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STRESS AND DISEASE: RESETTING THE BIOLOGICAL MACHINERY OF GROWTH 

Rodney W. Johnson 
Department of Animal Sciences, 

University of Illinois at Urbana-Champaign 
Urbana, IL 61801 

INTRODUCTION 
In modern, high-density production 

systems, swme live surrounded by 
pathogenic microorganisms. Nonetheless, 
pigs become ill relatively infrequently 
because they are equipped with a highly 
evolved immune system that affords 
protection against infectious pathogens. 
This protection is not without cost; however, 
as a number of studies have established that 
animals reared in an environment that 
affords a high level of host-pathogen 
interaction (i.e., a "dirty" environment) 
consume less feed and grow slower than 
animals reared in a more sanitary 
environment (Coates et al., 1963; Roura et 
al., 1992; Williams et al., 1997b ). One idea 
is that nutrients that might have otherwise 
gone to support growth are redirected to 
support the host's defenses against 
pathogenic microorganisms. Thus, the 
immune system and other physiological 
systems that are involved with growth are 
inherently linked so that as the need to 
employ the immune system increases, feed 
intake and growth rate decrease. The critical 
link between these seemingly disparate 
biological systems is furnished by a set of 
protein hormones called cytokines, which 
are secreted by activated leukocytes. How 
these important molecules are involved in 
resetting the biological machinery of growth 
is the subject of this brief report. 

INFLAMMATORY CYTOKINES 
ALTER METABOLISM 

Cytokines are proteins produced 
primarily by cells of the immune system and 
are best known for their role in facilitating 
communication between the various types of 
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leukocytes. Several years ago it was 
suggested that cytokines might be 
responsible for the metabolic changes that 
are apparent in sick or immune stimulated 
animals (Klasing, 1988). This hypothesis 
was based on a series of experiments which 
demonstrated that chicks challenged with 
inflammatory agents had lower rates of 
weight gain, feed intake and feed efficiency 
than chicks not injected with inflammatory 
agents (Klasing et al., 1987; Klasing, 1988; 
Klasing and Barnes, 1988). Klasing and 
coworkers (1987) observed similar changes 
in performance and metabolism when chicks 
were treated with a cell-free supernatant 
derived from stimulated macrophages. This 
finding strongly supported the hypothesis 
that a molecule produced by macrophages 
was responsible for the anorectic and 
metabolic effects associated with immune 
challenge. The work of Klasing's group 
with birds confirmed previous work in rats 
and mice, and provided convincing evidence 
that a group of proteins released from 
macrophages, called cytokines, were 
involved in the changes observed in sick or 
immunologically challenged animals. 

Cytokines are released by a variety 
of cell types, including macrophages. As 
the first line of defense against invading 
pathogens (i.e., as part of the innate immune 
response), macrophages are uniquely suited 
to identify and respond to pathogens and 
provide a signal to the rest of the body 
concerning an impending infection (Klasing 
and Johnstone, 1991; Johnson, 1997). 
Recent research has shown that if 
macrophages do not produce cytokines there 
is a complete breakdown in communication 
between immune and non-immune tissues 



(Segreti et al., 1997; Finck et al., 1998). 
Although many cytokines have been 
identified, the inflammatory cytokines, 
interleukin- I (IL-1 ), interleukin-6 (IL-6) and 
tumor necrosis factor-alpha (TNF-a) are 
thought to be the primary cytokines involved 
in metabolic regulation. Several important 
immunologic and metabolic effects of these 
molecules are presented in Table 1. The 
metabolic changes induced by these 
molecules are homeostatic in nature and thus 
nutrients that would have gone towards 
growth and skeletal muscle accretion now 
go to support host defense systems, which at 
the time are of higher priority. Because 
rapid, efficient protein accretion is a goal of 
swine production and inflammatory 
cytokines have profound effects on protein 
accretion, this issue is discussed in more 
detail below. 

excretion. This is illustrated by the work of 
Flores et al., (1989) which demonstrated that 
exogenous IL-1 and TNF-a elicit a negative 
nitrogen balance that is accompanied by a 
decrease in whole-body protein synthesis 
and an increase in skeletal muscle protein 
degradation. Consistent with these results, 
peak plasma concentrations of TNF-a, IL-6 
and urea nitrogen were evident, respectively, . 
in pigs that were fasted and then challenged 
with lipopolysaccharide (LPS; Webel et al., 
1997). 

The influence of cytokines on 
protein synthesis and degradation seems to 
be dependent on the tissue and skeletal
muscle fiber type. In general, protein 
synthesis is decreased in skeletal muscle and 
is increased in liver, lung and heart (Charters 
and Grimble, 1989; Fong et al., 1989; 
Ballmer et al., 1991). The effects of 

Table 1. Immunologic and metabolic effects of cytokines produced by macrophages. 

Interleukin-1 Interleukin-6 Tumor Necrosis Factor-alpha 

Major Activates lymphocytes 
Immunologic 
Effects 

Activates lymphocytes 
Antibody production 
Acute-phase protein synthesis 

Inflammation 
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IMPACT OF CYTOKINES ON 
NITROGEN METABOLISM 
The net effect of cytokine synthesis 

and release is a decrease in whole-body 
protein accretion. The alterations in whole
body protein and skeletal muscle 
metabolism are attributed to a decrease in 
protein synthesis and an increase in protein 
degradation, with the combination of these 
processes leading to a decrease in protein 
accretion and an increase in nitrogen 
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cytokines on protein kinetics are vastly 
different from those induced by fasting, 
where peripheral proteins are spared and 
visceral proteins are broken down. In 
addition to the tissue-specific effects, it is 
apparent that the fiber type of a muscle can 
also influence protein turnover. Vary and 
Kimball (1992) demonstrated that muscles 
consisting of fast-twitch fibers were subject 
to breakdown during sepsis whereas protein 
kinetics were unaffected by sepsis m 
muscles consisting of slow-twitch fibers. 
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The distinct differences in muscle 
protein kinetics during sepsis between 
muscles composed of fast-twitch and slow
twitch fibers could be of importance. In 
recent years, pigs and chickens intended for 
meat production have been selected for 
maximal lean growth rate and increased 
breast meat yield, respectively. Because 
pigs selected for maximal lean growth rate 
have a greater proportion of muscles 
containing fast-twitch vs. slow-twitch 
muscles (Rahelic and Puac, 1981) and 
chickens selected for maximal breast-meat 
yield, likewise have higher levels of fast
twitch fibers, the effects· of cytokines on 
muscle tissue growth are potentially more 
deleterious in leaner, more modern 
genotypes (Williams, 1995). 

The increase in protein synthesis in 
the liver is most likely due to an increase in 
the synthesis of the acute phase proteins. 
Numerous in vivo and in vitro studies have 
demonstrated that synthesis of the positive 
acute-phase proteins is mediated by the 
direct action of cytokines upon the 
hepatocyte, and indirectly as the result of 
hormonal changes brought about by 
cytokines (Rothwell and Grimble, 1992). 
The inflammatory cytokines, IL- I, IL-6 and 
INF-a are known to increase the rate of 
hepatic amino acid uptake (Argiles et al., 
1989; Argiles and Lopez-Soriano, 1990) and 
protein synthesis (Klasing and Austic, 1984; 
Geiger et al., 1988; Ballmer et al., 1991). 
The increase in hepatic protein synthesis 
results in a net increase in hepatic protein 
accretion and an increase in protein release 
into the circulation (Geiger et al., 1988). It 
is generally accepted that the increase in 
acute-phase protein production is of 
fundamental importance and is an adaptive 
response necessary for survival of the 
animal (Beisel, 1977). The proteins released 
by the liver have a wide array of functions, 
and for many, the functions have yet to be 
elucidated. Acute-phase proteins are known 
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to enhance macrophage phagocytosis and 
lysis ability, inhibit serum protease activity 
and alter plasma mineral concentrations, 
among others . 

There is a substantial quantity of 
acute-phase proteins synthesized shortly 
after an infectious insult in humans. In fact, 
it has been estimated that up to 850 mg of 
acute-phase proteins are synthesized per kg 
body weight in a typical acute-phase 
response (Reeds et al., 1994). Although 
acute-phase protein production has not been 
as well documented in either chickens or 
pigs, several of the acute-phase proteins 
have been described in these species. Serum 
levels of a 1-acid glycoprotein (AGP), 
haptoglobin, and C-reactive protein (CRP) 
have been explored as measures of stress in 
swine herds. Specific pathogen-free pigs 
have been shown to posses three-fold lower 
levels of AGP when compared with pigs 
infected with Actinobacillus 
pleuropneumonia and atrophic rhinitis (Itoh 
et al., 1992). In addition, Williams et al. 
(1997a,b) compared AGP levels of pigs 
reared in environments that presented either 
a high or low level of immune stimulation. 
They reported that the level of immune 
stimulation and the plasma concentration of 
AGP were positively correlated. Serum 
levels of CRP and haptoglobin have also 
been shown to be elevated in infected swine 
(Burger et al., 1992; Hall et al., 1992). 
Furthermore, Pfeiffer et al. (1993) 
demonstrated that growth rate was 
negatively correlated with serum 
concentrations of ceruloplasmin, fibrinogen, 
and haptoglobin in sheep challenged with 
yeast. 

DOES IMMUNE CHALLENGE ALTER 
AMINO ACID REQUIREMENTS? 

Nutrient requirements established by 
the NRC for swine can be defined as levels 
adequate to permit the maintenance of 
normal health and productivity. These 



estimates are, for the most part, based on 
experiments conducted m laboratory 
situations where environmental stresses are 
minimized. This leads one to question 
whether animals reared under field 
conditions require more or less of a given 
nutrient to maximize performance and 
maintain normal health. Indeed, it is 
common practice in commercial animal 
production to feed levels of nutrients well 
above those proposed by the NRC. 

Epithelial barrier function 
Chemotaxis 
Phagocytosis 

Interactions between nutrition and the 
immune system can affect animal 
productivity and nutrient requirements in at 
least two ways. First, immune responses to 
pathogenic microorganisms reduce growth 
and alter metabolism such that nutrient 
requirements are impacted. Second, 
nutrition can impact the immunocompetence 
of animals and thus their resistance to 
infectious disease (Table 2). 

Production of reactive oxygen species and other inflammatory mediators 
Cytokine production 
Production of acute-phase proteins and complement 
Lymphoid tissues 
Lymphocyte populations 
Lymphocyte proliferation 
Antibody synthesis 

Reeds et al. (1994) proposed that a 
significant portion of nitrogen excreted 
during an inflammatory response was the 
result of excessive demands for the aromatic 
amino acids, phenylalanine, tyrosine and 
tryptophan. Their conclusions were based 
on a comparison of the amino acid profiles 
of the major acute-phase proteins produced 
by humans and the amino acid profile of 
mixed muscle protein. Analysis of the 
acute-phase proteins indicated that four of 
the six proteins contained high levels of 
phenylalanine, five of the proteins were rich 
in tryptophan and three contained high 
levels of tyrosine. By calculating the 
quantity of amino acids incorporated into a 
typical acute-phase protein mixture (850 
mg/kg BW) they calculated that 1980 mg of 
mixed muscle protein per kg body weight 
would need to be liberated to supply an 
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adequate quantity of phenylalanine for the 
increased hepatic protein synthesis. The 
amino acids that are released in excess of the 
need for acute-phase protein production 
(1980 minus 850 mg) are catabolized 
because they cannot be used for protein 
resynthesis due to the phenylalanine 
limitation, with the end result being an 
excessive excretion of nitrogen. Assuming 
that pigs have a similar pattern and quantity 
of acute-phase proteins, it is apparent that an 
infectious insult could result in a substantial 
amount of protein breakdown and nitrogen 
excretion. For example, for a 100 kg pig 
there would be roughly 200 g of protein 
broken down to supply amino acids for 
acute-phase protein synthesis, and 
approximately 13 g nitrogen would be 
excreted. 
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As discussed in previous sections, 
stimulation of an animal's immune system 
disturbs normal body processes, and 
immunologic, metabolic and physiologic 
responses are required so that homeostasis 
may be achieved. These alterations have the 
potential to reduce growth and body protein 
accretion, which in turn will likely have an 
effect on amino acid requirements. Recent 
studies in chicks and pigs suggest that 
activation of the immune system by LPS 
results in decreased growth rates and feed 
efficiency (Klasing and Barnes, 1988; van 
Heughten et al., 1994). Due to the reduction 
in feed intake associated with immunologic 
stress, it has been suggested that the 
concentration of amino acids in the diet may 
need to be increased so that growth can be 
maintained. However, recent research in 
chicks demonstrated that the requirements 
for lysine and methionine for maximal gain 
and feed efficiency are decreased in LPS
treated chicks (Klasing and Barnes, 1988; 
Webel et al., 1998). Furthermore, Williams 
et al. (1997 a, b) demonstrated that pigs kept 
in management schemes that presumably 
provide fewer immunological challenges ate 
more, grew faster and had higher 
requirements for lysine than their 
counterparts reared in a less sanitary 
environment. 

Due to the reductions in feed intake 
and growth caused by immunological stress, 
it seems reasonable to postulate that the 
quantity of an amino acid required to 
support maximal growth in a 
disease-challenged animal is less than the 
amount required by a healthy animal. 
Support for this hypothesis is provided by 
research on amino acid requirements in 
other stress situations, such as heat stress or 
crowding, where a reduction in feed intake 
is also typical. In these situations it has been 
shown that animals require a smaller 
quantity of dietary amino acids to maximize 
performance. However, in many of these 
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studies, it is apparent that animals require a 
similar concentration of dietary amino acids 
to maximize weight gain and feed efficiency 
(Han and Baker, 1993; Myer and Bucklin, 
1993; Edmonds et al., 1998). 

The metabolic changes brought on 
by immunological stress are different than 
those seen during either heat stress or 
crowding. The need for amino acids to 
support cells of the immune system, hepatic 
acute-phase protein synthesis and 
gluconeogenesis are unique to animals that 
have an activated immune system. 
Although the amino acid requirements for 
these functions have not been determined, it 
is apparent that the requirements for certain 
amino acids could be increased (Reeds et al., 
1994 ). Therefore, it seems possible that 
immunological stress may alter not only 
amino acid requirements but also the profile 
of amino acids relative to lysine that the 
animal requires. The needs for the sulfur 
amino acids, arginine, glutamine, and the 
aromatic amino acids may be increased 
relative to lysine in order to support the 
metabolic and physiological changes 
associated with immunological stress. In 
addition, in immunologically stressed 
animals where food intake and growth are 
depressed, maintenance amino acid 
requirements will comprise a greater portion 
of the total requirement. In this situation, it 
can be hypothesized that the requirements 
for amino acids that have a high 
maintenance component (i.e., sulfur amino 
acids and threonine) may be increased 
relative to lysine. 

Williams (1995) proposed a simple 
factorial model that illustrated how lysine 
needs for growing pigs can be affected by 
immunological stress. The primary factors 
used in the model included: a) rate of protein 
accretion; b) lysine content of whole body 
protein; c) maintenance lysine requirement; 
d) lysine required for protein accretion; e) 
efficiency of lysine utilization and f) 



digestibility of lysine in the diet. He 
assumed that protein accretion, feed intake 
and the digestibility of lysine were 
decreased due to immunological stress. In 
addition, the utilization of lysine above 
maintenance and the maintenance lysine 
requirement were assumed to be unaffected 
by immunological stress. Although the 
assumptions used were the best available, 
they are inadequate to make accurate 
predictions. For example, determining a 
value for the efficiency of lysine utilization 
is not without problems under ideal 
conditions, and there is literally no 
information on what effect immunological 
stress has on this value. Nevertheless, the 
model predicted that the immunologically 
stressed animals required substantially less 
lysine than animals that are not stressed. 
The model proposed by Williams (1995) is 
not adequate to accurately predict amino 
acid requirements, but it is useful because it 
clearly illustrates the gaps in our knowledge 
of the factors that affect the amino acid 
requirements of animals. 

CONCLUSION 
It is now evident that the immune 

system influences nutrient requirements and 
specific nutrients can either enhance or 
inhibit the immune response. A better 
understanding of this interaction is required, 
but several pragmatic applications are 
already in sight. First, that immunological 
stress (i.e., exposure to pathogens) changes 
the pig's physiological state and alters 
nutrient requirements is inevitable. If these 
alterations in nutrient requirements can be 
precisely defined, it will be possible to 
formulate cost-effective diets that maximize 
growth performance, even if that 
performance is less than it would have been 
had the pig been in an environment that 
reduced exposure to pathogens. Second, it 
is important to recognize that the 
physiological state of a pig is very different 
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prior to disease, during disease and while 
recovering from disease. Therefore, the 
nutrient requirements of the immune system 
and growth during these three critical stages 
are likely to be different as well. A useful 
indicator of immunological stress or disease 
is needed to facilitate movement of these 
concepts from the lab to the field. 
Unfortunately, no such indicator is currently 
available. 
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MICRONUTRIENT ROLES IN STRESS AND PRODUCTION IN DAIRY CATTLE 

Boon P. Chew, Ph.D. 
Department of Animal Sciences, 

Washington State University 
Pullman, WA 99164-63 51 

INTRODUCTION 
Micronutrients include a group of 

. ·organic and inorganic compounds that are 
required in very small amounts for normal 
physiological function of animals and 
humans. While some of these micronutrients 
can be synthesized by the host (for example 

··by rumen microorganisms), most of these 
must be obtained through dietary means. 
The two main classes of micronutrients 
important to animals are the vitamins and 
trace minerals. Even though most essential 

· micronutrients have long been identified and 
deficiency conditions well understood, 
modern day animal agriculture is mainly 
aimed at nutrient supplementation beyond 
correcting for deficiencies; it is aimed, rather, 
at minimizing stress and optimizing 
production efficiency. This is evident from 
the availability of a number of nutritional 
<supplements in animal production. In 
:particular, trace mineral supplements and 
antioxidant vitamins have gained a deal of 
attention recently. 

Present day animal agriculture has 
' laced very high production demands on 
nimals, especially the dairy cow. This has 
esulted in, among others, greater oxidative 
tress. Consequently, increased dietary 
vels of antioxidant supplementation is 
quired to protect the animal's body against 
ee radical attack. The level of antioxidants 

average feedstuffs is not likely to be 
dequate to meet the animal's requirement or 

be consistent due to seasonal variations. 
has to resort to a more 
source of antioxidant 
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supplements, a situation analogous to fat 
supplementation to lactating dairy cows . 
Among the antioxidants normally consumed 
by animals, trace minerals (Mn, Zn, Se and 
Cu), antioxidant vitamins and other 
phytochemicals are of particular importance. 
Studies have shown that these antioxidants, 
acting individually or in combinations, can 
enhance animal health. Due to the lack of 
available literature on the importance of other 
phytochemicals on food animal health and 
production, this paper will not cover these 
compounds. However, it is the author's 
opinion that research in this area will expand 
dramatically in the near future. This 
discussion will address the importance of a 
selected number of micronutrients to dairy 
cattle and is not meant to be an extensive 
review of the action of all micronutrients in 
all species. 

EFFECTS OF MICRONUTRIENTS ON 
ANIMAL HEAL TH 

Trace Minerals 
Essential trace minerals such as Mn, 

Zn, Se and Cu constitute an important group 
of dietary antioxidants essential for the 
removal of excess reactive oxygen species. 
Kincaid ( 1994) reported that dry dairy cows 
given 4 mg Seid had lower milk SCC than 
those fed 1 mg Se. Mean plasma Se 
concentration was inversely correlated with 
bulk tank SCC in dairy herds (Weiss et al., 
1990). However, other studies have failed to 
show similar beneficial effects of Se against 
mastitis. For instance, Grace et al. (1997) did 
not show a significant relationship between 



milk SCC and Se in dairy cows, a condition 
that is likely due to already high intakes of 
vitamin E in the research animals. Also, Se 
injection (0.1 mg/kg BW) of prepartum cows 
did not reduce the incidence of clinical 
mastitis (Hogan et al., 1992) and dietary Se 
supplementation to primiparous cows did not 
influence resistance against Staph. aureus 
infection (Erskine et al., 1990). Zinc 
supplementation in the form of Zn 
methionine reduced milk sec by 
approximately 20% (Kincaid et al., 1984, 
Kincaid and Cromath, 1993). Similarly, 
dietary Cu reduced the incidence of 
mammary quarter infection and increased the 
killing ability of neutrophils (Harmon and 
Torre, 1994). 

Besides mastitis, the effects of trace 
minerals on other aspects of animal 
health/production also have been 

., investigated. The severity of udder edema 
was lower in dairy heifers supplemented with 
Zn methionine together with an excess of Fe, 
an oxidant stressor (Miller et al., 1998). 
Also, dairy cows fed organically complexed 
Co, Cu, Mn and Zn had reduced retained 
placenta-associated reproductive problems 
such as days to first estrus and corpus luteum 
activity. Feedlot cattle fed Zn methionine 
were able to maintain more normal rectal 
temperatures and feed intake after an IBRV 
challenge than unsupplemented animals 
(Chirase et al., 1991), again showing a 
beneficial effect of this trace element during 
stress. 

Antioxidant Vitamins 
Concentrations of blood antioxidants 

including a-tocopherol, P-carotene and 
vitamin A decrease dramatically during the 
early postpartum and early dry periods 
(Dahlquist and Chew, 1985; Tjoelker et al., 
1988a; Michal et al., 1994). These periods 
also have been associated with impaired host 
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defense mechanisms. With the known 
immuno-modulatory action of these 
antioxidants (Chew, 1993), it is plausible that 
their decrease in blood during these critical 
periods may be associated with the . 
suboptimal host defense. In fact, dairy cows 
supplemented with 1000 IU dl-a-tocopheryl 
acetate during the dry period had a 3 7% 
reduction in clinical mastitis and the duration 
of infection was shorter than in 
unsupplemented cows (Smith et al., 1984). 
Furthermore, a-tocopherol intake was 
negatively correlated with rates of clinical 
mast1tis (Weiss et al., 1990). · 
Supplementation of a-tocopherol increased 
the average daily gain of newly arrived 
feedlot cattle (800 to 1600 IU/d; Gill et al., · 
1986) and of yearling heifers (100 to 300 . 
IU/d; Hutcheson and Cole, 1985). a

Tocopherol supplementation increased the 
resistance of chicks against E. coli 
(Heinzerling et al., 197 4) and of lambs 
against Chlamydia (Stephens et al., 1979). 

Lactating cows with higher 
concentrations of plasma P-carotene and 
vitamin A had a lower severity of 
intramammary infection (Chew et al., 1982) .. 
Changes in concentrations of plasma ~

carotene and vitamin A during the immediate 
prepartum period have been associated with 
higher somatic cell count during lactation 
(Johnston and Chew, 1984). Subsequent in 
vivo studies showed a protective role played 
by P-carotene against mastitis during the 
early postpartum and dry periods. Dairy 
cows fed 300 mg of P-carotene/d during the' 
dry period had lower incidences of new 
intrammary infections than cows fed 
preformed vitamin A alone. During the 
peripartum period, cows supplemented with. 
300 mg P-carotene had 38% lower milk 
somatic cell count (Chew and Johnston, 
1985) and a lower (13%) incidence of 
intramammary infections than 
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Calves supplemented with vitamin C 
had lower incidence of scouring (Cummins 
a11d Brunner, 1989). Similarly, vitamin C 
supplemented at the rate of 330 ppm reduced 
mortality and pericarditis in chicks infected 

,withE. coli (Gross et al., 1988). The amount 
.cof vitamin C needed for this protective effect 

· increased with higher environmental stress 
level. Vitamin C supplementation decreased 
the rate of mortality in channel catfish 

··infected with Edwardsiella ictaluri, a 
. bacterium which causes enteric septicemia 
·. (Li and Lovell, 1985). 

In summary, a great majority of 
, research data have shown beneficial effects 
of supplemental antioxidant trace minerals 
and vitamins, especially under conditions of 
added physiological stress. The mechanisms 
of action of these micronutrients as they 
relate to immune competence are discussed 

MECHANISM OF ACTION 
Animals are constantly exposed to 

· .antigenic insults including bacteria, viruses, 
and parasites. Thus, the different branches of 
the animal's host defense system must work 
together to eliminate these potentially 
harmful factors. The main branches of the 
.host defense system include: (1) specific 
cellular (cell-mediated) immunity involving 
T lymphocytes; (2) specific noncellular 
:(antibody-mediated) immunity involving B 
lymphocytes; (3) nonspecific cellular 
:}mmunity involving phagocytic cells 

neutrophils and macrophages), and ( 4) 
onspecific noncellular (nonimmunological) 

defense involving lysozymes, 
actoferrin, complements, etc. 

For proper functioning, these immune 
systems must be protected from harmful 
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factors such as the reactive oxygen species. 
Highly reactive oxygen species such as 
superoxide anion radical, hydroxyl radicals, 
hydrogen peroxide and singlet oxygen are 
continuously produced in the course of 
normal aerobic cellular metabolism. These 
reactive oxygen species, when allowed to 
accumulate, are capable of destroying the 
integrity of cellular membranes, enzymes and 
nuclear DNA. Antioxidants, whether 
secreted endogenously or supplied from the 
diet, serve to stabilize these highly reactive 
free radicals, and, thereby, maintain the 
structural and functional integrity of cells. 
Therefore, antioxidants are very important to 
the health of animals and, consequently, to 
animal production capacity. 

The body possesses different levels of 
defense against oxidative stress. The 
endogenous antioxidative enzymes include 
superoxide dismutase which destroys 
superoxide anion radicals, and peroxidase 
and catalase which detoxify hydrogen 
peroxide. The nonenzymatic endogenous 
antioxidants include glutathione, bilirubin, 
uric acid, albumin and ubiquinol-10. In 
addition, animals consume varying amounts 
of exogenous antioxidants which consist of 
the micronutrients vitamins and minerals. 

TRACE MINERALS 
Zinc 

In general, trace elements modulate 
immunity through their critical role in 
enzyme activity. Zinc plays a structural role 
in cellular protein function involved in 
transcription and in translation. Its 
deficiency is associated with increased 
susceptibility to infection (Prasad et al., 
1963; Halsted et al., 1972). For instance, 
Holstein-Friesian calves with the lethal A-46 
mutation which results in failure to absorb 
zinc, are associated with major diseases and 
had gross deficiency of the thymus 
(Brummerstedt et al., 1971). Zinc functions 



as a cofactor for the activity for more than 
100 enzymes. These functions will directly 
influence immune responsiveness. For 
example, the thymic hormone, thymulin, has 
zinc-dependent activity (Dardenne et al., 
1985) and zinc is related to lymphocyte 5 ' -
nucleotidase (Giblett et al., 1975). Zinc 
deficiency results in a decrease in blood 
lymphocyte population (Fraker and King, 
1998) and atrophy of the spleen and thymus 
(Fraker et al., 1977; Fraker et al., 1978). The 
responsiveness of T lymphocytes to mitogens 
(Droke and Spears, 1993; Droke et al., 1993) 
and to cytokines (Tanaka et al., 1990) is 
inhibited in Zn-deficient animals. Zinc also 
is important in B cell activation. 

Zinc-deficient mice showed 
significant losses in antibody response to 
sheep RBC immunization as evident from 
decreased number of plaque-forming cells; 
this indicates a loss in T cell-dependent 
response (Fraker et al., 1977; 1978). In vitro, 
zinc stimulates the number of human plaque
forming cells (Cunningham-Rundles et al., 
1983). Calves fed Zn methionine had greater 
antibody response against bovine herpesvirus 
(Spears et al., 1991). The timing of the 
deprivation in relation to the life cycle of the 
animal is an important determinant in the 
effect of zinc on immunity. For example, 
zinc deprivation during fetal or early 
postnatal life suppressed the growth of the 
lymphoid organs to a greater extent than the 
growth of other organs (Beach et al., 1980). 
Beach et al. (1982) reported that 
immunodeficiency induced by Zn deficiency 
during pregnancy may persist for three 
generations. In most cases, the restitution of 
Zn in the diet has partially or even fully 
restored immune function (Golden et al., 
1978; Zwickl et al., 1980). 
Selenium 

Selenium is an important component 
of selenoproteins. Selenium deficiency 
conditions are often associated with oxidative 
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damage to muscle, for example, myopathies 
of white muscle disease. In the blood, Se is 
mostly located in red blood cells. Milk 
neutrophils from cows supplemented with Se 
have increased intracellular killing ability 
and reduced extracellular hydrogen peroxide 
concentrations. In contrast, phagocytic ' 
activity was not affected by Se (Gyang et al., 
1984). 

Selenium supplementation did not 
seem to influence antibody response in sheep 
(Ellis et al., 1990) or cattle (Nemec et al., 
1990). Dietary Se and Zn also did not affect 
ADO and feed efficiency in calves (Reffett et 
al., 1988). In contrast, beef cows given 
selenized salt containing 120 mg Se/kg had 
higher colostral IgG (but not IgM); calves . 
from supplemented dams also had higher · 
serum IgG (Swecker et al., 1995). Similarly, · 
Awadeh et al. (1998) reported higher serum 
IgG and IgM in cows and calves when cows . 
received selenized salt containing 60 and 120 
mg Se/kg DM compared to those fed 20 mg · 
Se/kg DM. Prepartum Se supplementation (5 
mg Se and 25 IU of d, 1-a-tocopheryl 
acetate/100 kg of BW) to dairy cows 
increased total colostral IgG but not IgG 
concentration in colostrum or in calves 
(Lacetera et al., 1996). 
Copper 

As with Zn, Cu is involved in a large 
number of metabolic functions (Underwood,·. 
1977), acting largely in conjunction with· 
various enzyme systems (Mason, 1979). 
Circulating Cu is associated with 
ceruloplasmin which also likely delivers Cu 
to target tissues. Copper deficiency leads to' 
suppressed mitogen-induced T cell response 
(Lipsky and Ziff, 1980), especially T helper, 
cell activity, and to decreased B cell function 
(Bazhora et al., 1974). Copper-deficient, 
sheep had increased mortality from bacterial 
infection (Gay, 1991). Ward et al. (1997)' 
reported that calves supplemented with Cu 
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had a lower skin DTH response while the 
nutritional Cu status of cows did not 
influence colostral IgG concentrations. The 
latter report is similar to others (Stabel et al., 
1993) who showed no significant relationship 
between Cu status and IgM and IgG in 
calves. In contrast, Cu-deficient heifers had 
lower concentrations of blood IgG and 
complement. In any case, Cu is important 
for the three-dimensional structure of lg 
(Baker and Hultquist, 1978; Schrohenloher, 
1978). 

Much less is known about the role of 
on immunity. Manganese 

supplementation has been reported to 
increase antibody titers and other nonspecific 
resistance factors in horses, chickens, rabbits 
and goats (Bazhora et al., 1974; McCoy et 
al., 1979). Rats marginally deficient in Mn 
showed lower IgG agglutinins and the l 9s 
fraction of gammaglobulins (McCoy et al., 
1979). 

ANTIOXIDANT VITAMINS 
··· .Carotenoids 

The role of carotenoids in modulating 
the cellular and noncellular host defence 
:systems in domestic food animals has been 

eviewed (Chew, 1993). Holstein cows 
supplemented daily with 300 or 600 mg of P
carotene had increased ex vivo mitogen
. duced lymphocyte proliferation during the 
eripartum period (Michal et al., 1994) 
ompared to unsupplemented animals. 
creformed vitamin A (120,000 IU/d) fed to a 
imilar group of peripartum cows did not 
oduce a similar response profile. 
eripheral blood mononuclear cells isolated 
m Holstein cows during the peripartum 
aniel et al., 1991 b) or from nonlactating 
ifers (Daniel et al., 1986) and incubated 
"th ~-carotene showed increased mitogen
duced lymphoproliferation when compared 
:: unsupplemented cultures. Both ex vivo 
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and in vitro studies in other species have 
reported that P-carotene increases the number 
of helper/inducer T lymphocytes, the number 
of peripheral blood mononuclear cells 
expressing surface markers for natural killer 
cells and for interleukin 2 and transferrin 
receptors, natural killer cell cytotoxicity, and 
in the secretion of tumor necrosis factor, and 
interleukin 1 (Chew, 1993 for review). 

Blood neutrophils isolated from 
Holstein cows fed 300 or 600 mg of P
carotene/d during the peripartum period had 
higher bactericidal ability during the 
prepartum and postpartum periods (Michal et 
al., 1994). The increased bacterial killing 
could be accounted for partly by increased 
myeloperoxidase activity in the neutrophils. 
Similarly, the phagocytic activity of blood 
neutrophils obtained from cows fed 400 mg 
of P-carotene/d during the pre- and post-dry 
off periods was higher than that observed in 
cows fed preformed vitamin A (Tjoelker et 
al., 1990). In vitro, p-carotene enhanced the 
bactericidal activity of bovine blood and/or 
mammary neutrophils isolated from dairy 
cows during the peripartum period (Daniel et 
al., 1991 a) and the period immediately before 
and after dry off (Tjoelker et al., 1988b). 
Schwartz et al. (1990) reported increased 
cytochrome oxidase and peroxidase activities 
in macrophages incubated with 
canthaxanthin, P-carotene, and a-carotene 
compared with incubation with 13-cis 
retipoic acid. Phagocytosis also was 
stimulated by these carotenoids, even though 
to a lower degree. All of these changes 
indicate increased respiratory bursts by the 
macrophages when they are exposed to 
carotenoids. 

Carotenoids may modulate immune 
function by deactivating reactive chemical 
species such as free radicals, singlet oxygen 
and photochemical sensitizers (Burton, 
1989). P-Carotene functions as a chain-



breaking antioxidant in a lipid environment. 
The peroxyl radicals formed from lipids 
(especially polyunsaturated phospholipids) 
are very damaging to cells. The extensive 
system of double bonds makes carotenoids 
susceptible to attack by peroxyl radicals, 
resulting in the formation of inactive 
products. The enhancement of immune 
function by carotenoids that do not possess 
provitamin A activity strongly supports the 
antioxidant mode of action of carotenoids. In 
contrast to its antioxidant role, P-carotene 
may behave similar to a prooxidant in 
promoting the rate degradation of unsaturated 
lipid (Krinsky, 1989). Therefore, carotenoids 
may regulate immune cell function by 
protecting them against free-radical mediated 
genotoxic damage. For instance, P-carotene 
and canthaxanthin reduced chromosomal 
damage in cultured human lymphocytes 
(Bianchi et al. , 1993). In addition, 
carotenoids may modulate cell membrane 
fluidity, increase gap-junctional intercellular 
communication and inhibit arachidonic acid 
oxidation, the latter of which are initiated by 
free radicals (Chew, 1993 for review). 
Vitamin E 

a-Tocopherol supplemented to calves 
at the rate of 125 to 500 IU/d increased T and 
B cell mitogenesis (Reddy et al., 1987). 
Similarly, an in vitro study showed that 
bovine peripheral blood mononuclear cells 
incubated with 55-110 mg of a
tocopherol/mL had enhanced production of 
IgM and up-regulated interleukin 1 
production (Stabel et al., 1992). Vitamin E 
can act as an adjuvant. For example, a
tocopherol and Se injected into sheep 
simultaneously with Brucella ovis (Afzal et 
al., 1984) or Clostridium perfringens 
(Tengerdy et al., 1983) showed enhanced 
antibody response. Lambs supplemented 
with a-tocopherol and challenged with 
parainfluenza virus had higher serum 
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antibody titers after a secondary challenge 
(Reffett et al., 1988). Similarly, steers 
supplemented with a-tocopherol and Se had 
higher antibody response to Pasteurella; 
haemolytica vaccination (Droke and Loerch, 
1989). Pigs supplemented with a-tocopherol 
and Se had increased lg production 
(Peplowski et al., 1980). Increased antibody 
response from a-tocopherol supplementation 
also occurred by way of transfer of lg from 
the dam to their offspring as shown in sows 
(Hayek et al., 1989) and in hens through the 
yolk sac (Nockels, 1979; Jackson et al., 
1978). Vitamin E-deficient laboratory 
animals showed depressed number of plaque
forming cells (Corwin and Schloss, 1980; 
Gebremichael et al., 1984). The production 
of interleukin 2 by splenic lymphocytes in 
vitamin E-deficient rats was depressed. 

Weanling pigs fed a diet deficient in 
a-tocopherol and Se had lower mitogen-' 
induced lymphocyte proliferative responses 
when cells were incubated with autologous 
serum (Lessard et al., 1991). Similarly,· 
peripheral lymphocytes obtained from sows 
fed a diet deficient in a-tocopherol or in a
tocopherol and Se had reduced mitogen
induced proliferation during the immediate, 
prepartum and postpartum periods 
(Wuryastuti et al., 1993). Colostral 
lymphocytes from a-tocopherol 
deficient sows showed similar suppression in: 
blastogenic response. Guinea pigs (Bendich 
et al., 1984) and rats (Bendich et al., 1986) 
fed diets deficient in a-tocopherol bu 
otherwise adequate in all essential nutrient, 
showed decreased T and B cell response. 
The authors (Bendich et al., 1986) observed 
that the immune system was affected wel 
before there were signs of frank vitamin · 
deficiency. Similarly, rats fed a diet deficien 
in a-tocopherol and Se had lower mitogen 
induced lymphocyte proliferative respons 
(Eskew et al., 1985). A positive correlatio. 
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between splenic a-tocopherol concentration 
.<md mitogen-induced splenic lymphocyte 
proliferation was reported in mice 
(Mbawuike et al., 1982). Mice deficient in 
a-tocopherol and Se had lower natural killer 
cell-mediated cytotoxicity and T
lymphocyte-mediated cytotoxicity (Meeker 
et al., 1985). 

The importance of vitamin E in 
regulating phagocyte function also has been 

·reported. Dairy cows injected with 1000 IU 
dl-cx-tocopheryl acetate prepartum showed 
greater bactericidal activity at calving but had 
no effect on phagocytosis (Hogan et al., 

.. 1992). Neutrophils obtained from dairy cows 
injected with a-tocopherol and Se had 
enhanced phagocytic and bactericidal activity 

. as compared to Se-deficient cows (Gyang et 
al., 1984). The phagocytic and bactericidal 
activities of colostral neutrophils isolated 
from gestating sows fed diets deficient in a
tocopherol or in a-tocopherol and Se were 
suppressed (Wuryastuti et al., 1993). 

·~ Neutrophils from a-tocopherol-deficient rats 
had lower phagocytic activity, decreased 

·· chemotaxis and decreased protection against 
· autooxidative damage (Harris et al., 1980). 
.Administration of a-tocopherol increased the 
· phagocytic activity of the reticuloendothelial 
system in mice (Heinzerling et al., 1974). 

a-Tocopherol is the principal lipid
.soluble chain-breaking antioxidant in plasma 
and tissues (Jialal and Grundy, 1992). It 
functions by trapping peroxyl free radicals. 
In mammalian cells, a-tocopherol is mainly 

·\located in mitochondria fractions and in 
·endoplasmic reticulum, whereas little is 
:fbund in cytosol and peroxisomes (Bjomeboe 
t al., 1990). A low molecular weight a-
ocopherol-binding protein has been 
dentified in the cytosol of rodent liver and 
eart (Dutta-Roy et al., 1993). This binding 

protein is believed to be responsible for the 
:ntracellular transport of a-tocopherol. 
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Vitamin E reacts with peroxyl radicals 
produced from polyunsaturated fatty acids in 
membrane phospholipids or lipoproteins to 
yield a stable lipid hydroperoxide. Through 
this biochemical reaction, vitamin E 
effectively reduces harmful lipid free radicals 
and thereby protects tissues from free radical 
attack. This antioxidant activity of vitamin E 
in preventing lipid peroxidation is one of the 
possible mechanisms by which vitamin E 
enhances immune response. Vitamin E and 
Se may guard against peroxidation of 
arachidonic acid (Lawrence et al., 1985; 
Likoff et al., 1981) and thereby alter 
arachidonic acid metabolism in animals 
(Aziz and Klesius, 1986; Bryant and Bailey, 
1980). This mechanism could account for the 
observed enhanced immune response by 
maintaining the functional integrity of 
immune cells and tissues. However, a
tocopherol may exert prooxidant activity 
under in vivo conditions (Frei and Gaziano, 
1993; Bowry et al., 1992; Ingold et al., 
1993). 
Vitamin C 

Dietary vitamin C supplementation 
(1.75 g/d) increased (Blair and Cummins, 
1984) or had no effect (Cummins and 
Brunner, 1989) on concentrations of blood 
IgG in dairy calves. Vitamin C-deficient 
catfish had lower antibody response to E. 
ictaluri antigen, and decreased complement 
and neutrophil phagocytic activities. 
However, the bactericidal activity of the 
peripheral neutrophils was not affected. 
Vitamin C deficiency reduced (Fraser et al., 
197 8; DeRubertis et al., 197 4) or had no 
significant effect (Bendich et al., 1984) on 
lymphocyte mitogenesis in guinea pigs. In 
guinea pigs, vitamin C was shown to be 
important in maintaining normal primary and 
secondary antibody responses (Kumar and 
Axelrod, 1969). Chicks fed megadoses (1 % 
of diet) of vitamin C did not show enhanced 



delayed type hypersensitivity, graft vs. host 
rejection, or antibody response to sheep red 
blood cells (McCorkle et al., 1980). 
However, adult birds fed the vitamin C had 
higher antibody titers against Brucella 
abortus whereas chicks had suppressed 
concentrations of the antibody. 

Vitamin C is found in high 
concentrations in blood leukocytes (Moser, 
1987). Ascorbate transporters present in 
human neutrophils can actively pump 
ascorbate from the plasma against a high 
concentration gradient (Washko et al., 1989). 
The high concentration of vitamin C is 
essential for neutrophil function (Anderson 
and Lukey, 1987). Also, the protective effect 
of vitamin C may partly be mediated through 
its ability to reduce circulating 
glucocorticoids (Nockels et al., 1973; 
Degkwitz, 1987). The suppressive effect of 
corticoids on neutrophil function in cattle is 
alleviated with vitamin C supplementation 
(Roth and Kaeberle, 1985). Also, dietary 
vitamin C reduces circulating glucocorticoids 
in chickens. 

Vitamin C can protect biomembranes 
against lipid peroxidation damage by 
eliminating peroxyl radicals in the aqueous 
phase before the latter can initiate 
peroxidation (Frei et al., 1989). Vitamin C is 
effective against superoxide, hydroxyl 
radical, hydrogen peroxide, peroxyl radical 
and singlet oxygen (Sies et al., 1992). 
Vitamin C also may function to reduce the 
tocopheroxyl radical, thereby restoring the 
radical scavenging activity of vitamin E 
(Niki, 1987). The ascorbate radical 
(semidehydroascorbate) is reduced to 
ascorbate by NADH-dependent 
semidehydroascorbate reductase (Green and 
O'Brien, 1973 ). The sparing effect of high 
dietary vitamin C in elevating plasma and 
tissue vitamin E has been reported in guinea 
pigs (Bendich et al., 1984). 
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CONCLUSION 
Research to date have establish the . 

importance of essential and nonessential 
micronutrients in reducing stress and . 
increasing production in animals. These 
effects are amplified during conditions of 
physiological stress. The interaction of · 
certain micronutrients acting in synchrony to · 
bring about optimum response has been 
established for some. Future research will 
likely emphasize nutrient interactions in 
animal production. 
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INTRODUCTION 

Trace minerals occupy a small 
• portion of poultry feed because they are 

required in mere milligram amounts in a 
bird's daily diet. The primary trace 
minerals required by poultry include Cu, I, 
Fe, Mn, Se and Zn. Cobalt is also required, 
but it does not need to be supplemented to 
the. diet as a trace mineral because it is part 
of vitamin B12• As in all living things, trace 
minerals function in birds as part of larger 
organic molecules that have unique 
metabolic functions in every cell. For this 
reason, trace minerals are often called co
factors of metabolism, giving metabolic 
compounds their characteristic structure and 
biochemical properties. If one of these trace 
minerals is deficient, the functional activity 
of the organic moiety requiring the presence 
of the mineral will be decreased (Mertz, 
1986). 

Dietary amounts of trace minerals 
are a concern to nutritionists because they 

· can vary significantly, depending upon their 
source. Consider the words of Ecclesiastes 
3:20, " ... all come from dust (minerals), and 
to dust (minerals) all return," (our 
interpretation in italics). Soil is the primary 
source of trace minerals, but the trace 
mineral content of soils varies among 
geographical areas and the uptake of trace 
minerals varies among plants. 
Consequently, variation within feedstuffs 
along with adverse mineral interactions can 
result in metabolic deficiencies unless 
supplemental sources of minerals are 
provided in the diet. 
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Of the trace minerals mentioned 
above, only a few are of critical concern in 
practical poultry feed formulations. Iron 
and Cu are often present at sufficient levels 
without supplementation. In fact, 
superfluous supplementation of Cu is a 
common practice as a growth promotant in 
meat poultry, which is many times greater 
than metabolic requirement levels. 
However, this practice of high Cu 
supplementation to diets may be limited in 
some areas of concentration animal 
production for environmental reasons. 
Excessive Cu accumulation in soils from 
repeated manure application may sustain 
some crops and grazing livestock. The other 
trace minerals, I, Mn, Se and Zn, are usually 
supplemented to the diet to satisfy the 
minimum requirements as recommended by 
the National Research Council. These 
recommendations are based on adequacy 
criteria for optimum growth, reproduction, 
feed efficiency, health and quality of 
products under ideal management 
conditions; however, actual requirements 
may very depending upon the degree of 
exposure to stress and disease pathogens. 

The objective of this paper is to 
discuss how trace minerals affect disease 
resistance by their influence on immunity 
and physiological stress. This objective is 
best achieved if it is built on a foundational 
understanding of avian immunology and 
stress physiology. The trace minerals that 
play critical roles in avian immunology and 
stress response are mainly Zn and Se; the 



other trace minerals are less critical m 
practical avian nutrition. 

THE A VIAN IMMUNE SYSTEM 

Like a country's military defense, 
the immune system has four main functions 
to sustain order or prevent disease: 1) 
Identify the enemy: Identification of the 
infectious agent as foreign to the body; 2) 
Plan defense strategy: Analysis of structural 
components or products; 3) Deploy troops: 
Activation and changes in the immune cells 
producing a specific response; 4) Defensive 
action evaluation: Establishing the 
immunological memory. Keep this military 
model mind as you read the following 
details of the avian immune system. 

The immune system is dependent 
upon three types of cells: macrophages, B
lymphocytes and T-lymphocytes. Develop
mentally, these cell types arise from the 
same stem cells (precursor or uncommitted 
cells) within the embryonic mesenchyme 
and yolk sac in the embryo and are supplied 
by bone marrow in older birds. These stem 
cells differentiate into the macrophages and 
other leukocytes, or they enter the primary 
lymphoid organs for further maturation. 
Stem cells that differentiate in bursa of 
Fabricius are B-lymphocytes (B-cells) and 
those that differentiate in the thymus are T
lymphocytes (T-cells). During the first 
week of embryo development, the 
lymphocytes multiply and differentiate 
within the thymus and bursa and become 
selective in order to generate responses to 
the many antigens faced during the life of 
the bird. During the third week of 
embryonic development, the B- and T
lymphocytes migrate from the bursa and 
thymus, respectively, to the peripheral 
lymphoid system, including the spleen, bone 
marrow and lymphoid patches in the 
respiratory and digestive systems. The 
bursa and thymus are crucial during the first 
few weeks after hatch; but they undergo 

22 

physiological involution as the bird 
approaches sexual maturity and the 
peripheral cell production sites replace them. 

All three types of immune cells, 
macrophage, B- and T-lympocytes, interact 
with each other in response to an invading 
infectious agent or antigen. The 
macrophage detects, ingests (phagocytizes) 
and digests the infectious agent and presents 
the antigen to the B- and T-cells. The 
macrophage also sends a signal (interleukin-
1 or IL-1) that stimulates the T- helper cells 
to release another mediator, interleukin-2, 
which causes the number of T-cells specific 
for that particular antigen to increase. 
Additional signals from the T-cells stimulate 
the proliferation of the B-cells specific for 
the antigen. T- suppressor cells eventually 
limit the magnitude of the response to the 
antigen. Other cells, such as heterophils, 
basophils, and eosinophils, react to 
infectious agents, but only as part of an 
inflammatory response and not an antigen
specific immune response. 

There are two components 
immunity, often described as humoral 
immunity and cell-mediated immunity. 

Humoral immunity is elicited by 
immunoglobulins produced by the B- . 
lymphocytes. The B-cell uses the antigen 
presented by the macrophage to build a 
specific immunoglobulin (lg), but it requires · 
the assistance of an activated T helper cell to 
produce a specific lg. Then the activated B
cell proliferates into plasma cells (lg 
producers) or memory cells that can be · 
rapidly recruited to produce lg if ever the 
infectious agent is reintroduced in the future. 
The lg attaches to its specific target 
pathogen and inactivates it or labels it to be.·~ 

destroyed by some other mechanism of the : 
immune system. Immunoglobulins are 
classified by their molecular structure as . 
IgM, IgE, IgD, IgA and IgG and each play 
different roles during the immune response. 
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Antigens that elicit humoral 
immunity can either be T-cell dependent or 
T-cell independent. T-dependent antigens 
associate with macrophages bearing Class II 
major histocompatibility complex (MHC) 
antigens (Ia-positive macrophages). The 
antigen associates with a lg molecule on the 
surface of the macrophage and causes this 
cell to produce lL-1, a cytokine that 
activates helper T-cells (CD4+) to secrete 
IL-2 and lL-3, increases the expression of T
cell surface lL-2 receptors, and stimulates T
cell chemotaxis. The IL-1 also stimulates 
pre-B-cells and clonal expansion of mature 
B-cells, which produce antibodies specific 
for antigens. Among other things, lL-2 
stimulates B-cell growth factors (IL-4 and 
IL-5), and stimulates the proliferation of 
activated T-cells. The T-independent 
antigens elicit the production of antibodies 
that are not dependent upon T-cell 
interactions via B-cells. 

Cell-mediated immunity is important 
in killing virus-, bacteria-, and protozoa
infected cells and tumor cells. Invariably, 
some pathogens will evade macrophages 
and lg. Because all nucleated cells of the 
bird's body have Class l MHC antigens, 
killer T-cells (T-cytotoxic, CDS+) can 
destroy any pathogen-infected host cell 
before replicated infectious agents are 
liberated. These killer T-cells bind to the 
infected target cell and release cytotoxic 
proteins (perforans ), which causes ionic 
disruption of the target cell membrane and 
subsequent osmotic rupture. T-cells also 
provide cell-mediated immunity through the 
release of interferon gamma and 
lymphotoxin, which activate macrophages 
and stimulate their ability to kill tumor cells, 
phagocytized organisms, and process 

· antigens for regulatory T-cells. Natural 
killer (NK) cells, lymphocytes that do not 
bear T- or B-cell markers, also can kill 
tumor cells. Other lymphocytes critical to 
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cell-mediated immunity include basophils, 
mast cells, and eosinophils. 

