 127.0 1321 139.7 1422 1422 147.3 1448 1499 1524 152.4 149.9 1499

10 111.8 1219 127.0 134.6 139.7 1422 1422 1448 1448 1473 1499 1499 1499 1524
Mean§ 112.0 124.0 128.0 133.4 139.2 143.0 1440 147.1 147.8 1494 151.1 1514 1516 1527
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& Least squares SE of means = 0.68
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Appendix B table 10. Hip height (cm) of foals fed a 9% crude protein supplement, fortified with lysine and threonine

LT Supplement

Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98
1 1194 1245 1321 1321 139.7 1448 147.3 147.3 1499 1499 1524 1499 1524
2 111.8 127.0 127.0 132.1 139.7 142.2 1448 147.3 1473 1473 1524 1524 149.9
3 116.8 1295 1295 137.2 139.7 142.2 1448 1448 147.3 1499 1499 1499 1524
4 109.2 1194 127.0 1346 137.2 1422 1448 147.3 1499 1499 1499 1499 1524
5 99.1 114.3 1219 1245 127.0 1321 1321 1346 137.2 137.2 137.2 139.7 137.2
6 101.6 116.8 1219 127.0 1346 1422 1422 1448 1473 1473 147.3 1499 147.3
7 111.8 1245 127.0 1346 139.7 1448 147.3 147.3 1499 1499 1524 1524 1575
8 114.3 127.0 132.1 137.2 139.7 1448 147.3 147.3 1499 1499 1549 1524 1524
9 114.3 1245 127.0 134.6 137.2 139.7 142.2 1448 147.3 1499 1499 1499 1524
10 1194 132.1 137.2 139.7 1422 1448 147.3 147.3 1499 1499 1524 1575 154.9
11 101.6 1143 1219 127.0 134.6 132.1 139.7 1422 1473 147.3 1499 1499 1499
12 111.8 127.0 1295 137.2 139.7 1422 1473 1473 1499 1499 1524 1549 1524

Meand 110.9 1234 127.8 133.1 137.6 141.2 1439 1452 147.7 148.2 150.1 150.7 150.9

& Least squares SE of means = 0.62
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Appendix B table 11. Girth (cm) of foals fed a 14% crude protein supplement

Control Supplement

Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98
1 88.9 109.2 1156 1219 128.3 132.1 142.2 1435 147.3 1499 1524 1549 1575
2 101.6 120.7 1245 132.1 137.2 1448 1549 1549 162.6 160.0 163.8 166.4 166.4
3 91.4 106.7 113.0 1232 128.3 134.6 144.8 144.8 147.3 1499 1524 1575 157.5
4 97.8 1105 116.8 1295 1334 1422 151.1 1499 1524 1549 156.2 158.8 162.6
5 1029 120.7 125.7 132.1 1346 141.0 1499 1499 153.7 1549 1575 160.0 158.8
6 96.5 115.6 116.8 1245 1283 1346 141.0 144.8 1448 151.1 1524 1549 158.8
7 92.7 108.0 1143 123.2 128.3 138.4 1448 1499 153.7 1549 156.2 160.0 167.6
8 87.6 113.0 118.1 125.7 132.1 142.2 1499 152.4 1575 156.2 1575 162.6 165.1
9 91.4 116.8 120.7 1295 132.1 1422 147.3 1499 1524 1549 158.8 160.0 160.0
10 92.7 114.3 120.7 1295 1346 142.2 148.6 1524 1549 1575 1575 161.3 167.6

Meand 94.4 1135 1186 127.1 131.7 1394 1474 149.2 1527 1544 1565 159.6 162.2

#Least squares SE of means = 0.87
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Appendix B table 12. Girth (cm) of foals fed a 9% crude protein supplement, fortified with lysine and threonine

LT Supplement

Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98
1 106.7 116.8 120.7 1295 1346 1448 1524 1549 156.2 161.3 162.6 165.1 167.6
2 94.0 116.8 120.7 1295 132.1 1435 154.9 156.2 1524 156.2 1549 158.8 161.3
3 100.3 116.8 125.7 1295 1346 142.2 147.3 1499 1524 1575 158.8 160.0 162.6
4 90.2 109.2 1181 127.0 1359 1422 153.7 156.2 156.2 158.8 161.3 163.8 170.2
5 91.4 111.8 1194 1245 1321 139.7 148.6 1499 1524 151.1 1524 156.2 157.5
6 82.6 106.7 113.0 1219 1295 137.2 1448 1499 153.7 156.2 156.2 160.0 165.1
7 92.7 1105 116.8 127.0 1334 142.2 149.9 1524 156.2 1575 161.3 165.1 167.6
8 94.0 116.8 120.7 128.3 1346 1448 1524 1549 156.2 1575 160.0 162.6 162.6
9 99.1 114.3 1219 1270 1321 141.0 149.9 153.7 156.2 156.2 1575 166.4 167.6
10 99.1 116.8 120.7 127.0 134.6 139.7 147.3 146.1 1524 1524 153.7 1575 161.3
11 80.0 1029 1105 120.7 125.7 1346 139.7 146.1 1499 1524 1549 162.6 162.6
12 88.9 113.0 1194 125.7 130.8 138.4 1486 1486 153.7 1524 156.2 1575 160.0