A VIAN STRESS PHYSIOLOGY 

Fifty years ago, Selye (1950) made a 
very profound statement that still rings true 
today when he said "everybody knows what 
stress is and nobody knows what stress is." 
He emphasized that one must distinguish 
between the physiological response of stress 
and factors that elicit the stress response; 
this difference is often not apparent in 
discussions about stress. To clarify this 
issue, Selye (1950) defined stress as a 
"nonspecific response of the body to any 
demand made upon it." Thus, physiological 
stress then is a nonspecific metabolic 
response to an external stressor that can 
impact several different aspects of the avian 
well-being, including immunity, growth, 
reproduction and behavior. 

The stress response is a form of 
adaptation to an environmental scenario. 
This physiological adaptation in domestic 
fowl has been studied in the context of 
Selye's (1950) General Adaptation 
Syndrome (GAS) by Siegel (1980; 1983), 
Siegel (1989), and Freeman (1987). The 
GAS can be delineated in three stages. The 
first stage is the Alarm Reaction or "fight or 
flight" reaction. This stage involves the 
release of the catacholamines, 
norepinephrine and epinephrine, from the 
adrenal medulla and sympathetic 
prostaglionic neurons, in response to 
acetylcholine from the central nervous 
system. The catacholamines in turn 
stimulate glycogenalysis and the release of 
glucose. The second stage is the stage of 
resistance and involves the release of 
adrenal cortical hormones (primarily 
corticosterone in birds), which stimulates 
glyconeogenesis to produce more glucose to 
fuel critical metabolism until the bird adapts 
or enters the third stage, the stage of fatigue. 
During this final stage, body reserves are 



depleted or the adrenal cortex is exhausted 
and either endpoint will result in death. 

The stage of resistance is the critical 
stage of the stress response because it is 
antagonistic to growth, immunity and 
reproduction. In this stage, corticotropic 
releasing factor (CRF) stimulates the release 
of adrenocorticotropin (ACTH) from the 
anterior pituitary. ACTH then stimulates the 
adrenal cortex to release glucocorticord 
corticosterone, which basically shifts body 
reserves from nonessential functions to 
essential functions to assure immediate 
survivability. In heat stress, for example, 
essential metabolic functions include 
increased peripheral blood flow and 
respiration rate to dissipate heat, increased 
water consumption and renal excretion to 
compensate for altered acid-base balance, 
and reduced feed consumption to minimize 
metabolic heat of digestion. Functions that 
are not immediately essential to life during 
an acute challenge include immunity, 
growth and reproduction because they 
demand a considerable amount of protein 
and energy resources. 

Most of us know by experience that 
our susceptibility to infectious diseases is 
associated with the degree of stress in our 
lives. Thus, interactions between the 
nervous, endocrine and immune systems are 
apparent in all species, including poultry; 
this concept was eloquently reviewed by 
Mashaly et al. (1998). The first evidence of 
such interactions was the discovery of 
hormone receptors on immune cells and the 
finding of receptors for immune products 
( cytokines) on neural and endocrine cells. 
Receptors for CRF (Smith et al., 1986) and 
ACTH (Johnson et al., 1982) were found on 
monocytes; and receptors for IL-1 were 
found on neural cells of the hypothalamus 
(Katsuura et al., 1988) and brain (Farrar et 
al., 1987). Consequently, hormones can 
affect immune functions and cytokines and 
affect neural and endocrine functions. For 
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example, CRF can stimulate IL-1 production 
by lymphocytes (Kavelaars et al., 1990), and 
ACTH can affects B-lymphocytes (Alvarez
Mon et al., 1985) and antibody production 
(Blalock, 1984; Grasman and Scanlon, 
1995). Lumpkin (1987) also demonstrated 
that IL-1 can increase the secretion of CRF 
and ACTH. Further, Mashaly et al. (1998) 
reported that ACTH is secreted by activated 
lymphocytes, resulting in a rise in 
circulating concentrations of corticosterone 
following an antigen challenge. 

ROLE OF ZINC 

Zinc has been recognized for years 
as an important trace mineral for 
maintaining health in man and animals. 
Ancient cultures, including the Egyptians, 
used Zn in ointments to help heal skin 
lesions (McDowell, 1992). Zinc was first 
reported to be nutritionally essential for 
mice in 1934 by Bertrand and Bhattacherjee. 
Research on the nutritional physiology of Zn 
in poultry was not discovered until O'Dell et 
al. (1958) demonstrated that Zn deficiency 
was responsible for the poor growth and 
abnormal bone development in chicks 
receiving purified diets. Over the last 4 
decades, Zn has been the topic of thousands 
of research reports, and the list of 
biochemical and physiological functions of 
Zn in animals is extensive. In order to 
appreciate the role of Zn immunity and 
stress in poultry, a general review of Zn 
metabolism is necessary. 

Biochemical and Physiological Functions 
of Zn 

Zinc is an intricate part of many 
biochemical and physiological functions that 
influence growth and health in poultry. Zinc 
is ubiquitous in cellular metabolism and 
functions as a catalyst or stabilizes the 
quaternary structure of metalloenzymes, 
RNA, DNA, and ribosomes (O'Dell, 1992). 
More than 200 different proteins contain Zn 
and several biological functions of Zn have ' 
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been identified, including those related to 
cell replication and differentiation 
(Hambridge et al., 1986). Zinc 
metalloenzymes are found in all classes of 
enzymes, including oxidoredeductase (i.e. 
alcohol dehydrase, superoxide dismutase, 
lactic dehydrogenase ), transferase (i.e. RNA 
and DNA polymerase, reverse transcriptase), 
hydrolase (i.e. alkaline phosphatase, 
carboxypeptidase A, B, and collagenase), 
lyase (i.e., carbonic anhydrase ), isomerase 
(i.e. phosphomannose isomerase ), and ligase 
(i.e. tRNA synthetase ). In many hormones, 
Zn affects the production, storage and 
secretion as well as the effectiveness of 
receptor sites and organ responsiveness. 
The most notable hormones that require Zn 
include insulin, adrenal corticosteroids and 
testosterone. Zinc also influences the 
activity of thymulin (Dardenne and Bach, 
1993), a hormone that affects the 
development of lymphocytes in the thymus. 
Thus, nutritional deficiency of Zn would 
adversely affect most metabolic systems 
influencing growth and health. 

Growth retardation is commonly 
observed in animals afflicted with Zn 
deficiency, mainly because of the 
impairment of nucleic acid biosynthesis, 
amino acid utilization, protein synthesis and 
water and cation balance. Loss of appetite, 
dehydration, elevated hematocrit and 
diarrhea are the signs of dietary inadequacy 
of Zn (O'Dell, 1981). 

In Zn-deficient chickens, there is a 
marked shift of water from extra- to 
intracellular compartments because of a 
perturbed electrolyte balance (accumulation 
of cellular Na) caused by a change in 
membrane permeability or defective Na/K 
pump. Skeletal growth is also impaired in 
poultry by inadequate Zn. Long bones are 
shortened and thickened because of 
impaired cellular division in epiphyseal 
cartilage. Bone collagen synthesis and 
turnover are also markedly reduced due to 
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lower activity of tibial collagenase, a Zn 
metalloenzyme (Starcher et al., 1980). 
Tibial dyscondroplasia has been associated 
with Zn nutrition (Ferket et al., 1992). 

Immunological Functions of Zn 

Adequate Zn nutrition is crucial for 
normal development, maintenance, and 
function of the immune system (Dardenne 
and Bach, 1993) and associated cells, 
including heterophils (avian equivalent of 
polymorphonuclear neutrophil 
granulocytes), basophils, macrophage and T
lymphocytes. Heterophils initiate cellular 
defense by chemotaxis, phagocytosis and 
degradation of foreign microorganisms. 
They are the first immune cells to reach a 
site of infection. Foreign particles released 
by heterophils after phagocytosis and 
digestion and dying heterophils serve as 
chemoattractants for other leukocytes and 
macrophages (Tizard, 1992). Heterophil 
cells have a high concentration of alkaline 
phosphatase (a Zn-metalloenzyme ), 
especially during the course of infectious 
disease (Beisel, 1967). Neutrophils 
(heterophils in birds) also regulate a 
mechanism that reduces plasma Zn, thus 
preventing systemic infections of bacteria 
from utilizing Zn to proliferate (Weinberg, 
1971 ). Basophils induce inflammation in 
tissues by secreting the vasoactive amines 
histamine and serotonin (Tizard, 1992). 
These cells contain a high concentration of 
granule-associated Zn and adequate dietary 
Zn may inhibit histamine release by altering 
microtubial function (Marone et al., 1986). 
Macrophages in birds are scavenger cells 
and maintain integrity of non-specific 
phagocytosis of micro-organisms (Dietert et 
al., 1990b ). Functions of macrophages 
include chemotaxis, phagocytosis, 
bactericidal activity, tumoricidal activity, 
superoxide production, and antigen 
presentation. Low Zn concentration in 
macrophage reduces oxygen consumption, 
phagocytosis, and killing of E. Coli 



(Gershwin et al., 1991 ), and nutritional Zn 
deficiency results in an ineffective 
immunological response to bacterial, viral, 
and parasitic pathogens (Pekarek et al., 
1977; Tennican et al., 1979). T
lymphocytes mature in the thymus and exist 
as cytotoxic, suppressor, helper or memory 
T cells (Tizard, 1992). Abnormal 
development of I-lymphocytes is a 
consequence of Zn deficiency (Dardenne 
and Bach, 1993). Poor Zn nutritional status 
results in thymic involution, thymocyte 
depletion in the thymus, depressed delayed 
hypersensitivity responses, depressed 
peripheral T cell numbers and depressed T 
helper functions (Good et al, 1982). 
Furthermore, thymus defects and thymic 
atrophy are more pronounced in progeny 
from dams which have received inadequate 
dietary Zn (Beach et al., 1982). This thymic 
atrophy may be due to a decrease in Zn 
metalloenzymes necessary for lymphocyte 
development, altered epithelial function of 
thymus, or insufficiency of the thymic 
hormone thymulin (Dardenne and Bach, 
1993). 

Role of Zn in the Stress Response 

Zinc plays an important role in the 
stress response. Plasma Zn levels decrease 
significantly after disease agent infection 
(Tufft et al., 1988; Hill, 1989) or after 
physiological stress induced by ACTH 
(Butler and Curtis, 1973) or IL-1 (Klasing, 
1984). This hypozincaemia is associated 
with an increase of liver metallothionine, 
which sequesters Zn in the liver. 
Hypozincaemia is beneficial to the bird 
fighting an infection because it prevents 
infectious bacteria from utilizing the nutrient 
for its own critical metabolic functions 
(Weinberg, 1971) and is more favorable for 
the functioning of neutrophils (Beisel, 1982) 
and macrophages (Vruwink et al., 1993). 
During the stress response, excretion of Zn 
increases twofold in addition to a fourfold 
increase in Cu excretion (Eng, 1993), 
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adversely affecting Zn status in the body. 
The activity of ACTH is functionally; 
dependent upon extracellular Zn, as animals. 
with inadequate Zn status have submarginar 
corticosteroid synthesis and secretion 
(Flynn et al., 1972). Poor ACTH activity' 
also will depress the renal output of 17-
hydroxy steroids including 1,25" 
dihydroxycholcalciferol, which affects 
calcium metabolism and immune function 
(Garlich et al., 1992). In summary, adequate 
Zn nutrition is necessary to maintain normal 
stress and immune responses. 

Absorption and Utilization of Dietary Zn 

Zinc is commonly supplemented t 
poultry diets as inorganic salts. However 
Zn occurs and functions naturally i~ 
feedstuffs and animals almost exclusively a· 
organic complexes or chelates and not as. 
free inorganic ions. Therefore, utilization o 
inorganic Zn is dependent upon the ability 
of the bird to convert it into organie: 
biologically active forms. A number o 
factors influence the utilization of inorgani 
forms of Zn (Reddy et al., 1992): a. 
Competition of chemically similar ions fo. 
the same transport carriers (excess diet 
Ca, Cd, Cu, Fe and P reduce Zn ion 
absorption); b) formation of insolubl 
complexes (e.g. Zn binding by phytate an 
fiber); c) synthesis of metal-binding protein 
by the body, and d) change in the metal 
component of a metalloenzyme. The concep 
of feeding organic Zn sources center 
around the theory that they are more simil · 
to forms occurring in the body and mor 
biologically available than inorgani 
sources. If the organic Zn compound i 
stable in the digestive tract, then Zn wouJ, 
be protected from forming complexes wit 
other dietary components that interfere wi 
absorption. This assumes that the organi' 
Zn compound can be absorbed intact or I 
can be modified to a chemical form that c 
be readily absorbed. Bioavailability of 
trace mineral is defined as the proportion o 
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an ingested element that is absorbed, 
transported to its site of action, and 
converted to a physiologically active form 
(O'Dell, 1983). Absorption of Zn is often a 
major limitation of their utilization, but in 
some cases organic forms of Zn are utilized 
differently from inorganic forms following 
absorption. It is feasible to assume poultry 
require a minimum amount of dietary Zn in 
an organic form to meet all of their 
biological needs. This assumption, 
however, has not been confirmed by 
controlled experimentation. 

Differentiation of Organic Zn Sources 

There are several organic sources of 
Zn available in the market for feed 
supplementation. The Association of 
American Feed Control Officials has 
defined 5 classes of organic trace mineral 
products: 1) Metal complex (57.151) results 
from complexing a soluble metal salt with a 
specific amino acid ( eg. Zn-methionine); 2) 
Metal amino acid complex (57.150) results 
from complexing a soluble metal salt with a 
mixture of free amino acids; 3) Metal amino 
chelate (57.142) results from the reaction of 
a metal ion from a soluble metal salt with 
hydrolyzed amino acids with a mole ratio of 
one mole of metal to one to three moles of 
amino acid to form coordinate covalent 
bonds; 4) Metal proteinate (57.23) results 
from the chelation of a soluble metal salt 
with amino acids and/or partially hydrolyzed 
protein; and 5) Metal polysaccharide/organic 
acid complex (57.29) results from 
complexing a soluble metal with a 

· polysaccharide or organic acid solution 
declared as an ingredient as the specific 
metal complex. Although many organic 
forms of Zn are available in the market, their 
.Zn bioavailability or effect on performance 
and health probably differ. All compounds 
available in the market place have been 
tboroughly evaluated by scientific protocol 
and reported in peer-reported literature. 
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Zn-methionine (complex) has been 
studied more than any of the other organic 
Zn supplements currently available. Using 
tibia Zn concentrations as a measure of 
availability, relative availability of Zn in Zn
methionine is between 177% and 206% 
compared to feed grade ZnS04 in chicks 
(Wedekind et al., 1992). Pimentel 
(Pimentel et al., 1991) reported that 
bioavailability of Zn from Zn-methionine 
and reagent grade ZnO was similar in chicks 
based on growth and liver and bone Zn 
concentrations; however, Zn-methionine 
resulted in higher Zn concentration in the 
pancreas. Zinc from Zn-methionine may 
reside in a different pool and target tissues 
differently than Zn from an inorganic salt. 
Recently, Sell (Sell, 1996) confirmed that 
Zn-methionine had greater Zn 
bioavailability than ZnS04 in turkeys. He 
also found that Zn-propionate had equal or 
slightly better Zn bioavailability than Zn
methionine. Kidd (Kidd et al., 1996) 
hypothesized that Zn-methionine has better 
Zn bioavailability than from inorganic 
sources because it is not subject to chelation 
by phytic acid and fiber in the lumen of the 
gut. After absorption, Zn from Zn
methionine may be metabolized differently 
than Zn from inorganic sources. 

Spears (1986) observed that 
absorption of Zn from Zn-methionine is 
similar to ZnO in sheep, but Zn-methionine 
resulted in lower urinary Zn excretion and 
maintained higher plasma Zn levels. 

Zn-methionine and Immune Function 

It is established that nutritional status 
of Zn influences cellular immune function, 
especially associated with T lymphocyte 
function (Beach et al., 1982), macrophage 
function (Tennican et al., 1979), and disease 
resistance (Fletcher et al., 1998). Likewise, 
dietary supplementation of Zn from Zn
methionine has been shown to influence 
immune function in poultry. 



Kidd (Kidd et al., 1992) did a study 
in which broiler breeders were given 72 mg 
Zn/kg diet from ZnO or Zn-methionine and 
observed that egg production was unaffected 
by the Zn source. However, the response of 
the progeny to phytohaemagglutinin-P and 
embryonic bone weights was improved 
when the dams were fed the Zn-methionine. 
Zn-methionine increased the primary 
antibody response to Salmonella pullorum, 
but not to sheep erythrocytes, in both dams 
and progeny. Additional studies revealed 
that supplemental Zn ( 40 mg Zn/kg diet 
from Zn-methionine) in the diet of young 
broiler breeders enhanced immunity of the 
progeny, as indicated by increased primary 
antibody titers to sheep erythrocytes (Kidd 
et al., 1993). Similarly, Flinchum (Flinchum 
et al., 1989) observed that Zn-methionine 
( 40 or 80 mg Zn/kg over 100 mg Zn/kg from 
ZnO) fed to Single Comb White Leghorns 
improved weight gain and survival of the 
progeny given an E. coli infection. 

Immune function and disease 
resistance in turkeys were also demonstrated 
to be influenced by dietary Zn-methionine 
supplementation. Ferket and Qureshi (1992) 
supplemented diets of turkey toms already 
containing 120 ppm Zn from ZnS04 with 0 
and 40 ppm Zn from Zn-methionine and 
Mn-methionine. These organic mineral 
supplements improved immune function as 
shown by several indices: IgG antibody 
titers increased 2 weeks after sheep 
erythrocyte injection; recruitment of 
abdominal ecudate cells (predominantly 
macrophage and heterophils) increased in 
response to sephadex G-50 injection; the 
adherence properties of abdominal cells 
improved; and there was a marked 
improvement in macrophage phagocytosis 
and internalization of opsonized and 
unopsonized sheer erythrocytes. In addition, 
dietary supplementation of 20 or 40 ppm Zn 
from Zn-methionine/Mn-methionine 
significantly reduced feed/gain, mortality 
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rate, and the incidence of leg abnormalities. 
In a subsequent study, Kidd et al. (1994 b) 
demonstrated that Zn-methionine was the 
dietary component that improved 
macrophage recruitment and adherence to 
glass rather than Mn-methionine. The 
beneficial influence of Zn-methionine on the 
mononuclear phagocytic system of turkeys 
and their ability to clear a systemic infection 
of pathogens was later studied by Kidd and 
co-workers. Female poults fed Zn
methionine had increased mean adherence 
of abdominal cells to glass and improved E. 
coli clearance from blood. Clearance of 
Salmonella enteritidis from blood was not 
affected by Zn-methionine, but clearance of 
Salmonella arizona from the spleen in male 
poults was increased by Zn-methionine. In 
addition, Zn-methionine improved in vitro 
macrophage phagocytosis of Salmonella 
enteritidis, but not Salmonella arisona. 
These results indicate that Zn-methionine 
may enhance the activity of both circulatory 
and resident components of the mononuclear 
phagocytic system, both considered 
important for disease resistance. 

Organic Zn Mode of Action Theory 

The scientific literature clearly 
illustrates that the bioavailability of Zn from 
organic sources is superior to inorganic . 
sources. However, the questions 
nutritionists frequently ask are: Is the . 
improved bioavailability of Zn from organic 
sources worth the additional expense? Why 
not increase dietary inorganic Zn to 
compensate for the inferior bioavailability? 
Using Zn-methionine, several researchers .· 
demonstrated that the performance and • 
health benefits associated with dietary ; 
supplementation of an organic source of Zn. 
often cannot be overcome, regardless of the , 
amount of additional Zn from inorganic . 
sources (McNaughton and Schugel, 1991; 
Ferket and Qureshi, 1992; Kidd et al., 1992; 
Kidd et al, 1994a,b. The capacity of poultry 
to utilize inorganic Zn may be limited, 
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especially under stressful conditions. 
Conversely, Zn-methionine, a model organic 
source, may increase dietary Zn 
bioavailability and alter metabolism, 
resulting in enhanced immunity by the 
following mechanisms (Kidd et al., 1996): 
1) enhance the functionality of the many 
metalloenzymes and hormones necessary for 
the proliferation and metabolism of cells, 
especially those associated with cell
mediated immunity; 2) up-regulate mRNA 
responsible for de nova synthesis of 
metallothionine, further augmenting Zn 
absorption, plasma transport and tissue 
uptake, and 3) increase interleukin 2 which 
induces target cell receptors with a high 
affinity for transferrin which carry Zn. If 
these theories are valid, then dietary 
supplementation of a portion of total dietary 
Zn from orgamc sources would be 
advantageous m commercial poultry 
production. This hypothesis must be 
confirmed by experimentally evaluating the 
most effective dietary organic:inorganic Zn 
ratio necessary to support performance and 
health of poultry raised under commercial
like conditions. 

ROLE OF SE 

Selenium is supplemented in all 
animal feeds because a significant amount of 
the feedstuffs are deficient or critically low 
in Se content. Because of its potential 
toxicity Se it is limited by Food and Drug 

·. Administration regulations to a maximum 
dietary inclusion level of .2 ppm for 
chickens and .3 ppm for turkeys. In 1993, 
the US Food and Drug Administration called 
for a reduction in Se from .3 to .1 mg/kg in 
poultry diets; however, there is a temporary 
stay the enforcement of this regulation. 
Selenium is supplemented in feeds primarily 
in the inorganic sodium selenite and sodium 
selenate forms while manufactured and 
plant-derived selenomethionine and 
selenium emiched yeasts provide organic 
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forms of Se. Organic Se is found in a wide 
variety of feed ingredients in the 
selenomethionine and selenocysteine forms. 
Approximately 50% of the Se in feed grains 
is in the form of selenomethionine, and this 
is also the major form of Se in a selenium
emiched yeast currently available in the 
market. 

Estimates on bioavailability of Se for 
poultry vary considerably depending upon 
which criteria are used for the evaluation. 
Scott and Thompson (1971) determined that 
there was a linear relationship in tissue 
deposition of dietary inorganic Se up to .3 
mg/kg. Echevarria et al. (1988a,b) indicated 
that sodium selenite, sodium selenate and 
calcium selenate are absorbed equally well 
by chicks based upon tissue distributions of 
Se after short term feeding trials with high 
levels of inorganic Se. Cantor et al. (197 Sb) 
determined that Se in animal products and 
selenomethionine were less effective than 
sodium selenite, sodium selenate or 
selenocysteine in the prevention of 
exudative diathesis. In other Se deficiency 
conditions in poultry, sodium selenite and 
selenomethionine were equally effective in 
the prevention of ventriculus myopathy in 
poults (Cantor et al., 1982). 
Selenomethionine was better than sodium 
selenite or selenocysteine in the prevention 
of pancreatic fibrosis in chicks (Cantor et 
al., 1975a). Recent research with poultry 
indicated that organic Se as 
selenomethionine was absorbed more 
efficiently and retained better than selenite 
as a source of intracellular Se (Shan and 
Davis, 1994). Organic Se (Sel Plex 50, 
Alltech, Inc., Nicholasville, KY) was also 
found to significantly improve feather 
condition in comparison to an inorganic 
source of Se (Edens et al., 1999). Note that 
the Se deposited in tissues does not 
represent the Se that is incorporated into 
biologically active compounds, but 
represents the amount that has been 



absorbed utilized for synthesis of 
biologically active selenoproteins (Combs 
and Combs, 1986). 

Selenium is a structural component 
of the glutathione peroxidase (GSH-Px) 
system which acts as an antioxidant 
maintaining intracellular reactive oxygen 
metabolites in check (Tappel, 1987; see 
Figure 1). About 40% of the Se in an animal 
exisists as GSH-Px (Rotruck et al., 1973). In 
order for inorganic Se to be effective in the 
activation of this enzyme system the selenite 
and selenate forms must be converted to the 
selenide form before selenoproteins are 
synthesized. Cysteine must combine with 
selenide to form selenocysteine via a tRNA
mediated process, and this is a very limiting 
process in mammals (Esaki et al., 1979). 
Selenocysteine then serves as the active 
precursor of selenoproteins including 
glutathione peroxidase. Inorganic Se is 
bound in muscle in a nonspecific manner 
and can be turned over easily for excretion 
via the renal system. 

In addition to being an integral part 
of GSH-Px, Se is involved with other 
biochemical functions that can impact 
immunity and the stress response in poultry 
(McDowel, 1992). Selenium plays a role in 
RNA, since Se can be incorporated into 
purine or pyrimidine bases, which can 
ultimately be responsible for the synthesis of 
antibodies and other critical proteins. It also 
has a specific role in prostaglandin synthesis 
and essential fatty acid metabolism that can 
have a significant effect on immune 
function. Se-GSH-Px is closely linked to 
vitamin E and function to protect biological 
membranes from oxidative degeneration. 
Within the cell, Se and vitamin E also 
protect enzymes and metabolically active 
lipids from peroxidation. Considering these 
important functions, it is logical to 
understand the importance of adequate Se 
nutritional status on immunity and disease 
resistance. Both vitamin E and Se protect 
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leukocytes and macrophages during 
phagocytosis, the mechanism whereby 
invading bacteria and viruses are destroyed, · 
by quenching the toxic products (NO and 
peroxide) that effectively kill phagocytized 
organisms (Lessard et al., 1991). 

There is considerable evidence in the · 
literature that adequate Se and vitamin E ; 
status is important in sustaining proper .: 
immunity in poultry. Vitamin E and Se · 
deficiency resulted in impaired antibody 
production (Marsh et al., 1980), impaired 
macrophage function (Dietert et al., 1990), ·• 
and impaired mitogen-induced lymphyocyte 
proliferation (Marsh et al., 1987). Adequate 
Se nutrition (0.3 ppm) in chicks was also , 
found to sustain cell-mediated immunity in 
chicks subjected to infectious bursa! disease . 
(Bu-ZhiGao et al., 1996). 

ROLE OF MN 

Manganese is the twelfth most 
abundant element, constituting 0.1 % of the ·, 
earth's crust. In the bird, liver, pancreas and . 
kidney have relatively high concentrations 
of Mn because of their high levels of 
enzyme activity, whereas muscles contain, 
very little. Bone also contains a high . 
concentration of Mn as the skeleton 
accounts for about 25% of the total body Mn •. 
(McDowell, 1992). If Mn is so abundant, 1 

why is dietary Mn supplementation · 
necessary to maintain proper Mn status? . 
Manganese absoprtion is very poor in avian · 
species, especially during intestinal disease • 
challenge (Turk et al., 1982). Other ' 
minerals adversely affect Mn absorption, · 
especially Ca, P, Fe, and Co. As with Zn, . 
organic forms of Mn are absorbed much ·. 
more efficiently than inorganic forms. Once : 
absorbed, Mn binds to cx2-macroglobulin, ; 
enters systemic circulation, becomes · 
oxidized to the manganic state and then ·. 
binds to transferrin, which is the major 
plasma carrier. Bile is the main route of; 
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Like other trace minerals, Mn 
functions as a cofactor of many metabolic 

· enzymes, both as an activator and as a 
constituent of metalloenzymes. Manganese
containing enzymes include argmase, 
pyruvate carboxylase, and Mn
superdismutase. Metaloenzymes that 
contain Mn include hydrolases, kinases, 
decarboxylases, and transferases (Groppel 
and Anke, 1971). Poor Mn status impairs 
glucose utilizaton, which is particularly 
important for normal function of cells of the 
nervous and immune systems. 
Abnormalities in cell function and 
ultrastructure, particularly involving 
mitochondria, occure during Mn deficiency 
(Hurley and Keen, 1987). Manganese 
deficiency also causes alterations in cellular 
plasma membrane integrity (Bell and 
Hurley, 1973), likely due to impaired SOD 
activity necessary for the deactivation of 
reactive oxygen metabolites (see Figure 1). 

ROLE OF CU 

The biological availability of Cu is 
. dependent upon the dietary form and other 

dietary factors. As with Zn and Mn, organic 
forms of Cu are more available than 
inorganic sources. Dietary factors that 
interfere with Cu availability include 
phytate, and high dietary levels of Ca, Fe, 
Zn, Cd or Mo. Copper is absorbed by either 
an active or passive transport mechanism. 
Once absorbed, Cu is loosely bound to 
serum albumin and amino acids transported 
throughout the body. Hepatic ceruloplasmin 
is the major storage form and transporter of 
Cu from liver to target organs. Within cells, 

·. Cu is stored as mitochondrial cuprein and 
bound to cytosolic metallothionine-like 
protein (McDowell, 1992). 

Like other trace minerals, Cu is 
involved in many critical metabolic 
functions. Copper is required for cellular 
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respiration, bone formation, proper cardiac 
function, connective tissue development, 
myelination of nerve cells, keratinization 
and tissue pigmentation. It is an essential 
constituent of many physiologically 
important metalloenzymes, including 
cytochrome oxidase, lysyl oxidase, 
superoxide dismutase, dopamine-P-
hydroxylase and tyrosinase. Considering the 
critical role of these enzymes, Cu status has 
significant influence on stress physiology 
and immunity. Copper deficiency will result 
in a reduction of two neurotransmitters, 
dopamine and norepinephrine, and impaired 
neurotransmission due to an inhibition of 
myelin synthesis. Copper deficiency also 
impairs metabolism of lymphocytes, 
neutrophils and macrophages primarily 
through reduced SOD (see Figure 1). These 
cells are highly metabolically active and 
must endure considerable oxidative stress. 

CONTROL OF REACTIVE OXYGEN 
METABOLITES 

If one could summarize the influence 
of trace minerals on the immune and stress 
response in poultry, the biochemical model 
of how reactive oxygen metabolites (ROM) 
are controlled would be serve as the central 
theme. Free radicals or reactive oxygen 
metabolites are any molecular species that 
contain one or more unpaired electrons. 
These radicals are released within each cell 
as an unavoidable consequence of normal 
metabolic processes, so their rate of 
production increases as metabolic rate 
increases as is characteristic in highly 
productive animals. Environmental 
stressors that also increase free radical 
production include exposure to temperature 
extremes, mycotoxins, nitrogen oxide, heavy 
metals, halogenated hydrocarbons and solar 
radiation (Slater et al., 1987). Superoxide 
(02-) and hydrogen peroxide (H202) are 
intricately involved with enzymes in 
phagocytic cells to kill bacteria and other 



foreign antigens (Halliwell, 1987). During 
an inflammatory response after an antigenic 
challenge, these ROM species 
indiscriminately damage macromolecules in 
the body. These conditions are exacerbated 
by excessive dietary Fe. "Free" Fe can 
stimulate free radical reactions by the 
production of OH in Fenton-type reactions 
by catalyzing transfer of electrons from 
NAD(P)H to oxygen in oxidation-reduction 
shuttles, and by reacting with lipid 
hydroperoxides to produce more reactive 
species (Slater et al., 1987). The majority of 
Fe is not "free" but rather complexed to 
large molecules, such as ferritin and 
hemoglobin. However, Fe is released from 
these complexes by 0 2• and lipid peroxides, 
which exacerbates the problem (Gutteridge, 
1986; Halliwell, 1987). 

Peroxidative damage and oxidative 
stress adversely affect several mechanisms 
crucial to the maintenance of immunity and 
stress adaptation. If not controlled, these 
free radical reactions cause extensive 
cellular damage to membrane permeability 
and fluidity, enzyme function and hormone 
activity, so critical in immunologically 
active cells. The control of peroxidative 
damage requires balanced antioxidation 
systems illustrated by Figure 1. Vitamin E 
is often the first antioxidant compound 
discussed in the control of reactive oxygen 
metabolites, but it is really last in the 
defense after all other alternatives are 
overwhelmed. Metaloenzymes involving 
Zn, Se, Mn and Cu precede water- or fat
soluble antioxidants in the control of RO Ms. 
Poor trace mineral status will significantly 
compromise the efficiency by which ROMs 
are quenched and dependence upon the 
water-soluble and fat-soluble antioxidants 
will be increased. 

CONCLUSION 
Trace mineral nutrition contributes 

significantly to immunocompetence and 
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adaptive responses to stress in poultry. 
Although most diets contain enough trace 
minerals to satisfy the mm1mum 
requirements as recommended by NRC 
(1994), trace minerals status in highly 
productive poultry can be compromised by 
interactions with other minerals and 
antinutrients, and genetic and management 
factors. Trace mineral source and form 
supplemented to the diet is an important 
consideration in terms of bioavailability, 
utilization and ultimate body status. 
Although inorganic forms of trace minerals 
may provide for the basic needs for growth, .• 
dietary supplementation of the 
bioavailable orgamc forms may 
necessary to assure optimum 
resistance. 
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Figure 1. Protection of cellular damage by reactive oxygen metabolites (ROM) 
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Figure 1 Explanation Guide 

(1) Superoxide ( 0 2 •) is generated during 
normal metabolic respiration via 
Electron transfer. 

(2) Exogenous contributors to oxidative 
stress include dietary imbalances, 
disease, environmental pollutants, 
toxins and heat/cold stress. Stress
sensitive poultry are generally prone 
to oxidative stress. 

(3) Superoxide Dismutase (SOD) 
converts superoxides to peroxides. 
Mitochondrial SOD requires Mn as a 
cofactor and cystosolic SOD 
requires Zn and Cu as cofactors. 
The conversion of superoxides to 
peroxides retards reduction of Fe3

+ 

to Fe2
+, which catalyzes the 

formation of OH. 

(4) Superoxide reduces Fe3
+ enabling it 

to enter Fenton-type chemical 
reactions, which produce hydroxyl 
radicals. 

(5) Very reactive hydroxyl radicals 
attack macromolecules, especially 
polyunsaturated fatty acids, and 
initiate peroxidative chain reactions. 

(6) Glutathione peroxidase (GSH-Px) 
and catalase convert peroxides to 
forms that are not labile to Fen ton 
reactions. Reduction of peroxides is 
accompanied by the oxidation of 
glutathione (GSH) to glutathione 
disulfide (GSSG). Glutathione 
peroxidase is a selenium-dependent 
enzyme. 
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(7) Glutathione reductase converts 
GSSG back to GSH by reducing 
equivalents from NADPH, which 
is a riboflavin-dependent enzyme. 

(8) Glutathione S-transferase, a Mn 
dependent enzyme, deactivates 
reactive oxygen metabolites 
(ROM) by conjugating them with 
GSH. This pathway may be more 
active when Se or antioxidants 
(Vit. E) are deficient. The 
resulting consumption of GSH 
increases the metabolic demand for 
reducing equivalents and competes 
with other metabolic pathways that 
depend on NADPH. 

(9) Peroxidative chains initiated by 
ROM that escape enzymatic 
deactivation are interrupted or 
quenched by water- or fat-soluble 
antioxidants. 

(10) Aldehyde oxidases degrade 
cytotoxic aldehydes, which are 
highly toxic to cells, to an acid and 
superoxide; however, the 
superoxide adds to the oxidative 
load. Aldehyde oxidases require 
Mo as a cofactor. 

(11) Aldehyde dehydrogenase generate 
reducing equivalents in addition to 
converting aldehydes to less toxic 
products. Aldehyde 
dehydrogenase is a Zn-dependent 
enzyme. 
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LIFE CYCLE TRACE MINERAL NEEDS FOR REDUCING STRESS IN BEEF 
PRODUCTION 

John Paterson, Connie Swenson, Bruce Johnson and Ray Ansotegui 
Montana State University and Zinpro Corporation 

INTRODUCTION 
Trace minerals are needed for 

vitamin synthesis, hormone production, 
enzyme activity, collagen formation, tissue 

• synthesis, 0 transport, energy production 
· and other physiological processes related to 
·growth, reproduction and health. The 
priority of use for these physiological 
processes varies. For example, growth, feed 
intake and feed efficiency may not be 

.altered during sub-clinical deficient states, 
·although impairment of reproduction or 
immune-competence may occur. The 
requirement of trace minerals is often based 
upon the ability of the animal to maintain 
desired production performance parameters. 
Table 1 shows the trace mineral 
requirements for growing and finishing 
attle, and cows (NRC, 1996). These 
equirements are based upon average cattle 
onsuming average diets. Copper 
equirements are suggested to be 10 mg/kg 
f DM intake but can vary depending upon 

.Other dietary components. Because Cu 
utilization can be low in ruminant diets, 
specially when the antagonists Mo and S 
e present in moderate to high levels, the 
RC recommendations may reqmre 
djustment. 
able 1. Trace Mineral Requirements For 
rowing And Finishing Cattle (NRC, 1996) 

Requirement, mg/kg 
Growing and 
Finishing Cattle Cows 

.I .I 
JO JO 

.5 .5 
50 50 
20 30 

.I .I 
30 30 
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Molybdenum and sulfate form 
thiomolybdates in the rumen when fed in 
excess. Thiomolybdate complexes with Cu 
at both the gastrointestinal and tissue level 
rendering it unavailable to the animal (Allen 
and Gawthome, 1987; Gooneratne et al., 
1989; Suttle, 1991). Disorders associated 
with a simple or induced (high Mo and S) 
Cu deficiency include anemia, diarrhea, 
depressed growth, change of hair color, 
neonatal ataxia, temporary infertility and 
weak, fragile long bones which break easily 
(Underwood, 1981). Recently, Herd (1997) 
indicated that there is concern that trace 
elements may be limiting production in 
better-managed herds to a much greater 
extent than previously recognized. Sub
clinical trace mineral deficiencies in cattle 
may be a larger problem than an acute 
deficiency, because specific clinical 
symptoms are not evident to allow the 
producer to recognize the deficiency (Wikse, 
1992). Animals with a sub-clinical status 
can continue to reproduce or grow, but at a 
reduced rate, with decreased feed efficiency, 
and a depressed immune system (Nockles, 
1994). Correcting sub-clinical mineral 
deficiencies in animals that have been 
nutritionally stressed may have a positive 
economic impact on cattle production 
efficiency. Factors which may contribute to 
trace mineral requirements when animals 
experience stress include deficiencies of 
trace minerals in the forage, antagonistic 
effects of other minerals found in water or 
diet, fetal growth of the calf, calving, 
weaning and even expected level of animal 
productivity. 



ASSESSING TRACE MINERAL 
STATUS IN BEEF CATTLE 
In reviewing the responses to trace 

mineral supplementation, we have asked the 
question "Were the responses due to level of 
intake, form of mineral intake (inorganic vs. 
organic) or a response to overcoming 
antagonistic effects caused by Mo, S or Fe?" 
The approach that we have followed with 
producers is to first test the forages, then the 
water and finally conduct a liver biopsy to 
make recommendations. The easiest and 
least expensive are the first two. Forage 
mineral content and bioavailability varies 
because of factors such as soil mineral level, 
soil pH, climatic conditions, plant species 

and even stage of plant maturity (Spears, , 
1996). When comparing grasses to legumes · 
grown in the same location, legumes have , 
been shown to be higher in Ca, Cu, Zn and . 
Co than grasses (Greene et al. 1998). · 
Distribution of the mineral in the plant, ' 
chemical form and mineral interactions can . 
also influence bioavailability. 

Table 2 describes average values · 
obtained from grass, grass-legume and · 
legume hay samples collected over the past 
two years in Montana. The most noticeable · 
and consistent deficiencies were for Cu and '. 
Zn. 

Table 2. Average Nutrient Concentration of Grasses, Forage-mixes and Legumes for Montana 

Forage Type No. Crude TDN 
Samples Protein% % 

Grasses 151 9.6 54.9 
Grass-legume 163 13.1 57.9 
Legumes 58 17.9 62.7 

Current NRC dietary 
recommendations are 10 ppm for Cu and 30 
ppm for Zn. Of the forages analyzed, all 
had average Cu and Zn values much lower 
than these recommendations, indicating that 
supplementation would be warranted. 
Although fewer samples were analyzed for 
Mo, concentration in grass hays were high 
enough to consider antagonistic effects on 
the utilization of Cu (Cu:Mo ratio of less 

Ca 
% 
.62 
.85 
1.4 
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p s Cu, Mo, Cu:Mo Zn, 
% % ppm ppm Ratio ppm 
.16 .14 5.2 1.45 3.6 18.2 
.21 .19 7.0 .81 8.6 19.2 
.24 .26 8.8 1.15 7.7 21.4 

than 5: 1). These results would be in· 
agreement with those reported by Corah and" 
Dargatz (1996), who reported that 64% of 
forages analyzed were deficient to marginal( 
in Cu and 97.5% were deficient to margina1' 
in Zn. Similar to Montana data, Herd (1997) 
published trace mineral values for native 
grasses from Texas and Davis et al. (1999X 
published results for Arkansas forages 
(Table 3). 
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Table 3. Variation in Forage Mineral Content for Native Grasses from Texas and Mixed Grass Hay from 
Arkansas and NRC Requirements for Dry and Lactating Beef Cows (adapted from Herd, 1997; Davis et al., 
1999) 

Mineral Average 
Texas 
(Native Grass) 
Ca,% .48 
P,% .10 
Mg,% .12 
K,% .91 
S,% .13 
Fe, ppm 205 
Cu, ppm 5 
Mn, ppm 50 
Zn, ppm 21 

Arkansas 
(Mixed Grass Hay) 

Ca,% .59 
P,% .29 
Mg,% .26 
K,% 1.85 
S,% .22 
Fe, ppm 231 
Cu, ppm 10.2 
Mn, ppm 197 
Zn, ppm 24.3 

The Texas data for native grass 
suggests that P, Mg, Cu, Mn and Zn would 
all be deficient for a lactating cow. The 
Arkansas data for mixed grass hay indicates 
that P, Cu and Zn could also be deficient on 
certain ranches. 

In addition to forage quality, 
livestock water quality is often considered in 
making nutritional recommendations. The 
following figure (Figure 1) shows the 
variation in sulfate concentration of water 
for 12 ranches in Montana. The target values 

Requirements, 
Range of (NRC,1996) 
Analyses Dry Cow Lactating Cow 

.29-.67 .25 .31 

.04-.16 .16 .21 

.07-.17 .12 .20 
.28-1.54 .60 .70 
.07-.19 .15 .15 
43-367 50 50 

3-7 10 10 
25-75 40 40 
13-29 30 30 

.23-1.35 
.11-.66 
.13-.47 
.61-5.03 
.12-.44 

56-3982 
1.1-27.6 
38-1125 

15.4-184.5 

above 400 ppm cause us to question the 
effects on Cu utilization. Independent of 
Mo, dietary S can also reduce Cu absorption 
(Suttle, 1991 ). Our concern has been the 
interaction that Mo and S consumption has 
on the utilization of Cu. This concept is 
demonstrated by the work of Arthington et 
al. (1996) who showed that Cu levels in the 
liver were significantly reduced when Mo 
and S were supplemented to beef cattle 
(Figure 2). 
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Figure 1. Analyses of Water Samples for Sulfate Concentration from 12 Montana Ranches 
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Figure 2. Change in Liver Copper Concentration when Cattle were Supplemented 
with Mo and S (adapted from Arthington et al., 1996) 
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These data show that supplementing 
both S and Mo resulted in a reduction in 
liver stores of Cu. Ward et al. (1992) also 
demonstrated that Mo and S 

LIVER BIOPSY TO DETERMINE Cu, 
Zn AND Mn STATUS 

In diagnosing Cu status, serum may 
not always be a good indicator of status 
because not all Cu circulating in the blood is 
available to the animal and can be 
influenced by Mo, S, infection, trauma and 
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supplementation reduced plasma 
concentrations in steers after 21 days 
feeding, and impaired Cu metabolism. 

stage of production (Puls, 1990). Serum Cu: 
levels have not been shown to have a high 
correlation to liver Cu levels (Clark et al.,:, 
1993). For example, cattle with low plasma; 
Cu levels had adequate liver Cu 
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levels (Mulryan and Mason, 1992). Stoszek 
et al. (1986) found that animals with liver 

· Cu levels of 25 ppm had plasma Cu levels 
between .07 to 1.0 ppm while animals with 
liver Cu levels between 100 and 400 ppm 
also had plasma Cu levels close to .9 ppm. 

Table 4 describes the status levels for Cu, 
Zn, Mn and Fe in the bovine the liver. For 
Cu and Zn, approximately 100 ppm (DM 
basis) is considered to be adequate in the 
bovine, while 10 ppm is adequate for Mn. 

Table 4. Status and Concentration of Cu, Zn, Mn and Fe in Bovine Liver 
(ppm on a DM Basis)" 

Status Cu Zn 
Deficient <25 <40 
Marginal 30-90 50-90 
Adequate 100-200 100-300 
High 300-550 400-800 

a Adapted from numerous sources 

To assess trace mineral levels on a 
regional basis, a nine-state survey was 
conducted to determine the variation in Cu, 
Zn, Mn and Mo levels of bovine liver. 
Twelve hundred and forty three cows were 
sampled by the use of a liver biopsy 

Mn Fe 
<3.5 <30 
5-10 40-60 
9-21 75-300 
14-80 400-700 

technique. States included in the survey 
were Colorado, Kansas, Missouri, 
Montana, Nebraska, No. Dak., So. Dak. and 
Texas. Table 5 presents the number of cows 
biopsied, and the average, minimum and 
maximum liver concentrations for these 
trace elements. 

Table 5. Average, Minimum and Maximum Concentrations of Liver Cu, Zn, Mn and 
Mo of Cattle from Nine States (ppm on a DM basis) 

No. Animals Cu Zn Mn Mo 
State Sampled (Min-Max) (Min-Max) (Min-Max) (Min-Max) 
Colorado 329 73 125 14.7 5.7 

(5.3-368) (2.9-299) (1.9-1222) (2.1-16.0) 
Kansas 257 108 181 11.5 5 

(1.3-454) (13-980) (2.0-241) (2-8.2) 
Missouri 32 122 109 16.0 3.7 

(19-237) (89-145) (7.5-128) (1.5-4.5) 
Montana 182 102 120 8.3 3.6 

(29-304) (89-196) (5.6-11.9) (2.2-6.1) 
Nebraska 78 20.4 126.6 8.5 3.5 

( 4.1-125) (4.7-227) (5.1-54.5) (2.2-5.1) 
No. Oak. 113 12 144 8.0 2.9 

(3.9-78) (1.4-640) (6.2-10.0) (1.8-3.7) 
So. Oak. 162 39 123 8.6 3.5 

(3.8-291) (83-237) (6.4-11.3) (2.4-5.7) 
Texas 60 121 143 11.2 3.1 

(6.5-458) (57-759) (1.4-60.8) (.2-6.8) .. 
Appreciation 1s expressed to Ors. Brmk (NE), Corah (KS), Johnson, Whittler (CO) and W1kse (TX) 
who contributed data for this survey. 
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Evaluation of the average liver Cu 
concentrations suggests that cows from 
Colorado, Nebraska, No. Dak. and So. Dak. 
·would be considered to be deficient to 
marginal in status. Manganese levels were 
marginal for Montana, Nebraska, No. Dak. 
and So. Dak. Zinc levels appeared to be 
adequate based on the recommendations 

from Table 4. The minimum and maximum · 
values indicate wide variation in liver Cu 
storage. The results were further sorted by ·• 
state to indicate the percentage of the cattle 
which were considered to be deficient, 
marginal or adequate in liver Cu (Table 6) 
based on the recommendations from Table 
4. 

Table 6. Percentage of Cattle Which Were Classified at Deficient, Marginal or Adequate 
in Liver Cu Concentrations 

-----------------
0/o of cattle ---------------------

State No Cattle 

Colorado 329 
Kansas 257 
Missouri 32 
Montana 182 
Nebraska 78 

No. Dak. 113 
So. Dak. 162 
Texas 60 

Cows from Colorado, Kansas, 
Nebraska, No. Dak. and So. Dak. had high 
percentages of cows that were considered to 
be of marginal status. Three questions arise 
from this survey; "When should a liver 
biopsy be conducted, how does liver Cu 
concentrations change throughout the year 
and does a high level of Mo in the liver 

Deficient Marginal Adequate 
<30 ppm <60 ppm >90 ppm 

30 49 30 
16 39 51 
6 13 63 
.2 12 61 
55 77 12 
92 96 0 
65 69 27 
10 23 62 

influence availability of Cu to the animal? \ 
Swenson, (1998) repeatedly biopsie · 

60 spring-calving cows starting 30 days 
precalving, at calving, at breeding, a: 
weaning and again just before calving the 
next year. These results are presented in 
Figure 3. 

Figure 3. Changes in Liver and Serum Cu Concentrations For Beef Cows 
(Swenson, 1998) 
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Results from this experiment 
indicated that the cows had adequate liver 
Cu stores pre-calving (110 ppm) but became 
marginal by the time of parturition (80 
ppm). We interpreted these results to 
indicate a maternal transfer of Cu to the 

EFFECT OF FORM OF 
SUPPLEMENTAL MINERALS 

Traditionally, supplemental trace 
minerals have been supplied to livestock in 
the form of inorganic salts, sulfates, oxides 
and chlorides. The use of organic trace 
minerals has increased due to reports of 
improved feed efficiency, growth, 
reproduction and immune response 
(Manspeaker et al., 1987; Chirase et al., 
1991; Swenson, 1998). Power et al. (1994) 
showed bioavailability of zinc proteinate to 
be 159% of the bioavailability of zinc 

fetus during the last trimester of pregnancy. 
Copper reserves were increased during the 
summer and fall and did not appear to 
decline until just before calving the next 
year. Serum Cu changes were not indicative 
of liver Cu changes. 

sulfate in rats while Lovell (1994) reported 
that zinc methionine had 300-400% the 
potency of zinc sulfate in young channel 
catfish. Spears et al. (1991) reviewed the 
beneficial effects of feeding zinc 
methionine to cattle, which resulted in 
improved performance, carcass quality and 
immune response. The following table 
(Greene et al., 1998) compares the bio
availability of several trace elements from 
different sources (Table 7). 

Table 7. Relative bioavailability of trace minerals from different sources (adapted from Greene et al., 1998) 

Mineral Sulfate Oxide Carbonate 
Co 100 31 a 11 o• 
Cu 100 ob -
Fe 100 oa 0-75° 

Mn 100 

Zn 100 
a Henry (1995) 
bKegley and Spears ( 1994) 
'Ivan et al. (1990) 
dSpears ( 1996) 
~Wong-Valle et al. (1989) 
rKincaid ( 1979) 
gKawashima et al. ( 1986) 
hKincaid et al. (1986) 
;Fly et al. (1989) 
ipower et al. ( 1994) 
kWedekind et al. (1992) 

58e 28e 

- 601 

Other work has suggested that the 
bioavailability of Cu-lysine was similar to 
CuS04 in chicks (Baker et al., 1990) and 
steers (Ward et al., 1992). But, Du et al., 

. (1996) showed that the utilization of Cu 
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from either Cu-proteinate or Cu-lysine was 
higher than Cu-sulfate based on rat liver Cu 
content. Interestingly, these data also 
revealed that high dietary Zn decreased the 
utilization of Cu, but this effect could be 



overcome by increasing Cu in the diet. 
Wellington et al. (1998) came to a similar 
conclusion with beef heifers (Figure 4). In 
this study, heifer calves were fed 5 ppm Mo 
and supplemented with either Cu-amino acid 
complex (15 ppm in the diet) or Zn-amino 
acid complex (90 ppm in the diet) to 

determine the effects on liver Cu changes 
over 90 days. Data indicate that Cu
supplementation alone increased liver Cu by" 
24% while Zn supplementation alone 
decreased liver Cu levels by 41 %. But,. 
supplementing both Cu and Zn increased; 
liver Cu by 103%. 