Meand 93.2 1127 119.0 126.5 1325 1409 149.1 151.6 154.0 155.8 1575 161.3 163.8

#Least squares SE of means = 0.79
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Appendix B table 13. Length (cm) of foals fed a 14% crude protein supplement

Control Supplement

Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98
1 86.4 106.7 118.1 1245 130.8 1384 1384 146.1 146.1 1499 156.2 1575 162.6
2 97.8 1194 1219 1346 1346 1435 146.1 144.8 1524 1549 158.8 163.8 161.3
3 82.6 99.1 106.7 1194 1219 130.8 1346 138.4 1435 1422 1435 153.7 1524
4 889 109.2 1219 123.2 1359 141.0 1384 139.7 1486 1486 1524 160.0 161.3
5 953 1156 130.8 128.3 133.4 139.7 139.7 139.7 146.1 1448 1524 1549 156.2
6 87.6 1105 118.1 1219 125.7 130.8 1334 141.0 1422 148.6 147.3 1549 1588
7 82.6 106.7 116.8 1245 127.0 1334 1384 142.2 147.3 1524 1524 1549 160.0
8 80.0 104.1 120.7 128.3 1245 1346 139.7 142.2 147.3 1524 1524 1524 156.2
9 83.8 111.8 115.6 127.0 1295 1384 142.2 141.0 147.3 1473 1499 156.2 156.2
10 83.8 106.7 113.0 1232 1245 1346 134.6 139.7 1448 1435 1473 1524 153.7

Meand 86.9 109.0 1184 1255 128.8 136.5 1386 1415 146.6 1485 151.3 156.1 157.9

#Least squares SE of means = 1.10
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Appendix B table 14. Length (cm) of foals fed a 9% crude protein supplement, fortified with lysine and threonine

LT Supplement

Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98
1 100.3 108.0 113.0 120.7 125.7 1346 137.2 142.2 1473 148.6 148.6 156.2 157.5
2 87.6 113.0 1245 125.7 1321 1384 141.0 141.0 1448 151.1 1524 158.8 161.3
3 91.4 104.1 125.7 1219 1346 1359 137.2 137.2 1435 1473 1524 156.2 157.5
4 88.9 101.6 116.8 118.1 130.8 1359 141.0 142.2 1473 1524 1499 1575 158.8
5 83.8 99.1 108.0 1054 116.8 1194 1270 130.8 132.1 130.8 1334 1422 141.0
6 80.0 100.3 1156 116.8 130.8 1283 1346 1435 1499 1499 1524 156.2 158.8
7 77.5 1029 113.0 1219 1346 1346 141.0 146.1 146.1 1524 148.6 1575 1575
8 86.4 1105 1194 1295 1359 1435 1422 1524 1499 1575 156.2 158.8 157.5
9 88.9 108.0 1194 1219 130.8 139.7 135.9 141.0 141.0 1524 151.1 1524 160.0
10 914 113.0 116.8 125.7 132.1 1448 139.7 1435 141.0 148.6 142.2 1511 147.3
11 76.2 96.5 109.2 120.7 130.8 132.1 1410 1448 146.1 1524 156.2 1575 161.3
12 83.8 109.2 1156 1245 1245 1359 139.7 1422 1473 1499 1473 156.2 160.0

Meand 86.4 1055 116.4 121.1 130.0 1353 138.1 1422 144.7 149.4 149.2 155.0 1565

#Least squares SE of means = 1.00
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Appendix B table 15. Forearm length (cm) of foals fed a 14% crude protein supplement

Control Supplement
Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98 Jun-98

1 34.3 368 356 33.0 356 381 40.6 39.4 40.6  40.6 41.9 41.9 44.5 44.5
30.5 356 343 343 36.8 36.8 38.1 38.1 39.4 40.6 41.9 41.9 44.5 44.5
29.2 343 33.0 343 33.0 381 39.4 39.4 40.6  40.6 41.9 41.9 43.2 44.5
29.2 356 343 36.8 36.8 36.8 38.1 39.4 39.4 40.6 41.9 40.6 43.2 44.5
31.8 381 36.8 356 36.8 394 40.6 40.6 419 40.6 41.9 43.2 45.7 44.5
33.0 356 343 343 356 381 38.1 39.4 40.6  40.6 40.6 40.6 43.2 44.5
27.9 33.0 33.0 33.0 356 394 39.4 40.6 40.6  40.6 41.9 40.6 44.5 44.5
33.0 36.8 305 33.0 343 36.8 39.4 38.1 40.6  40.6 40.6 40.6 43.2 44.5
30.5 356 33.0 318 36.8 381 39.4 40.6 406 394 40.6 41.9 43.2 44.5

10 30.5 356 33.0 343 343 36.8 38.1 39.4 381 394 40.6 41.9 43.2 43.2
Mean§ 31.0 357 338 34.0 356 37.8 39.1 39.5 40.3 404 41.4 41.5 43.8 44.3
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& Least squares SE of means = 0.34
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Appendix B table 16. Forearm length (cm) of foals fed a 9% crude protein supplement, fortified with lysine and threonine

LT Supplement
Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98 Jun-98
1 305 356 318 330 343 356 38.1 38.1 38.1 40.6 41.9 41.9 43.2 445

2 33.0 356 356 36.8 343 40.6 39.4 39.4 40.6 394 41.9 41.9 43.2 44.5
3 34.3 356 33.0 356 36.8 394 38.1 39.4 40.6  40.6 41.9 41.9 43.2 44.5
4 30.5 343 343 330 36.8 36.8 38.1 39.4 40.6  40.6 41.9 43.2 44.5 45.7
5 30.5 31.8 31.8 33.0 33.0 356 34.3 35.6 36.8 35.6 35.6 38.1 38.1 40.6
6 27.9 33.0 305 330 356 36.8 39.4 36.8 394 394 39.4 40.6 41.9 43.2
7 31.8 343 343 330 356 38.1 39.4 40.6 40.6  40.6 41.9 41.9 44.5 45.7
8 34.3 343 356 394 38.1 394 39.4 40.6 40.6  40.6 41.9 44.5 43.2 45.7
9 33.0 356 33.0 356 38.1 38.1 39.4 39.4 40.6 419 40.6 43.2 44.5 45.7
10 35.6 38.1 38.1 343 38.1 40.6 40.6 41.9 419 43.2 44.5 44.5 45.7 47.0

11 29.2 33.0 33.0 330 356 36.8 38.1 38.1 381 394 39.4 40.6 44.5 44.5
12 34.3 36.8 356 33.0 38.1 38.1 39.4 40.6 40.6  40.6 43.2 445 43.2 45.7
Mean§ 32.1 348 339 344 36.2 38.0 38.6 39.2 39.9 40.2 41.2 42.2 43.3 44.8

#Least squares SE of means = 0.31
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Appendix B table 17. Front cannon length (cm) of foals fed a 14% crude protein supplement

Control Supplement
Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98 Jun-98

1 31.8 305 305 305 31.8 305 30.5 31.8 33.0 305 31.8 31.8 31.8 31.8
30.5 33.0 318 318 31.8 31.8 31.8 31.8 33.0 31.8 31.8 31.8 31.8 33.0
29.2 305 29.2 305 292 318 31.8 30.5 31.8 31.8 31.8 30.5 31.8 33.0
27.9 31.8 305 305 305 305 31.8 30.5 305 33.0 31.8 31.8 33.0 33.0
33.0 31.8 305 305 305 305 31.8 30.5 31.8 31.8 30.5 30.5 33.0 31.8
31.8 305 305 305 292 318 30.5 30.5 31.8 33.0 31.8 31.8 33.0 33.0
29.2 305 305 318 31.8 305 31.8 31.8 33.0 31.8 31.8 31.8 33.0 33.0
31.8 31.8 305 305 31.8 31.8 33.0 31.8 33.0 31.8 31.8 33.0 33.0 33.0
31.8 31.8 305 305 31.8 31.8 31.8 30.5 31.8 31.8 31.8 30.5 31.8 31.8

10 29.2 31.8 279 29.2 305 29.2 29.2 30.5 30.5 305 30.5 30.5 31.8 30.5
Meand 30.6 314 30.2 306 309 31.0 314 31.0 320 31.8 315 314 32.4 32.4
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& Least squares SE of means = 0.27
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Appendix B table 18. Front cannon length (cm) of foals fed a 9% crude protein supplement, fortified with lysine and threonine

LT Supplement
Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98 Jun-98
1 305 318 305 292 31.8 31.8 31.8 31.8 31.8 318 31.8 31.8 33.0 33.0

2 31.8 31.8 305 305 305 318 30.5 30.5 305 31.8 30.5 31.8 33.0 33.0
3 31.8 31.8 305 318 305 318 30.5 31.8 31.8 31.8 30.5 31.8 31.8 31.8
4 29.2 305 31.8 305 305 305 33.0 31.8 33.0 31.8 31.8 30.5 33.0 31.8
5 29.2 292 279 279 279 29.2 26.7 27.9 279 29.2 27.9 29.2 29.2 29.2
6 26.7 29.2 305 29.2 305 305 30.5 31.8 31.8 31.8 30.5 30.5 31.8 31.8
7 30.5 31.8 305 305 31.8 33.0 31.8 29.2 31.8 33.0 31.8 31.8 34.3 34.3
8 31.8 31.8 318 33.0 31.8 318 31.8 33.0 343 33.0 33.0 33.0 31.8 34.3
9 30.5 31.8 29.2 305 305 318 30.5 31.8 31.8 31.8 30.5 31.8 31.8 31.8
10 31.8 31.8 318 29.2 31.8 33.0 31.8 30.5 31.8 31.8 31.8 31.8 33.0 31.8

11 27.9 305 292 279 29.2 29.2 30.5 31.8 31.8 305 30.5 31.8 31.8 33.0
12 30.5 31.8 318 305 33.0 30.5 31.8 31.8 31.8 305 30.5 31.8 33.0 31.8
Meang 30.2 311 305 30.1 30.8 31.2 30.9 31.1 316 315 30.9 31.4 32.3 32.3

# Least squares SE of means = 0.24
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Appendix B table 19. Hind cannon bone lengths (cm) of foals fed a 14% crude protein supplement

Control Supplement
Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98 Jun-98