Figure 4. Effect of Supplementing Cu, Zn or Cu+ Zn on Change in Liver Cu 
Concentrations in Beef Heifers After 90 days (Wellington et al., 1998) 
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Herd (1997) hypothesized that the usage 
of organic forms of trace minerals may be of 
greater value when an animal is under 
nutritional, disease or production stress. Ward 
et al. (1992) demonstrated that source of trace 
minerals may result in differences with result 

-41 

No Cu Yes Cu 

Yes Zn Yes Zn 

to ADG and feed intake. Their data sho 
improved performance for incoming fee 
calves during the first two weeks compare: 
feeding the sulfate form of trace mine 
(Table 8). 

Table 8. Effect of Form of Mineral on Performance of Calves (adapted from Ward et al., 1992) 

Parameter Control Oxide Sulfate Complex SE 

Number of animals 31 31 31 31 

Initial weight (lbs) 454 454 456 452 6.3 

Daily gain, lbs/d 
Day 0 to 14 2.93"b 2.76"b 2.69b 3.44" 0.29 

Day 0 to 28 2.00 1.76 1.74 2.09 0.18 

DM Intake, lbs/d 
Day 0 to 14 7_3•b 7.1 ab 6.7b 7.4" 0.24 

9.9 10.1 10.0 10.4 0.35 Day 0 to 28 
a,b W1thm a row, values lackmg a common superscript letter differ (P<.O 1) 

Nockles et al. (1993) showed that Cu 
from Cu-Lysine was better retained than 
from CuS04 and that significant changes 
occurred in both Cu and Zn balance due to 
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supplementation and stress. Eckert et . 
(1999) conducted a study with crossbr, 
ewes comparing CuS04 to copp 
proteinate fed at three levels (10, 20 or; 
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ppm of diet). Although no observable Cu 
toxicity was measured, feeding Cu
proteinate resulted in greater ceruloplasmin 
activity than CuS04, but liver Cu was 
greater when CuS04 was fed. 

In the presence of high dietary 
antagonists, we have hypothesized that 
feeding a higher amount of Cu/day may 
overcome these effects. However, we also 
hypothesized that a combination of 
inorganic and amino acid complexed forms 
of Cu fed at a lower level may give a similar 
response as feeding a high level of Cu in the 
sulfate form. Bailey et al. (1999) conducted 
an experiment with growing heifers 
(average initial weight of 643 lbs) to 
determine if form and(or) level of 
supplemental Cu and Zn in the presence of 
the antagonists Mo, S and Fe influenced 
liver Cu level. This work was conducted to 

determine if increasing the level of 
supplemental Cu, or if a combination of 
inorganic and amino acid complexed-Cu 
sources would result in similar changes in 
liver Cu when animals were consuming diets 
high in the antagonists Mo, S and Fe. 
Supplemental trace mineral treatments were: 
1) basal supplement with no additional Cu 
or Zn (Control), 2) 250 mg Cu/d and 500 mg 
Zn/din sulfate form (Lo-Sulfate), 3) same as 
treatment 2 but 50% of the Cu and Zn were 
provided from amino acid complex form 
and 50% was from the sulfate form (2-Way), 
4) same as treatment 2 but the ratios of Cu 
and Zn were 50% amino acid complex form, 
25% sulfate-form and 25% from the oxide 
form (3-Way) and 5) 500 mg Cu/day and 
1000 mg Zn/day in sulfate form (Hi
Sulfate ). 

Figure 5. Effect of Cu Supplementation Level and Form on Changes in Liver Cu When Heifers Were Fed the 
Mineral Antagonists Mo, Sand Fe (Bailey et al., 1999) 
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All animals were individually fed the 
antagonists Mo (10 ppm), S (3,500 ppm) 
and Fe (450 ppm) of the daily DM intake. 
The diets were formulated so that the Cu:Mo 
ratios were . 8: 1 for the Control; 5: 1 for the 
Hi-sulfate and 2.5:1 for all other diets. The 
basal diet was composed of chopped hay 
and a barley-based concentrate formulated 

.• to achieve 1.5 lbs/day gain. Liver biopsies 
were taken on days 0, 50 and 100 and 
analyzed for trace minerals. Copper loss 
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from the liver over the 100 day trial was 
slower (P<.05; Figure 5) for Cu
supplemented heifers compared to Control 
heifers. The rate of Cu loss was not different 
between the Hi-sulfate supplement vs. the 
supplements with half the amount of 
supplemental Cu for the first 50-d of the 
experiment. But, by day 100, heifers fed the 
high Cu-sulfate supplement, did retain 
slightly more (P<.05) liver Cu than heifers 
fed the lower levels. Daily gains were not 



different among the treatments. In 
retrospect, all heifers started the experiment 
with more than adequate liver Cu (236 
ppm). A different response may have been 
observed if heifers had been deficient ( <60 
ppm) at trial initiation. Over the 100 d study, 
there were no differences in liver Cu 
retention for the treatments in which the 
heifers were fed 250 mg/d supplemental Cu. 
Other work has shown that when animals 
were in a negative Cu balance due to stress, 
retention was significantly greater when 
Cu-lysine was supplemented compared with 

CuS04 following a repletion phase (Nockles ·. 
et al., 1993; Figure 6). 

This work implies that Cu from Cu- ; 
lysine was metabolized differently than Cu 1 

from CuS04. It can be speculated whether 
the differences in Cu retention between the 
Bailey et al. (1999) and the Nockles et al. 
(1993) studies may be a result or 
differences in degree of stress on the , 
animals and( or) simply a result of 
differences in antagonist consumption. 
Nockles et al. did not feed the same high 
level of antagonists as did Bailey et al. 

Figure 6. Influence of Cu Source on Cu Retention in Calves; Pre- Vs. Post-Stress (Nockles et al., 1993) 

EFFECTS OF TRACE MINERALS ON 
REPRODUCTION AND IMMUNITY 

Reproduction 
Table 9 describes effects of Cu, Zn 

and Mn deficiencies on the fertility of cattle. 
Copper, Zn and Mn have all been shown to 
have negative effects on reproductive 
efficiency. As an example of this, Doyle et 
al. (1988) conducted a study in which Zn, 
Cu and Mn supplementation were compared 
to no additional Cu, Zn or Mn. The average 
length of time from the beginning of the 
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breeding season to conception was 22 da)'.. 
·! 

for trace mineral supplement treatment vs 
42 days for non-supplemented cow' 
Manspeaker (1987) compared 
supplementation to supplementation wit 
Cu, Zn, Mn, Fe and Mg (chelated forms) fo 
dairy heifers. Results of this experiment atl 
presented in Table 10. 
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Table 9. Review of the influence of Cu, Zn and Mn on fertility of beef cattle 

Mineral Female Male References 
Cu Delayed estrus Decreased libido Corah and Ives, 1991 

Embryonic death Decreased spermatogenesis Herd, 1994 
Decreased conception Hidiroglou (1979) 
Delayed puberty Ingraham et al., 1987 
Decreased ovulation Kappel et al., 1984 

Phillippo et al., 1987 

Zn Increased dystocia Impaired growth Duffy et al., 1977 
Abnormal estrus Delayed puberty Mass, 1987 

Decreased testicular size Apgar, 1985 
Decreased libido Pitts et al., 1966 

Puls, 1990 

Mn Increased anestrus Increase in abnormal Brown and Casillas, 1986 
Increased abortion Sperm Corah and Ives, 1991 
Decreased ovarian activity Pugh, 1985 
Decreased conception rates 

Table 10. Influence of Mineral Supplementation on Heifer Post-Partum Fertility 
(adapted from Manspeaker et al., 1987) 

Item Supplemented No Supplement 
Infections 

Bacteria isolated from cervix & uterus,% 5 25 
Ovarian activity 

Mature follicles 30-80 d post-partum,% 35 20 
Embryonic mortality 

Palpated embryonic depression 35-55 d post-Insemination,% 0 20 
Incidence of endometrial scarring, % 10 58 
Post-partum involution and tone of pregnant horn compared to Indistinguishable Distinguishable 
nonpregnant horn 

Supplementation reduced the 
percentage of infections, embryonic 
mortality, endometrial scarring and 
improved post-partum involution and tone 
of the pregnant horn. Swenson (1998) 
supplemented Cu, Zn, Co and Mn in either 

· the inorganic sulfate form or in an amino 
acid complex form to first calf heifers. 
Results from these researchers showed that 
even though significant structures and the 
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30-35 d 50-55 d 

percentage of cows exhibiting estrus by day 
45 was lower when complexed minerals 
were supplemented, the percentage of cows 
bred by AI was improved (Table 11). In 
another study (Swenson, 1998), days to 
conception were reduced by 10 days in first 
calf heifers supplemented with amino acid 
complex forms of Cu, Zn, Mn and Co 
compared to sulfate forms and controls with 
no additional trace minerals. 



Table 11. Influence of Trace Mineral Supplementation a on Reproduction Parameters in First-Calf Beef 
Heifers (Swenson, 1998) 

Reproduction parameters Control Sulfate Complex 

Significant structures" by 45 d,% 86.r 88.9A 50.0w 

Exhibited estrusc by 45 d,% 46.7xw 66.7x 27.Sw 

Bred AI,% 46.7yz 33.Y 61.1 z 

"Complex contamed Zn meth1onme, Cu lysme, Co glucoheptonate and Mn meth1omne; Sulfate provided Zn, 
Cu, Co and Mn sulfate forms; and Control had no additional Zn, Cu, Co or Mn added to supplement. 

bSignificant structures include follicles greater than 12 mm and/or corpra lutea as determined by rectal 
palpation. 

cThe presence of a corpra lutea indicated that a heifer had exhibited estrus. 
wxWithin a row, means lacking a common superscript letter differ (P<.05). 
yz Means lacking a common superscript letter differ (P=.09). 

Ansotegui et al. (1999) utilized the 
same heifers (avg wt. of 700 lbs) of Bailey 
et al. (1999) to determine the influence of 
Cu and Zn supplementation on estrus, 
ovulation rate and fertility. Supplemental 
trace mineral treatments were: 1) basal 
supplement with no additional trace 
minerals; 2) basal supplement plus 250 mg 
Cu/d and 500 mg Zn/d in the sulfate form 
and 3) basal supplement plus an additional 
250 mg Cu/d and 500 mg Zn/d in which 
50% were in the sulfate form and 50% were 
amino acid complexes. The number of 
heifers responding to estrous 
synchronization and ovulating at least one 
ova did not differ (P>.10) among treatments. 
Heifers supplemented with the blended 
forms of Cu and Zn (Treatment 3) produced 
more ova than the control heifers, and 
heifers supplemented with the blended 
supplement or the control supplement 
produced more ova than the heifers fed the 
supplement containing Cu and Zn in the 
sulfate form (Treatment 2). Numbers of 
embryos did not differ (P> .10) between the 
control and blended supplement treatments, 
but were higher (P<.05) than for the sulfate
only supplemented heifers. 

Phillipo et al. (1987) conducted two 
heifer studies with barley grain-straw based 
diets containing 4 ppm Cu and 5 ppm Mo 
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(.8:1.0 Cu:Mo ratio). Molybden 
supplementation resulted in the delaye 
onset of puberty, decreased conception ra( 
and caused anestrus in cattle withou· 
accompanying changes in Cu status or i: 
live-weight gain. It was proposed that th 
effects of Mo were associated with · 
decreased release of luteinizing hormo ' 
that might be due to an altered ovari . 
steroid secretion. Earlier work by Case et 
(1973) found that cattle graL:ing pasture o .. ' 
soil with an elevated Mo content h~ 

reduced fertility while Peterson and Walde:. 
(1977) described a negative associatiq 
between the Cu:Mo ratio of silage · 
fertility in dairy herds in Canada. 

Immunity 
Trace mineral requirements 

determined largely by animal growth ;'• 
reproductive response and not by the abilf 
of the immune system to respond to? 
challenge. There is increasing evidence ill 
the concentrations of trace elements requit 
for healthy animals are often below what 
required for animals experiencing 
immunological challenge (Beisel, 19~ 
Berger, 1997). Research (Stabel et 
1993) has indicated that Cu deficie 
affects various physiological characterist 
that may be important in immunologt 
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defense to pathogenic challenge. Woolliams 
et al. (1986) showed that Cu 
supplementation affected the resistance of 
sheep to bacterial infections. Genglebach 
and Spears (1998) showed that when Mo 
was supplemented to a diet containing 
adequate Cu, no differences were apparent 
in plasma or liver Cu. However, calves fed 
Mo had a more severe Cu deficiency based 
on depressed humoral-immune response and 
super-oxide dismutase activity. In another 
study, Ward and Spears (1999) concluded 
that Cu deficiency and 5 ppm Mo in the diet 
did not dramatically alter the specific 
immunity of stressed cattle. Genglebach et 
al. (1997) showed that when diets were 
marginally deficient in Cu with 
~upplemental Fe and Mo added, body 

temperature and feed intake responses to 
disease were affected. Ward et al. (1997) 
concluded that Cu deficiency and Cu 
deficiency coupled with high dietary Mo or 
Fe intake produced inconsistent immune 
function responses, indicating at Cu 
deficiency may not affect specific immune 
function in calves. Ansotegui et al. (1994; 
Figure 7) found that cell mediated immune 
response was faster and significantly higher 
when complexed-forms of Cu, Zn, Co and 
Mn were fed compared to sulfate forms of 
the same minerals or to cows which were 
not supplemented. This study was 
conducted with out additional antagonists 
added to the diet. Subsequent responses 
have been much more variable when 
antagonists have been provided. 

Figure 7. Effects of Mineral Supplementation on Skinfold Thickness at 6, 12 and 24 hr Post Injection with 
PHA-P (Ansotegui et al., 1994). 
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Zinc has been shown to have a 
positive impact on immunity in stocker and 
-feedlot cattle with limited research in beef 

ows. Weaned calves normally experience 
stress due to transportation, changes in feed 
nd handling, which increase susceptibility 
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to infectious diseases. During this period of 
stress, providing adequate dietary Zn may be 
critical, because stress has been shown to 
have a negative impact on Zn retention 
(Nockels et al., 1994). Infection can also 
have a detrimental effect on Zn status in 



cattle. Infecting cattle with a bovine 
rhinotracheitis challenge increased urinary 
Zn excretion which caused a negative 
balance (Orr et al., 1990). Feed intake is 
often depressed when feeder cattle are 
stressed and the reduction in intake results in 
a decrease of trace minerals ingested. 
Supplying Zn to steer calves which had 
undergone stress (weaning, transportation, 
exposure to new cattle and vaccination) was 
shown to increase feed intake (Spears and 
Kegley, 1991) while Chirase et al., (1991) 
showed that dietary Zn enhanced the 
recovery rate of !BR-stressed cattle. 

CONCLUSION 
Data from Montana, Texas and 

Arkansas indicate that Cu and Zn can be 
deficient in many of the forages cattle 
consume. Coupled with the antagonistic 
effects of Mo and S, this may require 
additional supplementation with Cu because 
it would also appear that there are a fairly 
large number of cows who are deficient to 
marginal in liver Cu and Mn stores. 
Experimental results do suggest that single 
trace element supplementation can be 
antagonistic (e.g. excessive Zn depressing 
liver Cu stores) or symbiotic (Cu and Zn 
both supplemented). Supplemental trace 
minerals have been shown to have positive 
effects on reproduction, immune status, 
disease resistance and feed intake of 
incoming feeder cattle. Although the data is 
somewhat variable among experiments, it 
has been shown that complexed minerals are 
more available than inorganic minerals and 
have application in the presence of dietary 
antagonists, and(or) when the animal is 
under stress. Our present field 
recommendations have been to use a blend 
of inorganic-organic minerals in front of an 
expected stress (calving to breeding and pre
weaning) and then use an inorganic based 
trace mineral supplement the rest of the 
year. This approach is only part of a 
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program to provide balanced nutrition with 
emphasis on supplying adequate protein,;· 
energy and trace minerals to prevent loss of· 
beef cattle productivity. It is our opinion. 
that providing adequate nutrition prior to 
expected stress can result in reduced·: 
morbidity of beef cattle; trace mineral' 
supplementation is an important part of this; 
management approach. ' 
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THE GLORY DAYS OF THE CHICKEN IN NUTRITION RESEARCH 

Leo S. Jensen 
Department of Poultry Science 
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Athens, GA 30602 

INTRODUCTION 
Chickens played an important role in 

major discoveries in biology. In nutrition 
research, they contributed significantly to 
many discoveries and in some played a crucial 
role. I wish to pay tribute to 11 of those early 
scientists whose research led to a significant 
improvement of human health as well as that 
of the chicken. I wish also to illustrate the 
variation in the time of application of new 
discoveries. Some were applied almost 
immediately while others took years, even 
decades, before they were fully appreciated. 

DISCOVERY OF THE ANTI-BERI
BERI FACTOR 

At the end of the last century, The 
Netherlands fought a war in the Dutch East 
Indies. They soon found that they lost more 
soldiers from a disease called beri-beri than 
from battle. The Dutch government sent 
Christian Eijkman (1858-1930), a physician, 
to the area to search for the microbe that 
caused the disease. At that time all disease 
was thought to be caused either by a toxin or 
a microorganism. Eijkman obtained blood and 

1
other tissue samples from the sick soldiers and 

'}tried to induce the disease in mammals and 
birds. He gradually shifted his research to 
;groups of chickens housed in bamboo cages. 
·or economic reasons, his laboratory assistant 
btained cooked polished rice left over from 
e previous day's hospital kitchen as well as 
cooked rice to feed the chickens. 

Chickens infected with human tissue 
· came sick but the problem was that the 

µtrols also became sick. Later a new cook 
.imd that his valuable rice was being fed to 
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chickens and told the laboratory assistant, "I 
have no reason to give military rice to civilian 
hens!" Eijkman had to return to poultry mash 
shipped from the Netherlands. With this, all 
the chickens got well whether they had been 
inoculated with tissues from beri-beri patients 
or not. Thus Eijkman discovered that beri-beri 
resulted from eating polished rice. Later, 
others showed that the rice lacked a nutrient, 
thiamin or vitamin B 1, that was lost by the 
polishing process. 

It took some time for the discovery by 
Eijkman to be applied and 50 years later there 
were still 150 deaths from beri-beri in the 
Philippines per I 00,000 people. Eijkman's 
research with chickens initiated the great race 
to find the rest of the vitamins during the next 
half century. 

DISCOVERY OF VITAMIN K 
Herman J. Almquist (1903-1994) 

discovered vitamin K using chickens while an 
assistant professor in the Poultry Husbandry 
Department in Berkeley, California. He found 
different forms of the vitamin, developed 
methods of determination, isolated the first 
pure form (phthiocol), synthesized vitamin Kl 
and provided the first pure vitamin K for 
human experiments -- all independently! For 
this he should have received the Nobel Prize 
but instead it was shared by Henrik Dam in 
Denmark and E. A. Doisy from St. Louis 
University for work on vitamin K. There is 
often injustice in the awarding of prizes but 
this has to be one of the greatest. Almquist 
spent six years as an assistant professor. The 
administrators at Berkeley honored his work 



on vitamin K by promoting him to associate 
professor and giving him a raise of $300 per 
year. 

UNRAVELING THE VITAMIN B 
COMPLEX 

Leo C. Norris (1893-1986) actively 
searched for unidentified growth factors for 
poultry during his entire research career at 
Cornell University. In 1930 he described the 
signs of a riboflavin deficiency in chicks as 
well as a pellagra-like dermatitis which later 
was shown to be due to a lack of pantothenic 
acid. In 1935 he and his associates reported 
that manganese prevented perosis (slipped 
tendon) in chicks. This mineral became the 
first trace element to be used as a supplement 
for animal feeds. 

At the University of Wisconsin, 
Conrad A. Elvehjem (1901-1962) helped to 
unravel the then chaotic vitamin B-complex. 
Although not in a poultry department, he was 
a coauthor of 41 papers published in Poultry 
Science. He concentrated the anti-pellagra 
factor in liver for chicks, rats and dogs and 
discovered that niacin prevented black-tongue 
(pellagra) in dogs. This finding, over the next 
few years, led to a dramatic drop in human 
deaths from this disease in the southern part of 
the U.S., where the disease was epidemic. 

Samuel Lepkovsky (1899-1984), also 
worked in the Poultry Husbandry Department 
at Berkeley. He was one of five investigators 
who independently discovered vitamin B6. He 
isolated and crystalized it and also found that 
xanthurenic acid was an abnormal metabolite 
that appeared in vitamin B6 deficient animals. 

Another Californian, Thomas H. Jukes 
(1906- ), made many discoveries while 
working in the Poultry Department at Davis. 
He identified pantothenic acid as a vitamin for 
poultry and synthesized it. He discovered that 
choline prevented perosis in turkey poults and 
chicks and co-discovered the growth 

promoting effect of antibiotics in animals. The 
latter discovery in 1950 was probably the 
most rapidly applied one in nutrition, a, 
within a year almost every broiler and turke~ 
feed contained an antibiotic supplement. 
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E.L.R. Stokstad (1913-1995) worke 
as a graduate student with Dr. Almquist a 
Berkeley and later made many discoverie.' 
while working at American Cyanamid. H~ 
synthesized, crystalized and determined th,' 
structure of folic acid. He co-discovered th: ,~, 

growth stimulating effect of antibiotics an" 
found selenium to be an essential element fo 
chicks. 

CONTRIBUTORS TO VITAMIN B12 
DISCOVERY 

There were three scientists in po ult f 
departments who made significart 
contributions to the discovery of vitamin B 1. 
Herbert R. Bird (1912-1989) at Beltsville arii 
later Wisconsin investigated vegetable protef· 
diets for poultry and discovered the need £; 
the "cow manure" factor for growth ;. 

I 

reproduction in poultry. He concentrated tlj 
factor a thousandfold and this became t 
animal protein factor that led to the isolatiq• 
of vitamin Bl2. James McGinnis (1918- ) 
Washington State University also investigat@ 
all-vegetable diets for poultry whi~ 
contributed to the discovery of vitamin Bl1 

He was the first to demonstrate tq 
microorganisms synthesized activity that lat 
was shown to be vitamin Bl2. 

Mary S. Shorb (1907-1990) was;, 
bright person born in Idaho who managed'.· 
earn a Ph.D degree in immunology at Jo . 
Hopkins during the great depression. S'. 
followed her husband to the Washington, D,· 
area but it was difficult, particularly ' 
women, to find work in the 1930s. Duri 
World War II, when men were being calledl 
military service, she got a job with the US 
culturing organisms for fermented da1 
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products. She was intrigued by the fact that 
liver-extract was needed in the media to make 
the organisms grow and started to investigate 
the reason for this. But then she lost her job to 
a returning veteran. She looked for another 
opportunity to study the liver extract problem. 
In 1946 the head of the Poultry Husbandry 
Department at the University of Maryland 
offered her a laboratory but said he could pay 
her no salary and could give her no money for 
research support. She solicited financial 
support from several commercial companies 
and finally received a $500 grant from Merck. 
With this she proceeded to develop a 
microbiological assay for the anti-pernicious 
factor. This resulted in the isolation and 
crystallization of vitamin B 12 by Merck in 
1948. 

SELENIUM AS AN ESSENTIAL 
TRACE ELEMENT 

An early investigator on the effects of 
vitamin E deficiency in chickens and turkeys 
which led to the discovery of selenium as an 
essential element was Milton L. Scott (1915 

). He unraveled the complicated 
interrelationships between selenium, vitamin 
E and sulfur-containing amino acids. 

The discovery of the nutritional 
significance of selenium is credited to Klaus 
Schwarz, who used rats, but it was in 
Stokstad's laboratory where chicks were the 
first animals shown to require selenium. In his 
laboratory a technician, who had previously 
worked in South Dakota, detected the odor of 
garlic as he prepared fractions of the 
unidentified factor preventing exudative 
diathesis. The technician had previously been 
exposed to the smell of garlic when working 
chemically with high selenium-seeds. Adding 
sodium selenite to the assay diet prevented the 
disease and stimulated growth. Stokstad 
contacted Schwarz who confirmed that 
selenium prevented liver necrosis in rats. 
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Stokstad allowed Schwarz to independently 
publish the results because he realized that the 
real discovery came when Schwarz developed· 
the assay and that it would be just a matter of 
time before someone identified the factor. 

With the discovery of the nutritional 
significance of selenium, one might expect to 
see it quickly added as a supplement to animal 
feeds. But this was not to be. In 1957 articles 
describing the discovery in Feedstuffs, both 
Stokstad and Scott indicated that selenium 
may not be needed as a supplement to 
practical diets because a high level of vitamin 
E would also prevent exudative diathesis as 
well as added selenium. A 1942 publication 
from Oregon State University, however, 
created the biggest deterrent to selenium's 
application in animal feeding. The study, done 
with a small group of rats, indicated that 
adding a high level of selenium to their diet 
caused cancer. Therefore, the Food and Drug 
Administration forbad the adding of selenium 
to animal feeds until 1973. Later studies with 
large numbers of animals failed to confirm the 
Oregon State work on cancer. 

EFFECT OF PELLETING ON 
NUTRIENT REQUIREMENTS 

I want now to shift from the sublime 
discovery of vitamins and essential trace 
elements to a couple of more mundane 
findings in poultry nutrition in which I was 
involved. The purpose is to illustrate the long 
time span for some discoveries to be 
appreciated. 

Early in my career I became interested 
in learning why chickens and turkeys grew 
faster and converted their feed more 
efficiently when the diets were pelleted. We 
learned that the response was due to more 
available (net) energy resulting from the 
reduced energy expenditure for prehension of 
food. No increase in metabolizable energy was 
observed. Although this information was 



published more than three decades ago, some 
investigators still do not seem to grasp its 
significance in feeding poultry. Protein, amino 
acids and other nutrients must be provided in 
proportion to the available energy. Feeding 
high quality pellets means that a higher 
percentage of these nutrients will be required 
than in diets fed in the unpelleted form. 
Almost all experiments conducted to estimate 
the quantitative requirements of nutrients, that 
form the basis for the NRC recommendations, 
were conducted with unpelleted diets. 

ENLARGED EYES IN CHICKS 
In my early days at Washington State 

University I inherited a research project from 
Professor Carver, the poultry department 
head, who had been appointed director of the 
WSU Experiment Stations. It was not a 
nutrition project but one that involved the 
influence of lighting on broiler performance. 
Subjecting chicks to continuous illumination 
allowed the chicks to grow about 10% faster 
than those maintained in 12 hours of darkness 
and 12 hours of light daily. I noticed, 
however, that the eyes of chicks constantly 
exposed to light were strange. We removed 
the eyeballs and found that those from chicks 
continually illuminated were38% larger at six 
weeks of age than those exposed to a daily 
darkness period. I published a paper on this in 
Science in 1957, the last sentence of which 
stated, "A study of the relationship of this 
light-induced abnormality to that of eye 
abnormalities in other species, including man, 
would be of interest." Last spring investigators 
from the University of Pennsylvania reported 
in Nature that 55% of the babies less than two 
years of age that slept with a room light on 
later developed myopia (near sightedness) 
compared to only 10% in those who slept in 
darkness. Even those who slept with only a 
night light developed a myopia incidence of 
34%. It only took 42 years to see if the 
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observations in chicks had any relevance to 
humans! 

DIETARY ENZYMES 
In 1954 I returned to Washington State 

University as an assistant professor. The West. 
Coast had to rely mostly on com and soybean 
meal shipped from the Midwest to feed 
poultry. Yet at that time there was a great 
surplus of barley grown in the Northwest. 
Substituting this grain for com in broiler diets, 
however, resulted in poor growth, lowered 
feed efficiency and sticky droppings. We tried 
many things to overcome the problem. One 
day an idea hit me. Perhaps the chicks did not 
have the right endogenous enzymes t 

adequately digest barley. Searching in ou. 
little chemical storage room, I found som ·· 
Clarase and Takadiastase that consisted o 
mixtures of exogenous enzymes produced b 
fungal organisms. I blended the two source 
and added zero, one-half, one, and one-an 
one-half grams per pound of a pearled barle 
basal diet. Amazingly, the enzym 
completely prevented the sticky droppings .: 
allowed the chicks to grow as fast as those fe,~ 
com. It was the first demonstration th.: 
exogenous enzymes could be of practic,' 
value in animal nutrition. 

Although the results with enzym; 
were exciting and received much attentid. 
their application in the feed industry did 11• 

materialize. The U.S. market was primaril~ 
corn-soy one and other grains such as barl: 
or wheat were seldom used. Now, 40 ye' 
later, dietary enzyme supplements are be· .. ' 
added to feeds all over the world. Accord'[, 
to an article in Feedstuffs 7 % of .'· 
compound feeds made in the year 19' 
contained enzyme supplements. They w; 
valued at $100 million. 
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CONCLUSION 
It is appropriate that we occasionally 

take time to tip our hats to the early giants in 
science who have greatly contributed to our 
health and well being. The early giants 
connected with the chicken helped build the 
foundation of nutrition that we animal 
nutritionists rely on today. There are still new 
discoveries to be made in animal nutrition. I 
consider myself very fortunate to have had the 
opportunity to play a very minor role in 
expanding the science of poultry nutrition. 
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INTRODUCTION 

Recent interest in biomass energy generation led to research efforts on enhancing biomass 
quality, biomass harvesting methods, byproduct utilization, and effects of biomass energy 
generation on the environment. With regards to byproduct utilization, energy generation 
from alfalfa stems (from alfalfa hay) has the potential to yield a valuable byproduct--! 
alfalfa leaf meal (ALM). As with many byproducts, the nutrient composition and its 
variability, and performance of livestock fed ALM should be evaluated prior to 
determining a target market and pricing structure. Earlier experience with feeding 
dehydrated alfalfa hay and ALM suggests that ruminant production systems may benefit 
from the use of this product. Alfalfa leaf meal is a product containing high .. 
concentrations of crude protein (CP), calcium (Ca), magnesium (Mg), and potassium (K). 
Its energy content approximates that of high quality hays, or average quality small grains, 
grass or legume silages. Because of these characteristics, ALM has the potential to 
substitute other protein sources, or high quality hay, in diets of dairy or beef cattle and . 
sheep. The following paper describes results and the state of knowledge on the use of· 
ALM in diets of ruminants. Funds to finance this research were secured by the. 
Minnesota Valley Alfalfa Producers (Mn V AP) Cooperative from a grant made by the 
Department of Energy based on initial research sponsored by a multi-disciplinary team 
headed by the Center for Alternative Plant and Animal Products of the University of 
Minnesota, Northern States Power (NSP) and the U.S. Department of Agriculture 
(USDA). 

ALFALFA LEAF MEAL DEFINED 

Production. Alfalfa leaf meal was originally produced to concentrate vegetable protein 
which contained some fiber as a protein source for poultry. Today, ALM remains th 
protein source of choice for poultry in many countries. 
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Energy generation from alfalfa stems offers significant advantages. Alfalfa is a cash crop 
that yields environmental benefits to soil, water and wildlife (Martin and Oelke, 1996). 
Within the context of the socioeconomic conditions prevalent in southwestern Minnesota, 
where the farmer-owned cooperative (Mn V AP) is located, utilization of alfalfa stems for 
energy generation also has the potential to yield benefits that will translate into 
sustainable development of this region. This region offers the conditions required for 
production and collection of large quantities of biomass close to an energy generation 
plant. These conditions are critical to the economic viability of biomass energy 
production systems (Martin and Oelke, 1996). 

Initial evaluation. Initial studies were possible through the support of the Center for 
Alternative Plant and Animal Products of the University of Minnesota, USDA and 
Northern States Power. Evaluation of ALM (Kuehn et al., 1999) produced by 
experimental procedures in the lab demonstrated that protein content was dependent on 
initial hay quality (Table 1). In the laboratory, ALM was obtained by manual separation 
of stems and weeds (mostly grasses). Small stems (with leaves) were separated from 
leaves with a mechanical sieve. Stem material was considered to be all material that did 
not pass a 6.35 mm (.25 in) sieve. 

Table 1. Average RFV and weed content of hay used to obtain alfalfa leaves in the 
laboratory. 

Alfalfa hay Alfalfa leavesa 
Grade RFV Weeds,% ofDM CP NDF 

Prime 179 2.4 26.0 26.lb 

One 140 2.6 25.4 31.SC 

Two 108 12.l 24.4 40.5d 

Three 94 13.8 24.l 40.4d 

Includes all material passing a 6.35 mm screen-leaves and very fine stem 
material. 

b,c,d,e · Fiber content differs (P < .05). 
Kuehn et al., 1999. 

Fiber content of ALM obtained by laboratory procedures was also dependent on quality 
of hay source. Reductions in leaf CP with concomitant increases in fiber of lower quality 
hay probably reflect leaf deterioration during field drying (Kuehn et al., l 994a). Authors 
of this report also cite presence of weeds as a factor that can severely reduce yield of 
alfalfa leaves and quality. These factors (weeds and leaf deterioration) severely affect the 
economics of alfalfa as a biomass energy crop. 

Alfalfa leaf meal derived from hay sources classified as prime through two (based on 
relative feed value of hay source; Prime:> 151, One: 151to125, Two: 124 to 103) had 
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protein and energy compositions similar to those of high quality hay, or average quality 
small grains, legumes or grass silages (Table 1 ). 

NUTRITIVE VALUE 

Nutrient composition of ALM obtained by manual or mechanical separation is listed in 
Table 2. Initial studies using ALM as a protein source or as replacement for hay were 
based on lower quality ALM. This was likely due to the initial mechanical adjustments 
that the plant had to undergo to get stems separated from hay. Studies conducted after 
1997 used ALM of quality similar to material obtained by manual separation. At this 
point, the plant had adopted additional measures to separate stems from leaves. This 
material is now available for commercial use; its composition is listed in Table 2. 

Using the fiber content of ALM to predict its TDN value yields estimates of TDN that 
range between 67 and 72% depending on the formula used. Thus, ALM compares well to 
the energy content of high quality hay or small grain silages. 

Table 2. Nutrient composition of alfalfa leaf meal obtained through manual or 
mechanical separation and its applications. 

Application: 

Dry matter, % 

NDF 

ADF 

CP 

Ash 

Calcium 

Phosphorus 

Potassium 

Sodium 

Magnesium 

Manganese 

Iron 

Zinc 

Copper 

Manual 
Laboratory 

1994 

92.5 

Separation 

Experimental 
1996-1997 

93.45 

Mechanical 
Experimental 

1998-1999 

92.29 

Commercial 
1998-1999 

89.67 

-----------------------------------% DM------------------------------

36.0 36.48 43.63 34.45 

21.5 21.90 26.60 25.09 

25.2 21.89 25.78 28.23 

11.42 12.42 14.75 

2.03 2.15 2.88 

0.30 0.29 0.34 

2.24 1.92 2.24 

0.09 .08 0.04 

0.38 0.37 0.43 

----------------------------------ppm DM------------------------------

66.57 64.36 87.00 

491.10 

33.00 

13.20 

66 

722.60 

28.65 

16.04 

625.00 

39.00 

15.75 
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DAIRY CATTLE DIETS 

Lactating cow. A 3 x 3 Latin square study ( 11 to 14 d adaptation, and 5 to 7 d sample 
collection) was conducted to determine the value of ALM pellets as a substitute for high 
quality alfalfa hay (Jorgensen, 1998). The forage portion of the control diet (containing 
no ALM) was equally derived from alfalfa hay and com silage dry matter (DM). Alfalfa 

·leaf meal pellets replaced 28% or 56% of the alfalfa hay, and 7% or 15% of the soybean 
meal (SBM) in the low or high ALM diets, respectively. Dietary energy (1.69 Meal 
NEdkg DM) and protein (18%) concentration was balanced to be similar across all diets. 
Macro- and microelements were balanced so that diets provided similar concentrations of 
these elements. Consumption of ALM averaged 2.31 or 4.23 kg of ALM pellets/cl for 
cows fed the low or high ALM diet, respectively. Cows fed the high ALM diet had lower 
(P < .05) dry matter intake (DMI) than those fed the low ALM diet; DMI of cows fed no 
ALM was intermediate (Table 3). As a result of lower DMI by cows fed the high ALM 
diet, intakes of protein, NDF and ADF were lower in cows fed the high ALM diet than in 
those fed the low ALM. Milk yield, milk composition, or yield of fat, protein or lactose 
was not affected (P > .05) by substituting ALM for alfalfa hay (Table 3). Inclusion of 
ALM in the diet had no effect on DM digestibility (data not shown). 

Table 3. Effects of substituting alfalfa leaf meal for alfalfa hay on intake and milk 
yield of lactating dairy cows. 

Item ALMa substituting alfalfa hay at, % 
0 28 56 SE 

Diet composition, % DM 

Com silage 25.8 26.0 26.0 

Alfalfa hay, chopped 25.9 18.5 11.2 

ALM pellets 7.9 15.8 

Concentratesb 48.3 47.6 47.0 

DMI, kg/d 28.0cd 29.3c 26.7d .60 

Milk, kg/d 38.9 39.8 39.6 .67 

Fat,% 3.69 3.47 3.64 .08 

Protein,% 3.10 3.03 3.07 .03 

Lactose,% 4.80 4.70 4.70 .06 
a ALM = alfalfa leaf meal 
b Cracked com, distillers dried grains, soybean meal, wheat midds, molasses, tallow, 

urea, and minerals and vitamins to balance diets for nutrient requirements. 
c,d Means with different superscripts differ (P < .05). 
Jorgensen, 1998. 

A 4 x 4 Latin square study (14 d adaptation, 7 d sample collection) was conducted to 
evaluate inclusion of ALM as a protein source (Jorgensen, 1998). Dietary treatments 
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were ALM contributing 0%, 11 %, 22%, or 3 3 % of the total dietary CP, corresponding to 
0%, 7.5%, 14.6%, or 23.5% of diet DM. Calculated dietary energy (1.67 Meal NEL/kg 
DM) and protein (16%) concentration were similar across all diets. Macro- and 
microelements were balanced so that diets provided similar concentrations of these 
elements. Cows fed increasing amounts of ALM had reduced (P < .05)DMI (Table 4). 
Cows fed 22% or 33% of their dietary CP from ALM had lower DMI than those fed no 
ALM. As a result, CP and nonstructural fiber carbohydrate (NFC) intake were lower for 
cows fed 11 % or greater proportion of their dietary CP from ALM. In spite of reduced 
DMI, CP and NFC intake, yield of milk and milk corrected for solids or fat was not ' 
affected (P > .05) by increasing the proportion of dietary CP from ALM. Yield of milk 
components was not affected (P > .05) by increasing the contribution of ALM to protein 
supply. 

Table 4. Performance of dairy cows fed alfalfa leaf meal (ALM) as a protein 
supplement. 

Contribution of ALM to protein supply, % of total CP 
Item 0 11 22 33 SE 

DietDM, % 

Hay 17.3 17.5 17.4 14.5 

Com silage 32.0 32.9 32.7 26.9 

ALM 0 7.5 14.6 23.6 

SBM 7.8 5.4 2.8 0 

Barley 10.6 8.5 7 7.6 

Com 15.8 12.7 10.4 11.3 

DDGSa 9.4 9.0 9.0 9.7 

Whey 3.8 3.7 3.5 3.9 

Tallow 1.1 1.1 1.1 1.3 

Vit. Min. 2.2 1.8 1.4 1.2 

DMI, kg/d 27.6b 26.9bc 26.4c 25.8c .44 

Milk, kg/d 34.5 34.9 34.1 34.1 .64 

Fat,% 3.87 3.84 4.00 3.79 .07 

Protein,% 3.18b 3.l 7b 3.Ioc 3. l 4bc .02 

Lactose,% 4.60 4.60 4.60 4.60 .02 
a Dry distillers grains with solubles. 
b,c Means with different superscripts differ (P < .05). 
Jorgensen, 1998. 

Developing calves. Two studies were conducted to evaluate ALM as a component of a 
complete calf starter (Allen et al., unpublished). Forty-two calves were blocked by sex 
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and randomly assigned to one of three calf starters at 4 d of age. Dietary treatments were 
a commercial complete calf starter and two calf starters containing either 12.5% or 25% 
of the DM as ALM. Calves fed the 12.5% ALM calf starter consumed more (P < .05) 
feed from 4 to 60 d of age than calves fed the other starters. Average daily gain (ADG) 
was similar (P > .05) across treatments. Calves fed the 25% ALM starter consumed less 
feed from 4 to 60 d of age than calves fed the other two treatments. Thus, they required 
25.6% or 19.0% less feed DM/kg gain compared to calves fed 12.5% ALM or control 
starter, respectively. It has been hypothesized that an improvement in rumen 
development may be the reason for the improved feed efficiency due to ALM. 

A study evaluating two levels of inclusion of ALM in the calf starter and three levels of 
processed erythrocyte protein (PEP) in the milk replacer was conducted at two locations 
(Allen et al., unpublished). Milk replacers contained 20:20 protein to fat ratio. The 
protein fraction contained 0, 5, or 10% PEP. Complete calf starters contained either 0% 
or 25% ALM. Thirty or forty calves were used for the study at each of the two locations, 
respectively. Calves were blocked by sex and randomly assigned to treatments at 4 d of 
age. Intake or gain response to concentration of PEP in the milk replacer was not 
significantly (P > .05) affected and is not reported herein. Starter intake by calves fed the 
25% ALM starter was numerically lower than those fed the commercial starter. 
However, rate of gain or feed DM required/kg gain were not different (P > .05) between 
the two starters. 

BEEF CATTLE DIETS 

Cow-calf. A dry beef cow study was conducted to determine whether ALM can 
substitute SBM as a protein supplement for low quality forage diets (Zehnder et al., 
1999). Cows, and heifers due to become first-calf, in their last trimester of gestation were 
fed SBM or ALM to supplement protein in a low quality grass hay diet (7.42% or 6.10% 
CP for heifers or cows, respectively). Alfalfa leaf or soybean meal was added to the diet 
to bring the dietary protein to 100% or 112.5% of requirements (NRC, 1996). Energy 
was balanced at 64% TDN using cracked com. Calcium, phosphorus and potassium were 
balanced across diets. Heifers fed ALM consumed less (P < .05) hay and com dry matter 
(DM). Overall diet DMI were unaffected (P > .05) by protein source. Feeding 112.5 % 
ofrecommended protein (1.08 vs .94 kg/d) to heifers increased (P < .05) pre-calving rate 
of gain by .23 kg/head/d. Cows fed ALM had faster (P < .05) rates of gain when gain 
was measured 22 d before calving. Gain was similar (P > .05) for each protein source 
using weight once cows calved. However, cows fed ALM consumed more (P = .054) 
total DM. Calving traits were not affected (P > .05) by protein source or intake. 
Wintering heifers or cows on ALM-based supplements had no detrimental effect on 
performance of heifers or cows, or their calves at birth. 

A study was conducted to evaluate ALM as a protein source in creep feed for suckling 
calves (Zehnder et al., unpublished). Calves had creep access to feeders containing ALM 
(56%) or a blend of vegetable protein while grazing in a rotational system for 70 d before 
weaning. Creep feed was formulated to contain 1 7% CP and was balanced for Ca, P, K, 
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microelements and vitamins across treatments. Calves fed ALM-based creep feed had 
similar (P > .05) gains to those fed the protein blend, and faster (P < .05) gains than 
calves fed no creep feed. Creep feed DMI was lower for calves fed the ALM-based creep 
feed. This resulted in enhanced utilization of creep feed. Calves fed ALM-based creep 
feed required 5.44 kg creep feed DM/additional kg gain while those fed the protein blend
based creep feed required 10.85 kg creep feed DM/additional kg gain. 

Feedlot. Data from three studies with Angus-bred cattle during incoming periods lasting 
from 29 to 37 d indicated that ALM enhances DMI (Zehnder et al., 1997; Zehnder and 
DiCostanzo, 1998). Alfalfa leaf meal substituted 0%, 33%, 66% or 100% of the 
supplemental protein (SBM) required to balance barley:com (75:25 as fed)- or com-com 
silage diets at 12.5% protein. Energy (1.19 Meal NE/kg DM), calcium, phosphorus and 
potassium were balanced across diets. The positive effect of ALM on DMI did not 
appear to bring a concomitant increase in gain. Therefore, cattle that were fed protein 
supplements containing 100% ALM required more (P < .05) feed DM/kg gain. This 
effect did not appear to carry over to the finishing phase (Zehnder et al., 1997). Cattle 
health (morbidity) or mortality was not affected by inclusion of ALM. · 

Intake-enhancing effects of ALM may be more desirable with more severely stressed 
calves, where intake is expected to be depressed. Calves in the studies reported herein 
consumed at least 2.3% of their initial body weight (BW) as DM and as much as 2.7% of 
their initial BW as DM in spite of efforts to ensure that calves had been exposed to severe 
transport and weather stress before arriving at the research feedyard. 

Two studies (Zehnder et al., 1997; 1998) were conducted in consecutive years with cattle 
adapted to a high energy (1.34 Meal NE/kg DM) barley:com (50:50 as fed)-com silage 
diet supplemented with SBM at 100%, or ALM at 33%, 66% or 100% of the 
supplemental protein (balanced with SBM) required to provide 12.5% protein in the diet 
DM. Steers fed 100% ALM had higher (P < .05) ADG; however, DMI were also greater 
(P < .05) resulting in similar feed efficiencies across all treatments. Carcass 
characteristics were not affected by treatment; however, incidence of liver abscesses in 
steers fed 100% ALM was numerically lower (P < .10). Thus, ALM is a suitable 
replacement for SBM in finishing diets. 

Intake-enhancing effects in feedlot cattle must be accompanied by a concomitant increase 
in gain so that efficiency of gain is not affected negatively. Thus, an attempt was made to 
determine the proportion of ALM in diets of receiving or finishing cattle that would 
maximize intake with a respective increase in gain. Intake and gain data from receiving 
and finishing studies were pooled. Intake (g DM/kg BW·75

) or gain was regressed on 
ALM concentration in the diet DM. Small (R2 = .25 or .13 for intake or gain, 
respectively) but significant (P < .05) quadratic relationships resulted. These 
relationships indicated that maximum intake or gain is achieved when dietary ALM 
concentration is 12% or 10%, respectively. If the relationship between feed DM and gain 
is recalculated from the formulae obtained, a minimum for feed required/kg DM occurs 
when dietary concentration of ALM is 7%. At the maximum for intake or gain, feed D 
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required/kg gain increases 1.5% or .5% respectively, relative to the minimum expected. 
In comparison, when no ALM is used, an increase of 4% in feed DM required/kg gain is 
expected. 

Table 5. Feedlot and carcass performance of steers fed diets supplemented with alfalfa 
leaf meal during the finishing period (2-year data). 

Alfalfa leaf meal, % supplemental proteina 
Item 0 33 66 100 SE 

No. pens 4 4 4 4 

Initial BW, kgb 255 252 248 253 6.04 

Final BW, kgc,i 568g 565g 56lg 580h 3.10 

ADG,kg l.7P l.75g l.73g 1.83h .03 

DMI, kg/d 

Graind 7.14 7.36 8.02 8.89 

Com silage 1.85 1.60 1.31 1.02 

Supplement 1.25 1.25 1.25 1.27 

Totale 10.23g 10.21 g 10.58g 1 l.18h .16 

Feed required/kg gain, kg DM 6.00 5.84 6.12 6.11 .08 

Alfalfa leaf mealr, kg (as-fed)/d 0 .31 .64 1.02 

Carcass characteristics 

Hot wt, kg 348 347 343 356 3.55 

Ribeye area, cm2 81.16 80.45 79.55 82.45 1.68 

Fat depth, cm 1.42 1.42 1.4 1.4 .10 

Marbling score 576 581 585 589 14.49 

Kidney, pelvic and heart fat,% 1.85 1.98 1.98 1.97 .08 

Yield grade 2.87 2.98 2.89 2.89 .09 

Choice,% 80.75 79.25 82.75 82.75 

Liver abscess incidence,% 21.00 23.25 27.25 9.75 5.14 

a Alfalfa leaf meal-based supplements with 0, 33, 66 or 100% of the supplemental 
protein derived from alfalfa leaf meal; balance protein was derived from soybean. meal. 

b Measured after withholding feed and water for 16 hours. 
c Calculated from carcass weight divided by .62. 
ct A 50:50 (as-fed) mixture of barley and com . 
e Linear response (P < .05). 
r A component of supplements, but it is provided here as a reference. 
g,h Means with different superscripts differ (P < .05). 
i Quadratic response (P < .05). 
Zehnder et al., 1998. 
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A recent finishing study (167 d) was conducted to test effects of protein source (83% 
ALM or a blend of vegetable proteins in the supplement) and ionophore (laidlomycin 
propionate, Cattlyst®, or monensin sodium, Rumensin®) on the incidence of liver 
abscesses (Standorf et al., unpublished). Effects of protein source were independent of 
those of ionophore; thus, data were pooled with respect to each main effect (Table 6). 
Neither (P > .05) protein source, nor ionophore affected feedlot performance or carcass 
characteristics. These results confirmed earlier observations that ALM can readily 
substitute conventional protein sources in the supplement formulation of finishing steers. 

Table 6. Feedlot and carcass performance of steers fed diets supplemented with alfalfa 
leaf meal (ALM) or a protein blend using laidlomycin propionate (Cattlyst®) 
or monensin sodium (Rumensin®) as the ionophore source. 

Protein source Ionophore 
Item Blend ALM Cattlyst Rumensin SE 

No. pens 8 8 8 8 

Initial BW, kga 275 273 274 274 

Final BW, kg 588 580 584 584 

ADG,kg 1.88 1.85 1.86 1.85 

DMI, kg/d 9.33 9.05 9.31 9.07 

Feed required/kg gain, kg DM 4.91 4.79 4.90 4.80 

Carcass characteristics 
Hot wt, kg 359 354 358 355 

Ribeye area, cm2 80.71 79.61 80.52 79.76 

Fat depth, cm 1.24 1.30 1.25 1.29 

Marbling score 570 554 567 555 

Kidney, pelvic and heart fat,% 2.15 2.05 2.05 2.15 

Yield grade 2.96 2.91 2.96 2.91 

Choice,% 84.11 77.57 81.31 80.37 

Liver abscess incidence, %b 20.55 26.04 22.33 24.25 

a Measured after withholding feed and water for 16 hours. 
b Significant (P < .05) interaction for this trait. 
Standorf et al., unpublished. 

Results are not conclusive with regards to effects of ALM on incidence of liver abscess. 
A significant (P < .05) interaction existed between protein source and ionophore. Stee: 
supplemented with ALM and Cattlyst had a 13 .2% incidence of liver abscesses compare 
with 38.8% for those supplemented with the protein blend and Cattlyst. These result.. 
confirm previous observations (Zehnder et al., 1998) that both ALM and Cattlyst appe 
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to interact positively to maintain rumen health and reduce incidence of liver abscesses. 
However, steers supplemented with ALM and Rumensin had liver abscess incidence 
(31.5%) similar to that of steers supplemented with the protein blend and Cattlyst. In 
contrast, steers supplemented with the protein blend and Rumensin had liver abscess 
incidence (9.6%) similar to that of steers supplemented with ALM and Cattlyst. It is not 
clear from the data why the combination of specific protein sources and ionophores 
affects liver abscess incidence. This effect has not been reported before; thus, it needs to 
be investigated further. 