44.5 432 419 432 43.2 43.2 43.2 44.5 43.2 432 44.5 445 45.7 44.5
41.9 432 445 43.2 44.5 45.7 445 45.7 45.7 457 45.7 45.7 45.7 45.7
39.4 40.6 40.6 419 41.9 43.2 44.5 43.2 445 445 44.5 445 43.2 45.7
38.1 432 419 43.2 43.2 445 43.2 43.2 445 457 45.7 47.0 47.0 45.7
44.5 457 419 419 43.2 43.2 44.5 44.5 43.2 432 45.7 445 45.7 44.5
43.2 445 419 419 41.9 43.2 41.9 43.2 43.2 445 43.2 44.5 445 45.7
39.4 43.2 419 419 44.5 43.2 43.2 43.2 445 445 44.5 45.7 45.7 47.0
40.6 419 419 419 43.2 43.2 445 43.2 445 445 445 45.7 445 45.7
39.4 419 40.6 406 43.2 44.5 43.2 44.5 43.2 43.2 43.2 45.7 45.7 45.7

10 40.6 43.2 419 43.2 41.9 43.2 43.2 43.2 445 445 43.2 43.2 44.5 45.7
Meand 41.1 43.1 419 423 43.1 43.7 43.6 43.8 44.1 443 44.5 45.1 45.2 45.6
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#Least squares SE of means = 0.32
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Appendix B table 20. Hind cannon bone lengths (cm) of foals fed a 9% crude protein supplement, fortified with lysine and
threonine

LT Supplement
Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98 Jun-98

419 432 419 419 432 432 432 445 44.5 44.5 44.5 45.7 45.7 45.7
43.2 419 419 432 419 432 432 44.5 43.2 44.5 43.2 44.5 44.5 44.5
445 432 419 406 419 432 419 43.2 43.2 43.2 44.5 43.2 45.7 445
394 40.6 419 406 432 432 432 43.2 43.2 44.5 43.2 44.5 445 44.5
394 394 381 406 394 394 394 39.4 40.6 39.4 40.6 39.4 40.6 40.6
38.1 406 406 406 406 40.6 432 43.2 43.2 43.2 43.2 41.9 445 44.5
40.6 432 419 419 432 432 445 445 43.2 43.2 44.5 44.5 45.7 45.7
445 432 432 432 432 445 445 44.5 45.7 47.0 45.7 47.0 45.7 47.0
419 432 419 419 432 432 432 45.7 43.2 44.5 43.2 44.5 445 45.7

10 445 445 432 419 445 457 445 43.2 44.5 44.5 44.5 45.7 45.7 45.7

11 356 381 381 406 406 419 419 43.2 43.2 43.2 43.2 43.2 43.2 43.2

12 445 419 419 419 445 432 445 43.2 43.2 44.5 44.5 44.5 45.7 45.7
Mean§ 415 419 414 416 424 429 43.1 43.5 43.4 43.8 43.7 44.0 44.7 44.8

©CoO~NOUILA, WNPEF

#Least squares SE of means = 0.29
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Appendix B table 21. Physis circumference (cm) of foals fed a 14% crude protein supplement

Control Supplement
Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98 Jun-98

1 24.1 279 279 279 279 305 30.5 30.5 30.5 305 30.5 31.8 31.8 33.0
26.7 305 279 305 29.2 305 30.5 30.5 305 31.8 31.8 31.8 33.0 33.0
24.1 26.7 26.7 279 26.7 27.9 30.5 30.5 29.2 305 30.5 30.5 30.5 30.5
25.4 279 279 279 29.2 29.2 29.2 29.2 29.2 305 29.2 30.5 30.5 31.8
254 279 279 279 29.2 29.2 27.9 27.9 29.2 305 30.5 30.5 30.5 30.5
24.1 279 279 279 27.9 27.9 29.2 29.2 30.5 305 31.8 30.5 31.8 30.5
25.4 279 279 29.2 305 305 30.5 30.5 305 31.8 33.0 31.8 33.0 33.0
25.4 279 279 26.7 279 305 30.5 29.2 30.5 305 31.8 30.5 31.8 31.8
24.1 279 267 279 27.9 29.2 30.5 29.2 30.5 305 30.5 30.5 31.8 30.5

10 24.1 26.7 26.7 279 26.7 29.2 30.5 29.2 30.5 305 30.5 30.5 30.5 30.5
Mean§ 24.9 279 276 28.2 28.3 29.5 30.0 29.6 30.1 30.7 31.0 30.9 31.5 31.5

© oo ~NOODMWNDN

& Least squares SE of means = 0.22
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Appendix B table 22. Physis circumfereiicm) of foals fed a 9% crude protein supplement, fortified with lysine and threonine

LT Supplement
Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98 Jun-98
1 26.7 279 26.7 29.2 29.2 29.2 30.5 29.2 305 305 31.8 31.8 31.8 31.8

2 25.4 279 279 279 29.2 29.2 30.5 30.5 29.2 305 30.5 31.8 33.0 31.8
3 25.4 279 26.7 279 27.9 29.2 29.2 29.2 29.2 305 30.5 31.8 30.5 30.5
4 22.9 26.7 26.7 279 29.2 29.2 27.9 29.2 29.2 305 30.5 30.5 30.5 31.8
5 22.9 254 254  26.7 26.7 26.7 27.9 27.9 279 279 27.9 29.2 29.2 27.9
6 22.9 26.7 254 26.7 27.9 27.9 29.2 27.9 305 305 30.5 31.8 31.8 31.8
7 25.4 279 279 279 27.9 29.2 29.2 29.2 29.2 305 30.5 31.8 31.8 30.5
8 25.4 29.2 292 305 305 318 30.5 31.8 305 31.8 31.8 31.8 33.0 34.3
9 24.1 279 267 279 29.2 29.2 29.2 30.5 305 305 30.5 31.8 31.8 31.8
10 25.4 279 26.7 27.9 279  29.2 29.2 27.9 305 305 30.5 30.5 31.8 31.8