ENHANCING THE NUTRITIVE VALUE OF ALFALFA LEAF MEAL 

Initial laboratory studies conducted with heat-treated ALM (Jung et al., 1994b) indicated 
a moderate potential to reduce alfalfa leaf protein degradability in the rumen to yield a 
byproduct that would degrade more slowly in the rumen-bypass protein. Diets of 
lactating dairy cows and receiving feeder calves are often fortified with bypass protein. 
Protein thus supplemented is expected to bypass rumen degradation by microbes, and 
alteration of its amino acid profile, and enter the small intestine where ruminants would 
digest it much as a non-ruminant would. The result would be that the amino acid profile 
reaching the body of the ruminant animal would not be altered by microbial function. 

Early data from in situ studies indicated that treating ALM by exposure to 150° C (212° 
F) for 15 to 120 min reduced rumen degradability from 64.9% (untreated meal) to 53.5% 
(meal exposed to 150° C for 120 min). A follow-up study (Akayezu et al., unpublished) 
demonstrated that the rumen-degradability of ALM could be reduced from 75.9% (0 min 
at 150° C) to 55.8% (120 min at 150° C). These experiments demonstrated that ALM 
could be rendered less rumen-degradable although the treated meal could not be 
considered a high bypass protein source. As a reference, blood meal, a high quality, high 
bypass protein source, is 17 to 20% degradable in the rumen. 

Effects of heat-treating ALM on nitrogen utilization by rumen microorganisms were 
evaluated in a continuous culture system (Akayezu et al., unpublished). Heat-treated 
(120 min at 160° C) ALM or untreated ALM was blended at 28% of the diet DM fed for 
a 10 d period (7 d adaptation, 3 d collection) to the continuous culture vats. Reference 
treatments were comprised of treated (SOYPLUS®, West Central Cooperative, Ralston, 
IA) or untreated SBM, blended at 9% of the diet DM. True and apparent digestibilities of 
DM and OM were greater (P < .05) for SBM-based diets and untreated ALM diet, and 
least for treated ALM diet. Apparent digestibility of NDF and ADF followed similar 
trends as that of DM and OM. Reductions in fiber, DM and OM digestibilities may have 
resulted from production of indigestible nitrogenous compounds formed during the 
heating process. This apparently led to reduced available protein supply in the small 
intestine. Thus, efforts to enhance the nutritive value of ALM should focus on reducing 
the time or temperature exposed to heat to prevent apparent over-protection of protein 
fractions. 
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SUMMARY AND CONCLUSIONS 

Alfalfa leaf meal is a suitable substitute for hay and soybean meal in diets of lactating 
dairy cows although some question remains as to the performance and body weight 
response to ALM supplementation during a whole lactation. As a component of starter 
diets, ALM has the potential to enhance intake and gain when constituting 12% of the 
starter DM. At greater inclusion proportions, ALM may reduce intake in young 
ruminants. In dairy calves (aged 4 to 40 d), this reduction in intake may or may not be 
accompanied by a reduction in gain. The latter was the case when suckling calves were 
offered creep feed for 80 d before weaning. In receiving diets, DMI enhancement may 
not be accompanied by a gain response; thus, feed DM required/kg gain may increase. 
This effect does not appear to carry over into the finishing period. In fact, finishing steers 
fed 9% of their diet DM as ALM had faster gains at greater intakes. The most "adequate" 
inclusion level for ALM appears to be between 7 and 12% of the diet DM in beef cattle. 
Effects of ALM on incidence of liver abscess in feedlot diets are somewhat inconclusive 
and warrant further study. Similarly, efforts to enhance the value of ALM through 
heating to render a bypass protein source must focus on reducing exposure time, or 
temperature. 
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INTRODUCTION 

NUTRITION/REPRODUCTION INTERACTIONS 
IN THE BEEF COW HERD 

G. C. Lamb 
North Central Research and Outreach Center 

University of Minnesota 

Generally, the primary goal for cow/calf producers is to obtain one live calf from each 
cow, every year. Unfortunately most beef cattle operations fail to achieve an annual 
100% calving rate. As the profit margin associated with beef cattle production continues i 
to dwindle, producers are forced to follow stringent management practices to optimize•. 
overall profit. In an effort to maximize resources, producers are: reducing their breeding 
season (often to less than 60 days) which subsequently reduces the calving season; 
incorporating technology such as artificial insemination, ultrasound, and embryo.· 
transfer; utilizing unique feeding strategies such as industry by-products (i.e. corn gluten', 
meal, distillers grain, onions, etc.); and selecting genetics, with the aid of expected: 
progeny differences (EPD's), for beef cattle that maximize growth and carcass quality;. 
characteristics. Under such critical management practices is there any surprise that 
beef producers fail to achieve a 100% calving rate? · 

For a producer to ensure that each cow calves on a yearly basis, cows are required to; 
conceive within 83 days after calving. Many beef cattle have not even resumed their·: 
estrous cycles by this point. Several factors contribute to delaying the onset of estrous 
cycles in postpartum cows; however, nutrition and suckling are the two critical factors: 
that tend to dictate when cows begin to cycle. Because most beef cows are suckled,, 
within the first few months after calving, nutrition becomes the major component that 
can be managed to enhance productivity of beef cows. · 

Similarly, in heifers, age and weight are the primary factors that dictate when a heifer 
achieves puberty. Without initiating puberty, heifers cannot become pregnant to calve 
during a set calving season. Heifers must reach an acceptable weight before puberty i~ 
obtained. Heifers should be fed to reach approximately 65% of their mature bod, 
weight by the beginning of the breeding season. Only a well managed nutrition program 
can ensure that acceptable weights are consistently met. 

The nutrition/reproduction interaction involves several intricate relationships. From . 
nutrition standpoint, energy, protein, minerals and vitamins all affect reproductio' 
through various avenues. The hypothalamus, pituitary, and/or the ovaries can b · 
affected by a nutritional deficiency. As beef producers, we must understand th' 
nutrition/reproduction axis to fully appreciate how our cows respond to nutrition~ 
management and produce a live healthy calf on a yearly basis. 
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BODY WEIGHT AND CONDITION 

Body condition scoring (BCS) is a reliable method to assess the nutritional status of a 
cow herd. A visual body condition scoring system developed for beef cattle uses a 
scale from 1 to 9, with 1 representing emaciated and 9 obese cattle (Whitman, 1975). 
Burskirk et al. (1992) reported a linear relationship between body weight change and 
body condition score (using a 1 to 9 scale), where approximately a 88-lb weight change 
is associated with each unit change in BCS. Wagner et al. (1988) reported that 84 lb. of 
weight was associated with each unit change in body condition, whereas the NRC 
(1996) assumes an average of 97 lb. of weight is associated with each BCS unit. 

Table 1. Body condition scores and animal appearance at each condition score 

BCS Condition Appearance 

1 Emaciated Shoulder, ribs and back are visible 

2 Very thin Some muscle, no fat deposits 

3 Thin Some fat deposits, ribs visible 

4 Borderline Foreribs not noticeable 

5 Moderate 12th and 13th ribs not visible 

6 Good Ribs covered, sponginess to tailhead 

7 Very good Abundant fat on tailhead 

8 Fat Fat cover thick and spongy 

9 Obese Extremely fat throughout 

Live weight at calving had no effect on reproductive performance, whereas calving 
condition score was a better indicator than prepartum change in either weight or 
condition score on the duration of postpartum anovulation (Whitman, 1975; Dunn and 
Kaltenbach, 1980; Richards et al., 1986; Lalman et al., 1997). When cows were thin at 
calving (Dunn and Kaltenbach, 1980) or had BCS of 4 or less (Richards et al., 1986), 
increased postpartum level of energy increased percentages of females exhibiting 
estrus during the breeding season. Likewise, heifers that calved with a BCS of 4, and 
were fed to maintain weight after parturition, had reduced ovarian activity and lower 
pregnancy rates than to heifers that calved at a similar body condition and gained 
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weight after parturition (Wetteman et al., 1986). Selk et al. (1988) concluded that BCS :: 
at parturition and breeding were the dominant factors influencing pregnancy success, 
although body weight changes during late gestation modulated this effect. Richards et 
al. (1986) concluded that body condition at parturition was the determining factor related 
to reinitiation of postpartum estrous cycles in the beef cow. 
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Figure 1. Percentage of cows cycling at various body condition scores 
(Stevenson et al., unpublished) 

In a recent unpublished study (Figure 1 ), Stevenson et al. collected blood samples fro, 
suckled beef cows at the initiation of the breeding season. Of the 1702 cows in thi: 
study only 47.2% of the cows were cycling at the onset of the breeding season 
However, as BCS increased the percentage of cows that were cycling also increased. 
is important to note that by the initiation of the breeding season, when cows had a bo 
condition of less than 4 only 33.9% percent of those cows had resumed their estrou, 
cycles! · 

PREPARTUM NUTRITION 

Several studies have reported the relationship between nutritional status an 
reproductive performance in cattle. The general belief is that cows maintained on ; 
increasing plane of nutrition prior to parturition usually have a shorter postpartli,• 
interval to their first ovulation than cows on a decreasing plane of nutrition. EneE·i 
restriction during the prepartum period resulted in thin body condition at calvin' 
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prolonged postpartum anestrus, and decreased the percentage of cows exhibiting 
estrus during the breeding season (Wiltbank et al., 1962; Whitman, 1975; Dunn and 
Kaltenbach, 1980; Houghton et al., 1990; Lalman et al., 1997). Pregnancy and intervals 
from parturition to pregnancy also were affected by level of prepartum energy. 

Table 2. Influence of body condition on 
return to estrous cycles in beef cows 

BCS Postpartum interval, days 

3 88.5 

4 69.7 

5 59.4 

6 51.7 

7 30.6 

Houghton et al. (1990) 

However, one report (Selk et al., 
1988) indicated that prepartum 
nutrition did not affect postpartum 
anovulation or conception rates. 
Some investigators have suggested 
that when prepartum nutrient 
restriction is followed by increased 
postpartum nutrient intake, the 
negative effect of prepartum nutrient 
restriction may be overcome partially 
(Wiltbank et al., 1962; Houghton et 
al., 1990). However, the 
effectiveness of elevated postpartum 
nutrient intake may depend on the 
severity of prepartum nutrient 
restriction (Lalman.et al., 1997). This 
conclusion concurred with that of 
Perry et al. (1991) in which 
prepartum nutrient restriction resulted 
in 1.8 units loss in BCS during a 90-d 
prepartum period. Enhanced energy 
in the postpartum diet reduced, but 

did not completely abolish, the negative effects of prepartum energy restriction on 
postpartum anovulation. 

Table 2 demonstrates the importance of prepartum nutrition on return to estrous cycles 
in suckled beef cows. Cows calving in poor condition (i.e BCS of 3 or 4) had longer 
intervals before resuming their estrous cycles than cows calving in good condition (i.e. 
BCS 5 or greater). Remember, for cows to calve on a yearly interval they are to 
conceive within 83 days after calving; therefore, if cows only reinitiate there estrous 
cycles at 70 to 90 postcalving the possibility of a yearly calving interval is vastly 
reduced. 

POSTPARTUM NUTRITION 

Numerous studies have documented that increasing nutritional levels following 
parturition increased conception and pregnancy rates in beef cows (Wiltbank et al., 
1962; Whitman, 1975). Increasing the dietary energy density increased weight and 
condition score by 90 d postpartum, with a decrease in postpartum interval to first estrus 
(Lalman et al., 1997). However, in their study, only 3of17 cows fed the highest energy 

··diet had resumed normal estrous cycles by 90 d postpartum. Similarly, suckled 
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primiparous beef cows gaining in excess of 1 kg/d while consuming an 85% concentrate 
diet did not resume cyclic ovarian activity before 70 d postpartum (Aldrich et al., 1995). 

Increasing postpartum levels of nutrition had positive effects on postpartum intervals to 
ovulation (Perry et al., 1991; Lalman et al., 1997) and increased the percentage of 
females exhibiting estrus (Wiltbank et al., 1962). In addition, Rutter and Randel (1984) 
reported that increasing postpartum energy intake decreased the postpartum interval to 
first ovulation, but cows and heifers in this study calved with mean BCS of 7.3 and 5.8, 
respectively. When primiparous and multiparous cows were on a negative plane of 
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Figure 2. Percentage of cows cycling at selected intervals after parturition 

nutrition before and after parturition, postpartum anovulation was prolonged or th 
percentage cycling at the initiation of the breeding season was reduced (Houghton 
al., 1990; Perry et al., 1991; Lalman et al., 1997). Therefore, the effectiveness of hig 
postpartum nutrient intake depends on the severity of prepartum nutrient restriction. 

To fully appreciate the importance of a sound nutrition program before and afte 
parturition, one must just consider that half the suckled cows in a given herd have n 
initiated estrous cycles at the onset of the breeding season. For example, Figure 
represents data from 2041 suckled beef cows (Stevenson et al., unpublished data 
Only 51.3% of all cows had initiated estrous cycles by the onset of the breeding seaso 
As the postpartum interval increases, the percentage of cows resuming their estrou 
cycles also increases; therefore, the blame for poor conception rates during a breedin 
season may result more from anestrus rather than an artificial insemination technician' 
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bull, or synchronization program. The simplest method to overcome anestrus is to 
ensure that cattle are maintained on a sound nutrition regimen. 

ENERGY BALANCE 

Energy balance is defined as the net energy that is consumed minus net energy 
required for maintenance and production. Insufficient intake of energy, protein, 
vitamins, and micro- and macrominerals have all been associated with suboptimal 
reproductive performance. Of these nutritional effects on reproduction, energy balance 
is probably the single most important nutritional factor related to poor reproductive 
function in cows during the periparturient period. During the first 4 to 10 wk postpartum, 
at least 92% of dairy cows experience a period of negative (Zurek et al., 1995). This 
nutritional state occurs because cows are unable to consume adequate dry matter to 
provide sufficient nutrients to support maintenance, lactation, and reproductive 
functions. Short and Adams (1988) prioritized the metabolic use of available energy in 
ruminants ranking each physiological state in order of importance, as follows: 1) basal 
metabolism; 2) activity; 3) growth; 4) energy reserves; 5) pregnancy; 6) lactation; 7) 
additional energy reserves; 8) estrous cycles and initiation of pregnancy; and 9) excess 
energy reserves. Based on this list of metabolic priorities for energy, reproductive 
function is compromised during the period of negative energy balance because 
available energy is directed towards meeting minimum energy reserves and milk 
production. 

Generally, beef cows do not experience a period of negative energy balance because 
they fail to produce the quantity of milk that dairy cows produce; however, several 
studies in dairy cows have determined the effect of energy balance on reproductive 
parameters. Most dairy cows experience a negative energy balance that reaches a 
nadir within the first 2 weeks after calving (Zurek et al., 1995), with ovulation usually 
occurring approximately 10 to 15 days after the nadir (Zurek et al., 1995). Days to first 
ovulation are correlated with energy balance nadir. In addition, milk fat percentage is 
elevated during the first and second week after calving and declined gradually, 
simultaneously with decreasing negative energy balance (Zurek et al., 1995). Milk fat 
percentage also is correlated positively (r = 0.61) with declining energy deficit, and may 
be an indicator of the degree of energy deficit (Zurek et al., 1995). Negative energy 
balance also has been implicated to cause amenorrhea in athletic women. 

HORMONAL FACTORS 

Gonadotropins 

The reinitiation of the estrous cycle is a primary event requisite for rebreeding of cows 
and relies on pulsatile LH secretion, ovarian follicular development, an LH surge, and 
ovulation, followed by the overt expression of estrus (Schillo, 1992). Development of 

· .. the first follicular wave seems to occur within the first few days after calving, regardless 
of nutritional status (Stevenson et al., 1997), suggesting that resumption of follicular 

'Waves probably is not the limiting factor maintaining anestrus. Anestrus seems to be 
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prolonged because dominant follicle fails to ovulate. Nutritional status may determine 
which follicular-wave dominant follicle ovulates; however, the mechanisms by which 
nutrition impairs reproductive activity are not known. When energy balance in lactating · 
dairy cows is increased on day 15 postpartum the mean plasma concentration of LH 
and size of the largest follicle on the ovary is increased (Lucy et al., 1991). Negative 
energy balance influences the endocrine status of a cow by suppressing GnRH and LH 
secretion necessary for the reestablishment of ovulatory cycles (lmakawa et al., 1987; · 
Schillo, 1992). lmakawa et al. (1987) determined the direct effects of negative energy 
balance on LH pulse patterns during periods of energy restriction in virgin heifers. 
Heifers were ovariectomized and fed below their requirements until BW were reduced 
by 20%. In the absence of ovarian steroids, energy restriction resulted in reduced LH 
pulse frequency but greater pulse amplitude. Mean plasma concentrations of LH and 
high frequency LH pulses increase near the time that postpartum negative energy 
balance reaches its nadir. 

Insulin-Like Growth Factor-I 

Concentrations of insulin-like growth factor I (IGF-1) are decreased in situations of 
negative energy balance (Vicini et al., 1991) and decreased energy intake (Vicini et al., 
1991 ). In contrast, follicular fluid IGF-1 concentrations in postpartum beef cows were not 
affected by nutrient restriction (Rutter and Manns, 1991 ). Serum IGF-1 concentration wa · 
related inversely to postpartum interval to expression of estrus in beef (Simpson et al., 
1992). 

Studies have suggested that the role of IGF-1 is to amplify gonadotropin (Bryan et al. 
1989), but when GnRH was administered to induce follicular development in postpartu 
cows, intrafollicular IGF-1 concentrations were not associated with changes in follicula 
growth (Spicer et al., 1988). In contrast, IGF-1 concentration in estrogen-active follicl 
was correlated positively with follicle diameter in the previous study. Follicul 
progesterone production also may be enhanced by increasing concentrations of IGF 
(Spicer et al., 1988), and because follicular fluid contains greater concentrations of IGF 
than observed in peripheral circulation, perhaps IGF-1 may be synthesized or sequester 
by the ovary. Insulin-like growth factor-I may play a role in the development of mediu 
size follicles to large-size follicles (Rutter and Manns, 1991 ). 

Blood Metabolites and Metabolic Hormones 

Blood metabolites or metabolic hormones could serve as possible metabolic signals 
stimulate pulsatile LH release, ultimately responsible for maturation and ovulation oft 
dominant follicle. A recent review by Stevenson et al. (1997b) summarized t 
correlation of various metabolic signals with the occurrence of LH pulse frequen 
relative to a change in energy balance. Circulating concentrations of nonesterified fa 
acids (NEFA), p-hydroxybutyrate, ketones, aspartate transaminase, opioids, and > 
methylhistidine are elevated during periods of inadequate nutrition (Schillo, 1992; Zur 
et al., 1995). They reflect increased catabolic activity, such as lipolysis, prot 
catabolism, and gluconeogenesis, responsible for providing nutrients during nutritiona 
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deficient periods. These substrates generally have a negative effect on LH secretion. 
In contrast, glucose, insulin, somatotropin, and insulin-like growth factors are metabolic 
factors associated with anabolic pathways and tend to correlate positively with LH pulse 
frequency. 

In a nutrient-deficient state, plasma concentrations of large neutral amino acids (LNAA) 
are decreased (Young and Fukagawa, 1988). The relative relationship between 
tyrosine and other LNAA is lower during negative energy balance and increases as 
energy balance approaches zero. With the understanding that all LNAA compete for 
the same transport protein (Young and Fukagawa, 1988), it is evident that the uptake of 
tyrosine into the brain is favored when energy balance becomes more positive. 

Catecholamines are suspected to modulate GnRH or LH either as an independent 
system or by mediating gonadal steroid feedback (Schillo, 1992; Zurek et al., 1995; 
Stevenson et al., 1997b). In the Rhesus monkey, Terasawa et al. (1988) demonstrated 
that norepinephrine derived from tyrosine stimulated GnRH release in the 
hypothalamus. If tyrosine does indeed increase catecholamines to stimulate LH 
secretion, then this relationship is substantiated by Zurek et al. (1995), who determined 
a positive correlation of tyrosine and a negative correlation of total LNAA with LH pulse 
frequency. 

Steroid Hormones 

Nutritional effects on steroid concentrations have been inconsistent. A decrease in 
energy intake was correlated with lower serum cholesterol and a decrease in 
conversion of cholesterol to pregnenolone (Gombe and Hansel, 1973). Serum or 
plasma concentrations of progesterone were either similar (Gombe and Hansel, 1973) 
or reduced (Gombe and Hansel, 1973; lmakawa et al., 1983) in females receiving a diet 
restricted in energy compared to females receiving a completely balanced diet. In 
addition, cows losing weight and body condition before parturition had less plasma 
concentrations of progesterone than cows maintaining their weight and condition, 
whereas a further in vitro study demonstrated that corpora lutea (CL) from cows on 
restricted energy diets produced less progesterone than cows on higher energy diets 
(lmakawa et al., 1983). 

Follicular fluid concentrations of estradiol were greater in large (> 8 mm) follicles 
obtained from cows receiving high energy diets than cows receiving adequate energy 
diets. Conversely, plane of nutrition did not alter estradiol concentrations in serum or 
plasma (Richards et al., 1989) . 

. MANAGEMENT 

:Figure 3 describes the production cycle of a cow. Shortly after weaning, beef cows 
·~should be in mid gestation. This is the period at which producers can manipulate the 
:giet to either increase or decrease a cow's condition. At this point, cows require very 
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little in terms of nutrients to maintain their metabolism. If cows are in poor condition 
there is no better stage to adjust a cow's feed regimen to increase her condition. 

During stage two, the fetus begins to grow rapidly (up to a pound of gain a day shortly 
before parturition). In addition, cows also require several other physiological 
mechanisms to occur to prepare a cow for lactation. Therefore, adjusting a cow's 
condition requires more feed and very often occurs during the worst part of winter when 
feed quality tends to be poorer and supplementation becomes expensive. 

The period of greatest nutritional need is stage three, shortly after calving. A cow is 
required to produce milk for a growing calf, she must regain any weight lost shortly 
before and after parturition and finally repair her reproductive tract in order to become 
pregnant within three months after birth. During this stage a cow usually is consuming 

Production Cycle of the Cow 
Weaning 

I I 
Mid 

gestation 

Maint. 

II 
60-90 days 
precalving 

Ma int. 

Rapid fetal 
growth 

Prepare for 
lactation 

Ill 
Calving to 
rebreeding 

Ma int. 

Lactation 

Regain wt 
loss 

Repair Repro. 
tract 

IV 
Breeding to 

weaning 

Ma int. 

Lactation 

Figure 3. Production cycle of a beef cow emphasizing important nutritional 
and reproductive requirements 

as much feed as she can to support herself. Adjusting condition at this stage often is 
futile. Cows usually are grazing and tend to consume their full protein, vitamin and 
mineral requirements; however, the grass is often lush and wet which occasionally can : 
cause a deficiency in energy. 
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During stage four of a cow's production cycle, lactation requires the majority of 
nutrients, but condition can be manipulated here with some innovative feeding 
practices. 

CONCLUSION 

Our primary objective, as beef cattle producers, is to produce one live calf from every 
cow once a year. Many factors account for the failure of cows to maintain that yearly 
calving interval. The nutrition/reproduction interaction is a complex system involving 
many interactions between nutritional components and physiological signals, but is still 
the most responsible interaction for the equilibrium between feeding cows sufficiently to 
conceive and maintaining that pregnancy until term without utilizing excess resources 
that eliminate potential profits. Every producer experiences different challenges in an 
attempt to optimize profitability of their herds, yet without a full appreciation of the 
delicate balance between nutrition and reproduction many operations fail to achieve 
optimal production from their cows. 
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PROTEIN AND ENERGY NEEDS OF THE DRY COW 

INTRODUCTION 

G. A. Varga and J.E. Vallimont 
Department of Dairy and Animal Science 

Pennsylvania State University 

The transition period for dairy cows is generally defined as the time period from three weeks prion· 
to parturition through three weeks after parturition, and is currently recognized as the most critical 
phase of the lactation cycle. Nutrition and management during the transition period are essential i~ 
determining the profitability of the cow for the rest of her lactation. An inadequate transition .. 
program may result in cows that reduce their dry matter intake more than 15% prior to calving, 
have inconsistent feed intakes after calving, and have metabolic diseases during the transition fro 
dry period to early lactation. Increased costs for veterinary treatment and loss of production 
potential result from poor transitional cow feeding and management. Problems during the transitid 
period often result in the loss of 10 to 20 lbs. of peak milk, which translates into economic losses · 
up to $600 for that lactation. 

To maximize productivity and ensure successful reproduction, rations fed during this time need tdx 
be nutrient dense and allow for proper transitioning of the diet to the lactating cow ration. To obtai 
maximum profits, the dairy producer must work together with the nutritionist and veterinarian to 
design practical feeding and management strategies to help cows make a smooth transition into 
lactation. Maximizing prepartum and postpartum dry matter intake is an important key to 
successful transition cow management. This paper will examine the protein and carbohydrate nee 
of the transition cow. In addition, factors affecting dry matter intake, dietary energy to protein raf 
and predisposition to metabolic diseases during the transition period such as changes in body 
condition and feeding management will also be discussed. 

METABOLIC CHANGES THAT OCCUR DURING THE TRANSITION PERIOD 

It is helpful to understand the metabolic events that occur during the transition period in order to 
implement nutritional management recommendations (Drackley, 1997; Goff and Horst, 1997). 
Concentrations of progesterone in blood decrease and those of estrogen increase as parturition 
nears (Grummer, 1995). The high circulating estrogen is believed to be one major factor that 
contributes to decreased DMI around calving (Grummer, 1993). During the last weeks of 
pregnancy, nutrient demands by the fetus and placenta are the greatest of any point during gestati'· 
(Bell, 1995). However, DMI may be decreased 10 to 30% during the period three weeks prior to1 
calving. After calving, the initiation of milk synthesis and rapidly increasing milk production · 
greatly increases demand for glucose for milk lactose synthesis, at a time when feed intake has no 
reached its maximum. Dairy cows rely almost exclusively on gluconeogenesis (synthesis of i 
glucose) from propionate in the liver to meet their glucose requirements. Limited feed intake , 
during the prepartum and early postpartal period will result in a reduced supply of propionate for~ 
glucose synthesis. Amino acids from the diet or from breakdown of skeletal muscle as well as 
glycerol from mobilized body fat contribute some carbon for glucose synthesis. Supplying 
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adequate glucose for milk synthesis at the time of calving is a tremendous metabolic challenge to 
cows during the transition period (Drackley, 1993). 

NUTRIENT REQUIREMENTS FOR PREGNANCY 

Dry cows require nutrients for maintenance, growth of the conceptus, and perhaps growth of the 
dam. Estimation of the nutrient requirements for pregnancy by the factorial method requires 
knowledge of the rates of nutrient accretion in conceptus tissues (fetus, placenta, fetal fluids, and 
uterus) and the efficiency in which dietary nutrients are utilized for conceptus growth. There are 
limited data for dairy cattle. In the mature cow carrying a single fetus, maintenance accounts for 
at least 60% of the total requirement for energy and most specific nutrients. Conceptus growth 
may account for about 25% of the total energy requirement (Van Saun and Sniffen, 1992; NRC, 
1989). Requirements for mammogenesis and prepartum lactogenesis are relatively small in 
multiparous cows, but in first calf heifers are more significant (Jakobsen, 1956). Requirements 
for maternal tissue reserves for mature cows should be small as replenishment of body fat and labile 
protein lost in early lactation should be almost complete by dry-off (Bell, 1995). 

Efficiency of utilization of metabolizable nutrients 

Little data is available that examines the interaction of maternal energy supply (amount and 
source) and protein utilization and subsequent requirement in pregnant dairy cows. Maternal 
hypoglycemia (arising from feeding either low energy dry cow diets or from feeding 
diets supplying insufficient amounts of glucogenic substrate) increases fetal utilization of amino 
acids for energy. This in tum decreases the efficiency of utilization of metabolizable protein for 
pregnancy. Dietary protein requirement is then increased due to the increased catabolic disposal 
of amino acids (Bell, 1995). Differences in net efficiency of fetal accretion of absorbed protein in 
pregnancy may result in an increase in dietary protein requirement. Current estimates of efficiency 
of utilization of absorbed protein for pregnancy are somewhat variable. The current ( 1989) NRC 
suggests an efficiency of 0.5. More recently, Bell (1995) has suggested that the efficiency may be 
as low as 0.33. These figures contrast with the current Beef NRC (1996) efficiency of 0.65 
and a factor of 0.4 suggested for sheep (Bell, 1995). If 100 g/day is used as an estimate of net 
conceptus requirement, variations in efficiency can yield a range of metabolizable protein 
requirement from 154 g/day to 303 g/day. If an assumed efficiency of metabolizable protein yield 
from CP of 0.7 is used, at a DMI of 11 kg/day, the difference in these estimates translates into 
CP difference of 213 g/d, or a shift in dietary CP concentration of ~ ± 2% (Burhans, 1999). 
The efficiency value of Bell (1995) requires confirmation because its application would lead 
to a 50% greater estimate of metabolizable requirements than the efficiency factor of 0.50 
recommended by NRC (1989). However, it should be noted that the resulting value of 180 
g/d absorbed protein required/cl for amino acids used for protein deposition in the conceptus 
compares quite well with some previous estimates and most notably is based on direct 
measurements on Holstein cows. 

· · Efficiency of utilization of metabolizable energy for conceptus growth based on several studies 
, is low at approximately 13% (Bell, 1986). There is a very high energy cost of metabolism in the 
placenta, a tissue which grows little but is highly active during late pregnancy. If the factor of 
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13% is applied the derived value of 5 Mcal/d for a 700 kg cow delivering a 45 kg calf is almost 
identical to that proposed by NRC (1989). Moe and Tyrrell (1972) using calorimetry data 
observed that the efficiency of energy capture by the gravid uterus may decrease as pregnancy 
advances. In addition, previous estimates did not include energy requirements if tissue gain by 
the mammary gland incurred an energy cost. Vandehaar et al ( 1999) calculated that prepartum 
mammary gland development might require an additional 3 Meal NEl/d increasing NRC (1989) 
requirements for metabolizable energy to as high as 9 Mcal/d. 

PROTEIN NEEDS OF THE DRY COW 

The potential for modulation of yield by maternal protein reserves is likely to be diminished in 
cattle compared to monogastrics and result in lactation diets to be formulated at higher 
metabolizable protein levels relative to requirement than diets for monogastric animals. Higher 
dietary protein levels are fed in dairy cattle diets for several reasons. Values for metabolizable 
protein supply are uncertain, there is inadequate data for microbial yield, and estimates of amount 
of ruminal undegraded protein (RUP) delivered to the intestine are also not adequately known. 
Higher protein diets create less likelihood that early lactation dietary protein deficiencies will nee 
to be compensated for by mobilization of reserve tissues. Currently, there is interest in reducing 
excess dietary protein in diets for lactating cows because of environmental, reproductive, and 
economic concerns. As attempts are made to refine predictions of metabolizable protein supply b 
the use of models such as CNCPS, protein levels in diets fed during early lactation could be 
decreased enough to make reserve adequacy a factor in performance under some nutritional 
scenar10s. 

The NRC ( 1989) recommendation for crude protein ( CP) in the diets of dry and pregnant cows is 
12% of dietary DM; no recommendation for rumen undegradable protein is provided. There was 
no justification for the 12% CP recommendation, presumably this was based on a minimum 
amount of CP needed to optimize some aspect of rumen function such as microbial protein 
synthesis. Although poorly understood, an increase in protein supply in the diets of late gestation 
dry cows has been shown to improve milk production and milk protein yield (Moorby et al, 1996 
milk protein content, and reproductive efficiency (Van Saun et al, 1993). However, other work 
(Sharma et al, 1995; Van Saun, 1993; VandeHaar et al, 1995; Wu et al, 1997; Putnam et al, 1998 
1999; Donkin et al, 1998) has failed to show a relationship between prepartum protein supply a 
postpartum performance of dairy cows. 

Increasing dietary CP beyond 12% during the dry period by addition of feeds that are high in 
undegradable protein reduced the incidence of ketosis in multiparous cows (Van Saun et al, 199 
Increasing undegradable protein from 2.8 to 6.7 or 10.5% of DM did not alter DMI, yields of mi 
protein or fat (Huyler et al, 1999). Increasing total protein, undegradable protein, or both during 
the transition period has resulted in reduced feed intake (Van Saun, 1993; Crawley and Kilmer, 
1995; Donkin et al, 1998). Increased protein intake during gestation above that recommended lS 
NRC ( 1989) has been associated with lower incidences of ketosis and retained placenta (Curtis 
al, 1985). Infusion of lysine and methionine has been shown to increase very low-density 
lipoprotein synthesis in the liver (Durand et al, 1992), which may help prevent fatty liver 
syndrome. 
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Requirements for CP during the transition period should be met when feeding cows diets 
containing 12% CP at predicted DM intakes. Putnam et al (1998) demonstrated that cows fed 10.6, 
12.7 and 14.5 % CP were all in positive nitrogen balance during the transition period (Figure 1). 
Although some positive results have been noted when increasing CP beyond 12% by feeding 
additional undegradable protein, the results have been inconsistent and sometimes, negative effects 
on DMI have been observed. In a recent study, we evaluated prepartum diets containing 13.3 vs 
17.8% CP in the diet DM (Putnam et al, 1999). Cows provided the 17.8% CP diet had lower DMI 
per unit of B W following parturition, and higher NEF A concentrations for 4 weeks after calving 
compared to those cows fed 13.3% CP prepartum. 

-21 -14 -7 0 

Day relative to parturition 

Figure 1. Predicted maternal N balance from 28 to 1 d prepartum of cows fed low, medium, or high CP diets. Total N 
balance, g/d was predicted as N balance= N -230.4 -.0069 * DMI, g/d + .5329 * N intake, g/d + 1.211 * true N 
digestibility,%+ 2.224 *efficiency of utilization of absorbed N, %; r2 = .98. From total N balance, N content of the gravid 
uterine tissues predicted as by (Naismith and Morgan, 1976) was subtracted to get maternal N balance. 

Differences in total yield of absorbed protein from CP can vary, thus confounding estimations of 
dietary CP adequacy. Putnam and Varga (1998) reported differences in true efficiency (60.6% vs. 
55.3%) of dietary nitrogen between low (10.6% CP) and moderate (12. 7% CP) dry cow diets, and 
reported that plasma urea nitrogen (PUN) increased from 12.0 mg/dl to 14.6 mg/dl as dietary CP 

·increased between these two treatments. This increase in PUN level, while it may reflect 
differences in efficiency of utilization for absorbed protein, may also represent differences in 
microbial capture of ruminally available N, therefore differences in microbial protein yield may 
have impacted the supply of absorbed protein. Although these two levels of CP intake did not 
result in differences in performance, applying data reported in the paper to the Cornell Net 
Carbohydrate and Protein System Model (Fox et al, 1990) yielded estimates of metabolizable 
protein (MP) supply. These estimates suggest that there was little difference in absorbed protein 
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supplied to the dam despite the differences in CP intake. If the maternal tissues do not see 
differences in metabolizable protein, there is little reason to expect differences in performance as 
function of CP supply. Another recent report that demonstrates the confounding of absorbed 
protein supply with CP supply is the paper by Minor et al (1998). They fed diets with modest(± 
1.2% CP; 13.2% vs. 14.4%) differences in CP concentration, but significant differences in 
carbohydrate profile. Application of the Cornell Net Carbohydrate and Protein System (Fox et a· 
1990) to estimate metabolizable protein supply from these diets suggests that the lower CP diet 
may have delivered nearly 50% more absorbed protein to the cows. The authors' conclusions 
about dietary recommendations for dry cows involved the substantial differences in carbohydrate 
fractions in the diets. However, the very large differences in absorbed protein likely would have 
impacted hepatic metabolism. Effect of the nonfiber carbohydrate (NFC) level in the diet was 
likely confounded by concomitant differences in metabolizable protein supply. 

Progress towards establishing the protein and amino acid requirements of the late gestation dairy 
cow continues to be made. Recent evidence (Putnam and Varga, 1998) suggests that maternal 
demands for metabolizable protein prepartum can be supplied by diets containing relatively low 
concentrations of CP; however, not at the expense of adequate ruminally degraded protein to 
optimize ruminal fermentation and acclimate the rumen to the lactation diet. Supplemental rumi 
undegraded protein may not be needed when transition diets provide for maximum synthesis of 
microbial protein and support high dry matter intake. Production responses to ruminally protect 
amino acids to improve the content of lysine and methionine in metabolizable protein show 
consistent improvements of content and yield of milk protein, but only when lysine:methionine 
adequate and is approximately 3.0: 1.0 (Sloan et al, 1998). The magnitude ofresponses to 
improving lysine and methionine in metabolizable protein may be dependent on their adequacy 
metabolizable protein during late gestation (Carson et al, 1998). More information is needed 
concerning metabolizable protein amount and composition and the specific amounts of lysine 
methionine needed for late gestation cows, especially as it relates to hepatic metabolism. In a 
review by Garthwaite et al ( 1999), prepartum supplementation of rumen protected methionine 
lysine in five trials resulted in responses (compared to the control within trial) of +0.5 kg dry 
matter intake, +1.7 kg milk,+ 0.06% units milk protein, +0.79 g milk protein and+ 85 g milk 
Two additional experiments observed negative responses to protected amino acids primarily 
because excess methionine relative to lysine was fed. 

DIETARY ENERGY TO PROTEIN RELATIONSHIPS 

Strategies that have been able to increase plasma glucose concentrations in late gestation have' 
resulted in reduced concentrations of plasma NEF A, BHBA, and liver fat and triglycerides (S 
et al, 1993). Based on previous research in our laboratory (Putnam and Varga, 1998), increasi 
the supply of protein during late gestation may increase glucose concentrations by providing 
glucogenic precursors. Glucose concentrations were highest for cows provided the 14.5% CP d 
(Table 1) however this did not result in any effects on milk yield or component yields. We fl 
investigated the use of higher levels of protein in the diet and found no effect on glucose 
concentration in blood (13.3 vs 17.8% CP in diet DM). Both the 12.7% CP diet in the previou 
study and the 13.3% CP diet in the latter study provided similar amounts of protein (1422 vs .. 
g/d), while intakes of CP for the 14.5% CP diet in the previous study, and the 17.8% CP diet i 
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Table 1. Mean concentrations of selected metabolites in blood during the prepartum period. 

Item% 

Glucose, mg/dl 
BHBA, mg/dl 
NEFA, meq/L 

Glucose, mg/dl 
BHBA,mg/dl 
NEFA, meq/L 

%CP in diet DM 
10.6 12.7 14.5 

59.2 63.0 64.9 
23.2 22.7 21.1 
225.7 217.2 205.9 

Cows with BCS > 3.25 only 
59.0 63.3 66.0 
24.2 24.4 21.2 

276.2 229.4 187.6 

P<F 

0.10 
0.17 
NS 

0.05 
0.14 
0.05 

study, were 1639 and 1878 g/d, respectively. Caloric intake was similar across treatments in both 
studies, this created a range in energy: CP ratios (Meal: kg CP). While the groups consuming 
approximately 1400 g/d of CP had energy to CP ratios approximating 12:1, the diets providing 
1639 g/d CP had a ratio of 10.6:1 and the group consuming 1878 g/d CP (l 7.8%CP) had a ratio of 
8.8: 1. As urea synthesis has been estimated to use 4 ATP per mol of urea synthesized (Kelly et al, 
1993) a significant energetic cost is associated with metabolizing the additional protein in the 
17.8% CP diet. This may in part have impacted glucose availability as glucose kinetic 
measurements associated with this project showed that the disposal rate of glucose increased for 
the 17.8% CP diet. Thus the glucose responses to dietary protein supplementation in late gestation 
may be limited, in part, by the availability of energy relative to the energetic costs associated with 
nitrogen excretion . 

. VanderHaar et al (1999) conducted a study to determine if increased nutrient density in prepartum 
diets improves nutrient balance in peripartum cows. Four diets ranged from 1.30 to 1.61 Meal 
NEl I kg and 12.2 to 16.2% CP. Energy to protein ratios ranged from 8.6:1to10:1. When 
evaluated using the CNCPS model (Fox et al, 1990) only the low-protein low-energy treatment 
was negative in metabolizable protein needs. In addition, the low energy to protein ratio more than 
likely forced some animals to inefficiently utilize protein as an energy source confounding the 
effects of the treatments in terms of energy needs of the prepartum cows in that study . 

. NERGY NEEDS OF THE TRANSITION COW 

bohydrate metabolism in the early postparturient cow is dominated by the massive requirement 
'glucose, mostly for lactose synthesis. The challenge posed for liver and other nonmammary 
·.es comes sharply into focus when the estimated glucose uptake of-1,800 g/d at day 4 of 
tion is compared with the estimated supply of dietary glucose precursors (propionate and 
'oacids). Even assuming that all of the absorbed propionate and amino acids (minus 

ement for milk protein) are available for glucose synthesis, these substrates could account for 
st, about 1,200 g/d of glucose equivalents, equivalent to no more than two thirds of the 

ary glucose requirement, to which must be added the mandatory glucose requirements of 
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other tissues, such as the brain (Bell, 1995). Glycerol and lactate will make up part of the shortfall. 
in glucose precursors. 

Energy intake is determined by the amount of dry matter consumed and the energy density of the ·. 
diet dry matter. The NRC (1989) recommendations for energy density of diets fed to dry cows is 
1.26 Meal NEl/kg. Dry matter intake can decrease as much as 30% three weeks prior to calving; 
intake may be as high as 15 kg/d at three weeks before calving to approximately 10 kg/d the week 
to last few days before calving. Therefore a constant recommendation of 1.26 Meal NEl/kg of die 
DM would not be adequate especially the last week prior to calving for most mature cows. 
Grummer ( 1998) demonstrated that to meet the energy needs for first calf heifers energy density 
the diet would have to be increased almost 30% over current NRC (1989) recommendations. In 
order to acclimate cows to the lactation diet and to adequately meet the needs of all groups of 
animals, higher density rations need to be fed. 

Diets that are easily degraded by the ruminal microorganisms generally result in the production o 
more propionic acid. Approximately, 80% of propionic acid that is presented to the liver is 
metabolized to glucose. In order for high rates of gluconeogenesis to be maintained prepartum, 
highly fermentable carbohydrate sources need to be fed. This may protect the cow from fatty aci 
infiltration of the liver as well as ketosis in the first few weeks postpartum. In addition, feeding 
diets prepartum that are higher in nutrient density may enhance feed intake. Feeding diets higher. 
fermentable carbohydrates during the prepartum period may acclimate the microbial population t,; 
the postpartum diet, promote ruminal papillae development, increase absorptive capacity of the 1 
rumen epithelium and reduce lipolysis by increasing glucogenic precursors. Dirksen et al (1985)3 
demonstrated that a decrease in fiber in the prepartum diet promoted development of the ruminalf 
papillae and increased the capacity for VF A absorption. These researchers speculated that '. 
development of papillae was essential to minimize VF A accumulation, to minimize a decline in ~ 
pH, and reduce the occurrence of acidosis when fresh cows were fed high grain diets postpartum). 

There are conflicting research to substantiate that one type of diet prepartum results in ketosis o( 
displaced abomasum (DA). Several studies suggest that the presence of com silage in the dry pe; 
diet prevented ketosis rather than the presence of grain or the amount of energy (Heinrichs and .! 
Ishler, 1996). In a feeding trial, Coppock et al (1974) fed four different forage to grain ratios 
prepartum, and DA incidences were 2/22 and 8/21 in the >50:50 and <50:50 groups, respective! 
Johnson and Otterby (1981) fed three diets: all hay; com silage, alfalfa silage, and 1 kg grain/cl;. 
silages plus 4.1 kg grain/d for the last 30 days prepartum. There was no DA in any treatment grQ 
(total n=l06), although the grain and silage diets predisposed cows to milk fever and udder ede; 

·' and protected cows from ketosis. Several studies have been conducted to evaluate how the nonfli 
carbohydrate (NFC) levels in the prepartum diet influence dry matter intake, health and product~' 
Minor et al (15) fed a NFC ration (43.8%) compared to a more standard diet (23.5%). Cows an~ 
heifers fed diets with high NFC compared to animals fed the standard NFC diet consumed mor~. 
matter and energy and maintained a positive energy balance throughout late gestation. Fat corre' 
milk was unaffected by diet. Dann et al (1999) showed that cows fed steam flaked com vs dryi? 
cracked com had reduced NEF A prepartum (Table 2) and improved DMI prepartum (Table 3)I} 
The main effects of postpartum health and production were not affected by prepartum rations, .t 
however milk yield was higher for cows fed steam flaked com diet from six to thirteen weeks i~ 
lactation. 
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The effect of diets high in fermentable fiber vs rapidly fermentable starch still need to be evaluated 
as transitional rations for dairy cows. Though highly fermentable starch sources increase glucogenic 
precursors for the transition cow in certain situations, type of concentrates and length of feeding 
prepartum may increase body condition and predispose cows to fatty liver infiltration and other 
metabolic diseases. More research is needed to evaluate not only the fermentability and type of 
carbohydrates required by cows in transition to the lactating cow ration, but also the particle length 
of forage that is fed. 

Table 2. Prepartum blood metabolites and hormone concentrations of cows fed cracked com 
(CC) or steam-flaked com (SFC) during the prepartum period (Dann et al, 1999). 

Prepartum 
Item cc SFC p 

n 33 32 
SEM SEM 

Glucose, mg/dl 66.8 0.81 68.2 0.82 0.22 
BUN,1 mg/dl 9.74 0.33 8.81 0.33 0.05 
NEFA, µeq/L 251 37.1 145 37.5 0.05 
Insulin, ng/ml 0.51 0.05 0.58 0.05 0.29 

Blood urea N. 

Table 3. Prepartum DMI, BW, and body condition score (BCS) of cows fed cracked com 
(CC) or steam-flaked com (SFC) during the prepartum period (Dann et al). 

Item cc 
n 33 

DMI, kg/d 13.6 
DMI,o/oofBW 1.82 
BW,kg 754 
B W Change, kg 16.8 
BCS1 3.45 
BCS Change 0.02 

Scale of 1 to 5, where 5 is obese. 

Prepartum 

SEM 
0.44 
0.06 

13.7 
6.38 
0.06 
0.04 

SFC 
32 

SEM 
14.6 0.45 

1.94 0.06 
759 14.0 

30.0 6.48 
3.45 0.06 
0.13 0.04 

p 

0.12 
0.19 
0.79 
0.15 
0.98 
0.05 

Specific recommendations for NFC in the ration are not available in the current NRC for 
transition cow diets. In order to achieve a high energy density at a time when DMI might be 
decreasing as much as 30% the last three weeks prior to calving, NFC should be in the range of 
33 to 38% in diet DM. Energy density should be in the range of 1.5 to 1.55 Meal NEl/kg DM, 
CP in the range of 13-14% and NDF >32%. The NFC recommendation is similar to diets fed to 
early lactation cows, however more fiber can be included due to lower levels of CP in the 
transition diet. Diets with elevated energy density should not be fed for more than three weeks 
prior to calving if cows have adequate condition (>3.5 on a 5.0 scale). 
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PREDISPOSITION TO METABOLIC DISEASES 

Body condition. 

There are still more data that need to be combined and looked at to come up with 
recommendations for an optimal BCS during the dry period. However, it is clear that over 
conditioned cows (>4.0 on a 5.0 scale) have reduced intakes after calving and are more prone 
to fatty liver disease and ketosis (Fronk et al, 1980). A body condition score between 3.5 and 
3.75 appears to be a suitable compromise between adequate and excessive body condition 
(Shaver, 1993). In a well managed high producing herd, Waltner et al (1993) found that FCM 
in the first 90 days oflactation was maximized when body condition score was 3.5 at calving. 
Putnam et al (1998) demonstrated that cows with BCS > 3.25 prepartum had higher NEFA, 
and BHBA concentrations and produced 2.5 kg less milk than cows with BCS < 3.25. In a 
study conducted by Michelone et al (1999) prepartum NEFA concentrations averaged 151.8 ± 
18.3 µeq/L and BCS averaged 3.28 ± 0.08 in comparison to the study conducted by Putnam et 
al (1999) where NEFA concentrations averaged 388.5 ± 71 µeq/L and BCS averaged 3.68 ± 
0.11. Incidence of subclinical and clinical ketosis was 20% in the study of Putnam et al ( 1999) 
and none in the study conducted by Michelone et al (1999). Both of these studies were 
conducted at restricted intake to 1.5% of BW and fed similar diets indicating that body 
condition was critical in predisposing the fatter cows to metabolic disease. In addition, it is 
important in the conduct of prepartum experiments to assure that cows of different BCS are 
allocated to treatment properly as shown above this could have a major impact on the 
interpretation of results. 

In a study conducted by Dann et al (1999) there was a strong relationship (r = 0.51) 
demonstrated between prepartum DMI and milk production. Prepartum DMI and postpartum 
intake were correlated (r = 0.67). An increase of 1 kg of prepartum DMI resulted in a 0.86 kg 
increase in postpartum DMI (postpartum DMI, kg/d = 8.11 ± 0.86 (prepartum DMI, kg/d); r = 
0.45). Plasma NEF A concentration also impacted postpartum DMI. An increase of 100 µeq/L 
of postpartum plasma NEF A resulted in a 0.59 kg decrease in postpartum DMI (postpartum 
DMI, kg/d = 23.90- 0.0059 (postpartum NEFA: wk 1, µeq/L); r = 0.24). Body condition score 
averaged 3 .45 and NEF A concentrations averaged 198 µeq/L; neither prepartum nor 
postpartum BCS were correlated to milk production. 

Fatty liver and nonesterified fatty acid status 

Fatty acids (FA) are stored as triglycerides, 3 fatty acids esterified to a glycerol backbone. 
When fat is mobilized for use as metabolic fuel, the fatty acids are released from fat cells as 
"free" or "non-esterified" fatty acids (NEF A). NEF A released into plasma circulation is 
proportionate to the size of the adipose reserves (Dunshea and Bell, 1989). Thus, the size of 
adipose reserves contributes to modulation of blood NEF A concentration, and blood NEF A 
concentration impacts liver metabolism. However, it is not adiposity alone that results in 
increased risk. Dyk ( 1995) reported data from a field study of 100 dairy herds and found that 
higher BCS was not associated with higher NEF A. Rather, the larger adipose reserves coupled 
with an acute metabolic challenge such as that imposed by the immediate peripartum period 
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was more likely to cause excessive hepatic NEF A loads. Whether from overconditioning in 
late lactation, or from prolonged feeding of high energy diets during the dry period, increased 
fatness is likely the cause of increased health disorders only when acute demand generates 
excessive stimulation of lipolysis and plasma NEF A concentration. 