11 22.9 254 254  26.7 279 279 29.2 29.2 29.2 305 30.5 31.8 31.8 31.8
12 24.1 279 26.7 27.9 279 279 29.2 27.9 29.2 305 29.2 30.5 31.8 30.5
Meand 24.4 274 268 27.9 28.5 28.9 29.3 29.2 296 304 30.4 31.2 31.5 31.3

#Least squares SE of means = 0.20
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Appendix B table 23. Fetlock circumference (cm) of foals fed a 14% crude protein supplement

Control Supplement
Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98 Jun-98

1 20.3 229 216 241 24.1 24.1 25.4 25.4 254 254 26.7 26.7 26.7 25.4
21.6 241 229 241 24.1 25.4 26.7 26.7 279  26.7 26.7 27.9 27.9 27.9
20.3 216 229 241 24.1 24.1 25.4 25.4 254 254 26.7 26.7 26.7 26.7
21.6 229 229 241 24.1 25.4 25.4 25.4 254 254 25.4 26.7 25.4 26.7
21.6 241 241 241 24.1 25.4 25.4 25.4 254 254 25.4 25.4 26.7 26.7
21.6 229 216 229 22.9 22.9 24.1 24.1 254 254 25.4 25.4 26.7 26.7
21.6 229 229 241 24.1 24.1 25.4 25.4 254 254 26.7 26.7 26.7 26.7
20.3 229 229 229 24.1 24.1 25.4 25.4 254  26.7 26.7 26.7 26.7 25.4
20.3 229 229 241 22.9 24.1 25.4 25.4 254  26.7 26.7 26.7 26.7 26.7

10 20.3 229 229 241 24.1 254 24.1 254 254 254 254 26.7 26.7 254
Mean§ 21.0 23.0 227 239 23.9 24.5 25.3 25.4 257 25.8 26.2 26.5 26.7 26.4

© oo ~NOODMWNDN

& Least squares SE of means = 0.18
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Appendix B table 24. Fetlock circumference (cm) of foals fed a 9% crude protein supplement, fortified with lysine an@ threonin

LT Supplement
Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98 Jun-98
1 22.9 24.1 229 229 254 254 25.4 25.4 254 254 26.7 26.7 26.7 26.7

2 21.6 229 229 229 24.1 25.4 25.4 254 254  26.7 254 25.4 26.7 26.7
3 20.3 229 229 229 24.1 24.1 25.4 254 254 254 254 25.4 25.4 25.4
4 20.3 229 229 241 24.1 24.1 25.4 254 254 254 254 26.7 25.4 25.4
5 19.1 216 203 229 22.9 22.9 22.9 24.1 241 241 24.1 24.1 24.1 24.1
6 19.1 216 229 229 24.1 24.1 25.4 254 254 254 254 26.7 26.7 26.7
7 20.3 229 229 229 24.1 25.4 24.1 254 254 254 254 26.7 26.7 26.7
8 21.6 241 241 254 254 25.4 26.7 26.7 26.7 26.7 27.9 27.9 27.9 27.9
9 20.3 229 229 229 24.1 24.1 24.1 254 254 254 254 25.4 26.7 26.7
10 20.3 229 229 229 24.1 254 24.1 25.4 254 254 25.4 25.4 25.4 26.7

11 17.8 216 216 229 229 241 24.1 24.1 254 254 25.4 25.4 25.4 26.7
12 20.3 229 229 241 24.1 254 25.4 24.1 254 254 25.4 25.4 26.7 26.7
Mean$ 20.3 228 226 233 24.1 24.7 24.9 25.2 254 255 25.6 25.9 26.1 26.4

#Least squares SE of means = 0.16
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Appendix B table 25. Albumin level (g/dl) in plasma of foals fed a 14% crude protein supplement

Control Supplement
Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98 Jun-98

241 256 296 3.08 3.02 2.88 2.94 2.74 275 285 2.93 2.85 2.99 2.80
2.78 282 292 3.29 3.15 3.11 3.15 3.26 3.01 2.76 2.93 2.83 3.33 2.90
2.62 272 269 3.12 3.02 3.05 3.10 3.04 296 2.78 2.89 2.99 3.15 3.05
2.65 259 257 2.86 299 291 2.96 2.95 3.06 2.83 2.85 2.73 3.05 2.95
2.79 283 290 314 3.02 3.20 3.02 2.82 275 291 2.85 3.05 2.98 2.90
2.50 283 265 299 3.13 293 2.96 2.64 231 296 2.90 2.88 3.00 3.10
2.50 278 239 310 3.09 292 3.03 2.82 242 253 2.81 2.88 2.88 2.85
2.57 277 267 293 274 3.08 3.06 2.94 267 296 2.70 2.88 3.03 3.00
2.46 266 245 3.08 249 3.04 3.22 3.07 230 293 2.88 2.94 3.18 3.10