Liver uptake of NEFA is proportionate to their circulating concentration (Emery et al, 1992). 
After absorption, FA have two fates in the liver, esterification to triglycerides, the storage form 
of fat, or oxidation as a fuel source. FA oxidized by the liver initially undergo f3-oxidation to 
acetyl units, which then either form ketones or are completely oxidized to C02 . If oxidation is 
impaired, as it may be by inadequate supply of oxaloacetate (OAA), absorbed fat can 
accumulate in the liver as triglycerides. OAA is an intermediate in the TCA cycle, and 
functions both as a precursor for glucose synthesis and as a "shuttle" through TCA cycle 
oxidation for acetyl units. OAA is produced from glucogenic substrates including amino 
acids, lactate, and propionate; deficiencies in supply of glucogenic substrate for conversion to 
OAA are associated with the development of ketosis. These same glucogenic substrates that 
can be converted to OAA have all been shown to be antiketogenic (Lomax et al, 1983). 

NEF A flow to and uptake by liver are substantially increased during the transition period. 
However, some degree of increased accumulation of fat in the liver is a normal occurrence 
during the transition period (Gruffat et al, 1997). Excessive accumulation however reduces the 
capacity of the liver to accomplish at least two important functions, the removal of ammonia 
by conversion to urea (Strang et al, 1998) and the production of glucose from glucogenic 
substrates by gluconeogenesis. Ammonia is cytotoxic, and the liver is the primary site of 
ammonia removal via conversion to urea. Strang et al (1998) speculated higher hepatocyte 
ammonia levels might cause some of the decrease in gluconeogenesis. 

Excessive accumulation of fat in the liver arises from several factors (Burhans and Bell, 1998), 
including factors that increase NEF A uptake by the liver (fatter animals, underfeeding, 
accelerated rate and size of NEF A flux resulting from acute vs. chronic challenge, high fat 
diets). Several factors decrease fat clearance from liver and contribute to fatty liver 
development in cows. First, fat is excreted from liver as lipoproteins, and ruminant livers do 
not export lipoproteins very well (Kleppe et al, 1998). Besides secreting triglycerides as 
lipoproteins, the other means of clearing accumulated liver fat is oxidative disposal. If 
oxidative disposal is impaired as described above, triglycerides will accumulate. 

Feeding and Management of the Transition Cow 

Nutrient concentrations need to be properly balanced for the close-up cow, especially vitamins 
and minerals as diseases such as milk fever and edema can occur. Exercise is critical for cows 
during the dry period, as is a proper environment if early calving should occur. Adequate 
water, shelter and fly control are necessary as a minimum. This period can be used to trim feet 
if necessary. 

It is important to monitor feed intake closely in the week prior to and after calving. Cows 
should be persistent in eating their ration. The fresh cow ration should be intermediate between 
the close up ration and the high group. A shift should not be greater than a 10% increase in any 
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nutrient when transitioning cows prepartum to the lactating cow ration. For example, if the 
prepartum ration is 1.55 NEl Meal/kg then the immediate fresh ration should be no greater 
than 1.71 Meal NEl/kg DM. It is important that fresh cows receive adequate fiber. It is 
recommended that 3 to 5 lbs. of high quality long forage is fed to maintain rumen function; 
forage needs to be highly digestible but still provide adequate effective fiber to maintain 
chewing activity and milk fat production. Moisture content of the fresh cow ration should be 
checked weekly; i.e. if total ration DM is off by 2% DM units the cow can be shortchanged 
5% of her CP requirements. As fresh cows are the most immunocompromised it is important 
that they be provided feed ingredients that are mycotoxin free, and consistent high quality 
forage sources. Transition cows might benefit from digestible fiber (such as soyhulls or citrus 
pulp) to provide added energy without the potential risk of acidosis from rapidly fermentable 
starch sources. For cows fed a TMR in a free stall situation lead factors should be considered; 
one group: 30% (i.e. if DMI is 60 lb/d X 1.3 =use 78 lb to formulate ration); two groups: high 
= 1.17 and low= 1.24; three groups: high= 1.08, medium= 1.14, and low= 1.21. If possible 
define groups of cows by BW, milk production and days in milk. If fresh cows and fresh 
heifers are grouped together prorate weight of heifers and cows so that calculations for NDF 
intake/BW are appropriate. Provide fresh feed at least 20 hid and push feed up at least 4X/d. 
Monitor body condition of cows especially prior to dry off and the first 70 DIM; suggest BCS 
at dry off, calving, 30d, 60d, 150d and especially 30d prior to dryoff. Cows should not lose 
more than 1 BCS the first 30-50 DIM. 

Attention to cow health is critical during the transition period. After cows freshen record body 
temperature daily until under 102.5°C and listen to rumen movements with a stethoscope (1 to 
2 movements/minute). Observe cows for uterine discharge and odor characteristics. Potential 
cows for displaced abomasum or off feed problems may have loose manure. These along with • 
other factors such as cow comfort are all critical preventative measures in assuring adequate 
DMI and health during the transition period. 

Summary 

Nutrition and management during the transition period are essential in determining the 
profitability of the cow for the rest of her lactation. Stimulation and maintenance of dry matter 
intake around calving is essential to ensure a high level of productivity and healthy cows. 
Proper formulation of rations for protein, energy density, fiber and nonfiber carbohydrates wil 
help to increase intake around calving along with management of body condition, cow comfo 
and excellent quality forages will assure an excellent transition program for the high producin 
dairy COW. 
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Feed costs account for 40 to 50% of the production costs on dairies. Fluctuating feed and milk 
prices require that dairy producers maximize income over feed costs. Ration performance is 
dependent on many factors, including ingredient choice, ration formulation, and feed/feeding 
management. When investigating poor herd performance, many times the problem is not the 
ration formulation. Often the problem lies in the management of that ration somewhere between 
the commodity shed and the feed bunk. 

Poor feeding management can contribute to unacceptable herd health problems. Formulating 
diets to contain adequate energy for high milk production often results in diets with high levels 
of grain. Combine this with the lower intakes of transition, early lactation, or hospital cows, or 

· during periods of summer heat and there is a high risk factor for inadequate fiber intake. 

As diets may include processed forages and a range of by-products, the physical nature of the 
fiber may be altered. Small particle size may reduce rumination and saliva flow. The effects of 
inadequate fiber in lactation rations can be noticed through erratic dry matter intakes, decreased 
milk yields, lowered milk fat production, and health problems (laminitis, ketosis, displaced 
abomasums ). The importance of adequate fiber in the ration to maintain rumen health is typically 

· recognized by the dairy producer. Subacute acidosis can cause significant losses to the dairy 
producer (lowered production, health problems, higher culling rates) and effects may be 
long-term. Laminitis is acknowledged as the primary contributor to lameness in dairy cattle and 

an cost the dairy producer as much as $90 per cow per year based on an incidence rate of 30% 
erry, 1999). The economic impact of lameness is due to decreased milk yield, discarded milk 

ue to treatment, delayed reproduction, increased involuntary culling, and additional 
anagement time. The incidence of laminitis in the United States confinement operations is 
ought to average 35% and while, the causes of laminitis are several, lactic acidosis appears the 
'mary culprit (Shearer, 1996 and personal communication). 

'terature reports of cow response to effective fiber (particle size, forage level) led to an interest 
·developing a diagnostic tool to evaluate effective fiber. As a result, particle size separators 
ve been developed to measure particle size distribution in feeds. These tools consist of a series 
stacked screens designed to separate a ration into various particle sizes. Particle size 
.uation is an attempt to have a visual, quantitative assessment of the ration proportions that 

idly digestible, moderately digestible, and effective in stimulating cud chewing and buffer 
· n. Some commercial laboratories offer particle size separation analysis as part of their 

· 'ces. There are also separators available for on-fann demonstration analysis, such 
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as the Penn State Particle Size Separator (Heinrichs, 1996). This tool separates out the particles 
into three groups: particles greater than .75", between. 75" and .31 ",and those smaller than .31 ". 
The top screen (retaining particles greater than .75") identifies those particles that will be 
included in the rumen mat and will stimulate cud chewing and saliva production; the middle 
screen (particles between .75" and .31 ")represents the portion of the TMR that is moderately 
digestible; while the bottom pan (particles smaller than .31 ") represents particles that are rapidly 
digestible and/or may be removed from the rumen in the fluid outflow (Lammers et al., 1996). 
Use of the separator is fairly simple and can be used on-farm to monitor changes in forage 
harvesting procedures or feed mixing schemes. Table 1 gives recommendations for forages and 
TMR's. 

Table 1. Recommended forage and total mixed ration particle sizes for the Penn State Separator1
. 

Sieve 

Upper sieve2 

(>.75 in) 

Middle sieve2 

(.75 - .31 in) 

Bottom pan2 

(<.31 in) 
1Heinrichs, 1996. 

Com silage 

2-4% if not sole forage 
***************** 
10-15% if processed 

40-50% 

40-50% 

2Portion remaining on the screen. 

Haylage 

10-15% in sealed silo 
***************** 
15-25% in bunker silo 

(wetter) 

30-40% 

40-50% 

TMR 

6-10% or more 
**************** 

3-6% focus on 
TNDF and FNDF 

30-50% 

40-60% 

Management of the nutrition program begins with the choices of feedstuffs and continues 
through to bunk management. Many of these decisions are management-based with supportive 
information available. Data on forage quality, ingredient analysis, and nutrient requirements of 
lactation all support the choice of forage and commodity selection. Tools to track inventory 
management exist, ranging from simple (spreadsheet) to extensive (automated scale tracking 
with commercial software). Tracking inventory can be used to minimize on-farm shrink and 
assist with feed purchasing decisions (Bethard and Stokes, 1999). 

While data can be collected for decision-making purposes as previously described, little 
information exists for producers in selecting TMR mixers. Yet the purchase of a TMR mixer is a 
significant capital investment and can have tremendous impact on herd performance. Currently, 
selection and management of the right TMR mixer is more of an art than a science. 
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FIELD CONDITIONS AFFECTING RATION FORM 

While rations are formulated on computers with scientific software and TMR mixers are 
designed by engineers, there are many steps between the ration on paper and that consumed by 
the cow that can influence herd performance. Factors that can influence the ration delivered to 
the cow begin with loading and delivery accuracy, but also extend to include TMR mixer 
selection, loading sequence, mixing time, mixer maintenance, and ingredient sorting by 
individual animals. 

TMR Mixer Selection 

~· Many attempts have been made to model the mixing process through a series of 
engineering equations for equipment design. However, most mixing equipment has evolved from 
past successes. There are several types of feed TMR mixers available for commercial dairying 
and selection of the "best" mixer is a constant question in the dairy industry. 

Mixers can be crudely categorized as vertical or horizontal. Within these categories, there is a 
range of types including the horizontal ribbon/paddle, vertical screw, or drum mixers. As to 
mixing function, there is a concern with the force and pressure inherent in horizontal auger-style 
mixers; thus the development of the vertical mixers with an upward, volcanic-type mixing action. 
Several problem incidences involving particle size reduction with the use of vertical mixers have 
initiated serious debate over the use of this TMR mixer type: however, there are a number of 
successful users that can justify their consideration. Rippel et al. (1998) evaluated 10 vertical and 
10 horizontal mixers for evaluation of mixing time on final TMR particle size distribution. These 
workers observed no differences in TMR particle size distribution between horizontal and 
vertical mixers (Table 2). 

Table 2. Effects of mixer type on particle size distribution with normal mixing times (% screen 

retention 1
; as-fed basis) 

Mixer type > .75 inches .75 - .31 inches < .31 inches 

Horizontal 20.1 37.7 41.1 

Vertical 20.1 36.0 43.9 

Rippel et al., 1998. 
1 Particle size distribution as determined by the Penn State Particle Size Separator. 

Concerning the decision between a horizontal or a vertical mixer, producer experience suggests it 
is not necessarily the choice of one type or the other, but more importantly it is the management 
of the chosen type that affects the final ration presentation. 

Size. In determining the size of TMR mixer necessary, calculations should consider the 
number of times fed per day, group size, average intakes, yearly animal number fluctuations, and 
future expansion plans to determine necessary mixer capacity. Buckmaster (1998) suggested it is 
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important to consider all groups to be fed when determining TMR mixer capacity. Information 
needed includes dry matter intake per animal, ration dry matter, and size of animal groups to be 
fed. In his example, he considered both the largest and smallest batch to be mixed so the TMR 
mixer selected would need to be accurate at both levels. Mixer performance at the lower level 
needs to be considered for purposes of special rations (hospital, transition cows). Buckmaster 
included a factor (referred to as the "struck full" factor) for additional TMR mixer capacity 
necessary to mix properly, accounting for the possibility of mixers not functioning well when 
filled over 70% capacity. 

Values used by TMR mixer manufacturers include 5 cubic foot per cow per day (if not adding 
dry hay) or 7 cubic foot per cow per day (including up to 10% by weight of dry hay; Table 3). 
Both methods (Buckmaster and Knight Manufacturing) give similar capacity numbers. 

Table 3. Required mixer wagon capacity (cubic feet) for a TMR containing 10% hay. 

FEEDINGS 

PER DAY 

1 

2 

3 

Knight Manufacturing 

100 

700 

350 

234 

GROUP SIZE 

200 300 

1400 2100 

700 1050 

467 700 

Cost. Costs of TMR mixers needs to be evaluated on a cubic foot basis for adequate 
comparison. Mixer manufacturers surveyed in Central Texas showed the range of costs to be 
similar, averaging $71 and $85 per cubic feet capacity for horizontal and vertical mixers, 
respectively. There can be a wide range in price within manufacturer, depending on options 
purchased. Options include mobile or stationary, mixing action, remote scale read-out, carbide 
knives, magnets, and dual feed out, to name a few. Equipment durability and annual maintenance; 
costs are other important economic considerations. 

Ingredient loading sequence. Several ingredient properties can influence mixing: particle 
size, particle shape, density, hygroscopicity, static charge, and adhesiveness (Behnke, 1996). 
From this list, particle size, shape, and density appear to have the greatest impact on mix 
uniformity. With respect to particle size, the addition of forage and the level of forage inclusion 
in dairy rations presents a unique challenge to targeting adequate mixing times. The differences ' 
in forage and concentrate particle size alone will present a challenge, along with differences in 
particle density. On a dry matter basis, com silage and haylage are fairly equal in bulk density; 
however, on an as-fed basis, com silage tends to have a greater bulk density than haylage 
(Kammel et al., 1995). In addition, density of mineral ingredients can be two to three times 
greater than that of grain and protein, making them difficult to uniformly mix. Table 4 illustrates~ 
a comparison of as-fed and dry matter bulk densities of selected ingredients. 
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Table 4. Bulk density of feedstuffs. 

High moisture TMR 
Haylage Com silage ear com SBM (calculated) 

As-fed 

density, lb/ft3 11 14 32 40 19 

Dry matter 
density, lb/ft3 5 5 24 36 10 

Kammel et al., 1995. 

As a general rule, lighter and larger particles tend to move upward while the smaller, more dense 
particles gravitate downward. It has been traditionally advised to load larger particle size 
ingredients (forage) first and heavier, smaller particles (mineral) last. However, with the use of 
individual commodities and with rations containing many ingredients with a large variation in 
size, shape, and density, determination of loading sequence has become a method of trial and 
error. Rippel et al. (1998) illustrated the effect of loading sequence on TMR particle size 
distribution (Table 5). When chopped alfalfa hay was loaded first, particle length was decreased 
the greatest (40.9% retention in the bottom pan as compared to 36.2% when the hay was the 
second or third ingredient loaded). 

Table 5. Effect of ingredient loading sequence on as-fed particle size distribution by screen 
retention 1 and CV. 

> .75" .75 - .31" < 

Order a Percentage CV Percentage CV Percentage 

W-A-C 28.7b 17.4 35.3 7.7 35.8c 

A-W-C 29.l b 19.6 32.9 12.4 37.9bc 

A-C-W 22.8c 22.0 36.2 9.4 40.9b 

W-C-A 29.7b 9.3 33.6 10.8 36.5c 

Rippel et al., 1998. 
1 Particle size distribution as determined by the Penn State Particle Size Separator. 

aW=wheatlage; A=chopped alfalfa hay; C= concentrate. 

.31" 

CV 

13.7 

12.4 

5.9 

9.4 

b,c Means in the same column with no common superscript differ significantly (P<.10). 

Mixing time. If mixing time is insufficient, final ration composition can be altered 
considerably. This will be even more important if the load is split between two or more groups. 
Appropriate mix time can only be determined through testing and most TMR mixer wagons 
come with manufacturer suggestions (some manufacturers supply better information than others). 
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Typical field recommendation for mixing time is 3-5 minutes. The question then arises: Should 
the mixer be active while loading? With larger mixes and a variety of separate commodities, it is 
common for ingredient loading to take 15-20 minutes. If this is the case, then total mixing time 
will now be greater than 20 minutes. Physical form of dry hay may alter mixer strategy and 
processing of long forage may require additional time prior to addition of other feeds. In a survey 
of actual mixing times in Wisconsin, the average time mixing was 16 minutes, with a range of 2 
to 60 minutes (Possin et al., 1994). While striving to achieve a uniform nutrient mix, the concern 
with over-mixing is the physical breakdown of fiber particles. Rippel et al. ( 1998) reported 
minimal particle size reduction for horizontal and vertical mixers when TMRs were over-mixed 
15 minutes (Table 6). Table 7 illustrates individual example observations demonstrating the 
potential effects of mixing time by forage type. 

Table 6. Effects of mixer type and mixing time on particle size distribution(% screen retention1
; ·· 

as-fed basis) 

Mixer type Mixing time > .75" .75-.31" <.31 

Horizontal Normal 20.1 37.7 41.1 

+ 15 minutes 18.4 40.7 40.9 

Vertical Normal 20.1 36.0 43.9 

+ 15 minutes 18.9 33.8 47.3 

Rippel et al., 1998. 
1 Particle size distribution as determined by the Penn State Particle Size Separator. 

I 

Table 7. Individual observations demonstrating the potential effects of forage base and mixing 

time on particle size distribution(% screen retention1
; as-fed basis) 

Ration base Mixing time > .75" .75-.31" <.31" 

Silage Normal 17.8a 48.0 34.0b 

+ 15 minutes 12.9b 46.0 41.0a 

Hay Normal 30.7c 31.4b 37.3d 

+ 15 minutes 18.7d 34.5a 46.7c 

Rippel et al., 1998. 
1 Particle size distribution as determined by the Penn State Particle Size Separator. 

Mixer maintenance. An important management point to consider is a maintenance 
schedule for the TMR mixers. Worn or broken mixing components do not allow the mixer to 
function uniformly. Numerous producers in Central Texas have mentioned that they cannot 
afford to ignore mixer maintenance because of its contribution to ration uniformity. One 
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producer even worked out a schedule for replacing or sharpening knives on a rotating basis to 
avoid drastic changes in forage particle breakdown when all knives are sharpened or changed at 
one time. In addition to TMR mixer maintenance, mixer cleaning cannot be overlooked. 
Build-up of wet feedstuffs can also impair mixer function and inhibit uniform distribution of 
micronutrients. 

A critical component ofTMR mixer maintenance includes a routine (weekly) check of scale 
accuracy. This can be as simple as adding a 50 pound bag of mineral at the beginning, middle, 
and end of the loading sequence. 

MEASURING UNIFORMITY IN DAIRY RATIONS 

The basic assumption of all rations is that each bite taken by the animal matches that formulated 
by the nutritionist. This is very critical in all species, but the dairy cow provides a unique 
challenge due to her requirement for daily milk production and the diversity of feedstuffs in her 
diet. The importance of ration uniformity is perhaps better accepted in meat animal production 
(feedlot, swine, and poultry) than it is in dairy cattle production. On-farm tests to evaluate mix 
uniformity have been developed with high grain diets that are typical in meat animal production. 
Due to the inclusion of forages, dairy rations present a different degree of difficulty in assessing 
uniform mixing. Forage type and inclusion level can affect marker analysis. Basic considerations 
in ration uniformity testing include uniformity assay, sampling technique, and interpretation of 
results. 

Particle size distribution and ration uniformity must be jointly considered, as the ultimate mixing 
goal is to have a uniform ration with minimal particle destruction. With the diversity of 
feedstuffs and TMR mixers available in commercial dairying today, achieving this is more of an 
art than science. The function of the TMR mixer is to uniformly distribute ration ingredients into 
a final product that will serve the intended purpose. In dairy rations, the final "intended purpose" 
is a combination of several measures. Evaluation of ration performance may include animal 
measures such as level of milk production, milk composition (butterfat and protein content), 
rumen function, and general herd health. Many times, these factors may work against each other, 
i.e., in the case of milk production and rumen function in the fresh or high producing cow, where 
nutritionists are continually struggling to reach an acceptable balance between the energy and 
fiber components in the ration. Certainly it is has been the struggle between supplying adequate 
energy intake while maintaining adequate fiber in the diets of these groups that has stimulated 
the interest in measuring effective fiber. While ration formulation is the initial factor in achieving 
optimum performance, feeding management (accurate dry matter contents, careful ingredient 
loading procedures, and mixing execution) can also have a significant impact on ration 
performance. In many cases, feeding management can override or mask the true potential of the 
ration. Nutritionists often refer to three rations on the farm: the ration formulated on paper, the 
ration offered to the cow, and the ration consumed by the cow. This phrase was traditionally 
thought of in terms of nutrient uniformity; however, now we must think about it in physical 
respects as well. 
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In evaluating ration performance, the obvious and most common starting point is the ration on 
paper. But ultimately, cow performance is supported by the ration consumed by the animal. 
Identifying the ration consumed and potential differences from the ration formulated should be 
the first step in solving farm problems, although identifying reasons for these differences is not 
always an easy or precise task. 

Uniformity Assays 

Several methods that have been investigated for determination of ration uniformity include a 
chemical assay for a selected nutrient, a marker, and an ion test. 

Chemical assay for nutrient. The traditional assay included a chemical, quantitative 
measurement of a selected nutrient. The problem with this is finding a nutrient with a high 
variation between feedstuffs. For example, consider a traditional ration formulated with alfalfa 
(18% CP), com, and soybean meal (44%). Table 8 illustrates three rations: ration 1 is the target 
ration, rations 2 and 3 are poorly mixed rations resulting in cows receiving different TMRs from 
the same mix. When the mix was not uniform, nutrients such as protein and fiber varied as much 
as 20%. Additionally, the forage level consumed by each cow differed. 

Table 8. Effect of mixing on TMR nutrient analysis. 

Ration 1 Ration 2 Ration 3 

Ingredient, lb per cow 

Alfalfa hay 24 30 20 
I 

Com 20 20 20 

Soybean meal 6 0 10 

TMR Nutrient Analysis, % 

Crude protein 18.5 15.0 21.0 

NDF 26.0 29.0 23.0 

However, today's dairy rations include a combination of several byproducts similar in nutrient 
profile. Using nutrient markers is more difficult, because little nutrient variation exists between 
feedstuffs. Table 9 illustrates this example. Does the fact that less nutrient variation may occur 
with diets containing multiple commodities make this less important in these diets? Yes and no 
Yes, there is more of a buffer for nutrients such as protein and fiber. No, there is the same risk o. 

not getting mineral intakes that are necessary for optimal health and reproduction. 

110 



t 
m 
ch 

r 
no! 

kof 

Table 9. Effect of mixing on TMR nutrient analysis with a diet containing commodities. 

Ration 1 Ration 2 

Ingredient, lb per cow 

Alfalfa hay 22 19 

Com 12 12 

Soybean meal 3 3 

Com gluten feed 3 3 

Whole cottonseed 5 8 

Soy hulls 2 2 

Hominy feed 3 3 

TMR Nutrient Analysis,% 

Crude protein 18.3 18.6 

NDF 35.0 35.0 

Additional limitations on nutrient markers may include the cost and tum-around time for sample 
analysis, making them not conducive to on-farm periodic evaluation. 

Markers. One marker that has been used is iron filings. This process includes adding a 
sufficient quantity of iron filings marked with a soluble dye to achieve a 16 to 25 count per 
50-100 gram sample. The filings are removed through magnets onto paper, and water is sprayed 
on this paper to allow counting of colored spots. The limitations to this method may be practical 
use with rations that contain heavy, wet feeds. 

Ion analysis. The Quantab ®(Environmental Test Systems, Inc., Elkhart, Indiana) is a 
method for determining the chloride ion concentration of solutions. The procedure involves 
extracting salt by means of a hot water soak. Titrators, consisting of a thin strip laminated with a 
capillary column impregnated with silver dichromate, are used for a color reaction thus allowing 
calculation of chloride ion concentration. This method is relatively fast (10 to 15 minutes), 
requires minimal lab equipment (hot water, filter paper, measuring device, and paper cups), and 
is relatively inexpensive ($25 for 50 tests). However, this procedure is sensitive to acidity and 
may pose a problem with dairy rations including fermented feeds. 

The potential for using wet chemistry for individual ion analysis as a marker may work. For 
example, NRC level of chlorine does vary across ingredients (alfalfa = .3 8%; com = .14%; SBM 
= .08%; wheat midds = .04%). However, the same weaknesses (commodity variation, time, and 
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expense) exists with using ions as with protein or fiber in diets containing a variety of 
commodities. 

Sampling Technique 

Accurate sampling presents a challenge. The diversity of feeds in dairy rations makes collection 
of a sample representative of the total mixed ration difficult. Care must be taken when collecting 
traditional "grab samples" to insure that samples are representative, especially if decisions will be 
made based on analysis. Benhke (1996) described a more accurate sampling technique involving 
plastic sheets placed in the feed lane and then using a quartering technique to reduce samples to a 
workable size. Sample technique is another important question. With the diversity of ingredients 
in a dairy rations, what size of a sample and how many need to be taken to accurately represent 
an entire TMR mixer wagon? Also, does the sample taken from the mixer wagon represent the 
ration actually consumed by the cow? If not, then how should the initial sample be adjusted for 
feed refusals? All of these are important and methods of periodic assessment need to be worked ; 
out. Rippel et al. (1998) evaluated the sample collection process from a TMR mixer. Their 
procedure was to place 6.5-liter sample collection pans in the feedlane, evenly spaced from the 
point where unloading began to the point where the mixer would be empty. This group reported 
that the proportion retained on the large screen (>.75"), the middle screen (.75 - .31 "),or in the 
bottom pan ( <.31 ") and the respective variances were unaffected by reducing the sample number 
from 10 to 5. However, as the sample number was reduced from 10 to 3, the CV was 
significantly different (P<.05). These authors recommended the appropriate sample number 
needed to accurately represent a TMR mixer needed to be at least 5. 

Interpreting Uniformity Tests 

Assuming accurate sampling techniques and proper marker choice, interpreting results in. a 
decision making manner is the next challenge. Research at Kansas State University reports the 
mean, standard deviation, and coefficient of variation as indicators of mixing tests. In short, th 
values identify the distribution of values and condense them into one measure of the mix. Agai 
work from KSU identifies a coefficient of variation less than 10% to represent a good mix (Ta 
10). 

Table 10. Coefficient of variation ranges and interpretations. a 

CV Range Interpretation 

<10% Satisfactory 

10-25% Needs improvement 

>25% Cause for concern 

aRecommendations from Behnke ( 1996). 
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PARTICLE SIZE AND RATION UNIFORMITY: IS IT IMPORTANT TO THE COW? 

Particle Size of Dairy Rations 

The effects of forage, fiber levels, and particle size on ruminal function has been studied by 
several groups (Beauchemin et al., 1994; Grant et al., 1990a; Grant et al., 1990b; Okine et al., 
1994; Woodford and Murphy, 1988). Reducing forage particle size has been shown to improve 
the dry matter intake potential of forage diets (Campling and Freer, 1966), especially with poor 
quality forages. This may occur through several factors, including a physical reduction in ration 
bulk, an increase in surface area for microbial attachment, and/or an increase in passage rate. In 
actuality, it is probably some combination of all three. Woodford and Murphy (1988) evaluated 
the effect of particle size on intake and milk production by feeding diets containing a control 
( 40% alfalfa haylage) or two levels of alfalfa pellet (30% of forage or 70% of forage). These 
workers reported a 5% increase in milk production (over control) when 30% of the forage supply 
was in pelleted form, while intakes remained similar between these two diets. However, as 
inclusion of the pellet increased from 30 to 70% of the forage, both dry matter intake and milk 
production were decreased (Table 11 ). In a trial comparing cereal silages with higher NDF levels 
to an alfalfa haylage control, Okine et al. (1994) reported that dietary NDF levels impacted dry 
matter intake (Table 12). 

Table 11. Effect of particle size on feed intake and milk production 1. 

Diet A2 Diet B2 Diet C2 

Dry matter intake, lb/d 

Milk production, lb/d 74.3a 78.3b 70.l c 

1 Woodford and Murphy, 1988. 
2 Concentrate: haylage: pellets on a DM basis were A) 60:40:0; B) 60:28:12; C) 60:12:28. 

a,b,c Means within rows with unlike superscripts differ (P<.05). 

Table 12. Effect of ration NDF on feed intake1
. 

Alfalfa silage Barley silage Oat silage Triticale silage 

Dietary NDF , % of DM 32.2 35.4 37.9 36.5 

Dry matter intake, lb/d 42.la 

1 Okine et al. 1994. 

a,b Means with different superscripts letters in the same row differ (P<.05). 
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Adequate particle size in the ration appears necessary to avoid low milk fat syndrome. Cows 
require fiber and forage to stimulate chewing activity and saliva production, both being necessary · 
to maintain a proper ruminal pH and a healthy rumen. Grant et al. (l 990a) examined the effect of · 
particle size of dry hay on chewing activity and milk fat production by including a finely (.24" · 
screen) or coarsely (3.0" screen) chopped hay into the ration of cows at three weeks postpartum. 
These workers reported that dry matter intake and milk production were not affected by particle 
size of hay and that NDF intake, expressed as a percentage of body weight, was similar between 
diets (l.2%). However, reduced forage particle size was associated with depressed ruminal pH, 
decreased acetate:propionate ratios, and lower milk fat synthesis (Table 13). These effects were 
further supported in a subsequent trial with alfalfa haylage (Grant et al., 1990b ). Beauchemin et 
al. (1994) compared diets at two levels of forage fiber (35% and 65%) and chop length of forage 
(.2" and .4" theoretical chop length) within each level of forage. This group reported cows fed 
diets containing 65% forage fiber produced more milk when the theoretical chop length (TCL) of 
the forage was reduced (.2"). Conversely, with low forage fiber (35%), cows produced more milk 
on coarser particle size forage (.4"). Milk fat production was substantially higher for cows fed 
higher forage fiber diet (65%) and fat synthesis also tended to increase with coarser chop length. 

Table 13. Effects of forage particle size on rumen conditions and milk fat synthesis1
• 

Fine Medium Coarse 

Ruminal pH 5.40 5.80 6.25 

Ruminal acetate:propionate ratio 2.08 3.20 3.89 

Milk fat synthesis, % 3.2 3.5 3.8 
1 Grant et al. l 990a. 

Ration Uniformity 

There is very little published data on the affects of nutrient uniformity on animal performance. 
What little work that has been done has focused on the monogastric species (McCoy et al., 1994; 
Stark et al., 1991; Traylor et al., 1994), thus there are few benchmarks for using this technique 
with dairy rations. With respect to nutrient levels, if mixing is poor enough to alter nutrient 
intake of certain animals, performance may be altered. The animals receiving nutrients in excess 
will be inefficient in feed conversion; in extreme cases, such as with urea inclusion, this situation 
may even become toxic. On the other side, animals receiving rations deficient in nutrients will 
have performance compromised. Feed intake and body size influences susceptibility to ration 
imbalances in that smaller animals consuming smaller meals are more likely to be influenced by . 
improper ration mixing than are larger animals consuming more dry matter. The influence of dry 
matter intake is most evident in transition and fresh cows with lower levels of intake, and 
perhaps uniformity is of most importance for these cows. Variation in the final ration delivered t 
this group should be as minimal as possible. Feeding management again plays a role, in that the 
same uniformity may not be required when feeding along a fence line feeder to loose-housed 
cows as compared to a herd housed in a tie-stall barn. 
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CONCLUSIONS 

Transition and high producing cows are most susceptible to ration imbalances. In addition, as 
performance in early lactation has a significant effect on total lactation performance, ration 
quality should be emphasized. Most producers and nutritionists would agree that there is a 
connection between ration quality, herd productivity, and profitability. The challenge then 
becomes to define ration quality. Furthermore, the question of application of these measures to 
the dairy cow ration needs to be defined. The literature would suggest that some level of effective 
fiber is necessary to maintain a stable rumen fermentation and avoid metabolic upsets. The 
optimal level of effective fiber may vary considerably between individual farms as ingredients 
and feeding managements differ. 

Research suggests that particle size distribution in the ration will vary with forage level. Field 
experience of producers and consultants would suggest that level of forage, carbohydrate source, 
and feeding management may also affect a herd's tolerance level of minimum effective fiber. 
Accurate measures of effective fiber and the impact of mix uniformity in dairy rations on 
lactation performance still needs to be defined. This is not a clear picture and appears to be 
influenced by a myriad of farm factors. Tools such as the particle size separator can give an idea 
of the distribution of particle size in a ration. However, information gleaned from the use of these 
tools needs to be used carefully as it is only one more piece of the puzzle. 
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Feeding Behavior of Feedlot Cattle: Does Behavior Change with Health 
Status, Environmental Conditions and Performance Level? 
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Introduction 

Achieving an optimal level of health and performance by cattle throughout the feeding period 
will play an important role in overall economic return. The role of feeding behavior in this 
process remains unclear; however, health and performance of cattle are directly related to that 
animal achieving an optimal level of nutrient intake. Overall feeding behavior patterns in cattle 
appear to be highly repeatable whether cattle are on pasture or fed in confinement (Dulphy et al., 
1980; Stricklin, 1987; Hicks et al., 1989). In general, this pattern is diurnal in nature with 
periods of peak feeding activity occurring in early morning (dawn) and early evening (dusk). 
For cattle fed in confinement, feeding activity is also related to the temporal and spatial 
distribution and availability of feed, with the presentation of new feed acting as a stimulus to 
initiate feeding activity (Dulphy et al., 1980). The potential relationship between the behavioral 
aspects of feeding and/or watering activity of feedlot cattle, and growth, feed intake and health 
remains undefined. Hicks et al. (1989), based on visual observations, suggested that frequencies 
of feeding, ruminating and lying behavior were positively related to growth of feedlot cattle. 
Hutcheson and Cole ( 1986), indicated that stressors associated with marketing and transport can 
greatly depress feed intake during the initial 7 -14 days after arrival in the feedlot. Likewise, 
morbidity resulting from the above stressors will reduce the percentage of calves that will 
consume feed as compared to cattle which do not become sick (Hutcheson and Cole, 1986). 

While a limited body of research as well as a posteriori knowledge would suggest a direct 
relationship may exist between an animal's behavior, health, and performance-related 
characteristics, establishing these relationships through conventional research techniques has 
been difficult and limited in the scope of data which can be collected. Conventional techniques 
used for evaluating behavioral patterns have typically employed direct visual observation for a 
specified period of time. While this technique does allow for a variety of behaviors to be 
observed and recorded, it is very labor and time intensive. This generally has limited the total 
amount of time which can be devoted to direct observation, such that the behavioral data 
collected typically represents only a window in time and may not be representative of longer 
term behavioral patterns which an individual or group of animals may express. Other techniques 
employed to evaluate behavior in cattle include the use of Calan gates and Pinpointer systems 
(Cole, 1995). An advantage for both of these systems includes the ability to measure individual 
animal feed intake. Disadvantages include the requirement for animal training and adaptation to 
the equipment and a disruption of social interaction as it relates to feeding behavior. Most of 
what is believed to be true about confined cattle's feeding behavior has been obtained by systems 
that either do not represent commercial production or management situations; depend on 
physical observation of a sub-set of cattle presumed to be representative of all individuals within 
a pen; or interfere with natural expression of feeding behavior. While these systems have 
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resulted in important but limited findings, it is presumed, individual cattle respond differently to 
the management systems, environmental changes and health challenges, which are imposed upon 
them. Feeding behavior remains as one of the most important and little understood components 
of the cattle feeding industry. 

In the summer of 1996 Roche Animal Nutrition and Health initiated a project utilizing a novel. 
technology (GrowSafe Systems®, Limited, Airdre, Alberta, Canada) to study many aspects of 
feeding behavior of cattle which previously had not been possible within a commercial feedlot 
setting. The system is unique because it is largely invisible to both cattle and feedlot· 
management, in that it does not interfere with expression of animal's natural feeding behavior or. 
the interaction that occurs among a group of animals. Likewise, this system allows for the .. 
normal, routine feed delivery and management which occurs on a daily basis. The initial·· 
objectives of this research initiative were to determine if differences in health status existed and 
if these differences could be used to improve management of newly received cattle. Our 
objectives have continued to expand as our knowledge of the system's strengths and weaknesses 
has increased. At present, we operate three systems in commercial feed yards with two systems 
located in the panhandle of Texas and one system located in Alberta, Canada. The objectives o 
the program include identifying and predicting health status of newly received cattle 
characterization of cattle responses to environmental change, determination of feeding behavio 
differences between cattle of differing performance levels, and activity of social groupings whil 
at the feed bunk. 

Equipment Description 

Feeding and watering behavior data were collected using an electronic monitoring syste . 
developed by GrowSafe Systems Limited® (Airdre, Alberta, Canada). The system record 
individual animal feeding and watering visits and location every 5.25 to 6 seconds. Fo 
components make up the system (Figure 1 ): 1) RF ear tag containing a passive transponder a 
a capacitor molded in plastic (Allflex). The eartag, which is located in the bottom third of th., 
ear, is also used for individual animal identification. 2) an antenna incorporated into a neopren' 
mat located in the feedbunk, 3) a reader panel located between two antenna in the feedbunk, 
4) a desktop computer located in a remote location at the feedyard. 
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Figure 1. Diagram of GrowSafe feeding behavior-monitoring system. 

Neoprene Mat with 
lrnbeded Antenna 

-------------------------====---- ---------- ---------The antenna in the neoprene mat, which is attached to the side of the feedbunk away from the 
cattle, can read the passive transponder at a distance of 18 to 21 inches. The antenna housed in 
the neoprene mat radiates a 134.2. kHz pulsating electromagnetic field. The energy generated by 
the magnetic field is collected by the transponder and stored in the capacitor located in the 
eartag. When a sufficient charge in the capacitor is obtained the transponder transmits its 
information back to the antenna. The reader panel differentiates several transponders at the same 
time and stores approximately 1 minute of data. Individual cells within the antenna that are read 
in time sequence every 5.25 to 6 seconds accomplish separation of multiple transponder signals. 
Every 15 seconds the computer requests the reader panel data to be transferred to the computer 
and the data is written to the hard drive of the computer. Each individual animal has a data file 
consisting of location and yes or no data points representing each 5.25 to 6 second cycle of the 
antenna (Buhman, 1998; Sowell et al., 1998). The mean feeding and watering duration is then 
calculated from the raw data. Individual feed and water consumption cannot be determined with 
the system. 

A feeding or watering event can be defined in multiple ways. Frequency of feeding events is 
defined by the absence of the individual from the feedbunk. The time span of the absence used 
to define a feeding event is not fixed and can range from 10 seconds to infinity. Each site also 
includes a weather station that is located in close proximity to the pen. The weather stations 
gather temperature, barometric pressure, wind speed, wind direction, relative humidity, and 
precipitation data at approximately 30 minute intervals. Environmental data is included in a 
separate file within the GrowSafe System. 

Definition of Feeding Behavior Variables 

The system allows one to specify the amount of time that cattle are absent from the bunk to 
determine feeding events, duration, and frequency. Schwatzkolf-Genswein et al. (1998) 
evaluated the impact of varying the length of time used to define a feeding event from 6 to 600 
seconds when cattle were fed ad libitum or a restricted intake. The duration of feeding increased 
with the length of absence used to define a feeding event for ad libitum and restricted intake. 
However, the difference between the two feeding regimens was not impacted by the time interval 
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used to define an event. Sowell (1997) also reached a similar conclusion concerning the amount 
of time used to define a feeding event when reviewing data from a commercial feedlot. Data 
from all sites is currently evaluated using an absence time of 5 minutes to define a feeding event. 

Feeding duration is defined in two methods. The first method, "In to Out", is the sum of time. 
spent at the feedbunk between 5 minute absences. In to Out duration accounts for the time that 
an animal spends chewing feed or engaging in other social activities while standing at the bunk. 
The second method, "Head Down", is the sum of all 5.25-second data points when the animal's 
eartag is within the read range of the antenna. Head Down duration does not account for the 
time that cattle spend chewing feed while standing at the feedbunk. Actual visual observations 
of cattle, while attending the feedbunk in a pen equipped with the GrowSafe System, however, 
suggests that cattle are typically consuming feed when their eartag is in contact with the antenna. 

Feeding frequency is defined as the number of independent visits made each day to the feedbunk 
that are separated by at least a 5 minute absence. Feeding intensity can be defined by thre 
methods. The first method, "In to Out intensity", is defined as In to Out duration/feedin 
frequency. The measure of intensity provides an indication of the amount of time spent per visi 
including time when the animal is standing near the bunk but not actually consuming feed. Th 
second method, "Head Down intensity", is defined as Head Down duration/feeding frequency 
This measure of feeding intensity provides an indication of the amount of time spent per visi 
actually consuming feed. The third, "Swingle intensity" originally conceived by Dr. Spene 
Swingle, is defined as (Head Down duration/In to Out duration) * 100. Swingle intensi ·· 
provides an indication of the proportion of time spent at the bunk that is dedicated to fe 
consumption. The original premise for expressing feeding intensity in this manner was that t 
more aggressive animals that one might assume would have superior average daily gain and fe 
intake would spend a greater proportion of time spent at the bunk consuming feed. 

Effects of Health Status on Feeding Behavior 

Sowell et al. (1997, 1998), Buhman (1998) and Daniels et al. (1999) have described effects 
health status on feeding and watering behavior of calves during the receiving period. Sowell. 
al. (1997, 1998) reported that light weight calves that were pulled during a 32 d receiving peri 
spent 51 % less time at the feed bunk during the initial four days after arrival and 23 % less ti 
during the entire 32 d period than untreated calves (Figure 2). 
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Figure 2. Mean daily feeding duration (minutes/day) for treated and untreated lightweight calves 
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Daniels et al. (1999) evaluated the effects of health status, metaphalactic administration of two 
different injectable antibiotics, and route of antibiotic administration on feeding and watering 
behavior of lightweight calves received at McElhaney Cattle Co., Welton AZ. Daniels et al 
(1999) data agree with those of Sowell et al. ( 1997, 1998) indicating that morbid calves spent 40 
to 41 % fewer minutes per day at the feedbunk than untreated, and presumably healthy calves, 
throughout two 21-d receiving studies. Interestingly, calves that received metaphalactic 
treatment tended to spend more time at the feedbunk than non-medicated control calves. 
Untreated steers did spend a greater percentage of total time at the bunk in response to the third 
feed delivery than treated calves. However, the percentage of total time spent at the feed bunk 
was not influenced by health status for other feed deliveries or for the remainder of the day 
(Sowell et al., 1997, 1998). While the GrowSafe System does not measure individual feed 
consumption it seems unlikely that morbid calves that spend 23 to 41 % less time at the feed bunk 
during the receiving period could consume as much feed as untreated calves. This observation is 
supported by individual average daily gain observations during the receiving period. 
Performance information suggests that untreated calves will gain weight 22 to 29% more rapidly 
than calves that are pulled and treated for respiratory disease (Hutcheson and Cole, 1986, Sowell 
et al., 1998, Buhman, 1998). 

Buhman (1998) investigated the effects of health status on two groups of heifers (initial weights, 
517 or 550 lb) originating from auction barns in the Southeast. Differences in feeding duration, 
based on health status, were less dramatic than those observed by Sowell et al. (1997, 1998); 
however, differences in feeding duration were noted for days 11 to 27 between cattle pulled and 
deemed sick based on additional medical evaluation and those not pulled or considered not sick 
after further evaluation. The existence of lung lesions and the extent of the lesion detected at the 
time of slaughter did not appear to be strongly related to an individual animal's feeding or 
watering behavior during the first 57 to 62 days on feed. 
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Initially, most researchers involved in the project were optimistic that the GrowSafe System 
could be used to identify cattle in need of medical attention, based solely on feeding or watering 
duration or frequency. This expectation has been replaced with the knowledge that feeding 
and/or watering duration and frequency may differ based on health status with a tremendous 
overlap existing between pulled and un-pulled populations. 

Statistical process control appears to be a valuable tool in working with health and behavior data 
to identify morbid cattle as determined by pen riders. Statistical procedures based on the 
cumulative sums (CUSUMS) of 3-hour feeding intervals between 0600 and 2400 have been 
evaluated by workers at Montana State (Sowell, 1999). Two 32-d studies were conducted using. 
a receiving pen equipped with the Growsafe System. The pen was 98 x 118 feet with 98 ft. of 
feedbunk space. The water trough, equipped with the Growsafe System, was located opposite· 
the feedbunk and was approximately 15 ft. in length. In Trial 1, 103 mixed breed steers (average 
weight 306 lb) purchased form Texas salebams arrived on July 12 at McElhaney Cattle Co. 
located near Welton, Arizona. Calves were individually weighed, vaccinated, castrated, and 
tagged for identification. Calves were placed in the experimental pen within an hour of being 
processed. There was 8.27 in./head of linear bunk space. Water was available ad libitum and 
feed was delivered three times per day at 0600, 0800, and 1100. Any animal, which was 
removed (pulled) from the pen by a pen rider and treated for any reason during the 32-d 
receiving period, was designated as a morbid calf. All calves that remained in the pen were 
designated as healthy. In Trial 1, three days were excluded from the data set because of syste 
failure for at least one hour during the course of a day. 

In Trial 2, 122 mixed breed calves (average weight 352 lb) were used. Approximately one-half 
of the animals arrived at the feed yard on November 12, 1996. These calves were individually 
weighed, vaccinated, castrated, and ear-tagged for identification. They were placed in th · 
experimental pen within one hour of processing. The remaining calves arrived two days later 
underwent the same processing procedures, and were placed in the pen on November 14, 1996. 
In this study, there was 8.27 in/head of linear bunk space. In order to determine the accuracy o 
the technique, it was assumed that the pen riders' classification of morbid animals was corre 
Only animals that were deemed morbid by the pen riders were used to calculate the difference 
in daily detection of morbidity between CUSUM and pen rider methods. 

CUSUM and pen riders agreed on classification of 133 of the 225 steers as morbid (Table 1 
However, CUSUM indicated that 12 steers that remained in the pen should have been pulled fo 
treatment and that 18 of the steers pulled by the pen riders were in fact healthy. For animals tha 
were deemed morbid by both the pen riders and CUSUM procedure, a paired t-test wa 
conducted to determine which method predicted morbid animals earlier. The CUSUM procedur 
detected animal morbidity on average 3.5 days and 3.7 days earlier (P < 0.0001) than the pe 
riders for Trial 1 and 2, respectively. The behavior model currently being developed fro 
medical pull records tends to identify the same individuals as the pen rider. However, t 
combined data suggests that the CUSUM procedure detected animal morbidity 3.6 days earlie 
(P < 0.0001) than assigning morbidity based on physical appearance. Accurate identification o 
all cattle in need of medical attention whether by visual or behavioral means remains a separa 
and elusive goal. 
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Table 1. Numbers of steers determined to be morbid and healthy by CUSUM procedures and pen 
riders from Trial 1 and 2 in Welton, Arizona 

Pen riders (truth) Morbid 
Healthy 

CUSUM (test) 
Morbid Healthy 
133 18 

12 62 

Potential Impact of Environmental Changes of Feeding Behavior 

Total 
151 
74 

Changes in environmental conditions are frequently sited as the cause of corresponding 
alterations in feed consumption, occurrence of ruminal acidosis, and metabolic disorders. 
Presumably, these changes in environmental conditions are related to changes in individual 
animal's overall behavior, including feeding behavior. The environmental components 
frequently indicated by feedyard personnel as being involved in behavioral changes include high 
wind, changes in barometric pressure, extremes in temperature or heat load (combination of 
temperature and humidity) and day length. Evaluation of environmental effects on feeding 
behavior requires analysis of several large data sets collected across all seasons of the year in 
order to separate the effects of days on feed and day length from other components. We continue 
to obtain behavioral and environmental data in the hope that analysis of the combined data sets 
collected in various geographic locations across seasons will yield useful information that could 
serve as a factual basis for implementing management changes. The following data presented in 
this manuscript represents the observations of one such study conducted at Cactus Research, 
Cactus, TX from February, 1998 until June, 1998. Because of the limited duration of this study, 
the effects of time on feed, season and environmental changes cannot be separated. 
Consequently, interpretation of the following data should be regarded as a preliminary attempt to 
evaluate this type of data. 

Temperature Effects 

Feeding duration measured by the Head Down method, decreases with time on feed with a high 
of 92 minutes on day 13 and a low of 26 minutes on days 104 and 132 of the feeding period 
(Figure 3). The magnitude of day to day variation in feeding duration also appears to decrease as 
time on feed increases. This relationship appears to be independent of season based on 
observations at other behavior sites. 
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Figure 3. Average daily temperature and Head Down feeding duration (minutes/day) across time 
on feed (Whitley and McCollum, 1999). 
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Spikes in temperature appear to result in a corresponding inverse spikes in feeding duration early 
in the feeding period; however, this response appears to become less apparent after day 40 
(Whitley and McCollum, 1999). The relationship between ambient temperature and feeding 
duration is described by the linear equation Y = -0.8497*X + 98.949 (R2 = 0.7697) where Xis. 
ambient temperature and Y is predicted Head Down feeding duration (Figure 4 ). 

Figure 4. Relationship between ambient temperature and Head Down feeding duration. 
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The linear relationship, while strong, is more likely of a casual rather than causal nature. 
Ambient temperature effects in this data however, cannot be separated from either time on feed 
or season. Feeding duration decreases with time on feed regardless of season and likewise 
ambient temperature should increase with time on feed as the feeding period progresses from 
February into the spring and summer months. The effects of heat load (combination of ambient 
temperature and relative humidity), which would be associated with the summer season have not 
yet been determined. 

Wind Speed and Barometric Pressure 

High wind speed has been suggested by some in the cattle feeding industry to contribute to the 
metabolic disorder complex. Wind velocity above a certain level, may reduce feed consumption 
and feeding duration or simply reduce feeding duration so that feed consumption occurs over a 
shorter period of time. Data shown in the following figures represents one set of cattle fed from 
February 1998 until June 1998. Effects of days on feed, season, and ambient temperature have 
not been separated from the potential effects on feeding behavior attributable solely to the wind 
and as such this preliminary data should be interpreted with caution. Average daily wind speeds 
above 14 mph appear to result in a reduction in Head Down feeding duration during the first 50 
to 60 days on feed. After this point in time effects of average wind speed are less apparent. The 
relationship between average daily wind speed and feeding duration was described by the linear 
equation Y = -06025 * X +53.834 (R2 = 0.014) where Xis average daily wind speed and Y is 
predicted Head Down feeding duration. The low correlation coefficient for this relationship 
suggests that wind speed accounts for only 1.4% of the variation in Head Down feeding duration. 
If feeding duration is related to average daily wind speed it maybe a threshold response. 
Currently, feed intake information for the pen has not been compared with feeding duration on 
days of high wind. Consequently, it is not known if cattle consumed the same amount of feed as 
on a less windy day in a shorter period of time or if feed consumption decreased to the same 
extent as feeding duration. 