10 2.52 291 282 3.04 259 290 2.74 2.87 264 2.63 2.82 3.00 3.13 3.00
Mean§ 2.58 274 270 3.06 292 3.00 3.02 2.91 269 281 2.85 2.90 3.07 2.97

©CoO~NOUILA WNE

#Least squares SE of means = 0.05
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Appendix B table 26. Albumin level (g/dl) in plasma of foals fed a 9% crude protein supplement, fortified with lysine and
threonine

LT Supplement
Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98 Jun-98
2.62 254 3.13 2.99 236 3.12 2.91 2.86 281 2.87 2.83 2.77 2.90 2.85
2.41 272 285 293 222 291 2.68 2.88 271 2.82 2.85 2.90 2.85 3.15
2.72 290 260 294 210 318 3.06 3.01 278 3.00 3.07 2.78 3.24 3.10
2.58 225 249 266 218 285 277 2.81 2.88 2.98 2.89 2.68 3.06 3.05
2.91 325 317 3.03 243 3.31 2.94 3.41 3.24  3.27 3.39 3.30 3.48 3.35
2.40 1.73 244 271 2.67 3.02 2.65 2.99 283 3.00 2.99 2.94 3.14 3.20
2.82 276 254 282 285 283 262 2.71 226  2.99 2.92 2.67 3.00 2.90
2.51 290 2.83 299 282 305 291 2.85 2.63 2.86 2.97 2.77 3.06 3.10
2.87 273 286 2.95 285 278 2.66 2.53 245 2.86 2.79 2.79 3.29 3.30
10 2.77 294 282 296 2.75  3.17 2.92 3.28 251 3.00 3.09 2.70 3.21 3.30
11 2.47 273 294 295 295 3.11 3.09 2.85 238 3.02 3.06 2.92 3.32 3.25
12 2.70 284 318 293 3.03 3.01 2.82 3.06 2.74  2.99 3.15 2.85 3.01 3.10

Meang 2.65 2.69 2.82 2.90 2.60 3.03 2.83 2.93 2.68 2.97 3.00 2.84 3.13 3.14
& Least squares SE of means = 0.05

Ooo~NOOYOUITPA~WDNPE

Appendix B 89



Appendix B table 27. Total protein (g/dl) levels in plasma of foals fed a 14% crude protein supplement

Control Supplement
Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98 Jun-98

5.27 561 6.16 6.27 565 6.01 5.97 5.48 541 541 5.51 5.53 6.08 5.60
5.62 588 578 6.28 586 5.64 5.83 5.77 5.47  5.07 5.61 5.32 6.64 6.20
5.74 578 556 6.21 582 571 5.73 5.50 546 524 5.57 5.47 6.17 6.55
6.64 6.51 568 595 540 540 5.63 5.36 5.56 5.06 5.57 5.29 5.98 6.30
5.08 542 538 598 529 5381 5.65 5.33 5.12 5.50 5.24 6.53 6.52 6.40
5.60 587 526 5.86 5.67 5.50 5.55 5.15 446 551 5.47 5.74 6.23 6.60
6.38 597 5.00 6.46 549  5.53 5.81 5.21 455 4.83 5.37 5.66 6.31 6.50
5.58 5.76 552 6.42 539 6.00 5.97 5.70 5.39 5.55 5.81 5.67 6.50 6.45
4.85 520 490 6.09 464 572 6.03 5.66 426 5.33 5.25 5.49 6.51 6.45

10 5.13 6.62 5.74 6.28 5.13 5.68 5.35 5.64 5.12 492 5.12 6.00 6.45 6.55
Mean§ 5.59 586 550 6.18 543 5.70 5.75 5.48 5.08 5.24 5.45 5.67 6.34 6.36

©CoO~NOUILA WNE

#Least squares SE of means = 0.12
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Appendix B table 28. Total protein (g/dl) levels in plasma of foals fed a 9% crude protein supplement, fortified witméysine a
threonine

LT Supplement
Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98 Jun-98
5.29 577 748 6.43 461 585 5.05 5.10 5.38 5.53 5.55 5.70 6.35 5.95
5.20 516 533 565 431 563 5.08 541 514 554  6.19 5.87 6.40 6.55
5.06 576 503 589 418 593 570 5.48 529 5.96 6.17 5.97 6.89 6.90
4.80 417 495 528 408 521 4.88 5.00 548 5091 6.04 5.48 6.30 6.35
6.02 6.36 6.02 593 459 599 546 6.21 5,92 6.31 6.32 6.25 6.38 6.50
4.97 362 522 588 534 6.01 5.03 5.68 541 6.00 6.14 6.32 6.73 6.80
5.81 542 544 591 577 597 5.47 5.98 5.00 6.53 6.77 6.20 6.75 6.30
5.13 597 566 574 513 585 528 5.47 5.16 554 554 5.80 6.41 6.90
5.92 547 546 575 536 574 581 5.26 5.09 5.73 5.90 5.96 6.73 6.75
10 4.62 568 529 565 519 594 504 5.92 502 550 6.05 5.85 6.71 6.85
11 4.98 547 572 596 520 541 5.77 5.58 478 580 5.90 5.88 6.51 6.45
12 5.69 541 6.06 557 551 535 481 5.65 543 570 6.09 5.79 6.18 7.05