Figure 5. Average daily wind speed and Head Down feeding duration across time on feed 
(Whitley and McCollum, 1999) 
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Average daily barometric pressure, based on day to day change in barometric pressure and daily 
range in barometric pressure did not appear to be related to Head Down feeding duration or day 
to day change in Head Down feeding duration. Additional data is needed to more clearly .. 
separate environmental factors that contribute to changes in daily feeding duration. 

Barometric pressure and wind speed are examples of factors that may be important in altering 
feeding duration and(or) feed consumption. However, the existing data is not adequate to fully 
evaluate the effects of these and other potentially important factors that may alter feeding 
duration because of the confounding effects of time on feed and season of the year. 

Feeding Behavior and Average Daily Gain 

If feeding behavior could be used as a measure to predict average daily gain, cattle could be 
sorted, where possible, into more effective out come groups. Hicks et al. (1989) reported that the 
frequency of eating, ruminating, and lying are correlated with animal performance while 
percentage of total time spent eating tended to be related to average daily gain of the feeding 
period. In studies conducted by Sowell et al. (1998) and Schwatzkolf-Genswein (1998) attempts 
to describe the relationship between feeding duration and individual average daily gain resulted· 
in highly significant relationships with very poor correlation coefficients. Most attempts to relate 
feeding behavior with average daily gain or feed efficiency have viewed rate of gain as a· 
continuous variable rather than grouping cattle into outcome groups based on the mean rate o. 
gain for the pen. Whitley and McCollum (1999) used our data to separate steers into three 
possible rate of gain groupings. The first group consisted of 13.6% of 384 steers from four pens 
that had average daily gains that were > 1 standard deviation above the mean of the group (Good 
ADG). The second group consisted of 74% of the steers that had average daily gains that fell 
between± 1 standard deviation from the mean (Moderate ADG). The third group consisted of: 
12.4% of the steers that had average daily gains that were < 1 standard deviation below th 
mean. They then plotted the Head Down feeding duration, feeding frequency and Swing! 
intensity for each group. 

Head Down duration of the three rate of gain outcome groups appears to be different after cattl 
were re-implanted on day 72. Feeding duration of cattle with the poorest average daily gai 
appears to separate from those with moderate or good rates of gain as early as d-41 on fee 
Surprisingly, cattle with the best average daily gains tended to spend the least amount of time a 
the feedbunk, followed by those with moderate rates of gain while those with the poorest rates o. 
gain spent the most time at the bunk. Frequency of feedbunk visits was not different among t 
three average daily gain outcome groups. This observation was unexpected based on th' 
findings of Hicks et al. (1989) who suggested that the frequency of eating was more related t 
animal performance than total time spent eating. However, their study was conducted with 
steers per pen that were physically observed every 30 minutes during a 24 hr period on day 40 
a 138-d feeding period. Our data suggests that time on feed is an important consideration th 
was not accounted for by Hicks et al. (1989). 
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Figure 6. Head Down feeding duration (minutes/day) of good, moderate and poor rate of gain 
outcome groups across time on feed (Whitley and McCollum, 1999) 
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Swingle intensity (Head Down duration/In to Out duration * 100) was also determined for the 
three average daily gain outcome groups (Figure 7). Separation of good, moderate and poor rate 
of gain groups based on Swingle intensity appears to occur earlier than when based on Head 
down feeding duration. Cattle with a good rate of gain may separate as early as day 12 or 13 
from those with moderate or poor rates of gain. Cattle with a poor rate of gain may separate 
from those with a moderate rate of gain by day 40 of the feeding period. When Dr. Swingle first 
proposed this method of identifying intensity, the expectation was that cattle with a good rate of 
gain would spend a greater proportion of their total time at the feed bunk with their head down 
consuming feed. Data from Figure 7 indicates the exact opposite. Cattle with the best average 
daily gains spend less total time at the feed bunk and of that time they spend a smaller percentage 
actually consuming feed. Cattle with a moderate average daily gain are in the middle and those 
with the poorest average daily gains spend the most time at the feedbunk and a greater 
percentage of that time is spent with their head down presumably consuming feed. 

Explanations for these observations remain unclear; however, several possibilities may seem 
plausible. Cattle that spend a greater portion of time at the feed bunk with their head down may 
have a reduced rate of feed consumption or a smaller bite size than cattle with moderate or good 
rates of gain. These same cattle may be those more prone to acidosis either inherently or because 
of their eating pattern. The steers with the poorest rates of gain may be the more aggressive 
animals and consequently expend a greater amount of energy defending or maintaing their social 
position while at the feedbunk and elsewhere in the pen. Hicks et al. (1989) noted that average 

127 



daily gain was most highly correlated with time spent resting followed by time spent rumination. 
Steers with a good rate of gain would have more time for lying and ruminating; although, the 
activities of steers away from the bunk has not been monitored in any of the studies conducted 
using the GrowSafe system. A group of steers that have a lower Swingle intensity may chew 
their feed more completely while at the feed bunk resulting in a greater salivary production, 
ruminal buffering capacity resulting and reduced susceptibility to acidosis. Greater salivary flow 
could also shift the digestion of a portion of the starch from the rumen to the small intestine 
(Froetschel et al., 1989; Streeter et al., 1995) thereby improving the overall utilization of energy. 

Figure 7. 
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Swingle intensity (Head Down/In to Out duration* 100) of good, moderate and poor 
rate of gain outcome groups across time on feed (Whitley and McCollum, 1999) 
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Monitoring and evaluation of feeding behavior is a valid research tool that may lead to an 
improved ability to identify cattle in need of medical treatment, segmentation of cattle into 
expected performance outcome groups and modify the way cattle are managed during 
environmental adversity. However, additional data is needed to allow the separation of days on 
feed and seasonal effects. Differences in cattle type and stress level will likely impact the 
behavioral response to stressors. Consequently, data collected with a wide range of cattle type· 
would appear to be needed to confirm existing health status findings. Future research will focu 
on the effects that social groups, metabolic disorder syndrome and environmental factors have on 
the feeding and watering behavior of cattle. 
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INTRODUCTION 

Interest in trace mineral supplementation has increased in the past decade. Enhanced 
performance, deficiency prevention, soil leaching, and immune function are all reasons to revisit 
this area. These reasons vary with each specific mineral. 

Although many trace nutrients are supplemented, recent discussions have largely focused on 
selenium (Se), Iodine (12), Zinc (Zn) and Copper (Cu). Feed Se supplementation has been 
limited to 0.3 ppm for most finished livestock rations because of the potential for feed Se to 
contribute to Se runoff and subsequent environmental contamination. (NRC, p. 36, 1989) Feed I2 

supplementation has also been limited to 50 ppm for sustained periods because of the potential 
for adverse animal effects.(NRC p. 33) Feed zinc or copper supplementation has not been limited 
for either of the above reasons, however recommended feed concentrations have been suggested. 

The National Research Council (NRC) periodically suggests nutrient requirements for many 
animal species, including dairy cattle. The Sixth Revised Edition of the NRC for dairy cattle 
suggests 40 and 10 ppm for Zn and Cu, respectively. 

The NRC also reports maximum tolerable dietary concentrations of trace minerals, including Zn 
and Cu. The NRC reports the maximum tolerable concentration for Zn to be 300 to 1000 ppm 
and that for Cu to be 100 ppm in dairy rations. 

This presentation focuses on copper. We suggest that not all dairy cattle can tolerate a ration 
containing 100 ppm Cu for an indefinite time without experiencing adverse health effects. 

COPPER TOXICOSIS IN CATTLE 

Toxicology is defined as the study of adverse effects of chemical agents on biological systems. 
Copper toxicosis in cattle has, historically, only rarely been reported. Copper toxicosis in sheep, 
on the other hand, is well recognized. Publications of case reports, laboratory tests and treatment 
for copper toxicosis are briefly summarized below. 
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Historical Cases 

Although rare, copper toxicosis in cattle has been characterized for several decades. The NRC 
best summarizes this older literature. "When cattle consume excessive copper, they may 
accumulate extremely large amounts of the mineral in the liver before toxicosis becomes evident. 
Stress or other factors may result in the sudden liberation of large amounts of copper from the 

liver to the blood, causing a hemolytic crisis. Such crises are characterized by considerable 
hemolysis, jaundice, methemoglobinemia, hemoglobinemia, generalized icterus, widespread 
necrosis, and often death (Allcroft and Lewis, 1957; Todd and Thompson, 1965; Underwood, 
1977; NRC, 1980.)" ( NRC - p. 31-32). [See also, Todd and Gribben, 1965; Stogdale, 1978.] 
Reports of bovine copper toxicoses have continued into the l 990's. 

Recent Cases 

In the 1990's copper toxicoses have been identified in calves and adult cattle. The toxicosis has 
also been identified as either acute or chronic. Acute copper toxicosis has generally been reported 
in young calves given copper boluses or injections. (Galey, et al, 1991; Hamar et al, 1997; 
Steffen, et al, 1997.). Chronic copper toxicosis in calves has also been reported. (Boughton and 
Hardy, 1957; Shand and Lewis 1957) This presentation focuses on copper toxicosis in adult 
cattle. 

Adult cattle experiencing copper toxicosis, purportedly due to copper in the diet, has come to be 
referred to as chronic copper toxicosis. Recent reports of chronic copper toxicosis in cattle are 
briefly summarized by the dose of copper received and clinical signs observed. 

Perrin et al. (1990) reported a 14 % mortality in 63 dairy cattle ingesting 3 7 ppm copper for 2 
years. These authors speculated that pregnant dairy cows, may be more susceptible to Cu 
toxicity than nonpregnant ones. Bradley ( 1993) described a case study of Cu toxicosis in an 
animal ingesting 100 ppm Cu for an unknown period of time. 

Gummow (1996) experimentally induced Cu toxicity in yearling cattle. He concluded that 
subclinical damage to the liver and eventual Cu toxicity can occur when cattle are continually 
exposed to doses of copper significantly greaterthan 12 mg of Cu/kg BW/d P.O. (by mouth). A 
1200 pound cow would need to ingest 6.5 grams of copper daily to reach this dose. If she were 
ingesting 60 pounds of dry matter per day, the total ration would need to contain approximately 
240ppmCu. 

Unpublished reports of copper toxicosis in dairy cattle also exist. Dr. Hempken in Kentucky has 
had experience with 6 herds of Jerseys that have had acute deaths believed to be Cu toxicity. 
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Clinical signs may present acutely. Lethargy, anorexia, rumen stasis, icteric or jaundiced 
mucous membranes, mental dullness, nasal discharge, weight loss and recumbency have all been 
reported in bovine copper toxicosis cases. (Perrin, 1990; Bradley 1993; Gummow 1996) The 
animals often appeared "normal" for days before the acute episode. In each of these cases, 
various supportive laboratory tests were performed. 

Supportive Laboratory Tests: 

A diagnosis of copper toxicosis may be supported by different laboratory tests depending on 
whether the animal is alive or dead. In live animals, serum biochemistry and serum copper 
concentrations have been used to support the diagnosis. In dead animals, necropsy, 
histopathology and liver copper concentrations have been used. 

Serum Biochemistry: Copper toxicosis is characterized by hepatic necrosis and red cell 
hemolysis. Consequently, serum biochemical analyses ofliver associated parameters are most 
commonly reported. In ruminants, serum aspartate aminotransferase (AST), gamma 
glutamiltransferase (GGT) and bilirubin are the most frequently reported liver associated 
parameters. AST is usually released with changes in hepatocellular permeability, sublethal 
injury and necrosis. GGT is associated with microsomal membranes and is usually released 
during hepatic necrosis. This enzyme is most active in the canalicular surfaces of hepatocytes 
and bile duct epithelium and increases with cholestasis. Plasma elevations of hepatic enzymes 
such as sorbitol dehydrogenase (SDH), GGT, AST, and glutamate dehydrogenase (GLDH) are 
used as markers of active hepatobiliary disease in ruminant animals. However, the level of 
enzyme activity does not always correlate well with the degree of functional impairment. 

Since few cattle cases are reported, the results in sheep cases are also included. In a flock of 80 
ewes, AST activity was increased in all animals and total billirubin in 2 animals with copper 
toxicosis. (Sansinanea A, et al, 1994). GGT activity rose in the beginning, but fluctuated later in 
a trial oflambs with copper toxicosis. AST increased from the beginning of the experiment in all 
animals; however, the concentrations decreased dramatically before death in 2 animals and 
remained high for the others. (Lewis 1997) 

Results are similar in cattle. A field case of bovine copper toxicosis reported elevations of total 
bilirubin, GGT, and AST in 5of6 affected animals. (Bradley CH, 1993.) Experimentally, AST 
and GGT activities increased in bulls that had received 10 and 20 mg of Cu per kg BW/d for 40 
days. (Gummow B, 1996.) 

Pathology: Cattle diagnosed as having copper toxicosis are reported to have icteric carcasses, 
yellow fat, yellow-orange livers, red-brown kidneys and dark reddish brown urine. (Perrin 1990; 
Todd 1965; Stogdale 1978; Bohman 1987). Hepatic degeneration and necrosis is consistently 
reported. (Perrin 1990; Todd, 1965; Stogdale, 1978; Bohman, 1987). Two histological stains are 
commonly used to detect copper - rhodanine and rubeanic acid. Staining with rubeaninc acid for 
72 hours has been shown to detect copper concentrations above 400 ppm (DM basis). 
(Thornburg, 1985). 
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Copper Concentration: Serum Cu concentration increases sharply in the acute phase of Cu 
toxicosis. (Lewis 1997) However, serum copper is not a good predictor of copper toxicosis. 
Serum Cu concentrations are commonly in the adequate range of 0.5 to 1.5 ppm in sheep or 
cattle not demonstrating clinical signs of Cu toxicosis. (Blood 1989). In fact, cows, considered 
by serum Cu concentration to be in the low normal or deficiency range, were found by liver 
biopsy and postmortem, to be notably elevated. (Blakley et al. 1982) 

The majority of authors report that liver Cu concentration is the most accurate indicator of 
dietary copper concentration in ruminants. Cu analysis of a liver biopsy is the best diagnostic 
tool currently available to establish Cu status in the live animal. 

Treatment 

Treatment for copper toxicosis centers first on removal of the copper source, and second on 
providing molybdenum supplementation. All authors agree that the first treatment for the Cu 
toxicosis is reduction of dietary copper. (Humphries, 1989; Kumaratilake and Howell, 1989; 
Botha, et al, 1993.). Molybdenum supplementation may or may not be required in a given case. 

The ratio of copper to molybdenum in the diet influences the absorption of copper. Copper 
elimination may also be enhanced by the administration of molybdenum. Tetra-thiomolybdate, 
orally or parenterally is the molybdenum source of choice. 

Tetra-thiomolybdate is an effective oral treatment. Dry and lactating cows given 500-1000 
mg/day of ammonium tetra-thiomolybdate had lowered serum Cu concentrations and a remission 
of clinical signs after 18 days. (Perez-Hernandez et al, 1988) Tetra-thiomolybdate is also 
effective intravenously (IV). Sheep in the acute phase of Cu toxicity treated with 15 mg tetra
thiomolybdate/kg BW IV for 6 days had significantly reduced liver copper concentrations. 
(Sansinanea, et al, 1994). Calves given 2 to 7 mg/kg, IV, 3 times on alternate days showed 
favorable response. (Humphries, 1989). Also, a reduction in hepatic Cu concentration, number 
and size of electron-dense lysosomes in hepatocytes, and the number of necrotic cells in the liver 
has been reported after tetra-thiomolybdate administration. (Kumaratilake, 1989). 

D-penicillamine has also been used to enhance copper elimination. Sheep were dosed 
intraruminally every 12 hours for 6 days. Copper elimination increased 20 fold. (Sansinanea, et 
al, 1994). 

COPPER TOXICOSIS IN A JERSEY HERD 

We briefly summarize a case of copper Toxicosis in a Jersey herd to focus the above issues and 
provide a herd specific framework for the survey work conducted. In a herd of 70 Jersey dairy 
cattle, two adult cows died without having previously shown clinical signs. At necropsy, acute 
liver necrosis, generalized icterus, and hemolytic fluid in the peritoneal cavity were observed. 
Acute centrilobular hepatic necrosis and vacuolation were observed histologically. The livers 
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from these 2 cows were positive for copper using a rubeanic acid stain. One of the cows had a 
liver copper concentration of 384 ppm (wet weight)[~ 1280 ppm DM basis]. 

Serum, plasma and liver biopsies were collected from 7 other cows in the milking herd. The 
serum was analyzed for GGT & AST enzyme activity and plasma was analyzed for copper 
concentration. Liver was analyzed for copper concentration and evaluated histologically, 
including copper staining. Mean serum GGT and AST concentrations were 42 and 125 U/L, 
respectively. (Normal range= 26-93 and 5 -34, respectively.) The mean plasma and liver 
concentrations were 1.0 and 583 ppm, respectively. Morphological alterations were not observed 
in the hepatic sections. These sections did not stain positive for copper. 

This herd had received 37ppm (dry matter (DM) basis) copper in a total mixed ration (TMR) for 
the previous 5 years. 

Supplemental copper was reduced to 10 ppm and molybdenum treatment was initiated. Each 
animal received 200 mg Mo (as sodium molybdate) daily for 5 weeks. Serum, plasma and liver 
biopsy samples were taken from 5 of the same 7 cows after they had received 24 days of 
molybdenum treatment. Mean GGT and AST concentrations were 38 and 93, respectively. 
Mean plasma copper was 1.22 ppm. Liver copper concentrations in these 5 cows decreased from 
a mean of 838 to one of 750 ppm. Neither light nor electron microscopy examinations revealed 
hepatic lesions. 

This herd averaged 50 pounds of milk/cow throughout the episode, just as they had for the 
previous 3 years. 

TRACE MINERAL SURVEY 

A survey of trace mineral status in dairy cattle was initiated in part due to this case and in part 
due to elevated liver copper concentrations seen through the Minnesota Veterinary Diagnostic 
Laboratory. Soil, feed and animal samples were collected from 29 dairy herds in 6 geographic 
regions of Minnesota. Soil samples were collected from each dairy. Samples of each feed 
ingredient, and the finished ration were collected from each dairy. Liver biopsies were collected 
from 12-21 cows per herd. Cows at calving, mid- or late lactation were biopsied. Calving was 
defined as the date of calving± I 0 days. Mid lactation was defined as 90-150 days after calving 
and late lactation as 270 days after calving to dry off. Three biopsies of approximately 15 mg 
dry wt. were taken from each animal, dry ashed and determined for trace mineral content by ICP. 
Soil and feed samples were also analyzed by ICP for trace mineral content. 

Soil and feed data will be presented at the meeting. 

A total of 442 liver biopsies were collected. Liver biopsy data were categorized by; animal, 
region, herd, and stage of lactation. The mean liver Cu concentration was 480±223 ppm (DM 
basis) for all herds. Mean liver Cu concentrations for the 6 areas ranged from 453±186 to 499 
±246 ppm. Differences in liver Cu concentration between herds were greater than the differences 
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between regions. Mean liver Cu concentration by farm ranged from 206±84 to 670±284. The 
mean liver Cu at calving was 434±292 as compared to mid and late lactation means of 481 and 
507. 

Bovine liver copper concentrations are reported as adequate when they fall between 75 and 300 
ppm (DM basis)[25 and 100 ppm, wet weight basis]. Values are commonly reported as reduced 
and elevated when they fall below 75 ppm and above 300 ppm, respectively. Two of 442 cows 
had liver copper concentrations below 75 ppm. Forty five cows (11 %) had liver Cu 
concentrations greater than 750 ppm (DM basis). 

CONCLUSIONS 

The survey results indicate that 11 % of Holstein cows sampled have liver copper concentrations 
greater than 750 ppm (DM basis). Approximately 50 % of the cows sampled had live copper 
concentrations between 300 and 750 ppm (DM basis). 

Health or production benefits to dairy cattle having 300 to 750 ppm vs 75 to 300 ppm liver 
copper concentrations warrants investigation. 

The National Research Council guideline stating that 100 ppm copper in the diet of dairy cattle is 
"safe" warrants reconsideration. 

Adult Holstein and Jersey cattle have died with hepatic necrosis and a hemolytic crisis after 2 
years of ingesting a diet formulated to contain greater than 3 5 ppm copper. 

Cows with liver copper concentrations of 750 ppm (DM basis) or greater may maintain high milk 
production and absence of clinical illness. 

Mo supplementation should be considered for animals shown to be at risk of copper toxicosis 
before clinical disease is observed. 
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PREPARING FOR THE NEW NUTRIENT REQUIREMENTS OF DAIRY 
CATTLE 

Jim Linn 
Department of Animal Science 

University of Minnesota 

The new 7th revised edition of the Nutrient Requirements for Dairy Cattle (Dairy NRC) 
will be released the first half of the year 2000. The following committee has worked hard 
and diligently in preparing this new edition: 

Jimmy Clark, Chair - University of Illinois 
Dave Beede - Michigan State University 
Rich Erdman - University of Maryland 
Jesse Goff- USDA/ARS - National Animal Disease Center, Iowa 
Ric Grummer- University of Wisconsin 
Jim Linn - University of Minnesota 
Alice Pell - Cornell University 
Chuck Schwab- University of New Hampshire 
Trevor Tomkins - Milk Specialties Company 
Gabriella Varga - Pennsylvania State University 
Bill Weiss - The Ohio State University 

The new Dairy NRC will update previous versions and include changes in the way 
requirements are expressed and calculated. The new version also will include a computer 
model for calculating requirements and evaluating how well feedstuffs meet 
requirements. The purpose of this paper is to introduce and define some of the new 
terminology and approaches used to determine nutrient requirements in the new version. 

OVERVIEW OF THE NEW DAIRY NRC 

The new Dairy NRC provides a more comprehensive view of the nutrient requirements 
and management of dairy cattle during various stages of their life cycle. One of the most 
significant changes for the user will be adopting a computer model to determine 
requirements. Unlike previous editions of the Dairy NRC where requirements were listed 
in tables and thus, more generalized, use of a model will result in dynamic requirements. 
The model will allow for requirements to be specifically determined based on animal 
type, production, and environment. By incorporating complete and accurate information 
into the model, a nutritionist will be able to more specifically formulate diets to meet 
requirements based on a given set of animals, environment and feedstuffs 

The text of the ih edition will be laid out similar to previous editions. New and expanded 
sections will present updated information on transition cows, heifers and calves. 
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NUTRIENT TERMINOLOGY AND CHANGES 

The new edition will include several new terms in defining requirements for various 
nutrients. Understanding and beginning to adopt these new terms will make the transition 
to the new Dairy NRC quicker and easier. In addition, some changes in the numerical 
values associated with old standard requirements have changed. A description of some of 
the new terminology and changes from the previous edition are described below. 

Dry Matter Intake (DMI). Unlike the previous edition, DMI of lactating and non
lactating animals will be predicted based on actual animal intake data. In the 61

h edition, 
DMI was determined by dividing an animal's energy requirement by an assumed energy 
density of the diet. This then was the amount ofDM an animal needed to consume to 
meet her energy requirement and not an actual estimation of how much she would 
consume. While the DMI prediction equations in the new Dairy NRC offer a good 
estimation ofDMI, they do not replace the need for obtaining accurate DMI information 
from farms. The best information on nutrient requirements for a particular farm will be 
obtained from the model when an accurate DMI of animals on that farm is used in the 
model. 

Protein. The new Dairy NRC will use a system which separates protein requirements 
into needs of the animal and needs of the rumen microorganisms. The new protein 
system will better predict the rumen degradation of feed proteins, estimate undegradable 
protein flow to the intestine and the production of microbial protein than the old crude 
protein system. Prediction of essential amino acid passage to small intestine also will be 
included in the model. 

Protein terminology and definitions 

Microbial or bacterial protein (MCP or BCP) is defined as the amount 
of crude protein produced by the microorganism population in the rumen 
during fermentation of feeds. The amount and efficiency of MCP 
produced will vary depending on the fermentability of feeds in the rumen, 
DMI and the amount and availability of nitrogen in the diet. 

Rumen undegradable protein (RUP) will replace undegradable intake 
protein (UIP) in describing feed protein that bypasses or escapes microbial 
degradation in the rumen and passes intact to the intestines. RUP is 
considered to be the portion of the B fraction (see below) not degraded 
plus fraction C. 

Rumen degradable protein (RDP) replaces degradable intake protein 
(RDP) as the descriptor for feed protein degraded in the rumen by . . 
microorgamsms. 

140 



Metabolizable protein (MP) is defined as the true protein absorbed from 
the intestine supplied by microbial and undegraded feed protein. Protein 
requirements for lactating cows and non-lactating cows and heifers will be 
expressed as MP. The model will predict bacterial or microbial protein 
flow to the intestine based on intake of digestible organic matter instead of 
net energy intake used in the previous edition. Passage of RUP and the 
digestibility estimates of RUP for individual feeds will be used to 
determine the RUP contribution to MP. In the 1996 BeefNRC, 
MP is defined as: MCP x .64 + RUP x .8. This assumes MCP is 80% 
true protein and 80% of the true protein in MCP and RUP is digested in 
the small intestine. 

Protein fractions 

Fraction A protein is rapidly degraded in the rumen and consists 
of nonprotein nitrogen, soluble protein and rapidly degradable true 
proteins. 

Fraction B is protein which is degradable in the rumen but at 
variable rates. 

Fraction C consists of protein that is not degraded in the rumen 
because of a defined time end-point of degradation plus protein 
that is bound (acid detergent insoluble nitrogen) or unavailable to 
the animal. 

Ener!!V. The basic net energy system is retained in the new Dairy NRC. Net energy of 
lactation (NEL), maintenance (NEM) and growth (NEa) are used to express energy 
requirements. Energy requirements for lactation, growth and pregnancy deviate from 
previous editions as new information was available to better establish these requirements 
for various animal categories. Metabolizable energy will the energy basis for growing 
heifers and calves. 

The major change in energy will be in the energy values of feeds, especially low quality 
forages, some fat feeds and high protein feeds. Energy values for feeds were not 
determined from old TDN values as used in past editions, but calculated as the sum of 
digestible non-fiber carbohydrates, digestible crude protein, digestible ether extract and 
digestible neutral detergent fiber. The effect of this change in calculation of energy is an 
average decrease of 2% in NEL across all feeds compared to energy values reported in 
the 1988 edition. The average diet will be approximately 4% lower in NEL using feed 
energy values from the new Dairy NRC vs the 1988 edition. 

Minerals and vitamins. A factorial approach was used to describe the requirements for 
macro and trace minerals, thus specific requirements for maintenance, growth, lactation 
and pregnancy were determined. The amount of mineral need from feeds and/or diets to 
meet the requirements will be determined using a bioavailability estimate for each 
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mineral. This approach is similar to the previous edition, but more extensive and 
comprehensive. The total requirement for some, but not all, minerals of an animal will 
vary from the previous edition. 

Requirement expressions for fat-soluble vitamins used in previous editions are retained in 
the new Dairy NRC. 

FEED COMPOSITION AND NUTRIENT VALUES 

The nutrient composition of over 100 feeds will be included in the new edition. More 
comprehensive data on protein and energy fractions in feeds will be shown in addition to 
the standard proximate analysis, mineral values and Van Soest fiber fractions. 

As we move to models to predict requirements, one thing that will need to change is the 
nutrients and nutrient fractions feeds are analyzed for. A basic dry matter, crude protein, 
acid detergent fiber, calcium and phosphorus analysis of feeds will be inadequate for use 
in how well feeds meet the nutrient requirements of dairy animals. The following set of 
analyses is the minimum nutritional information needed to begin evaluating the 
contribution of feed nutrients to requirements: 

Dry matter% 
Crude Protein % 
Acid detergent fiber % 
Acid detergent insoluble protein % 
Soluble crude protein% 
Neutral detergent fiber% 
Lignin % 
Ether extract% 

Ash% 
Calcium% 
Phosphorus % 
Magnesium% 
Potassium% 
Other macro and trace 

minerals as needed 

To thoroughly evaluate the contribution of a feed to the nutrient requirements of 
dairy animals, analysis now not routinely conducted or new analysis will be 
needed. Listed below are some examples of the analysis needed. However, 
standardized procedures and methods of reporting are needed for some of these 
analyses. 

Neutral detergent insoluble protein (NDIN) 
Total fatty acids 
In situ or in vitro digestibility estimates of protein, neutral detergent fiber 

and nonfiber carbohydrates 
Amino acid analysis 
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SUMMARY 

Suggestions for preparing to use the new Dairy NRC would include: 

• Review or learn about new terms and approaches to describe and understand 
rumen fermentation principles and dynamics. What happens to feeds in the 
rumen and products produced from fermentation or escaping rumen 
fermentation are the basis for the model and evaluating how well feeds meet 
requirements. 

• Review the new edition of The Nutrient Requirements of Beef Cattle 
published in 1996. It is a good guideline for understanding many of the new 
concepts in ruminant nutrition today. 

• Begin building your own feed data base and testing feeds for more than the 
current basic analysis. 

• Be open-minded, not all the questions will be answered in the new Dairy 
NRC. There are a lot of things we perceive as factual or known, but are not 
because of insufficient data to validate or prove. In today's world of high
speed information transfer, perceptions and single observations can get 
broadly repeated and when repeated often enough it gets established as "fact". 
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THE FUTURE OF DESIGNER GRAINS FOR NONRUMINANTS 

H. L. Stilbom, Ph.D. 
Optimum Quality Grains, L.L.C., 

Des Moines, IA. 50322 

Genetic selection can improve the nutrient content of com hybrids and soybean varieties that are 
used in animal feeds (Ertl, 1995). A major advantage of plant genetic improvements is they are 
generally permanent for that hybrid or variety (Kleese, 1995). Com, soybeans and other grains 
provide the means to bring value-added traits to the feed industry. Products of the future 
(Optimum Quality Grains, L.L.C., 1999) will contain traits, which lend themselves to improved 
value in the following, three areas: 1) nutritional inputs, 2) environmental quality and 3) meat 
quality/food safety. 

NUTRITIONAL INPUTS: 

High Oil Com 

An example of nutritional inputs is high oil com, which is commercially available to the feed 
industry. Since com represents a major part of the animal diet, improving the energy content by 
increasing the oil level (increased metabolizable energy) further improves corn's benefit. The oil 
concentration of high oil com (HOC) is greater than yellow dent com (YDC), due to its increased 
proportion of germ, relative to the endosperm within the kernel. Associated with the increased 
germ is an increase in the protein and amino acid contents (Araba, 1997a). The amino acid 
digestibility may be of equal or better than YDC (Araba, 1997b) due to the higher percentage of 
germ protein present in the kernel. The fatty acid profile of HOC is different from that of YDC. 
Linoleic acid (C18:2) level as a percent of the total fatty acid profile for HOC decreases 
compared to YDC, while that of oleic acid (C 18: 1) increases (Araba, 1996b; Rand et al., 1996, 
1997). But on a grain content basis, the concentration of each fatty acid in HOC grain is greater . 
than that ofYDC. 

Determining the metabolizable energy content of HOC is important prior to formulating diets. 
Several prediction equations exist which predict the nitrogen-corrected true metabolizable energy 
(TMEn) of HOC for poultry, based on the oil content of the grain. Oil content may be 
determined by either AOCS methodology or by near-infrared reflectance (NIR) spectroscopy. A·· 
suggested prediction equation listed below (Table 1) is based on grain samples with oil contents 
ranging from 2.7 to 10.0% (100% Dry Matter, DM) crude fat (Araba et al., 1998). The equation 
was derived from feeding 69 HOC and 16 YDC samples using the precision fed conventional 
rooster assay. The fat content is expressed on a 100% DM basis. 

TMEn (kcal/kg; %DM) = 3623 + 99.5 x (%fat)- 3.9 x (% fat)2 
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Table 1. Dependent variable: TMEN (Kcal/kg DM)1 

Parameter Estimate SE T-Statistic P Value 
Constant 3623.1 68.3 53.1 0.0000 

Oil 99.5 23.2 4.3 0.0000 
Oil2 -3.9 1.9 -2.09 0.0393 

1Araba et al. (1998) 

Formulating poultry or swine diets with HOC allows one to increase the metabolizable energy 
content or displace part or all of the added fat. There is also possible reduced usage of some 
protein sources and supplemental amino acids. High oil com may also allow the incorporation of 
other low energy feed ingredients in poultry diets by creating formulation flexibility and space. 
Most of the published research involving HOC in poultry diets pertains to broilers. Broilers fed 
diets formulated with HOC produced heavier weights and more efficient feed conversions 
compared to those birds fed the YDC (Adams et al., 1994). Diets with HOC were higher in 
metabolizable energy than the YDC diets, thus likely contributing to the improved feed 
efficiencies observed. Broilers receiving HOC had significantly less abdominal fat versus those 
fed diets containing YDC with comparable levels of poultry oil. Com source nor level of 
supplemental poultry oil significantly influenced the drip loss during cooking of breast meat 
samples. Cooking drip loss of thigh meat was less when broilers had been fed HOC. Across all 
supplemented poultry oil levels, the adipose tissue of HOC fed broilers, compared to YDC fed 
birds, generally contained less saturated and monoenic fatty acids but had higher polyunsaturated 
fatty acid as a percent of total fatty acid methyl esters. 

When comparing HOC and YDC fed broilers at similar energy levels, 42 day body weights or 
feed:gain ratios (Table 2) were not significantly different between the two (Waldroup, 1996). 
Increasing the dietary energy content did improve bird performance. Breast meat yield was not 
influenced by com source. Feeding HOC diets to broilers significantly reduced the abdominal 
fat content compared to those fed YDC. A benefit of HOC is the ability to increase the energy 
density of poultry diets with or without supplemental fat. 
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Table 2. Utilizing YDC or HOC at varying energy levels on broiler performance at 42 days of 
age* 

Metabolizable Energy Level (kcal/kg) 
Parameter 3050/ 3100/ 3150/ 3200/ 3250/ 3300/ 3350/ 

3100 3150 3200 3250 3300 3350 3400 Mean 
42 day weight (kg) 

HOC 2.275 2.314 2.300 2.330 2.348 2.329 2.312 
YDC 2.262. 2.254 2.263 2.284 2.360 2.349 2.302 
Mean 2.265c 2.288bc 2.292abc 2.345ab 2.349a 
0 - 42 day feed:gain (g:g) 
HOC 1.859 1.853 1.837 1.827 1.801 1.791 1.832 
YDC 1.909 1.878 1.888 1.851 1.825 1.804 1.849 
Mean l.860a l.870a l.844ab l.826bc l.802c 

Abdominal Fat(% of wt) 
HOC 2.81 2.85 2.96 2.85 2.77 2.79 2.8Y 
YDC 2.92 3.07 2.97 3.18 3.10 2.97 3.06x 
Mean 2.94 2.91 3.07 2.98 2.87 

*Adapted from Waldroup ( 1996) 
abcMeans with the same letter within a row are not significantly different at P<0.05 
xyMeans with the same letter within a column are not significantly different at P<0.05 

Maintaining the ratio of other nutrients (protein, amino acids) to energy will be important when 
utilizing HOC grain. Nutrients present at a lower ratio to energy (ie: lysine) may not be 
consumed at a sufficient level to maintain optimum live performance and carcass characteristics. 
Substituting HOC for YDC on a weight to weight basis in broiler feeds did improve feed 
efficiency due to the higher dietary energy content, whereas abdominal fat (Table 3) remained 
unchanged (Stilbom et al., 1997). A numerical reduction, though not significant, in breast meat 
yield was observed. Utilizing YDC with increased levels of added com oil to meet the energy 
level of the HOC based diet resulted in improved feed efficiency but also increased abdominal 
fat. The HOC diet in Trial 1 (Table 3) contained lower amino acid to metabolizable energy ratios 
which may explain the numerical reduction in breast meat yield. Thus a second study (Table 3: 
Trial 2) was conducted where HOC diets contained similar nutrient to energy ratios (HOC 
Adjusted) as the YDC control diets, but maintained the energy level similar to the other HOC 
treatment used in the Trial 2. Broilers fed the HOC diets exhibited a significant reduction in 
abdominal fat and increased breast meat yield. 
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Table 3. Broiler performance at 49 days of age when fed yellow dent com or high oil com1 

Abdominal Fat Pad Breast Meat Yield 
Treatment Trial 1 Trial 2 Trial 1 Trial 2 

% a/Live % a/Carcass % a/Chill % a/Carcass 
Weight Weight Weight Weight 

Yell ow Dent Com 2.10a2 3.12a 22.72 24.33b 
High Oil Com3 2.07a 3.07a 22.45 24.22b 
YDC +Com Oil 2.24b 22.29 
HOC (Adjusted Nutrient) 2.78b 24.78a 
1Adapted from Stilbom et al (1997) 
2Means with the same superscript within a column are not significantly different (P<0.05) 
3HOC replaced YDC on weight to weight substitution basis, resulting in higher energy compared to control diet. 

Limited research is available which addresses the use of HOC in turkey and layer rations. 
Feeding HOC in isocaloric and isonitrogenous diets to turkeys from 7 to 13 weeks of age 
supported live weights and feed:gain ratios which were similar to those fed the YDC diets (Rand 
et al., 1996). Based on the results, the authors concluded the energy and nutrients in the HOC 
were available to the bird and the metabolizable energy determined in broiler chickens was 
appropriate to use in turkeys. Supplying HOC based diets to turkeys from 8 to 18 weeks of age 
did maintain 18 week body weights similar to those fed the YDC based diets (Speers, 1993 as 
reported by Engelke, 1996). Feeding turkey hens Optimum®1 80 HOC or YDC in pelleted 
isocaloric based diets from 4 7 to 115 days of age, supported similar performance between the 
two groups (Araba et al., 1996b ). 

Supplying hens with a 17% protein diet containing HOC from 23 to 38 weeks of age supported 
better feed to egg ratios than those fed the normal com when substituted on an isonitrogenous 
basis (Han et al., 1987). Hens fed HOC diet tended to exhibit improved egg production and egg 
yield compared to hens fed the YDC in isonitrogenous diets, although the HOC diets were higher 
in energy content. High oil com may be used to increase the energy intake of the laying hen 
during peak egg production. 

More recent research (Table 4) with Optimum® HOC indicates HOC may be fed to laying hens 
during the peak egg production period when energy intake is limiting (Araba, 1996a). Com, 
soybean meal and poultry fat based diets were formulated to have similar nutrient specifications, 
regardless of com source. High oil com was added at 0, 21.25, 44.17 or 62.18% (no YDC) of the 
diet. The lower feed intake noted in the 15 week study associated with the increased HOC 
content may have been due to underestimation of metabolizable energy for HOC relative to that 
of YDC and/or poultry fat. The lysine and methionine levels of the control diet were 8 and 
12.5% higher respectively, compared to hens fed treatment 4. When considered with the lower 
feed intake for hens fed treatment #4, their actual lysine and methionine intakes were 
significantly less than that of the control hens. 

1 Optimum® is a registered trade mark of Optimum Quality Grains, L.L.C. 
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Table 4. Feeding HOC to laying hens for 15 weeks and subsequent effect on 
performance1 

Treatment Weight Egg Prod. Feed/ Feed Egg 
Gain % Dozen Eggs Intake Weight 
lbs % g g/h/d g 

1 (62.18% YDC) 0.188a 92.6a 0.589a 100.la 62.7a 
2 (21.25% HOC) 0.152ab 91.6b 0.589a 99.lab 62.0ab 
3 (44.17% HOC) 0.064b 91.9ab 0.581ab 98.2bc 61.5b 
4 (62.18% HOC) 0.145ab 91.7b 0.577b 97.lc 61.6ab 

1Araba (1996a) as adapted from CRF L 96 PF 128, L. R. Minear and M. Araba, 1996. 
abcMeans with the same letter within a column are not significantly different at P<0.05. 

Research provides support that HOC has value in swine diets. An initial study compared YDC, 
HOC or YDC plus added fat on performance of 184 pigs, alloted by gender to 12 pens containing 
13 to 17 pigs/pen (Risley and Bajjalieh, 1996). The three treatments were 1) YDC with no added 
fat, 2) HOC replacing YDC on a weight basis, and 3) YDC plus added fat to equal fat content of 
the HOC diet. Pigs were fed the diets over a five phase program from 44 (20 kg) to 254 lbs 
(115.2 kg). Average daily gain was similar between pigs assigned to either of the treatments. 
Feeding diets with increased energy (HOC or YDC +added fat) led to decreased feed intake and 
more efficient gain compared to pigs fed the lower energy diet (YDC with no added fat). Final 
pig weight, backfat depth and loin eye area were similar among the treatments. Another study 
was conducted to evaluate the effects of replacing YDC with HOC (Lohrmann et al., 1998) in the 
diets of barrows and gilts. Ninety-six pigs ( 48 barrows and 48 gilts) were randomly allotted by 
gender to 24 pens. Pigs were fed from an average body weight of about 62 pounds (28 kg) to 
approximately 245 lbs (111 kg) on a three phase diet sequence. The HOC and YDC diets were 
formulated to equivalent energy and lysine levels within each phase. Average daily gain, daily 
feed intake and feed efficiency were similar between the two treatments. No significant 
differences were noted for final body weight, hot carcass weight, dressing percentage, carcass 
measurements or estimated lean percentages between pigs fed HOC or YDC based diets. 
Therefore, based on the results of these two studies, HOC can be used to either 1) increase 
dietary energy density or 2) replace YDC and supplemental fat in swine rations. 

The benefits of HOC to the nutritionist/feed manufacturer include reduced feed costs; improved 
grinding efficiency; possible lower inclusion levels of expensive source of protein and crystalline 
amino acids; reduced usage of added fats especially those of unknown or poor quality; improved· 
feed mixing efficiency; feed formulation flexibility and reduced dust (Araba, 1996b; Crum and 
Stilbom, 1997) under US conditions. The added value ($/bu) of HOC is determined primarily 
by the price of the added fat source in relation to yellow dent com. Other factors which may 
influence the value include: age of the animal; dietary metabolizable energy level; metabolizable 
energy level of the added fat source; type of animal (pig, broiler; turkey; layer); and prices of 
protein sources, in particular soybean meal. . 
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Other Nutritional Inputs 

Other nutritional inputs may include high lysine and/or high methionine high oil com, plus 
soybean meal with high lysine or methionine concentrations (Anonymous, 1996). Increasing the 
lysine, methionine or protein in com could be another target (Hurburgh, 1995). These type of 
genetically altered products, besides being considered nutritional inputs, may also pertain to 
environmental quality traits, since properly formulating animal diets to meet the balanced amino 
acid needs may help lessen nitrogen excretion by the animal. 

The amino acid digestibility of high lysine soybean meal was compared to conventional soybean 
meal with the precision-fed cecectomized rooster assay (Parsons et al., 1997). The high lysine 
soybeans were developed using transgenic procedures. Raw unheated high lysine soybean meal 
(dehulled solvent extracted) contain 4.5% lysine (air dry basis) compared to raw unheated 
conventional soybean meal (SBM) which had 3 .0% lysine (Parsons et al., 1997). Utilizing 
cecectomized roosters, the true amino acid digestibility values (64%) for both unautoclaved SBM 
were similar. Autoclaving for 5 minutes increased the mean amino acid digestibility to 88% for 
both SBM. Further autoclaving for 20 or 40 minutes led to reduced amino acid digestibility ·in 
both SBM, but a greater reduction was observed with the high lysine soybean meal. The authors 
concluded that the digestibility of amino acids in properly heat-processed high lysine soybean 
meal to be similar to normal soybean meal, but the high lysine soybean meal may be more 
sensitive to overprocessing. 

Reducing the oligosaccharide content of soybeans is a potential input trait. Soybean meals 
· prepared from conventional and low oligosaccharide soybeans were produced for TMEn 

determination (Parsons et al. 1996). The mean raffinose, stachyose and galactinol levels in 
conventional SBM were 0.577%, 3.217% and 0%, respectively. With the low oligosacharide 

·• soybean meal, the mean raffinose, stachyose and galactinol levels were 0.084%, 0.416% and 
· 0.105%, respectively. The researchers reported the crude fiber, fat and ash contents of all SBM 

to be similar but the low oligosaccharide SBM did have slightly higher crude protein. The mean 
TMEn of the low oligosaccharide SBM was 2.931 kcal/g DM, a 7% increase over that of the 

. conventional SBM which contained 2.740 kcal/g DM. Two of the low oligosaccharides with the 
lowest total raffinose, stachyose, and galactinol levels contained 9.8% more TMEn (kcal/g DM) 
than their respective genetic controls. 

·ENVIRONMENTAL QUALITY: 

Low phytic acid grains or grains with phytase activity (Pen et al., 1993; USDA, 1995) are a 
possible means to address environmental P issues. For environmental quality, high available 
phosphorus (or low phytate) com when commercially available will offer increased available 
phosphorus and less phytate P which will lessen the impact on the environment for animal 
·griculture. 
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High Available Phosphorus (Low Phytic Acid) Com 

Animal manure applied to the land represents a nutrient source (nitrogen, phosphorus) to enhance 
the soil fertility for crops. The majority of the phosphorus (P) applied to the land is immobilized 
in either the mineral or the organic fractions of the soil. In certain areas of intense livestock 
production or areas with limited cropland for manure application, P application could exceed the 
crop's ability to utilize the added P. Increased residual levels of P in the soil lead to increased 
loading of surface water both in solution and attached to soil particles. Soil erosion can be 
reduced and P pollution limited with crop and soil management practices. Reducing P 
environmental pollution should also include decreasing the P excretion by animals. 

Cereal grains and protein meals of vegetable origin contain significant amounts of P, however 50 
to 80% of this is stored in the phytic acid ("phytate") from which is predominately unavailable to 
the animal (Lloyd et al., 1978; Scott, 1991; Coehlo, 1994). Phytic acid, the storage form of Pin 
seeds, represents approximately 80% of the total P in the kernel (O'Dell et al., 1972). Poultry 
and swine lack the phytase enzyme necessary to utilize the phytic acid in grains. 

There currently are two methods available to overcome the poor availability of P in grains. One 
method is the use of added inorganic phosphates and/or animal byproducts to meet the animal's 
needs (Cromwell and Coffey, 1991). This approach does not address the phytate P content of the 
diet. The second method utilizes added phytase enzymes to poultry diets which increases the 
availability of Pin the diet (Nelson et al., 1971). A similar approach to phytase, is to increase the 
P availability in the com. A low phytic acid mutant lpal showed an altered relationship between 
total P and phytic acid (Ertl et al., 1996). The released P due to the reduction of phytic acid is 
present as inorganic P (Gerbasi et al., 1993; Raboy and Gerbasi, 1996). The result is total 
phosphorus remains the same but instead of phytate P representing about 78 to 80% of the total P . 
as is the case for normal com, this high available phosphorus (HAP) com contains approximately · 
35% of the total P bound in phytate form. Coinciding with the decreased phytic acid in HAP 
com, is an increase in available phosphorus (AvP), which is utilized by the bird (Ertl et al., 1998; 
Kersey et al., 1998). By properly formulating diets to account for the increased A vP within HAP 
com when meeting the bird's AvP requirements, nutritionists can reduce supplemental phosphate 
usage, decrease dietary total P and lower dietary phytic acid content. This reduced total 
phosphorus in the diet means reduced P excretion. 

One broiler study evaluated YDC, HAP com, and also phytase on broiler live performance (hatch .. 
to market weight), bird health and carcass quality in two trials (Huff et al., 1998). Following the' 
second live performance trial, litter was then applied to fescue plots, followed by simulated 
rainfall to examine the degree of P runoff (Moore et al., 1998). Diets utilizing phytase were 
formulated to account for the increased A vP and calcium released when phytase is added to the, 
feed, as recommended by the enzyme's manufacturer. Broiler live performance, health and'. 
carcass quality were similar between the two corns, regardless of whether phytase was added to 
the diet or not. Phosphorus runoff from the litter indicated that by formulating diets with HAP'. 
com instead of YDC, total P runoff was reduced about 22%. By utilizing HAP com+ phytase in 
the diet, total P runoff was reduced approximately 26% compared to the litter from broilers fed. 
the YDC diet. 
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In a second broiler study, YDC, HAP corn, phytase and a re-evaluation of dietary AvP 
requirement (Saylor et al., 1999; Malone et al., 1999 and Sims et al., 1999) were examined in 
three consecutive broiler experiments from hatch to market weight. Body weights and feed 
efficiency of broilers in the first two experiments were improved with the HAP corn diets versus 
those fed the YDC diets. In the third experiment, occurring during the summer, there was no 
effect of corn type on body weights or feed efficiency. Reducing the dietary AvP level by 0.1 % 
or 0.20% when utilizing phytase had no adverse effects on body weights or feed efficiency of 
broilers when fed the HAP corn diets in experiments 1 and 2. By adding phytase to the HAP 
com diet combined with a 0.1 % reduction in dietary AvP, the total P content of the litter from 
broilers fed this diet was reduced about 22% compared to broilers fed the YDC diet. When 
comparing litter samples from feeding broilers the YDC diet, a 0.2% AvP reduction in the HAP 
com+ phytase diet led to nearly 41 % decrease in total P content of the litter. Litter P from 
broilers fed the HAP corn (no phytase) was not different from litter P levels of the YDC fed 
birds. The YDC + phytase (0.10% A vP reduction) led to a 15% decrease in litter P compared to 
the YDC fed broilers. 

A twenty week laying study with twenty week old commercial laying hens were fed diets 
formulated with varying levels of AvP (0.40 to 0.25%) in either YDC or HAP corn based diets 
(Scheideler et al, 1999). A further reduction to 0.20% AvP combined with phytase was used for 
each com type. Egg production and feed consumption were not significantly affected by corn 
type or dietary AvP level. Feed conversion (g feed:g egg mass) was significantly improved at 
the 0.35% AvP compared to the other levels of AvP and the 0.20% AvP + phytase. Egg weight 
and egg mass were significantly reduced as dietary A vP decreased. Corn type and dietary A vP 
levels did not affect bone ash. Total P content of excreta decreased significantly as dietary AvP 
levels were reduced. Phosphorus excretion levels were lower for hens fed the HAP corn diets 
compared to those fed the YDC diets. 

:, Preliminary studies examining live performance and bone parameters with young pigs indicate 
that HAP corn contains more available P than YDC and that this increased P can be utilized 
effectively by pigs (Cromwell et al. 1998; Spencer et al. 1998a, 1998b ). An experiment 
comparing pig performance from 22. 7 to 51 kg was conducted, feeding different available P 
levels, with YDC or HAP corn (Pierce et al. 1998). Reducing the dietary P in the YDC corn 
adversely affected average daily gain, feed:gain ratios, plus the strength of the 3rct and 4th 

metacarpals and metatarsals, as well as the femurs. The effects were less pronounced with HAP 
com due to the increased available P contributed by the corn. The authors suggested 0.09% less 
dietary P was needed to maximize pig performance and bone traits. Less P was excreted by 

. growing pigs fed the HAP corn. 

The added value of the HAP corn based on replacement of the dicalcium phosphate is 
approximately $0.05 to $0.10 (US)/bushel over normal corn. This added value does not 
incorporate the value of reducing the P levels in the manure and the cost associated with waste 
management. The environmental component may add a similar amount or more than the 
phosphate replacement value (Dr. T. Saub1.:r, Optimum Quality Grains, L.L.C.: personal 
communication). 
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Oilseeds 

Several approaches have been or are currently under examination. One area is that the 
nutritional/environmental quality of soybeans may be improved through a reduction in seed 
phytic acid content (Raboy and Dickinson, 1993). For soybeans, about 70% of the total P in the 
seeds is present in the form of phytic acid (Raboy et al., 1984). Through breeding efforts, two
thirds of the phytic acid could be reduced (Raboy et al., 1985). 

Another area to aid in the reduction of P excretion is incorporating phytase into the plant· so it is 
expressed in the seed. Several approaches are being investigated. One is Phytaseed®2

, a 
transgenic canola meal containing the Aspergillus niger gene. Ledoux et al ( 1998) compared the 
performance of male turkeys when fed either the Phytaseed® or phytase (Nutaphos®) at 
different levels in the diets during the day 1 to 35 study. Results indicate that increasing the 
phytase level (250, 500 and 2500 FTU) regardless of source (commercial phytase or Phytaseed) 
to the basal diet (0.30% available P; 0.90% calcium) increased weight gains, feed intake and 
improved feed efficiency. The authors concluded that the phytase from Phytaseed® was as 
effective as the commercial microbial phytase product for improving phytate P availability. 

Recently, the incorporation of phytase into soybeans was studied. Denbow et al. (1998) 
compared the performance of broiler chicks (7 to 21 days) fed either diets with 3 different levels 
(400, 800 or 1200 U/kg) of added phytase of a commercial source (Nutaphos®) or raw 
transformed soybeans expressing recombinant phytase at 400, 800 or 1200 U/kg. Broiler chicks 
were also fed the basal diet containing 0.0, 0.08, 0.16 or 0.24% added nonphytate P (nPP). The 
authors reported that supplementing the basal diet with nPP linearly improved weight gains, feed · 
efficiency, feed intake, toe ash weight, plus tibia shear force. As dietary phytase level increased,' 
growth rate, feed intake, toe ash weight, tibia shear force, and P digestibility increased .. 
Corresponding with this increase was a decrease in P excretion. Based on live performance and,. 
bone parameters measured, there was no difference (P> 0.05) between the two sources o( 
phytase. Phosphorus digestibility was higher for the chicks fed the phytase containing soybeans.·~ 
Thus the authors concluded that supplying phytase either as a commercial supplement or in the~~ 
form of transformed seeds, would improve growth performance of broilers fed low nPP diets. " 

2 Phytaseed and Nutaphos are registered trademarks of BASF. 
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MEAT-EGG QUALITY/FOOD SAFETY 

High Oleic Acid High Oil Com 

High oleic high oil com will soon offer livestock producers the ability to modify the fatty acid 
profile of lipid deposited in the carcass (Optimum Quality Grains, L.L.C., 1999). The resulting 
meat from animals fed this com should be improved processing, storage and consumer
preference properties. Longer term, products with animal-health and food safety implications 
that further improve the quality of food whicp ends up on the consumer's plate will be targeted. 
Another target might be high oil, low linolenic or high stearic soybeans (Hurburgh, 1995). 

The effects of feeding a high fat high oleic acid com (HOAC) on fatty acid content and bacterial 
shelf-life of broiler thigh meat was studied (Kotrola et al., 1995). Male and female broilers of 
two different strains were grown to 47 days of age on diets containing either YDC or HOAC. 
Feeding HOAC to broilers resulted in lower populations of Pseudomonas spp. and 
psychrotrophic anaerobes, but higher Lactobacillus spp. The authors concluded that utilizing 
HOAC in the broiler diets led to an increase in the ratio of oleic to linoleic acid in the depot lipid 
of broiler thigh meat, and to potentially favorable shifts in populations of spoilage bacteria. 

Feeding broilers high oleic acid com did not significantly affect fresh weights of the eight piece 
cuts of broiler carcasses, breading uptake, cooked weights of pieces or cooking losses between 
carcasses (Wright and Moran, 1996). The used cooking oil (soybean oil) taken from frying the 
carcass pieces of broilers fed high oleic acid com indicated an increase in cis 18: 1 fatty acids and 
a decrease in peroxide levels compared with that of broilers fed yellow dent com. The use of 
HOAC in feeds for broilers targeted for the fast-food industry may be a benefit to the integrity of 
cooking oil yet still maintain cooking yields and product quality. 

CONCLUSIONS: 

Value enhanced grains will be produced to meet the customer needs. Com, soybeans and other 
grains will provide the delivery means for the value added traits. Future products will contain 
traits which lend themselves to production of grains with improved value in nutritional inputs, 
environmental quality and meat quality/food safety. A nutritional input ingredient like high oil 
com provides a means to either increase the dietary metabolizable energy content of the diet or to 
reduce part of the supplemental fat. High oil com is already commercially available. Upcoming 
introduction of high available phosphorus com offers an opportunity to reduce phosphorus 
excretion into the environment and the increased available phosphorus present in the com means 
possible reduction of the added phosphate supplements. High oleic high oil com when available 
will offer livestock producers the ability to shift the fatty acid profile of the lipid deposited in 
carcasses. 
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FEEDING PROGRAMS FOR GILT DEVELOPMENT AND LONGEVITY 

INTRODUCTION 

Dale W Rozeboom 
Department of Animal Science 

Michigan State University 
East Lansing, Michigan 48824 

Commercial pork producers, seedstock suppliers, and industry consultants are giving greater 
attention to the care and feeding of developing gilts. Interest in gilt development is the result of 
several trends: (1) high annual sow culling rates (40%; PigCHAMP .... 1998), (2) breeding gilts at 
younger ages to reduce costly nonproductive days, (3) the increased use of purchased, premium
priced, replacement gilts, (4) a decrease in sow appetite that has accompanied selection for 
leanness in some maternal lines, and (5) the recent low market prices which have led to 
significant financial losses in the pork business. An increasing number of people are asking for 
information which will help them improve sow longevity by better preparing the developing gilt for 
reproduction. 

Gilt nutrition, and related body nutrient stores, is one major factor which may influence lifetime 
performance of the sow. Other factors influencing longevity would be sow nutrition, environment, 
management, genetics, and disease. In reviewing research reports describing the importance of 
gilt rearing nutrition and breeding management programs, the effects of subsequent vectors need 
to be sufficiently considered before deciding what development strategy will work best in a given 
production setting. 

IMPORTANCE OF BODY CONDITION 

Gilts and sows are culled from the breeding herd for several reasons (unacceptable phenotype, 
anestrus, failure to conceive, failure to maintain pregnancy, lactation failure, locomotive problems, 
temperament, small litter size, and faster genetic improvement). Several of these decisions to cull 
may be the result of extremes in body composition. Sows that are too lean tend to experience low 
litter weaning weights, poor return to estrus, smaller subsequent litter size, and physical 
weakness. Similarly problematic, sows that are too fat tend to experience anestrus, dystocia, 
depressed appetite in lactation, poorer milk production, and locomotive failure. Maintenance of 
body tissue reserves throughout each phase of a female's lifetime is an important management 
goal of farrowing and breeding managers in efforts to increase sow longevity and whole-herd 
productivity. 

Cognizant of this sow loss problem, different researchers have studied the influence of gilt body 
composition at first breeding on reproductive longevity. The conclusions reached have been 
variable. Classic survey data of Gueblez et al., (1985) shown in Table 1, indicates a positive 
relationship between gilt backfat depth at 220 pounds body weight and the ability to farrow four 
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litters. These findings are consistent with those of King et al., ( 1984), Gaughan et al., ( 1995), 
Brisbane and Chesnais (1996). Conseql.lently, gilt development recommendations to producers 
from industry and several universities are to delay breeding until gilts have a backfat depth of 0.8 
inch or more and weigh about 280 pounds. In contrast, there is ample experimental data, using 
various genetics and in different production systems, indicating that body condition of gilts at first 
successful breeding is not related to culling rate (Kirkwood et al., 1988; Young et al., 1990; 
Newton and Mahan, 1993; Rozeboom et al., 1996; Long, 1998). 

Table 1. Sow retention rate (% to 4th parity) as influenced by backfat taken at 220 lb 

Backfat thickness at 220 lb (inch) 

< 0.55 0.55-0.63 0.63-0.71 0.71-0.79 >0.79 

Retention rate,% 28 36 39 40 46 

Adapted from Gueblez et al., 1985 

Disagreement among the conclusions made in these studies may due to differing experimental 
methods. Kirkwood (1990) wrote that the data suggesting a relationship between backfat and 
longevity "merely reflect the consequences of subjecting improved pigs to conventional 
management." He goes on to say that "when modern females are subjected to good 
management that minimizes weight and condition loss during lactation, there is no association 
between live weight or backfat depth at first successful breeding and subsequent reproductive 
performance." Moreover, experimental outcomes may vary for the following reasons: 

1. Only backfat and weight are used as indicators of body condition, with little account 
for body protein changes 

2. Litter sizes nursed during lactation are too small 
3. Lactation length is too short or too long 
4. Lowest backfat measures are still adequate 
5. Varied culling criteria (e.g. repeat breeders, poor performance) 
6. Different rearing nutrition 

MODERN MATERNAL GENOTYPES 

When devising nutritional strategies for raising gilts, consideration of phenotype, particularly' 
growth pattern and body composition is critical. Lean growth curves are routinely used to plan 
nutrition programs for terminal market hogs, matching nutrients to lean and fat deposition 
potential. Growth curves have equal usefulness in rearing maternal line replacement females. 
Accurate estimations of lean and fat tissue accumulations several times during rearing provide 
targets at which nutritional programs can be aimed. 

The maternal lines from which modern replacement gilts originate, have been selected primaril/ 
for large litters (10 to 11 weaned per parity) and exceptionally high milk production (litter weighf 
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gains of 2.3 to 2.7 kg/d). These females are typically crossbred, with docile temperaments, 
white in color and derived from varied genetic backgrounds including lines and crosses from 
independent breeding stock producers and hybrid companies. 

There are numerous maternal lines used in the industry worldwide and although selection for 
prolificacy is common across all maternal line programs, selection pressure for changes in 
carcass lean and fat have been less consistent across maternal lines. In some maternal lines 
much progress has been made in decreasing fat and increasing muscle. For example, average 
backfat thickness in U.S. Yorkshire females decreased by about two tenths of an inch from 
1991 to 1997 (Long, 1998). Several maternal lines used in the industry today are classified as 
"high-lean" (>0.7 lb per day fat-free lean, while other equally productive and useful maternal 
lines are slightly above "average" (0.6 to 0. 7 lb per day fat-free lean) in their genetic ability to 
deposit lean (Table 2). 

Table 2. Variation in the physical maturation of gilts. 

NPPC Gilt Development Project at 180 d (Long, 1999) 
• Line A 
• Line B 
• Line C 
• Line D 
• Line E 

University of Minnesota at P1 Farrowing (H.Yang, 1998) 
• PIC Camborough 22™ 

NPPC Maternal Line Test at P1 Farrowing (Goodwin and 
Boyd, 1998) 

• Lowest Line 
• Highest Line 

Michigan State University at Puberty (Lyvers unpublished) 

REARING STRATEGIES FOR LEAN AND FAT 

Measurement 
Backfat, ADG (lb) 

Wt, lb inch or Age (d) 

238 
234 
232 
248 
242 

364 

412 
474 

306 

0.85 
0.93 
0.88 
0.98 
0.78 

0.62 

0.72 
1.0 

0.68 

1.52 
1.59 
1.65 
1.63 
1.63 

329 

354 
370 

195 

There are no reports describing effects of specific modifications made in nursery nutrition (birth 
to 55 lb) on subsequent lifetime sow productivity. There has however been substantial 
research done in the grow-finish phases of gilt development. 

The dietary amino acid regimen followed during the grow-finish period should be appropriate for 
the lean growth potential of gilts. Excess amino acids, in addition to being costly and the source 
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of greater manure nitrogen, may also decrease sow longevity when fed in the finishing phase (25 
to 35 g lysine/d from 150 to 250 lb; Long, 1998). Gilts fed a moderate lysine (0.6%), high energy 
(1.59 Meal/lb} corn-soybean meal diet, and those restrictively fed (4.0 Ibid) a high lysine (1.31 %), 
moderate energy (1.45 Meal/lb) corn soybean meal diet, during the same growth phase, were 
nearly 35% more likely to complete 4 parities. Reasons for culling in this study were not recorded 
and therefore no explanation is provided as to why gilts provided excess amino acids during 
rearing experienced shorter reproductive lives. 

The results of Long (1998) suggest that energy intake during the rearing period be managed 
one of two ways. Which plan appears dependent on the gilt's lean-to-fat ratio. First, the 
lifetime performance of very lean gilts may be improved by the provision of a moderate protein, 
high-energy diet during rearing (1.86 g lysine per Meal ME). Second, the lifetime performance 
of average lean genotypes may be improved by limiting energy intake during development. 

The goal of the moderate protein, high-energy strategy is to increase body fat deposition by 
limiting protein or lean deposition, and thereby avoiding "thin sow" problems later in life. Certain 
lean maternal females may only have 0.5-inch backfat at 170 days of age, if provided diets that 
maximize lean growth during rearing (Close, 1997; Jordan, 1998). The expected long-term 
beneficial effects of this strategy on sow longevity have been discussed mostly by feed industry 
nutrition consultants, and have not been documented in any university-controlled experiments 
with set culling criteria. 

Caution should be taken when implementing a protein restrictive gilt development program. 
One university study has shown that a low dietary lysine-to-energy ratio near breeding 
compromises estrous expression and ovulation rate in gilts (1.34 g lysine per Meal ME; Cia et 
al., 1998). Additionally, what dietary concentration constitutes a "moderate amino acid or 
protein restriction" has not been well defined. Furthermore, the nutrition programs for gilts 
should be examined carefully to make sure that maximum lean deposition is not a result of 
over-feeding protein in the mid to late finishing diets. Catabolism of excess dietary amino acids 
will result in less energy being available for fat deposition. Lastly, King and Williams (1984) 
were among the first to postulate that the sow catabolizes both body fat and protein stores 
during lactation. Catabolism of fat and protein stores during lactation is unavoidable in sows 
nursing large litters and thus both are important for milk production and subsequent return-to
estrus. Limiting the amount of protein stores accumulated during gilt development is potentially 
dangerous. Amino acids should be provided at or near the gilt's lean growth potential. 

. The goal of restricting energy intake during rearing is to limit mature body size, minimize feet 
and leg problems associated with females that are too fat and too heavy, and avoid the "fat sow · 
syndrome" in lactation. This strategy has been studied more extensively than the "restrict · 
protein/increase fat" strategy. Limiting energy intake of gilts during rearing has increased sow 
longevity in research conducted in the Netherlands (den Hartog, 1984; den Hartog and 
Noordewier, 1984; den Hartog, 1985; te Brake, 1986). From 12 to 38 wk of age, gilts were fed 
one of four energy levels: Ad libitum, 83%, 70% and 60% of ad libitum (vitamin, mineral and' 
protein intakes were similar for all treatment groups). Restricting energy intake during rearing 
delayed pubertal estrus slightly, but did result in a greater parity one conception rate. Litter size . 
did not differ for any parity. Gilts reared on lower energy tended to farrow more litters before. 
being culled. A noticeably large number of gilts (43%) were culled prior to farrowing their first 
litter, with more (54% and 49%) reared on the two highest energy intakes. For all treatments 
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combined, repmductive disorder (anestrus, no conception, and abortion) was the primary 
reason for culling gilts. However, for the ad libitum group of gilts alone, leg weakness was 
noted as an "important" cause for culling. No differences in culling pattern were reported 
among treatments following parity one. These results are consistent with those found in other 
studies (Kirchgessner et al., 1984; Nielsen and Danielsen, 1984). 

Other research reports suggest slightly differing results in sow longevity with restrictive feeding 
during rearing. Snoeyen (1979) and van Erp (1980) both reported that the number of gilts 
culled during rearing was decreased with 10 to 20% feed restriction from 55 to 220 pounds 
compared to ad libitum feeding. However, of the gilts that were not culled before breeding, 
those given ad libitum access to feed during rearing produced more litters. Similar findings 
were reported by van de Kerk and de Witt (1983; summarized byte Brake, 1986). Simmins et 
al., (1994) reported no effect of rearing nutrition on culling of gilts prefarrow, but described an 
detrimental effect of energy restriction during rearing on multiparous sow performance. 
Conceding that the number of animals included in their study was small, these researchers 
noted that more sows were culled throughout the eight-parity study for infertility, if fed 
restrictively during rearing. 

Only one study has shown an improved sow longevity after parity one as a result of lower 
energy intakes during rearing (J0rgensen and S0rensen, 1998). Over twelve parities, about 
21 % of females limit-fed during rearing were culled because of locomotive failure, compared to 
46% of females given ad libitum access to feed during rearing (30 minutes, twice daily, from six 
weeks of age until mating). Several factors concerning this study make the interpretation of 
results difficult, including: (1) only 24 gilts were allotted initially to each treatment, (2) culling rate 
due to leg disorders were not different prior to parity five, and (3) culling rate for locomotive 
failure in parities five and six were much higher than those observed in commercial situations 
(Tables 3 and 4). 

Table 3. Across farm summary of culling for locomotive failurea 
10th 90th 

No. Farms Mean Std. Error Percentile Percentile 
Culling rate 148 46.1 1.1 31.8 60.6 
Culling for locomotive failure 148 4.25 0.26 1.06 8.74 
Average female inventory 148 584 37 207 1,076 
aRozeboom and Koketsu, (1998 unpublished). PigCHAMP 1/1/94 to 12/31/95 

. Table 4. Frequency distribution of sows culled for locomotive failure by paritya 
Parity 0 1 2 3 4 5 6 7 8 9 10 Total 
No. sows 716 811 435 417 379 290 269 184 110 51 18 3,680 
Percent 19.5 22.0 11.8 11.3 10.3 7.9 7.3 5.0 3.0 1.4 0.5 100 
aRozeboom and Koketsu, (1998 unpublished). PigCHAMP 1/1/94 to 12/31/95, 148 farms and 
159,248 total sows 
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Based on the research cited above, energy restriction during rearing most consistently results in 
fewer feet and .leg disorders in young gilts. However, in addition to nutrition, locomotive failure 
is also associated with other factors, including selection for soundness, flooring, crowding, and 
genetics. Finishing barns will need to be equipped with feed systems that allow restrictive 
feeding without increasing variation in gilt growth and size within pens. Excellent management 
would be required with a restrictive energy development program. Delayed puberty and estrous 
irregularity in gilts can be the result of inappropriate feed restrictions imposed not only during 
rearing but also during holding in the replacement gilt pool. Such a response would increase 
gilt culling, is counter-productive, and costly. Holder and coworkers (1995) used genetic 
selection and observed that gilts attaining puberty at older ages may be less productive sows. 
It is not known however, if delayed puberty caused by nutritional deficiencies during rearing, is 
associated with inferior long term sow performance. 

REARING STRATEGIES FOR SKELETON 

The importance of dietary calcium (Ca) and phosphorus (P) intake by developing gilts for 
maximizing sow longevity is another aspect of gilt rearing nutrition currently being debated 
within the swine industry. Nimmo et al. (1981) reported that 30% of gilts reared on .65% Ca 
and .50% P from weaning to 220 pounds had to be culled early in their first gestation because 
they had become physically disabled. Gilts fed .975% Ca and .75% P encountered no such 
problems, levels considered appropriate for maximum bone mineralization. These results have 
not been repeated in three different studies conducted subsequently, each involving a far 
greater number of sows (Arthur et al., 1983; Grandhi and Strain, 1983; and Kornegay et al., 
1984). 

Current NRC (1998) recommendations provide the minimum requirements for maximum bone 
strength, .60% Ca and .55% P from about 110 to 180 pounds, and .55% Ca and .50% P from 
180 to 220 pounds. These recommendations are 0.1 percent higher than those provided by. 
NRC for grow-finish hogs of the same weight. The committee authoring the 1998 NRC 
publication makes this suggestion in spite of stating themselves that "maximization of bone 
strength does not necessarily improve structural soundness, good health, or longevity." 
Feeding more Ca and P than that needed to maximize bone mineralization is costly and: 
presents environmental concerns as well. 

Most other vitamin and mineral requirements of the developing gilt are similar to those of the . 
grow/finish pig raised for slaughter at about six months of age. Greater copper and zinc 
concentrations should be fed with higher Ca and P concentration when feeding to maximize bone. 
mineral reserves (Table 5). Greater selenium and vitamin E intake and bodily retention may be 
beneficial later in the sow's reproductive life; maximizing the animal's immune-response and 
preventing lactation complications such as mastitis. 
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ACCLIMATION STRATEGIES 

Because of PRRS and other breeding herd illnesses, it has become a standard practice on most 
farms to acclimate replacement gilts to the breeding herd environment a minimum of 60 to 90 
days. Specific acclimation practices are dependent on the age at which gilts are moved to the site 
where breeding animals are housed. Gilts may be purchase as weaners, feeder pigs, or at 
market age. The nutrition strategy followed during acclimation depends on age at entry, the 
rearing nutrition strategy employed previously, as well as genotype. 

Table 5. Nutrient recommendations for developing gilts (Tri-State Swine Nutrition Guide, 1998) 
Weight range, lb 

Item 50-100 100-150 150-200 200-mkt 
Macro-mineralsa 

Calcium,% 0.85 0.80 0.75 0.75 
Phosphorus, % 0.75 0.70 0.65 0.65 
Phosphorus, % available 0.49 0.45 0.40 0.40 

Trace mineralsb 
Copper, ppm 15 15 15 15 
Zinc, ppm 150 150 150 150 
Selenium, ppm 0.3 0.3 0.3 0.3 

Vitaminsb 
Vitamin E, IU/lb 30 

8Values are total dietary levels 
bValues are supplemental levels 

Similar to the rearing phase, two strategies have emerged for feeding the replacement gilt during 
the acclimation period (Table 6). The first strategy is designed to increase body fat accumulation 
and slow lean tissue growth. As during rearing, this is done by feeding a "moderate" protein diet, 
which reduces the rate of muscle deposition and increases body fat accretion. This approach has 
been shown effective in improving longevity in genetically lean breeding females (O'Dowd et. al., 
1997). The second strategy focuses on moderate increases in body fatness, while optimizing lean 
growth. "Average-lean" gilt lines may get too fat, and later in lactation experience poorer lactation 
feed intakes, less milk production and lower litter growth rates. Flushing prebreeding, is 
recommended with this gilt-pool strategy, in order to maximize ovulation rate and parity one litter 
size. Environmental temperatures to which gilts are exposed during the acclimation period should 
be considered when using either strategy. 

SUMMARY 

Research reports indicate that nutrition during the rearing (grow-finish phases) of the gilt may 
influence the length of her reproductive life. Feeding programs for gilts and sows should be 
aimed at females possessing targeted amounts of body fat, bone, and lean at critical points in 
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time or major reproductive events (selection, first breeding or conception, parity one gestation, 
parity one farrowing, parity one weaning, parity two farrowing, and parity two weaning). 
Maximum longevity is obtained by incorporating the best combination of nutritional regimes 
during the periods preceding each one of these events. The longevity of very lean genotypes 
may be improved by the provision of a moderate protein, high-energy diet during rearing and 
the longevity of average lean genotypes may be improved by limiting energy intake during 
development. In the latter case, energy restriction during rearing most consistently results in 
fewer feet and leg disorders. Disagreement among studies evaluating the effect of gilt body 
composition at first breeding on longevity suggests that controlled feeding and excellent 
management during acclimation and throughout parity-one gestation and lactation will lessen the 
effect of rearing practices on lifetime performance. 
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Table 6. Performance and nutrient suggestions for acclimating gilts. (Adapted from Tri-State 
Swine Nutrition Guide, 1998) 

Item 

Feed intake, lb 
Age at breeding, d 
Weight at breeding, lb 
Backfat thickness, inch 

Protein, %a 
Amino Acidsa 

Lysine,% 
Lysine, g/d 
Tryptophan, % 
Threonine, % 
Methionine + Cystine, % 

Macro-mineralsa 
Calcium,% 
Phosphorus, % 
Phosphorus, % available 
Sodium,% 
Chloride,% 

Trace mineralsb 
Copper, ppm 
Iron, ppm 
Zinc, ppm 
Manganese, ppm 
Iodine, ppm 
Selenium, ppm 

Vitaminsb 
Vitamin A, I U/lb 
Vitamin 03, IU/lb 
Vitamin E, IU/lb 
Vitamin K, mg/lb 
Riboflavin, mg/lb 
Pantothenic acid, mg/lb 
Niacin, mg/lb 
Vitamin 8 12 , mcg/lb 
Thiamin, mg/lb 
Pyridoxine, mg/lb 
Biotin, mcg/lb 
Choline, mg/lb 
Folic acid, mg/lb 

avalues are total dietary levels 
bValues are supplemental levels 

Lean Maternal Line Average Lean Maternal Line 
Performance prior to and at breeding 

5.5 to 6.5 4.0 to 5.5 
220 to 240 210 to 235 
250 to 31 O 240 to 285 

> 0. 7 0.8 to 1.1 
Dietary nutrient suggestions 

13 to 14 14 to 16 

0.70 0.80 
19.10 21.00 
0.13 0.14 
0.46 0.52 
0.42 0.48 

0.75 0.75 
0.65 0.65 
0.40 0.40 
0.10 0.10 
0.08 0.08 

15 15 
100 100 
150 150 

10 10 
0.15 0.15 
0.3 0.3 

3750 3750 
250 250 
30 30 
0.5 0.5 
2 2 
8 8 
6 6 
8 8 

0.5 0.5 
0.45 0.45 
100 100 
175 175 
0.75 0.75 
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USE OF MINNESOTA-SOUTH DAKOTA REGIONAL DISTILLERS 
DRIED GRAINS WITH SOLUBLES IN SWINE DIETS 

M. H. Whitney, M. J. Spiehs, and G. C. Shurson 
Department of Animal Science 

University of Minnesota, St. Paul 

Background and Overview 

The ethanol industry has experienced tremendous growth during the past decade. Ethanol 
production occurs as a result of fermentation of the soluble carbohydrate fraction of grain 
(starch). As a result, significant quantities of distillers dried grains (with or without solubles) is 
produced as a by-product of the ethanol industry. It is expected that the quantity of distillers 
dried grains with solubles will double within the next few years within the Minnesota-South 
Dakota region, creating an even greater supply of the by-product. In order to effectively utilize 
this increased supply, new markets and applications must be developed. One of the potential 
markets for increased use of distillers dried grains with solubles is in swine diets. However, 
distillers dried grains have historically had s_everal limitations for consistent, high quantity use in 
swine feeds. 

Since com is the primary grain used in ethanol production, the resulting by-product has typically 
had the following characteristics relative to com: 

* similar, inferior amino acid profile (important for pigs and poultry) 
* reduced amino acid digestibility due to heating during processing 
* lower digestible and metabolizable energy due to fermentation of starch and 

increase in the percentage of fiber 
* significantly increased phosphorus concentration and bioavailability 
* increased product variability due to processing and varietal differences 
* marginal cost/benefit due to incurred costs during processing and reduced 

nutritional value for non-ruminants 

Pigs and poultry (non-ruminants) have digestive systems that are unable to utilize poor quality 
protein, heat damaged proteins, and significant amounts of fiber as efficiently as ruminants 
(cattle and sheep). Furthermore, swine and poultry feeding systems are designed to utilize dry 
ingredients (approximately 88 % dry matter) exclusively, whereas cattle feeding systems 
typically have a significant portion of the diet made up of high moisture forages. These 
differences in digestive system capability and feeding systems, along with marginal cost/benefit 
relationships in least cost diet formulations have limited the use of distillers dried grains with 
solubles almost exclusively to cattle feeding. 

Several factors appear to offer promise for increasing the use of distillers dried grains with 
solubles (DDGS) in nonruminant diets. First, the construction and operation of new ethanol 
plants in Minnesota and South Dakota may improve nutritional value and reduce heat damage of 
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DDGS. Secondly, increased emphasis on reducing phosphorus excretion in manure from an 
environmental management perspective, and the relatively high cost of providing inorganic 
phosphate supplements and/or phytase in swine diets, enhances of the feeding value of DOGS 
because of its significantly higher phosphorus concentration and bioavailability. Finally, several 
pork producers have observed that switching from typical com-soy based diets to diets 
containing some DDGS, has changed the odor emitted from swine confinement facilities. 
During a time when odor control is a tremendous concern in the livestock industry, any 
nutritional alterations that will reduce odor while maintaining performance at the same or lower 
cost compared to conventional feeding programs is desperately needed. 

The ultimate goal of com growers and ethanol plants is to expand the use of DDGS in livestock 
feeds, particularly in feeds of non-traditional DDGS consumers (e.g. swine and poultry). To do 
this, pork producers and commercial feed company nutritionists must be convinced and educated 
that there are cost effective benefits of feeding DDGS contrary to historical experience and 
current knowledge. In order to effectively accomplish this goal, a series of experiments and 
projects were designed, and results of those at or near completion are presented in this paper. 

Development of a MN-SD Regional DDGS Nutrient Database 

Objective: 

To utilize existing and new nutrient profile information for DDGS to determine average values 
within and among newer (less than five years old) ethanol plants in the Minnesota-South Dakota 
(MN-SD) region, and determine nutrient variability within and among plants, and also between 
years. These values were also compared to existing database values (Heartland Lysine; NRC 
1998; Feedstuffs) and an industry "standard" to determine if any nutritional advantages exist in 
nutrient content of MN-SD DDGS compared to historical values and current product coming 
from other plants. This information is essential to swine nutritionists when using DDGS to 
precisely formulate least cost swine diets. 

Procedure: 

Ten ethanol plants participated in the study (8 - Minnesota, 2 - South Dakota) and were required 
to submit DDGS samples from the last day of the month, every other month, beginning January 
31, 1997. Since several of the plants were not in operation right away, they began submitting 
samples at a later date, and as of the publication of this article, several samples remain to be 
submitted and/or analyzed. All samples were sent to the Swine Nutrition Laboratory, Dept. of 
Animal Science, Univ. of MN, St. Paul, where sub-samples were collected and sent to two 
commercial testing laboratories: 

Iowa Testing Laboratories, Eagle Grove, IA 
Proximate analysis: dry matter, crude protein, crude fiber, crude fat, ash, nitrogen 
free extract (NFE), acid detergent fiber (ADF), and neutral detergent fiber (NDF). 
Mineral analysis: calcium, phosphorus, potassium, magnesium, sulfur, sodium, 
zinc, manganese, copper, and iron. 
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University of Missouri Experiment Station Chemical Lab, Columbia, MO 
Complete amino acid profile, to include lysine, methionine, cystine, threonine, 
tryptophan, valine, leucine, isoleucine, phenylalanine, histidine, and arginine. 

Plants were instructed to submit a sample typical of that day's production. Digestible and 
metabolizable energy values were calculated using the formulas: 

Results: 

DE= [(CP * 4) + (NFE * 4) +(Fat* 9)] * 4.54 
ME= DE* [(0.96- (0.2 * CP)) I 100] 

Results for each plant and reference values are presented in Tables 1-3. A DDGS sample that 
was considered standard for the industry, coming from an older-style plant, was also analyzed 
and is labeled "standard." Although not presented in this paper, slight differences in nutrient 
level were noted between year submitted, characterizing contrasting com crops used. 

In general, variation in nutrient levels between and within plants was low (0 - 5 %), especially 
for dry matter, calculated DE and ME, crude protein, crude fiber, crude fat, NDF, and ADF. This 
indicates consisten·cy in DDGS coming from these plants, which is logical considering that plants 
share information among each other and have similar operating systems. It is our belief that 
variation in DDGS consistency is affected by com crop used, percent of dried solubles added 
back to distillers dried grains, and completeness or duration of the fermentation process which 
affects the degree of starch removal. 

Crude fat and calculated DE and ME values for MN-SD DDGS are significantly higher than 
published book values. Also, ADF is slightly less and NDF slightly more than NRC (1998) 
levels. Since the difference between NDF and ADF is the amount ofhemicellulose in the feed, 
the amount ofhemicellulose in MN-SD DDGS is higher than normally found, and since 
hemicellulose is slightly more digestible than the ADF fraction, may provide a slight advantage 
for MN-SD DDGS compared to book values. 

Average lysine and threonine values for MN-SD DDGS are higher than those published in NRC 
(1998) and 1998 Feedstuffs Reference Issue (FRI), but similar to Heartland Lysine (HL) values. 
Average methionine level is identical to NRC but lower than published in HL and FRI. Average 
tryptophan level is within range of published book values. Since lysine is the first limiting 
amino acid in corn-soybean meal swine diets, MN-SD DDGS would be a more valuable source 
than other DDGS sources because less soybean meal would be needed to meet the desired lysine 
level in the diet. However, level of lysine level variability within some plants is of concern 
because increased variability means reduced predictability of lysine levels for precise diet 
formulation. Variability within plant for methionine, threonine, and tryptophan is generally 
acceptable. It is quite possible that most of the variability in lysine level is due to variability in 
lysine of the original com used. This stresses the importance of understanding nutrient 
specifications of the com being used in each plant. 
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Table 1. Proximate analysis of Distiller's Dried Grains with Solubles (DDGS) originating from newer(< 5 years old) ethanol 
plants in Minnesota and South Dakota compared to a standard sample and referenced values.1 

Sample #of DM CP Fat Fiber Ash NFE ADF NDF DE2 ME2 

origin samples (%) (%) (%) (%) (%) (%) (%) (%) (kcal/lb) (kcal/lb) 

MN-SD 
Plant 1 12 90.2 (1.0) 30.9 (7.7) 9.9 (26.9) 9.1 (6.8) 6.4 (15.4) 43.8 (8.6) 18.1 (7.7) 44.5(5.1) 1761 (4.0) 1592 (4.1) 

Plant 2 12 89.1 (1.3) 31.4 (2.1) 11.4 (5.6) 9.2 (6.0) 5.6 (9.0) 42.4 (3.3) 13.8 (-) 40.6 (-) 1806 (0.9) 1632 (0.9) 

Plant 3 12 90.0 (2.1) 30.7 (7.0) 10.2 (9.3) 8.8 (9.5) 5.5 (17.1) 44.8 (7.3) 15.8 (8.6) 44.5 (4.4) 1789 (1.5) 1618 (1.6) 

Plant 4 12 90.0 (0.6) 28.7 (4.2) 10.7 (6.0) 8.3 (5.9) 5.4 (12.8) 46.9 (2.9) 15.4 (11.4) 42.8 (3.8) 1812 (1.3) 1646 (1.3) 

Plant 5 12 88.7 (0.8) 29.5 (3.4) 10.8 (5.6) 8.7 (4.4) 5.2 (7.8) 45.8 (3.9) 17.1 (6.8) 41.9 (2.5) 1809 (0.7) 1642 (0.7) 

Plant 6 11 89.8 (1.4) 31.6 (5.0) 10.8 (4.4) 9.7 (5.3) 5.7 (16.6) 42.2 (5.4) 18.5 (10.3) 49.1 (3.2) 1782(1.5) 1610 (1.8) 

Plant 7 11 88.4(1.1) 30.3 (2.5) 11.3 (5.1) 8.2 (5.8) 5.4 (12.3) 44.9 (2.8) 12.6 (10.2) 39.0 (5.6) 1824 (1.3) 1654(1.2) 

Plant 8 8 87.9 (1.3) 31.7 (2.8) 9.9 (11.0) 9.2 (11.2) 6.7 (9.6) 42.5 (3.2) 14.4 (8.3) 47.9 (7.9) 1752 (2.6) 1584 (2.7) 

Plant 9 5 86.4 (1.0) 29.8 (3.0) 11.2 (8.8) 8.8 (7.6) 6.1 (10.4) 44.0 (2.8) 12.7 (10.6) 41.2(5.5) 1799 (2.3) 1634 (2.3) 
,..... 

Plant 10 5 88.0 (1.1) 30.1 (4.0) 10.9 (5.4) 9.0 (5.1) 6.8 (8.7) 43.3 (3.5) 13.0 (7.4) 41.7 (6.0) 1777 (0.7) 1612 (0.7) -...J 
~ 

1997 - 99 100 89.1(1.2) 30.5 (1.4) 10.7 (1.0) 8.9 (0.6) 5.8 (0.7) 44.2 (2.2) 15.7 (2.1) 43.5 (3.0) 1793 (33.7) 1624 (32.0) 

Standard 1 89.5 29.0 9.7 7.4 8.0 45.9 16.7 38.0 1756 1596 

Reference3 

NRC 93.0 29.8 9.0 4.8 17.5 37.2 1564 1378 

HL 90.8 28.5 

FRI 93.0 29.0 8.6 9.1 1747 

1 Nutrient values expressed on 100% dry matter basis. Coefficients of variation presented in parenthesis. 
2 DE= [(CP * 4) + (NFE * 4) +(Fat* 9)] * 4.54, ME= DE* [(0.96 - (0.2 * CP))/100]. 
3 References are: Nutrient Requirements of Swine, 1 O'h ed., 1998. 

Heartland Lysine, Inc. Amino Acid Digestibility Tables, 1998. 
Feedstuffs Reference Issue, Vol. 69 Nu.m. 10, July 24, 1997. 



Table 2. Mineral Composition of Distiller's Dried Grains with Solubles (DDGS) originating from newer (< 5 years old) 
ethanol plants in Minnesota and South Dakota compared to a standard sample and referenced values. 1 

Sample #of Ca p K Mg s Na Zn Mn Cu Fe 
origin samples (%) (%) (%) (%) (%) (%) (ppm) (ppm) (ppm) (ppm) 

MN-SD 
Plant 1 12 0.04 (14.4) 0.94 (7.o) 0.99 (9.8) 0.34 (7.7) 0.68 (24.2) 0.16(97.7) 56.6 (8.2) 15.5 (9.3) 5.3 (9.4) 98.1(13.4) 

Plant 2 12 0.07 (53.6) 0.94 (4.5) 1.06 (7.4) 0.34 (4.7) 0.38 (41.7) 0.20 (55.7) 130.1 (24.5) 15.3 (1 L3) 5.4 (15.7) 144.7(12.8) 

Plant 3 12 0.13 (33.7) 0.82(12.6) 0.94(11.1) 0.34 (13.5) 0.75(22.4) 0.51 (45.8) 44.6 (12.0) 16.0 (16.1) 7.6 (19.2) 156.3(32.0) 

Plant 4 12 0.06 (14.7) 0.90 (5.5) 0.84 (4.4) 0.33 (4.0) 0.54 (14.7) 0.17 (33.2) 52.2 (7.0) 13.8 (4.5) 4.7 (10.9) 75.3 (14.2) 

Plant 5 12 0.07 ( 18.4) 0.94 (5.7) 1.03 (5.5) 0.34 (4.9) 0.36 (IO.I) 0.46 (34.9) 55.1 (10.7) 14.7(10.2) 5.3 (19.5) 124.3(19.5) 

Plant 6 11 0.03 (20.5) 0.70 (6.6) 0.69 (10.8) 0.25 (10.1) 0.46 (6.5) 0.12 (9.9) 60.2 (7.9) 10.7 (13.3) 6.1 (15.1) 90.5( 15.8) 
,_. Plant 7 11 0.08(21.1) 0.93 (7.2) 0.99 (5.7) 0.35 (6.6) 0.51 (13.1) 0.21 (18.7) 110.5 (33.3) 15.7 (13.2) 6.4 (12.7) 119.0 (6.3) 
-...J 
V1 Plant 8 8 0.03 (32.9) 0.86 (19.1) ------- 0.32 (16.5) 0.36 (5.6) 0.13 (27.0) 58.4 (31.8) 22.1 (71.2) 5.3 (19.7) 187.0 (72.8) 

Plant 9 5 0.04 (22.9) 0.94 (2.4) 1.02 (5.0) 0.37 (1.2) 0.44 (14.4) 0.19 (30.0) 87.1 (29.0) 15.3(17.6) 6.0 (8.7) 107.1 (13.9) 

Plant 10 5 0.06 (58.7) 1.01 (11.1) 1.09 (4.0) 0.36 (5.9) 0.40 (18.7) 0.20 (33.2) 309.3 (6.6) 15.9 (15.0) 5.9 (9.4) 110.6 (20.3) 

1997 - 99 100 0.06 (0.03) 0.89 (0.09) 0.94 (0.11) 0.33 (0.03) 0.49(0.15) 0.25 (0.15) 83.9(53.0) 15.3 (4.3) 5.8 (1.0) 120.7 (44.4) 

Standard 1 0.67 0.98 1.12 0.38 0.84 0.55 84.9 45.8 7.8 262.6 

Reference2 

NRC 0.22 0.83 0.90 0.20 0.32 0.27 86 26 61 276 

HL 

FRI 0.38 1.02 1.08 0.38 0.32 0.86 91 32 54 323 

1 Nutrient values expressed on 100% dry matter basis. Coefficients of variation presented in parenthesis. 
2 References are: Nutrient Requirements of Swine, 10th ed., 1998. 

Heartland Lysine, Inc. Amino Acid Digestibility Tables, 1998. 
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Table 3. Essential amino acid level of Distiller's Dried Grains with Solubles (DDGS) originating from newer(< 5 years 
old) ethanol plants in Minnesota and South Dakota compared to a standard sample and referenced values.1 

Sample #of Lys Met Thr Trp Val Ile Leu His Phe Arg 
origin samples (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) 

MN-SD 

Plant 1 12 0.74 (18.0) 0.53 (6.4) 1.17 (6.4) 0.27 (8.3) l .55 (8.6) 1.17 (8.2) 3.62 (6.8) 0.75 (8.7) l.50 (7.1) 1.15(1 l.7) 
Plant 2 12 0.91 (10.3) 0.50 (2.5) 1.12 (3.4) 0.26 (5.5) l.50 (3.8) 1.15_(6.l) 3.53 (3.2) 0.77 (4.3) 1.45 (2.9) 1.22 (4.2) 

Plant 3 12 0.79 (26.2) 0.49 (8.6) 1.12 (7.0) 0.24 (13.9) l.49 (7.4) 1.15(10.0) 3.47 (6.2) 0.73 (9.3) 1.42 (6.6) 1.15 (11.7) 

Plant 4 12 0.72 (20.1) 0.53 (4.0) l .07 (6.5) 0.21 (8.7) l.47 (7.3) . 1.05 (8.5) 3.48 (5.7) 0.72 (7.6) l.41 (6.8) l.l l (10.0) 

Plant 5 12 0.81 (16.5) 0.50 (5.7) 1.12 (3.2) 0.24 (8.8) l.51 (6.2) 1.16 (5.6) 3.55 (3.4) 0.72 (8.2) l.48 (3.3) 1.13 (8.9) 

Plant 6 l l 0.78 (11.4) 0.69 (6.5) 1.14 (6.2) 0.25 (7.1) l.53 (7.9) 1.17 (8.5) 3.81 (7.7) 0.79 (7.3) 1.57 (7.6) l.25 (11.4) 

Plant 7 11 0.90 (2.6) 0.54 (5.6) l .12 (2.5) 0.2 (5.3) 1.47 (3.0) 1.11 (5.4) 3.53 (2.9) 0.79 (2.3) 1.48 (3.5) 1.23 (2.2) 
..... 

Plant 8 8 1.02 (7.o) 0.63 (9.5) 1.18 (5.4) 3.67 (4.8) " 0.27 (8.3) l.58 (4.6) 1.17 (6.9) 0.82 (5.4) l.52 (4.5) l.29 (4.8) 
°' Plant 9 5 0.91 (16.0) 0.59 (12.1) 1.13 (8.5) 0.25 (8.5) 1.49 (10.7) 1.10 (10.l) 3.44 (7.5) 0.79 (7.9) 1.42 (8. l) l.22 (7.9) 

Plant IO 5 0.84 (9.5) 0.56 (12.5) 1.14 (6.9) 0.25 (6.3) 1.54 (7.9) 1.14 (8.7) 3.61 (8.2) 0.79 (7.8) 1.49 (8.0) 1.21 (5.9) 

1997 - 99 100 0.83 (17.7) 0.55 (13.5) 1.13 (5.9) 0.24 (10.3) 1.51 (6.8) 1.14 (8.0) 3.57 (6.1) 0.76 (7.9) 1.48 (6.4) 1.19 (9.l) 

Standard 1 0.68 0.49 0.99 0.22 l.31 l.04 3.22 0.68 l.30 1.07 

Reference2 

NRC 0.67 0.54 l.01 0.27 1.40 1.11 2.76 0.74 1.44 1.22 

HL 0.81 0.63 1.11 0.20 1.43 l.09 3.27 0.75 l.43 

l.21 

FRI 0.65 0.65 l.02 0.22 l.43 l.08 2.90 0.65 1.29 l.08 

} Nutrient values expressed on I 00% dry matter basis. Coefficients of variation presented in parenthesis. 
2 References are: Nutrient Requirements of Swine, I 01

h ed., 1998. 

Heartland Lysine, Inc. Amino Acid Digestibility Tables, 1998. 
Feedstuffs Reference Issue, Vol. 69 Num. IO, July 24, 1997. 
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Average crude protein level of MN-SD DDGS is somewhat higher than published book values, 
indicating that more complete starch removal may be occurring due to use of newer fermentation 
technology. From a nutritional perspective, the higher crude protein level may result in 
increased nitrogen excretion and ammonia levels when DDGS is added to swine diets. Increased 
energy is also required by the animal to excrete the excess nitrogen, leaving less energy available 
to the animal for production. 

Levels of Ca, K, Mg, S, Na, Zn, Mn, Cu, and Fe are of minor interest due to their low cost, and 
relatively low concentrations. Phosphorus is the third most expensive nutrient (behind energy 
and amino acids) in swine diets, and averaged within the range of published book values. Ash 
values were lower for MN-SD DDGS compared to the sample taken from an older plant. High 
levels of ash can dilute other nutrients in the feedstuff, so having a lower ash content can be an 
advantage. 

Determine Energy, Nitrogen, and Phosphorus Digestibility of DDGS in the Growing and 
Finishing Pig 

Objective: 

To determine DE, ME and available phosphorus values, which cannot be determined by 
chemical analysis, for MNSD Region DDGS sources to add to the nutrient database. Nitrogen 
digestibility determinations will be used to calculate digestible crude protein and provide some 
initial evidence of what we might expect when determining ileal amino acid digestibility. 

Procedure: 
A total of 16 crossbred growing pigs (initial weight 63 lbs) (8 pigs/group, 2 replications/group, 2 
separate groups) and 16 crossbred finishing pigs (initial weight 185 lbs) were used to evaluate 
DDGS energy, nitrogen, and phosphorus digestibility at two different phases of growth to 
determine if DDGS is well utilized in the grower and finisher phases or if it is better utilized in 
only the finisher phase. Pigs were randomly allotted by weight and ancestry to one of four 
dietary treatments. Pigs were placed in individual stainless steel collection cages at the St. Paul 
Swine Research unit, and fed either a control diet (100% corn-soybean basal diet), a 10% DDGS 
diet (with 90% basal diet), a 20% DDGS diet (with 80% basal diet), or a 30% DDGS diet (with 
70% basal diet) (Tables 4 and 5). Total lysine and phosphorus were held constant across all 
diets. 

Pigs were allowed a seven day acclimation period to ensure all pigs were eating well and were 
adjusted to the individual crates. A three-day collection period immediately followed the 
acclimation period. Pigs were fed as close as possible to ad libitum while minimizing feed 
wastage during the entire 10-day study. Feces and urine were collected during the 3-day 
collection period to determine energy and nitrogen digestibility. Temperature was maintained at 
approximately 72°F throughout the experiment, and all animals will be allowed ad libitum access 
to water. 
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All feces generated from each individual pig over the collection period was collected daily in 
labeled plastic bags and frozen for later subsequent analysis. Samples were pooled for each pig. 
Every attempt was made to separate waste feed from feces when collecting each sample. Waste 
feed was collected, weighed, recorded and discarded. 

Table 4. Early grower experimental diets, DDGS nutrient balance study. 

Ingredient,% 

Com 
Soybean Meal, 44% 
MNSDDDGS 
Limestone 
Dicalcium Phosphate 
Salt, NaCl 
Vitamin Premix 
Trace Mineral Premix 

Control 

68.12 
29.30 

0.00 
0.93 
0.75 
0.50 
0.30 
0.10 

10% 
DDGS 

61.31 
26.37 
10.00 

1.01 
0.50 
0.45 
0.27 
0.09 

20% 
DDGS 

54.50 
23.44 
20.00 

1.09 
0.25 
0.40 
0.24 
0.08 

Table 5. Latefinisher experimental diets, DDGS nutrient balance study. 

10% 20% 
Ingredient,% Control DDGS DDGS 

Com 82.11 73.90 65.69 
Soybean Meal, 44% 15.34 13.80 12.27 
MNSDDDGS 0.00 10.00 20.00 
Limestone 0.81 0.92 1.04 
Dicalcium Phosphate 0.85 0.57 0.28 
Salt, NaCl 0.50 0.45 0.40 
Vitamin Premix 0.30 0.27 0.24 
Trace Mineral Premix 0.10 0.09 0.08 

30% 
DDGS 

47.68 
20.51 
30.00 

1.18 
0.00 
0.35 
0.21 
0.07 

30% 
DDGS 

57.48 
10.74 
30.00 

1.15 
0.00 
0.35 
0.21 
0.07 

Total urinary output was collected from each pig daily in plastic containers located under funnels 
of the metabolism cages. One hundred milliliters of 6N hydrochloric acid (HCl) was added to 
urine collection containers daily to limit microbial growth and reduce loss of ammonia. Total 
urine volume was measured daily, and a 200-ml subsample was placed in labeled, capped, plastic 

178 



ls 

IC 

bottles and frozen. At the end of the collection period, all subsamples were thawed, combined in 
proportion to daily volume for each pig and frozen until subsequent laboratory analysis can be 
conducted. 

The DDGS used in this study was analyzed for dry matter, crude protein, mineral content, amino 
acid profile, and energy. Gross energy of feed, feces, and urine samples was determined by 
bomb calorimetry and subsequent digestible and metabolizable energy values were calculated 
similar to the DDGS database study. Analysis of fecal and feed dry matter will also be 
conducted in the Swine Nutrition Lab. Least squares means analysis using OLM procedure of 
SAS was conducted, with the model including the effects of treatment and group. 