Meang 5.29 535 5.64 5.80 4.94 5.74 5.28 5.56 526 5.83 6.05 5.92 6.53 6.61
& Least squares SE of means = 0.11
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Appendix B table 29. Creatinine (mg/dl) levels in foals fed a 14% crude protein supplement

Control Supplement
Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98 Jun-98

0.91 1.03 1.07 1.0 091 0.88 0.82 0.92 110 0.94 0.86 0.85 1.05 0.90
1.00 1.14 121 134 1.20 1.10 1.07 1.02 121 1.13 1.02 0.94 1.25 1.05
0.99 098 100 1.18 1.06 0.93 0.96 1.03 110 0.94 0.88 0.82 0.98 0.95
1.17 116 131 151 1.16 1.05 1.11 0.99 142 121 0.96 1.00 1.14 1.10
0.93 121 129 138 1.17 1.17 1.05 1.06 119 118 1.09 1.16 1.20 1.15
0.96 121 113 1.29 1.11 097 0.99 1.05 1.14 1.04 0.95 0.84 1.07 1.05
0.87 089 100 1.23 1.01 0.96 1.06 1.07 110 1.04 0.93 0.88 1.06 1.05
0.96 1.07 120 1.26 1.01 1.04 1.05 1.09 124 1.19 0.92 0.85 1.16 1.15
0.85 116 1.14 1.25 0.98 1.03 1.07 1.10 1.02 1.07 0.91 0.90 1.17 1.05

10 1.05 114 126 134 1.09 111 1.13 1.13 1.18 1.3 0.93 0.99 1.06 1.15
Mean$ 0.97 1.09 116 1.29 1.07 1.02 1.03 1.04 1.17 1.08 0.94 0.92 1.11 1.06
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#Least squares SE of means = 0.02
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Appendix B table 30. Creatinine (mg/dl) levels in foals fed a 9% crude protein supplement, fortified with lysine and threonine

LT Supplement

Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98 Jun-98
1.10 1.16 151 1.15 1.06 0.97 0.90 1.20 1.26 1.18 1.08 0.98 1.05 1.30
0.83 1.03 115 1.09 094 0.97 0.86 1.00 1.01 0.98 0.94 0.84 1.25 1.20
0.94 1.06 113 1.14 0.86 0.93 0.90 0.95 1.03 0.93 0.91 0.83 1.06 1.10
1.31 1.11 139 1.37 1.09 1.17 1.06 1.12 1.17 1.4 1.01 0.87 1.19 1.20
0.88 091 112 0.99 0.84 0.77 0.72 0.86 0.90 0.89 0.77 0.77 0.99 1.00
1.06 087 146 131 1.31 1.21 1.06 1.13 126 1.16 1.02 1.01 1.22 1.35
1.15 1.10 136 1.20 1.16 1.04 0.99 1.12 0.99 1.10 0.95 0.92 1.02 1.40
1.20 1.57 169 157 1.25 1.18 1.13 1.23 129 1.26 1.18 1.09 1.27 1.10
0.74 092 1.07 0.96 096 0.83 0.83 0.90 1.00 0.98 0.91 0.78 1.10 1.15

10 0.87 099 121 1.14 1.11  0.97 0.83 1.02 0.96 0.95 0.97 0.89 0.99 1.10

11 1.12 1.08 145 124 1.12 1.07 0.82 1.08 1.04 1.06 0.97 0.86 1.08 1.10

12 0.98 1.06 1.15 1.06 1.00 0.82 0.80 0.96 091 0.90 0.79 0.81 0.95 1.00
Meand 1.01 1.07 130 1.18 1.06 0.99 0.91 1.04 1.07 1.04 0.96 0.89 1.09 1.17

#Least squares SE of means = 0.02
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Appendix B table 31. Plasma urea nitrogen (mg/dl) levels in foals fed a 14% crude protein supplement

Control Supplement

Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98
1 8.96 9.64 1425 16.65 16.75 17.26 2346 21.23 2520 2199 2188 2574 22.00
2 7.96 9.21 1457 18.79 19.19 1896 2343 21.80 2531 2555 23.38 28.05 2237
3 7.68 8.47 10.20 1394 1472 1542 16.75 1957 23.10 22.69 2092 26.97 21.63
4 9.00 10.21 1192 1549 17.75 1509 2459 1986 2475 23.01 1819 26.86 23.10
5 794 10.10 11.72 13.62 1493 15.11 1932 19.88 20.19 20.63 1898 12.88 19.73
6 9.28 1098 16.17 17.72 20.34 20.05 23.81 2391 2425 2758 2471 29.72 24.19
7 7.75 6.27 8.75 1405 15.74 1522 2335 2235 2245 2310 19.63 2298 1941
8 1293 11.12 11.34 1166 1241 1496 2292 21.74 2292 2416 1759 2512 2235
9 5.33 8.81 1222 16.36 16.41 18.33 24.63 24.07 2280 2384 2169 2833 20.24
10 8.62 9.98 1298 15.62 1559 17.76 2294 23.61 2465 26.06 20.54 26.64 21.74

Meand 8.54 948 1241 1539 16.38 16.81 2252 21.80 2356 2386 20.75 2533 21.67

#Least squares SE of means = 0.55
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Appendix B table 32. Plasma urea nitrogen (mg/dl) levels in foals fed a 9% crude protein supplement, fortified with lysine and
threonine

LT Supplement

Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98
1 8.08 8.64 15.00 14.32 21.04 19.66 22.01 1946 22.79 2422 18.89 27.21 21.00
2 8.16 1141 1254 1520 16.61 17.96 2436 1940 20.13 21.73 19.12 25.67 21.00
3 1095 842 11.05 1217 1459 1867 21.19 19.79 20.13 2157 2048 26.12 21.96
4 7.67 6.84 8.77 1228 1546 1838 17.82 1856 24.15 23.98 2214 27.86 22.08
5 13.74 10.70 1587 15.72 19.86 17.78 24.77 20.46 23.89 2219 2150 26.06 22.30
6 11.17 890 1282 12.05 15.19 1822 27.03 20.70 2330 2354 2133 29.74 2394
7 10.75 830 14.62 17.60 2229 2138 2526 19.88 2451 2432 21.01 2570 21.42
8 7.44 9.62 13.71 15.12 20.07 1844 2272 19.16 22.72 23.81 20.13 23.63 19.68
9 11.38 899 12.18 1293 18.21 1586 24.23 20.17 2258 2229 20.84 27.67 2272
10 7.73 10.15 1422 1598 1857 19.67 2693 20.39 23.03 24.78 22.07 2550 24.22
11 1190 9.02 1351 15.75 2277 2296 2455 21.75 2297 2341 23.05 28.32 23.07
12 8.00 10.39 1545 15.15 21.01 2159 2425 1838 2458 2530 19.25 24.92 21.94

Mean$ 9.75 9.28 1331 1452 18.80 19.21 23.76 19.84 2290 23.43 2082 2653 2211

& Least squares SE of means = 0.50
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Appendix B table 33. Urea:Creatinine ratio of foals fed a 14% crude protein supplement

Control Supplement

Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98
1 9.84 9.40 13.38 15.14 1851 19.61 28.78 23.07 23.01 2352 2544 30.28 21.05
2 7.96 8.11 12.09 14.07 1599 17.24 21.89 21.37 2091 2271 23.03 29.84 17.90
3 7.76 8.69 10.20 1186 13.95 16.58 17.54 19.00 21.09 24.14 23.77 32.88 22.07
4 7.73 8.84 9.13 10.25 15.36 14.44 22.15 20.16 17.43 19.09 1895 26.99 20.26
5 8.54 8.38 912 987 1276 1297 18.40 18.84 16.96 17.48 1749 11.10 16.51
6 9.72 9.07 1431 13.79 1832 20.77 24.05 2288 21.36 26.52 26.15 3559 2271
7 8.91 7.08 875 1142 1566 15.85 22.13 2099 2040 2231 21.11 26.11 1831
8 13.54 1044 949 925 1228 1438 21.83 20.04 1848 20.39 19.11 29.72 19.35
9 6.26 7.62 10.72 13.08 16.83 17.88 23.01 21.98 2235 2212 2384 3147 17.30
10 8.20 8.79 10.34 1165 1430 16.00 20.39 2098 20.97 23.06 22.21 27.05 20.51

Mean$ 8.85 8.64 10.75 12.04 1540 16.57 22.02 20.93 20.30 22.13 22.11 28.10 19.60

#Least squares SE of means = 0.66
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Appendix B table 34.

Urea:Creatinine ratio of foals fed a 9% crude protein supplement, fortified with lysine and threonine

LT Supplement

Horse May-97 Jun-97 Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98
1 7.34 748 993 1245 19.84 20.37 2459 16.28 18.08 20.53 17.57 27.77 20.00
2 983 11.13 10.90 14.01 17.67 18.61 28.33 19.40 19.93 22.17 20.45 30.74 16.80
3 11,72 798 9.78 10.72 17.06 20.07 23.54 20.94 1954 2332 2251 3146 20.82
4 5.88 6.16 6.33 896 1424 15.71 16.81 16.57 20.73 21.12 21.92 32.02 18.63
5 1570 1182 1417 1588 23.78 23.09 34.40 23.92 26.69 25.07 2810 34.07 22.63
6 10.53 10.22 881 9.19 11.64 15.12 25.50 18.32 1857 20.38 21.01 2944 19.70
7 9.38 7.58 10.79 14.72 19.29 20.55 25.64 17.83 2488 2221 2212 28.08 21.10
8 6.23 6.15 8.11 9.63 16.05 15.63 20.20 15,57 17.68 18.89 17.06 21.67 15.49
9 1548 9.83 11.44 1354 1896 19.22 29.36 2254 22,69 2274 2290 3547 20.65
10 8.88 10.30 11.80 14.08 16.73 20.28 32.64 20.09 2411 26.08 22.87 30.42 2458
11 1067 835 935 1275 20.33 2155 29.94 20.14 22.08 22.08 23.89 33.12 21.46
12 8.20 9.84 1349 1429 21.01 26.32 30.31 19.25 27.01 2826 2452 30.76 23.22

Mean§ 9.99 8.90 1041 1252 18.05 19.71 26.77 19.24 21.83 2274 22.08 3042 20.42

# Least squares SE of means = 0.60
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