Results: 

Results are presented in Figures 1,2, and 3 . During the grower experiment, GE and nitrogen 
intake tended to increase with increasing DDGS level in the diet. Digestible and metabolizable 
energy were lower for the control diet compared to the 10, 20, and 30% DDGS (P < 0.01). 
When compared to published values, MN-SD DDGS had consistently higher DE and ME values. 
Nitrogen retention(%) did not differ between treatments (P > 0.10), but adding 30% DDGS did 
increase (P < .10) nitrogen excretion compared to the control. Feeding 20% DDGS increased 
phosphorus retention compared to the control and 30% DDGS diets. (P < .10) 

During the late finisher experiment, nitrogen intake was lower in the control diet than the 10, 20, 
and 30% DDGS diets (P < 0.01). DE and ME were greater in the 10% DDGS diet as compared 
to the 30% DDGS (P < 0.10). Nitrogen retention(%) did not differ between treatments (P > 
0.10). Again, adding 30% DDGS increased (P < .10) nitrogen excretion compared to the control. 
Feeding 10% DDGS increased phosphorus retention(%) compared to the control (P < 0.10). 

These results suggest that digestibility of phosphorus in MN-SD DDGS is better than that for 
com or soybean meal. Adding up to 20% DDGS in grower diets and up to 10% DDGS in 
finisher diets maximizes phosphorus retention and minimizes phosphorus excretion. Adding 10-
20% DDGS in grower diets and 10% DDGS in finisher diets is comparable to the control diet 
and should minimize nitrogen excretion and support pig growth 

MN-SD DDGS appears to have a higher feeding value than DDGS from other sources. Energy 
(DE and ME) values are higher for early grower pigs than for later finisher pigs. Adding 10-20% 
DDGS will increase DE and ME intake and improve phosphorus utilization without limiting 
performance but may increase nitrogen excretion. 
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Figure 1. Comparison of ME values for MN-SD DDGS to published valu 
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Figure 3. Effect of 10, 20, and 30°/o MN-SD DDGS on% phosphorus excreted. , 
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Comparison of Odor Characteristics of Swine Manure with and without DDGS 

Objective: 

To determine if the use of 20% DDGS in swine diets will reduce odor, ammonia, and/or 
hydrogen sulfide levels emitted from a simulated deep pit manure storage system. Energy, 
nitrogen, and phosphorus excretion of experimental diets are also determined to augment the 
previous nutrient balance study. 

Procedure: 

A typical three-phase com-soybean meal based grow-finish diet sequence was compared to a 
three-phase com-soybean meal- 20% DDGS diet sequence. Twenty PIC barrows were brought 
from the West Central Experiment Station in Morris, Minnesota to the St. Paul Swine Research 
unit. The pigs were weighed and randomly assigned to one of two dietary treatments (8 
pigs/dietary treatment). Eight pigs (4 pigs/dietary treatment) were immediately placed in 
metabolism crates. While in the metabolism crates, the pigs were fed 3 times daily as close to ad 
libitum as possible without allowing pigs to waste feed. The remaining 8 pigs were housed in 
pens in the Grow-Finish room and were allowed ad libitum access to their respective diets. All 
pigs had ad libitum access to water while in the metabolism crates and in the Grow-Finish pens. 
Pigs remained in the metabolism crates for two weeks. After two weeks, they were weighed and 
allowed to return to the pen of their respective treatment group in the Grow-Finish room. The 8 
experimental pigs (4 pigs/dietary treatment) that were previously in the Grow-Finish room were 
weighed and placed in the metabolism crates. This rotation continued for the 10-week duration 
of the trial. 

Manure (urine and feces mixture) from each of the 8 pigs in the metabolism crates was collected 
once daily except on the last three days of weeks 2, 6, and 10, when collection was conducted for 
the digestibility/excretion study. Manure volume was recorded and individual manure samples 
(total=8) were mixed thoroughly to ensure uniform consistency of each sample. Each sample 
~s then divided equally into two separate containers to get a total of 16 manure containers (2 
container/pigs). The contents of each container was then emptied into the corresponding Deep 
Pit Simulator Model (total=16). 

The Deep Pit Simulator Models (DPSM) are constructed of 5 feet of PVC pipe and are 16 inches 
in diameter. The pipe has been set upright in a plastic tub and the bottom of the PVC pipe was 
filled with concrete. DPSM were stored in two nutrient balance rooms of the swine barn. Each 
room housed 8 DPSM (4 I dietary treatment). The temperature of the DPSM rooms was 
recorded daily. 

During the last three days of weeks 2, 6, and 10, samples were collected to measure the 
digestibility of the two treatment diets. The crates were thoroughly cleaned and screens were 
placed under each crate to allow for separate collection of urine and fecal samples. Urine 
volume was measured and recorded twice daily and a sub-sample of the urine was placed in 
labeled, capped, plastic bottles and refrigerated until subsequent laboratory analysis could be 
conducted. Fecal samples were collected on the screen under the metabolism crates. The feces 
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generated over the three-day period was collected daily, pooled, and placed in a labeled plastic 
bag and frozen for later subsequent analysis. Bomb calorimetery was used to determine the 
gross energy of the fecal, urine, and feed samples. Kjeldahl analysis was used to determine the 
nitrogen level of the fecal, urine, and feed samples. 

Air samples were collected on the Tuesday of each week. Samples were collected approximately 
10 inches above the surface of the manure in collection bags using a vacuum box at a flow rate 
of 40 Umin. Air samples were analyzed for hydrogen sulfide concentration using the Jerome TM 

meter and ammonia concentration was measured using Sensidyne™ tubes. In addition, the 16 air 
samples collected during weeks 1, 3, 6, and 9 were evaluated for odor utilizing an odor panel and 
olfactometer. 

Preliminary Results: 

Statistical analysis for the data set was determined by using the SAS and Macanova programs. 
The preliminary results indicate that there was not a significant effect of dietary treatment on 
hydrogen sulfide (P=0.3884), ammonia (P=0.1736), or odor levels (P=0.9960) during the 10-
week trial. This indicates that adding DDGS to the grow-finish diet did not significantly after the 
hydrogen sulfide, ammonia, or odor levels in the manure. This was due, in part, to the large 
variation in the data collected as can be seen in Figures 4, 5, and 6. 

The results did indicate a significant difference in odor between rooms (P=0.0006). We were 
unable to control the temperature in the rooms, which resulted in a 6.4° F difference between the 
two rooms. Room 1 was the warmer of two rooms, averaging 70.3° F for the 10-week period 
and had higher odor levels than room 2. No differences were noted between dietary treatment, 
although this may be due to the method used (Figure 4). It is likely that more fermentation 
occurred in room 1 due to the higher temperature, resulting in increased odor, regardless of 
dietary treatment, compared to room 2. 

Hydrogen sulfide (P=0.0001) and ammonia (P=0.001) levels increased significantly during the 
trial. Figures 5 and 6 show the increase of these two gases during the 10-week period. This can 
be explained by the increased production of the gases due to increased fermentation as the 

- bacteria population grew over time. Odor appeared to follow the same trend, although the 
change in odor units with time was not statistically significant (P=0.0636). 

The lab work is not yet complete for the nutrient digestibility/excretion portion of this 
experiment. 
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Figure 6. Ammonia concentration, deep pit simulators, MN-SD 
DDGS odor study. 
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I On-going Research 

Determine ileal amino acid digestibility values for MNSD DDGS and various drying 
conditions, colors, plants, and DDGS fractions. 

There is wide variation in the amino acid digestibility of various byproducts fed to pigs, and 
DDGS is no exception. There is also considerable variation in the color of DDGS among and 
within plants. Reasons for this wide variation involves the extent of fermentation, the amoupt of 
solubles added back to the distiller's grains, as well as the amount and duration of heat applied 
during drying ofDDGS. The Maillard reaction is a well established phenomenon in which 
amino acids are chemically bound to carbohydrate during heating, and rendering them less 
digestible. Feed manufacturers routinely visually inspect heat processed feed ingredients for 
darkness of color and associate darker colored heat processed ingredients with lower amino acid 
digestibility. Thus, it needs to be established if color (and dryer temperature/duration) of DDGS 
affects energy and nitrogen digestibility. An ileal cannulation experiment to determine the 
apparent and true digestible amino acid levels of several sources of DDGS is currently 
underway. 

Determine Least Cost Formulas, Economic Competitiveness, and Maximum Inclusion 
Rates of MN DDGS Sources 

Objective: 

To use nutritional values and information obtained in previous experiments to determine 
example diet formulations and maximum inclusion rates, and DDGS cost relationships with com, 
soybean meal and other competing dietary ingredients. 
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ENVIRONMENTAL IMPACTS OF SWINE AND POULTRY 
NUTRITION 

S.K. Baidoo 
Southern Research and Outreach Center 

University of Minnesota 
Waseca, MN 56093 

INTRODUCTION 

The desire of the consumer for inexpensive, lean, high quality meat has 
encouraged the development of larger production units without corresponding 
increases in land area for manure application and space for odor dispersion. 
These production units capture economies of scale by spreading fixed costs 
over a large number of animals. However, there may not be economies of scale 
for manure management because of increased manure transportation costs 

·. associated with dispersing larger amount of manure from one location to 
another. The estimated global livestock population of 3.9 billion animals 
produces about half a billion tons of manure. For example, in the United 
States, the swine industry of 95 million pigs produce 280 billion kg of waste 
per year. This waste contains 27.7 billion kg nitrogen and 2. 87 billion kg 
phosphorus. This manure nutrient excretion is influenced primarily by the 
nutrient content in the diet consumed. The elements nitrogen and phosphorus, 
because of their potential for leaching into ground and surface water, have 
become two of the primary nutrients of major concern when trying to 

· manipulate production systems to decrease the excretion of nutrients and 
obtain environmental stewardship. The objective of this paper is to present 
nutritional management strategies as tools for decreasing the environmental 
threat of land application of manure. 

NATURE OF MINERAL LOSSES IN LIVESTOCK PRODUCTION 

· On average, 60 to 80% of ingested nitrogen and phosphorus are excreted in pig 
· manure as shown in Table 1. The main sources of nitrogen in manure are faecal 
.. nitrogen and urinary nitrogen. Sources contributing to faecal nitrogen are 
undigested feed nitrogen, microbial nitrogen and endogenous nitrogen. Factors 
increasing faecal nitrogen output include usage of low digestible feedstuffs, 
presence of antinutritive factors such as various fibre sources, trypsin and 
chymotrypsin inhibitors, lectins, phenolic compounds and tannins. Absorbed 
amino acids that cannot be used for protein deposition are broken down and the 

.·nitrogen in the form of urea is excreted in the urine. Urinary nitrogen is excreted 
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. mainly as urea in cattle, sheep and pigs and as uric acid in poultry. Other 
nitrogen containing compounds excreted in urine include allantoin, hippuric acid 
and creatinine. Endogenous nitrogen losses are derived from gastrointestinal 
tract, and comprise protein, peptides, amino acids and other nitrogen-containing 
substances from saliva, bile, pancreatic, gastric and intestinal secretions, 
plasma, and sloughed epithelial cells. 

Table 1. Intake, excretion and retention of nitrogen and phosphorus in pigs 

Piglet Growing pig Breeding sow 
(9 - 25 kg) (25 - 106 kg) ( 19.6 piglets/yr) 

Nitrogen intake (kg) 0.94 6.32 27.78 

excretion (kg) 0.56 4.24 22.42 

retention(%) 40 33 19 

Phosphorus intake (kg) 0.21 1.22 6.56 

excretion (kg) 0.13 0.82 5.42 

retention (%) 39 33 17 

(Jongbloed and Lenis, 1993) 

Faeces and urine of livestock usually get mixed after excretion. Due to microbial 
activity in the manure, extensive degradation of nitrogen containing compounds 
develops. This microbial activity causes a rapid breakdown and formation of 
volatile fatty acids and ammonia. Between 60 and 75% of the nitrogen in excreted 
manure is converted into ammonia of which between 25 and 40% is lost during 
storage and additional 20 to 60% lost during spreading. In addition to ammonia, 
there are over eighty other compounds that are found in manure. Of these, ten 
presented in Table 2 are considered important contributors to odor nuisance. The 
potential risk of these volatile compounds in animal manure is health and 
malodor. 
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Table 2. Characteristics of volatile compounds in animal waste 

Component Form Smell Target organs 

Acetic acid colourless liquid pungent; respiratory system 
acrid 

Butyric acid colourless oily liquid pungent skin; eyes 

Propionic acid colourless oily liquid rancid respiratory system; eyes 

Phenol colourless to pink crystals odour respiratory system; eyes 

p-Cresol colourless to pink crystals carbolic respiratory system; 
odour eyes; skin; liver; 

kidneys 

Ammonia colourless gas pungent respiratory system; eyes 

Nitrogen red brown gas toxic respiratory system; 
dioxide lungs; eyes; skin 

Ethyl colourless liquid garlic respiratory system; 
mercaptan odour eyes; mucous 

membranes 

Methyl colourless gas nauseous Whole system 
mercaptan smell 

Hydrogen colourless gas offensive respiratory system; eyes 
sulphide odour 

(Tamminga and Verstegen, 1992) 

Feeds for livestock contain ingredients of plant origin. Phytate is the salt of phytic 
acid and serves as the primary storage form of phosphorus in plants, accounting 
for 46 to 80% of the total phosphorus (Table 3). 

. Ingredient 
Barley 

.. Com 
Oats 
Rye 
Wheat 
Wheat bran 
Field peas 
Soybean meal 

. Canola meal 

Phytate phosphorus contents of grain legumes and oilseed~ 

Phytate P (g/ 100) Phytate P as % of total 
0.23 63 
0.21 68 
0.22 61 
0.22 61 
0.23 65 
0.99 80 
0.19 46 
0.39 60 
0.54 52 

Adapted from V. Ravindran ( 1996) 
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It serves several important physiological functions during dormancy and 
germination of seeds. These include initiation of dormancy, antioxidant 
protection during dormancy and storage of phosphorus for use during 
germination. Available phosphorus in these ingredients is not sufficient to obtain 
good performance in pigs and poultry, therefore, additional inorganic phosphorus 
is supplied. The low digestibility of phosphorus in cereal grain is due to the fact 
that about 66% of it is found in the form of phytate-phosphorus (myo-inositol 
hexabisphosphate) which forms poorly soluble salts of phytic acid with very 
limited digestibility and availability for pigs and poultry. Therefore, the main part 
of phosphorus excretion is faecal because of its relative low digestibility (30-40%) 
in cereal grains and legumes. 

DIETARY EFFECTS ON MANURE VOLUME AND CONTENT 

Dietary manipulation to "fine tune" the nutritional requirements of livestock to 
reduce the digestive and metabolic losses of nutrients and maximise animal 
productivity include: 

•:• breeding and selection of livestock for better feed conversion and nitrogen 
retention 

•:• increase use of digestible feedstuffs 
•!• increase use of amino acids and reduction in protein content of feed 
•!• use of exogenous enzymes 
•!• formulating diets closer to the animal's requirements 
•!• use of new feed processing technologies such as extrusion and micronization 
•:• altering animal utilisation of nutrients by use of growth promoters 

The potential effects of using these strategies to reduce nitrogen and phosphorus 
excretion are shown in Table 4. 

FEEDSTUFFS AND DIGESTIBILITY 

The use of protein in a feedstuff is limited by the availability of the protein in the 
material and the contribution of the amino acids in the feedstuffs to the overall 
amino acid composition of the diet. If the protein is in a form that can not be 
digested then nitrogen will be excreted. Therefore, the usage of more-digestible 
feedstuffs can reduce the amounts of nitrogen and phosphorus excreted in 
manure. The digestibility of feedstuffs can be enhanced by using supplemental 
feed enzymes which support the animal's endogenous enzymes or supplies a 
digestive capacity non-existent in the host animal in degrading feed components. 
The use of enzymes therefore reduces the excretion of undigested nutrients. 
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Table 4. Potential effects of various strategies to reduce the nitrogen and phosphorus 

content of manure 

Factors 

SUPPLEMENTS 

Synthetic amino acids and reduced protein levels in feed 

Growth promoting substances 

SYSTEMS 

Formulation closer to requirement 

Phase feeding 

Cellulases 
Phytases 

Use of highly digestible raw materials 

(Adapted from Williams and Kelly, 1994) 

Estimated reduction in 
Manure(%) 

Nitrogen 

20 - 25 

5 
5 

5 

10 - 15 

10 

5 

Phosphorus 

25- 30 
5 

5 

10 - 15 

10 

5 

Table 5 shows the effect of microbial enzymes (xylanase and amylase) on the 
utilisation of hulless barley by pigs from 8 to 60 kg liveweight. The pigs fed the 
enzyme supplemented diet required 10% less feed for the same amount of gain as 
the pigs fed the control diet. This results also confirm the observation that 
younger pigs benefit more from exogenous enzyme supplementation of feedstuffs 
than older pigs. 

Effect of enzymes on utilisation of hulless barley by pigs. 

Growth phase (kg) 

1998. 

Feed Efficiency 

Control 

1.54 

2.00 

2.4 
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+Enzyme 

1.39 

1.89 

2.3 

Response (%) 

10 

5.3 
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In the presence of a more specific enzyme system, exogenous phytase, phytic acid, 
is hydrolysed to inositol and orthophosphate and subsequently absorbed. The 
inclusion of phytase in diets for pigs and poultry significantly improved apparent 
total tract digestibility of feedstuffs as shown in Tables 6 and 7. 

Table 6. Effect of wheat phytase on the digestibility of phosphorus 

Feed Digestibility % improvement 

+ 

phytase phytase 

Wheat 27 50 46 

Maize + soybean meal + 40% wheat 31 49 36 

Wheat middlings 19 33 42 

Maize + soybean meal + 20% wheat middlings 32 40 20 

(Jongbloed, Everts and Kemme, 1991). 

Table 7: Effects of phytase on ileal digestibility of selected amino acids in broilers 
Phytase, U /kg 0 450 %improvement 
Lysine 80.7 82.8 2.6 
Methionine 82 8308 1. 9 
Threonine 70. l 73.6 5.0 
Isoleucine 76.4 80.3 5.1 
Leucine 82.6 84.4 2.2 
Ar~e 85.9 87 1.3 
(Adapted from Kornegay et al. 1996) 

Furthermore, it is reported that inclusion of phytase will also increase 
digestibility of dry matter(+ 1.8%), organic matter (+ 1.6%), crude protein (+2.3%), 
calcium (+4.3%), total phosphorus and amino acids. The effects on crude protein 
and amino acid digestibility may indicate that phytate-protein bindings were to 
some extent cleaved by phytase activity or by reducing the activity of phytic acid's 
inhibitory influence on trypsin and pepsin. Therefore, phosphorus supply in a 
diet with phytase can be considerably less than in diets without phytase. 

FEEDING TO REQUIREMENTS 

The balance of amino acids in protein is the most important factor affecting the· 
utilisation of dietary protein. Animals do not have a requirement for protein per , 
se, but for the amino acids that make up the proteins. The closer the amino acid 
composition of the diet matches the requirement for maintenance and 
production, the ideal protein, the less protein the animal effectively needs and the . 
less nitrogen is excreted in the urine. 
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Plant proteins rarely supply amino acids in the required ratio, therefore, 
feedstuffs are combined to meet the animal's needs for the most limiting essential 
amino acids. This practice usually results in a higher than required protein 
content of the diet due to the presence of other amino acids in excess. The use of 
commercially available synthetic amino acids such as lysine, methionine, 
threonine and tryptophan provides a means for increasing the efficiency of 
utilisation of dietary protein, allowing lower protein inclusions and a better 

. utilisation of the protein in the diet. In a study in The Netherlands, dietary crude 
.. protein for pigs was lowered from 13. 9% to 11 % and the low protein diet was 
'-supplemented with methionine, threonine, lysine and tryptophan. In the low 
protein diet, there was no reduction in weight gain or feed efficiency, but nitrogen 
excretion was reduced by nearly 30%. Recent studies confirmed that compared 
with a control crude protein level of 17.8%, dietary crude protein can be reduced 
to 13.6% plus supplementation with lysine, methionine, threonine and 
tryptophan without any adverse effects on performance or carcass composition of 
growing-finishing pigs. The two low protein diets reduced overall nitrogen 
excretion by 18 and 33% compared with the control of 17.8% crude protein . 
. Feeding according. to amino acid requirements, rather than. total protein 
requirements can therefore reduce the nitrogen content of manure. About one 
percentage unit reduction in total protein content of growing and finishing diets 
is possible with the use of synthetic lysine, methionine, threonine and 
tryptophan. Such a reduction in dietary protein can result in a decrease of 16% 
for the growing period and 19% for the finisher period in urinary nitrogen 
excretion. 

Amino acids requirements vary with age and physiological status. Therefore, to 
keep unnecessary nitrogen losses to a minimum, amino acid supply has to 
change almost continuously, which can be achieved by phase feeding. Recent 
experimental results presented in Table 8 shows considerable benefit from phase 
feeding. Multiple phases improved feed efficiency by approximately seven percent. 
The use of multiphase feeding systems for growing-finishing pigs with a reduction 
in protein content of the diets but supplemented with synthetic amino acids, 
esulted in a reduction in nitrogen and phosphorus excretion by 12%. 
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Table 8: Phase feeding and pig performance between 20 - 105 kg with different lysin 
levels 

Phases 20 -60; 60 - 105 
(kg liveweight) 
Lysine (g/MJ DE) 0.55 I 0.47 
Feed intake (kg) 2.6 
Daily gain (kg) 0.89 
Feed: Gain 2.93 
Cost $ k run 0 .44 

(Baidoo, Onischuk and Crow, 1995) 

0.88 I o.70 
2.6 
1.03 
2.57 
0.43 

20-40-60-80-105 

0.92 I 0.84 I o.74 / 
2.6 
1.08 
2.04 
0.40 

Phase feeding can also be beneficial in reducing nitrogen excretion of breeding 
sows. The nutrient requirements for nitrogen per kg feed are much lower during 
pregnancy than lactation. The use of separate diets for pregnancy and lactation 
compared with one diet for both has been reported to reduce nitrogen excretion 
by 15 and 21 % respectively without influencing reproductive traits between sows 
on one- and two- phase feeding. 

ENHANCING ANIMAL UTILISATION OF NUTRIENTS 

The number of animals required to produce useful animal products will be 
reduced if conversion of feed to animal products is enhanced. Although 
manipulation of digestion is both easier to achieve and generally more acceptable 
to society, a number of approaches have been identified to alter metabolism of 
nutrients. These include the use of feed additives such as nutrient repartitioners 
or agents which could optimize endocrine balance and reduce waste of nitrogen. 
Such agents, growth promoters, include antibodies, hormones and beta-agonists. 
Growth promoters have effects on nitrogen accretion which result in 
improvements both in the efficiency of nitrogen retention and in the rate of gain. 
Both factors have positive effects in terms of the reduction in nitrogen excretion. 
The use of growth promotants such as ractopamine (beta-agonist) and 
recombinant porcine somatotropin (rpST) for swine and monensin sodium 
(ionophore) and recombinant bovine somatotropin (rbST) for cattle resulted in 
reductions in pollutant output ranging from 11.6 to 33.5% in swine and 4.2% to 
11. 7% in growing cattle as presented in Table 9. Furthermore, the use of rbST to 
increase milk yield in dairy cows can reduce nitrogen excretion per litre of milk 
produced by 15% by reducing the number of cows required to produce the same 
amount of milk by a quota system. 
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Table 9. Use of growth promoters to reduce nitrogen and phosphorus excretion of 
pigs and cattle. 

Factors ADG 
(kg/d) 

DMI 
(kg/d) 

Feed 
saved/hd 
(kgDM) 

Manure 
saving/hd 

(kg DM) 

%of 
control 

Beta-agonists and porcine somatotropin to reduce nitrogen excretion of pigs 

Beta-agonist (ractopamine: 
64-95 kg) 

Control 

+ beta-agonist 

Porcine somatotropin (25-55 kg) 

Control 

+pST 

Porcine somatotropin (60 - 98 kg) 

Control 

+pST 

0.99 

1.10 

0.91 

1.10 

1.06 

1.22 

2.41 

2.08 

2.13 

1.90 

3.38 

2.61 

9.32 

8.95 

25.73 

.68 86 

.56 88.4 

1.61 77.4 

Ionophores and recombinant bovine somatotropin (rbST) to reduce nitrogen 
excretion of beef cattle 

Ionophore (monensin sodium) 
(231-380 kg) 

Control 

+ ionophore 

Recombinant bovine 
somatotropin (231-399 kg) 

1.30 7.90 

1.33 7.57 

1.30 7.90 

'+rbST 1.50 8.05 

(Adapted from Williams and Kelly, 1994) 

DIETARY EFFECT ON MANURE ODOUR 

37.3 14.0 95.8 

-16.8 -1.26 101.9 

Odours associated with swine and cattle operations come from a mixture of 
rine, fresh and decomposing faeces, and spilled feed. Anaerobic microbial 
ecomposition of faeces appears to be the source of the more objectionable 
mells. Compounds identified in livestock manure include fixed gases such as 
ethane, ammonia and hydrogen sulphide, alcohols including methanol and 

thanol, acids including C2 - Cs fatty acids, amines including methylamine; 
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aldehydes and ketones; esters; sulphur containing compounds such as dimethyl 
sulphide and methyl mercaptan and heterocycles such as indole and skatole. 

The reduction of substrates for the anaerobic microbial activity will reduce the 
emission of these malodorous compounds. The use of various feeding strategies, 
reduction in nitrogen intake, use of synthetic amino acids, phase feeding, use of 
repartitioning agents, good genetics and various feed additives may reduce 
excretion of nitrogen for formation of malodours. 

FEED ADDITIVES AND MANURE ODOUR CONTROL 

There are numerous commercial products that are alleged to abate and/ or 
control manure related odours. These products can generally be classified as 
chemical, enzymatic or microbial in composition. Furthermore, these additives 
can generally be grouped into categories of odour products such as masking 
agents, counteractants, digestive deodorants, adsorbents, feed additives, and 
chemical deodorants. Of all these categories some of these products under 
appropriate environmental and management conditions, may be effective or 
ineffective for reducing odour intensity and/ or improving odour quality. Some of 
the feed additives under study include oligosaccahride sources, such sugar beet 
pulp, soybean hulls and Jerusalem artichoke. 

OLIGOSACCHARIDE FEED ADDITIVES 

An approach to manipulate the intestinal flora and metabolism of non-ruminants 
is the use oligosaccharides (e.g. fructans). These oligosaccharides have the ability 
to resist attack by digestive enzymes of animals and thus not metabolised by the 
host. For this reason they are able to reach the colon and serve as growth 
substrates for certain non-pathogenic micro-organisms such as Bifidobacteria, .. 
lactobacilli, and Bacteriodes spp while reducing the numbers of less desirable 
micro-organisms such as Clostridia, Eubacteria, Enterobacteria and Coliforrns. 
In turn, this may alter the pool nutrients available to the host animal, change in: 
the gut environment, and/ or change the digesta/fecal composition. Studies have 
shown that addition of oligosaccharides to the diet of animals decreases blood 
urea concentration favoring a net transfer of urea into cecal lumen. The ammonia, 
generated by bacterial urease is used for bacterial protein synthesis, thus 
trapping nitrogen for elimination in the feces. 

Jerusalem artichoke 

Jerusalem artichoke (Helianthus tuberosus L.) is a plant native to Canada. It ha 
a tuber that develops below ground. The tuber is rich in the carbohydrate inulin' 
Inulin can be broken down chemically to the simple sugar fructose calle. 
fructooligosaccharide. Feeding of Jerusalem artichoke to pigs have been shown f 
increase body weight and feed efficiency. In addition there are reports tha 
feeding inulin containing feedstuffs encourages the growth of Bifidobacteria i 
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the pig which reduces diarrhea in pigs and also reduces malodours from swine 
manure. In a sensory evaluation study, the smell of fresh (less than 4 h) manure 
from pigs fed 3% and 6% Jerusalem artichoke was sweeter, less sharp and 
pungent and had less of a skatole smell than pigs fed the control diet (Table 10). 

Table 10. Sensory evaluation of the smell of manure of pigs fed diets containing 

Jerusalem artichoke 

Characteristic Diet 

0% 3% 6% 

Sweet 3.9 4.3 5.0 

Earthy 2.5 2.4 2.4 

Sour 2.9 2.9 3.3 

Sharp, pungent 5.4 4.3 4.1 

Skatole 6.0 4.0 3.9 

(Farnworth, Madler and Mackie, 1995) 

The observed changes in pig manure may be due to the positive influence of 
Jerusalem artichoke on bifidobacteria in the intestinal microflora. 

ZEOLI TES 

Zeolites are a family of minerals of volcanic origin that combine a high level of 
porosity with a capacity for both absorption and ion exchange. In a pilot study at 
McGill University, 5% zeolite (tektosilicate), as a feed additive in swine diet 
produced manure releasing less ammonia than that of the control pigs by 21 %. 
Zeolite has also been shown to absorb phenolic compounds. The exact functions 
of zeolite in controlling diarrhea and reducing manure odour requires 
physiological and biochemical investigation. However, the ammonium selectivity 
of clinoptitolite suggests that it might act as a nitrogen reservoir in the digestive 
:system of the animal, allowing a slower release and more efficient use of 
ammonium ions produced by the breakdown of ingested rations in the 
development of animal protein. 

Dietary electrolyte balance 

Altering the dietary electrolyte balance (Na + K -Cl) generally reduces pH of the 
urine and slurry, therefore, lowering the emission of ammonia from the slurry. 
Research has shown that CaS04, CaCb or Ca-benzoate are very effective in 
reducing slurry pH than the usage of CaC03 in the diet. The reduction in slurry 
pH results in reduced ammonia emission. 
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YUCCA EXTRACTS 

Extracts and preparations of the desert plant Yucca schidigera have been 
reported to reduce gastrointestinal or faecal ammonia levels in pigs, poultry and 
dairy cattle. The proposed mechanism of action include the inhibition of 
microfloral urease, the direct binding of ammonia and enhanced microfloral 
nitrogen utilization. In a study reported in Table 11, dietary Yucca schidigera 
extract was effective in reducing ammonia levels and improving pig performance. 

Table 11. Environmental ammonia levels and pig performance with and without 

dietary Yucca schidigera extract 

Ammonia at start (ppm) 

Ammonia at finish (ppm) 

Daily live weight gain (g/ d) 

Cole and Tuck, 1995. 

CONCLUSION 

Control 

31.2 

30.0 

817.3 

Yucca shidigera extract 

30.1 

19.6 

847.3 

Nutritional management of livestock can substantially contribute to reduction in 
animal excreta production and nutrient content by adopting technologies to 
improve the efficiency of nutrient use. Such technologies should focus on 
increasing the nutrient utilisation of the diet by reducing nutrient excretion, 
manipulate the diet to alter microbial fermentation in the lower GIT and reduce· 
excretion of odor-causing compounds and alter the physical environment of urine. 
and feces to suppress odor emissions. 
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Animal domestication began 5,000 to 10,000 years ago. Throughout this period, methods 
to maintain these animals in confinement have involved steady changes in management 
strategies. Perhaps the greatest changes involved the intensive raising of large numbers 
of animals in a single animal unit. Each management change has resulted in the 
emergence of a consequence, often not predicted before adopting the new strategy. In 
order to understand emerging food safety issues in intensively raised animals in 
confinement, scientists need to focus on changes in management and the predicted or· 
observed consequences of those changes. 

Consolidation of large numbers of animals was perhaps the biggest change in 
management occurring this century. Prior to consolidation, it was said "Poultry to be 
successful on a large scale must be kept in small colonies of about 50 birds, for many 
more than that number in a single house is apt to cause sickness or disease ere long 
among" (Wehman, 1892). How did we move from flocks of 50 to complexes of a 
million or more birds at a single location? What were the issues that emerged as a 
consequence of changes instituted? 

The interplay of management, microbes, genetics, and immunity has significantly 
affected growth and development of animal food industries and the safety of products 
produced. Central to this interplay is the immune system. A look at this interaction 
brings opportunity as well as serious concern. 

Management 

As we transitioned from 50 bird animal units to 2 million bird complexes, we were faced 
with a problematic interaction: the microbe and the animal. Vaccination was our 
primary weapon of management allowing animal consolidation. In the 1940s and 50s it 
was quickly followed by the use of antibiotics for disease resistance, growth promotion, 
and feed efficiency. With these two tools alone, animal industries realized huge 
efficiencies through consolidation and vertical integration. Have we become short
sighted in believing that these two tools will protect us well into the future? If one 
considers the length of time that man and animal have been on earth, the use of 
intentional vaccination and dietary antibiotics is a mere blip on the evolutionary time 
scale. The belief that antibiotics and vaccines will always protect us is naive since their 
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effectiveness is dependent on static microflora. We now know that microbes are not 
static. The pressures of consolidation, vaccination, and antimicrobials drive change in 
microbes. We are constantly faced with the need to change vaccines or the biochemical 
mechanism of antimicrobials. Is there a management tool that assures continued 
improvements in growth and performance that does not pressure resistance in microbial 
environments? What alternative strategies can we use to assure a healthy interplay 
between the animal and environmental microbes? 

Why Antibiotics? 

By the 1970s, 50% of antibiotics used in the U.S. went into animal agriculture (Von 
Houwelling, 1978). Most of these antibiotics were not used to fight disease, but were fed 
on a continuous basis to enhance growth and feed efficiency. Hence, their constant use 
provided continuous pressure for microbial change, and a potential for food borne disease 
(more later). To find alternative strategies to antimicrobial use, one needs to understand 
why antibiotics stimulate growth. 

Lev and Forbes (1959) conducted a pivotal paper that pointed to the reason antibiotics 
stimulate growth. Using chicks raised iri germ free conditions, antibiotics had no growth 
stimulating effects. When germ free chicks were exposed to bacteria, chick growth was 
reduced over 10%. With the addition of antibiotics, chicks exposed to bacteria showed a 
7% improvement in growth. The bacteria used were nonpathogenic, and hence did not 
suppress growth by an infectious process. How does the presence of bacteria in the 
environment suppress growth? The answer lies in the interplay between the 
environmental microbes and the animal's immune system. 

Klasing et al. (1987) showed that chicks injected with the cell wall ( endotoxin) of gram 
negative microbes had poorer growth, reduced feed intake and poorer feed efficiency. 
We recently conducted experiments that showed that feeding endotoxin suppresses 
growth. We now know that any immune stimulation suppresses animal performance. 
We conducted a study with a large integrated duck company to investigate the effects of 
their bacterin vaccination program on final carcass yield. Ducks vaccinated twice with 
the bacterin, had a 9% reduction in final carcass weight and a 5% loss in breast meat 
yield. The effects of immune stimulation on animal performance are now well accepted. 
Thus, feeding antibiotics stimulates growth by reducing the load of immune stimulants. 

When cells of the immune system first encounter an immune-stimulant (i.e. bacteria) they 
release communication signals known as cytokines. Cytokines in tum signal other cells 
of the immune system to prepare for a defense. Klasing et al (1987) showed that the 
growth depression caused by immune-stimulation could be directly induced by injecting 
cytokines. Interleukin- I (IL-1) and tumor necrosis factor (TNF) are now well known to 
be the most potent cytokines inducing weight loss and anorexia. 

Additional research by Klasing and others determined the mechanism by which IL-1 and 
TNF induce weight loss. During the immune response, these cytokines not only up-
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regulate immune defenses, but they also enter the circulation and induce muscle wasting. 
In chronic stimulation conditions, wasting can become severe enough to result in death. 
Acute high endotoxin exposure can also lead to high blood levels of these cytokines 
causing death. 

Since the immune system can have a negative impact on important economic traits in 
animal agriculture, an attempt to improve immune function may have a negative effect on 
animal growth and feed efficiency. Hence, enhancement of immune function may not be 
an effective strategy in lieu of antibiotics (more later). 

Microbial Change 

The reservoir of antibiotic resistance to human pathogens has been a controversial issue 
for a number of years. The medical community blames agriculture, and agriculturists 
generally blame the overuse of antibiotics in human medicine. It is clear that in antibiotic 
use surveys, pounds used in animals can be 100 to 1000 times that found in humans 
(Witte, 1998). Detailed longitudinal trials on newer antimicrobials are beginning to point 
to resistant bacteria emerging from the use of antimicrobials in animal feeds. 

A study conducted in East Germany on E. coli resistance to the antibiotic nourseothricin 
is probably the best illustration (Witte, 1998). In a community committed in raising pigs 
there was no evidence of nourseothricin resistance detected prior to the introduction of 
the antibiotic in swine feeds (1983 ). From 1983 to 1990 nourseothricin was used as a 
growth promotant in swine diets. By 1985, resistant E. coli began to appear in the 
intestinal contents of pigs and in the processed meats. In 1990, pig farmers and 
community citizens were found to carry resistant E. coli and by 1987, resistance to the 
antibiotic had transferred from E. coli to the human pathogen Shigella. The movement of 
resistance from nonpathogenic species to human pathogens should signal the need for 
finding alternatives to antibiotics. Are there any other alternatives to antibiotic use? 

We conducted research in the 1980s that suggested that increasing the square feet per 
broiler eliminated the need for the growth enhancing effects of antibiotics. Doubling the 
floor area provided to young growing broilers (> .3 ft per broiler the first 3 weeks of life 
in battery brooders) was capable of eliminating the need for antibiotics to improve the 
growth response (Dafwang et al., 1987). However, a doubling of floor space for broilers 
would decrease the available infrastructure for raising 4 billion broilers, which translates 
to about $8 billion per year. This is not economically justifiable. Another alternative 
was to increase sanitation (Dafwang et al., 1996). Improved sanitation is a priority in 
both the poultry and swine industry. However, elimination of endotoxins and bacterial 
exposure is almost impossible without resorting to major changes in management 
practices (i.e. cage systems for broilers). The need for antibiotics under current consumer 
demands for an affordable safe food supply requires new strategies. 

Hence a dilemma becomes apparent. Improved immunity may select for depression in 
growth rate and feed efficiency, but the use of antibiotics as growth promotants yields 
potentially resistant human pathogens. Management decisions to eliminate dependence 
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on antimicrobials, while effective, at a high cost in assuring an abundant and safe food 
supply. 

Genetic Selection 

Intertwined in management, immunity, and microbial interfaces in the modem 
consolidated animal rearing facilities are genetic changes that have occurred in modern 
agricultural facilities. Since the immune response has a negative influence on 
performance, what is the consequence of genetic selection for growth and feed efficiency 
in an immune stimulating environment? We predicted that selection for enhanced growth 
rate and improved feed efficiency in an immune stimulating environment, invariably 
selects for immune suppression. Simply stated, the animal having the highest growth rate 
in the presence of a microbial environment, is the animal that is least likely to produce or 
respond to the catabolic cytokines. Indeed, immunologists working with modem broiler 
strains have observed both a decline in depressed growth due to endotoxin as well as the 
ability to harvest cells known to be major producers of IL-1 and TNF. 

We recently conducted experiments to correlate immune function (cell mediated 
immunity) and growth rate within elite avian breeding stocks. The heavier the bird, the 
lower the cell mediated immunity (corr= -.38). We also observed that lines selected for 
breast meat yield, feed efficiency or rate of gain had immune parameters that were 
reduced when compared to nonselected strains. If modem selection criteria are causing 
immune suppression by the selection for endotoxin resistance, then liability for animal 
health is increasingly being transferred to the producer and those responsible for animal 
health care. Does selection for growth and feed efficiency make producers of animal 
products more dependent on vaccination and antimicrobial use (in disease circumstance, 
but less for growth promoting reasons)? If such is the case, is resistance to antibiotics 
going to be an increasing issue or will the selection pressures eliminate the need for 
continually feeding antimicrobials for the purpose of growth promotion? 

It is clear that the moment is right to find alternative means of growth promotion in 
animal agriculture. These growth promotants should not focus on the environmental 
microbes, but should instead focus on the interface between the animal's immune system 
and the physiological processes involved in growth and efficiency. "Industrial 
investments in alternatives to antimicrobials for animal growth should ... [protect] the 
fragile resources that are critical to successful management of human infectious disease" 
(Witte, 1998). In addition, alternative methods to improve animal growth, apart from 
antimicrobials, immune suppression, and genetic selection will assure the maintenance of 
the animals innate immune system, preserve adaptive immunity for vaccination, and lift 
pressure on microbial change and resistance. Such alternatives should shore up the 
infrastructure ofraising animals in high density. 
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Examples of Alternatives 

I spent the first 12 years of my academic career studying the effects of required nutrients 
on the immune response of birds (reviewed Cook, 1991). However, Klasing's (UC 
Davis) work convinced me that simply enhancing immune function could have an 
adverse effect on performance. Indeed, I found literature to support this belief. 

A closer examination of research on IL-1-induced muscle wasting showed that cytokine
induced degradation of muscle strips was concomitant with a rise in the production of 
prostaglandin E2 (PGE2) in the muscle fibers (Goldberg et al., 1984). When PGE2 was 
directly applied to muscle strips, protein degradation increased (Figure 1) (Rodmann and 
Goldberg, 1982). HenceIL-1 appeared to induce muscle wasting by stimulating 
prostaglandin production. 

We believed that regulation of prostaglandin synthesis in muscle tissue would be an 
effective means of preventing immune induced wasting (Cook et al, 1993; Cook and 
Pariza, 1998; Cook, 1999). Prostaglandin E2 is a metabolite of the fatty acid linoleic 
acid (18:2, cis 9, cis 12). Ha et al. (1987) had reported on the anticancer properties of 
linoleic acid derivatives known as conjugated linoleic acid (18:2, cis 9, trans 11 and trans 
10, cis12) (CLA). The logic behind the use of the linoleic acid analogue was fo compete 
with linoleic acid for enzymes involved in prostaglandin synthesis. Experiments were 
conducted to assess the influence these fatty acids had on preventing weight loss 
following endotoxin injection. In chicks, mice and rats, weight loss post endotoxin 
injection was reduced when fed CLA (Cook et al., 1993; Miller et al., 1994). 
Surprisingly, CLA had many other health related aspects apart from preventing immune
induced weight loss. In addition to being an anticarcinogen, CLA was found to reduce 
atherosclerosis, enhance select immune responses, reduce body fat, improve feed 
efficiency, and increase muscle mass (Cook and Pariza, 1999). 

Immune stimulation, through cytokine effects, has also been shown to induce anorexia. 
Interleukin- I has been shown to stimulate the release of neurotransmitters which signal 
the brain to avoid eating (Daun and McCarthy, 1993; Ohgo et al., 1992). One of these 
neurotransmitters, cholecystokinin (CCK) has long been associated with the satiety effect 
(Figure 2). 

In the late 1980's, we embarked on a strategy to regulate CCK activity in chickens (Cook 
et al., 1998). Initially we attempted to cause autoimmunity in breeding hens to CCK. 
These autoimmune antibodies would be passively transferred to progeny with hopes of 
reducing biologically active forms of immune-induced release of CCK in circulation. 
While positive effects were achieved (i.e. improved growth and improved feed efficiency 
in progeny from dams autoimmune to CCK), the methodology presented some 
troublesome control of antibody level transferred. Hence, the method presented problems 
for technology transfer to industry, that would take considerable research to solve. We 
then attempted to feed the antibodies deposited in the yolk to young growing broilers and 
pigs. Feeding antibodies to CCK, as well as a number of other gastrointestinal peptides, 
improved growth and feed efficiency in conventionally raised poultry. 
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Commercialization of such products has begun. As I write, product is being fed to 
improve growth and feed efficiency of broilers. 

These two examples illustrate opportunities for the regulation of the negative 
consequences of the immune response. By probing the basic underlying mechanisms of 
immune induced catabolism, strategies can be developed to assure normal immunity, 
improved growth and feed efficiency, and reduce the development ofresistant microbial 
populations. 
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Figure 1. 

Figure 2. 
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USE OF ENZYMES IN NON RUMINANT DIETS 

ABSTRACT 

R.P.M. Bremmers, 
Loders Croklaan, 

Postbox 4, 1520 AA 
Wormerveer, Netherlands. 

Email: ruud.bremmers@croklaan.com 

The digestibility of non ruminant animal diets can be increased in many cases when 
enzymes are added to diets containing high amounts of xylans and beta glucans. Phytase 
has a positive effect on the digestibility of phosphorus from vegetable origin. Research 
indicates that galacto oligosaccharides have a negative impact on the overall digestibility of 
soya bean meal. Alpha galactosidase, in concert with invertase, shows a positive effect, for 
example on the apparent metabolizable energy and on the ileal digestibility of amino acids. 
Non starch polysaccharides in other raw materials are digested only partially and 
investigations on the possibilities of enzymes on economically important ingredients is 
ongoing. 

INTRODUCTION 

The use of enzymes is widespread in animal feeds. This paper will give attention to some 
enzymes and focus on the role of galacto oligosaccharides in legume seeds for non 
ruminants and the enzyme, alpha galactosidase. 

PRESENT ENZYMES ON THE FEED MARKET 

Enzymes for diets with high amounts of wheat and barley are given most attention and the 
main activities for these type of diets are xylanase and beta-glucanase respectively. Alpha 
amylase is often added in diets for piglets to improve the digestibility of starch. Also phytase 
is used in a lot of feeds, not only improving the phosphorus digestion from vegetable 
sources, but also having positive side effects on the digestion of minerals and protein. 

The Non Starch Polysaccharides (NSP) present in wheat and barley may increase viscosity 
of the digesta in the gastro-intestinal tract of the animal and enclose nutrients in the matrix 
of the cell wall. It is also known that the amount of endogenous secretion of the pancreas 
and turnover of gut wall is influenced by high levels of NSP. 

The accepted mode of action of enzymes for wheat and barley is based on the effect of 
reduced viscosity and the release of more encapsulated nutrients. The effect on an 
improved nitrogen digestion may be due to this release and to a lower endogenous 
secretion of nitrogen. Also, the starch present in the wheat and barley may be released 
quicker, which gives less room for fermentation. Fermentation of nutrients in the small 
intestines, which would otherwise be digested by the animal itself, leads to a loss of energy 
and the growth of certain microbial populations that may cause imbalance of the gut flora. 
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LEGUME SEEDS 

Legume seeds and its meals are often included in diets for pigs and poultry as a vegetable 
protein source. Soya bean meal (SBM) is used by far the most (approximately 50 million 
metric tons per year) in animal feed but also rape seed meal, peas and lupines are 
frequently used products. 

Predominant NSP in soya bean meal are rhamnogalacturonans and arabinagalactans 
(Knudsen, 1997). The hull fraction of SBM contains more cellulose and is for that reason 
usually not included in fractions for pig and poultry diets. Pectic substances present in SBM 
have a backbone of galacturonic acid interspersed with rhamnose and side chains with 
galactose, arabinose, xylose and fucose. 

In total, 59 % of the soya bean meal is water soluble and the protein is included in this 
fraction (Huisman et al., 1998). In the water unsoluble fraction, the content of NSP is 96% 
and only 2 % is protein. The soluble protein is expected to digest almost completely. Since 
the unsoluble fraction only contains 2 % protein, it is not expected that the true digestibility 
of soya bean meal can be improved substantially. However our research (not published) has 
shown that the production of endogenous protein is higher with soya bean meal in 
comparison with skimmed milk powder. This is related to the unsoluble NSP in soya bean 
meal. The NSP in the water unsoluble fraction has a high degree of acetylation and 
methylation (Huisman et al., 1998), which makes it more difficult to break down these 
fractions with enzymes. 

GALACTO OLIGOSACCHARIDES IN LEGUME SEEDS 

The oligosaccharides in the legumes are from the raffinose family and consist of a sucrose 
residue and at least one or more galactose residues, see figure 1. 

,',' 'Q2 0 0 

OH 

. OH 

galactose galactose glucose fructose 

SUCROSE 

Figure 1 : The structure of galacto-oligosaccharides 

An important component of legume seeds are oligosaccharides. The total content in SBM is 
about 60 g/kg; for peas it is 50 g/kg and for lupins it is 77 g/kg (Knudsen, 1997). The amount 
of galacto-oligosaccharides differ according to the raw material, variety, region and time. 

210 



--l"l"IE:rauo OT ramnose, sracnyose ana vernascose oreacn species 1s iyp1ca1; usua11y in 

legumes the content of stachyose is the highest. 

In order to degrade oligosaccharides, the enzyme alpha galactosidase is essential to 
release the galactose residues from the sucrose. lnvertase is needed to cleave to sucrose 
unit to glucose and fructose. Figure 2 eluCidates to role of the enzymes. 
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Figure 2: Degradation of raffinose by alpha galactosidase and invertase 
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Humans and animals lack alpha galactosidase as an endogenous enzyme of the gastro
intestinal tract. Ruminants overcome this problem in the rumen where bacteria produce this 
enzyme and the ruminants benefit from the volatile fatty acids following the degradation of 
the galacto-oligosaccharides. 

Gdala et al. (1997) investigated the level of galacto-oligosaccharides on ileally fistulated 
piglets fed a diet based on lupins and found considerable breakdown of raffinose, stachyose 
and verbascose on ileal level, see figure 3. 
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Figure 3: lleal digestibility(%) of galacto-oligosaccharides in piglets fed diets with lupins 
(adapted from: Gdala et al., 1997) 
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There are two possibilities of the degradation of the oligosaccharides in the gastro-intestinal 
tract in non ruminants. One is that the legumes contain endogenous activity of alpha
galactosidase. Our research on SBM (not published) using the technique of in vitro digestion 
(adapted from Babinszky et al., 1990) could not confirm such endogenous activity in SBM. 

Our research (not published) has shown also high levels of bacteria in the small intestines, 
which suggests that fermentation may play a substantial role in the small intestines and 
degrade products such as galacto-oligosaccharides which is in agreement with findings from 
Gdala et al. (1997, see also figure 3). The energy and amino acids which are used in the 
fermentation could have been used otherwise more effectively by the animal. Besides that, 
gut flora (Enterococci, Lactobaccilli, Clostridiae and Bacteroides) has the ability to break 
down bile acids to inactive components (Hylemon, 1985) thus influencing the digestion of 
fats. 

Unfermented galacto-oligosaccharides also have a negative effect on digestion because 
these carbohydrates are not absorbed by the gut wall and remain in the lumen. They cause 
an increase in the osmolarity which leads to fluid retention and, because of the diluting 
effect, to a lower hydrolysis of other nutrients (Wiggins, 1984). A higher fluid retention also 
leads to a higher feed passage rate, confirmed by Coon et al. (1990) who found a transit 
time of 115 minutes in chicken fed a diet based on soya bean meal without oligosaccharides 
versus a transit time of 75 minutes in chicken fed a diet with oligosaccharides. There was no 
effect on the feed intake. A decrease in transit time of 38 % may have a negative impact on 
the digestibility of nutrients since the time for the degradation of nutrients by endogenous 
enzymes and absorption may be too short for optimal digestion. It was also noticed that the 
fecal pH level was influenced: the pH in faeces of chicken fed the diet containing 
oligosaccharides had an average pH of 6.64 versus 7.21 in the group without 
oligosaccharides. 

In some of the research, the effect of oligosaccharides has been studied by extracting the 
oligosaccharides from the soya bean meal. Most often the extraction was done using a 
mixture of water-ethanol, but by using such an extraction (Visser and Tolman, 1993) more 
components are extracted than the oligosaccharides. These fractions may contain e.g. 
saponins, non protein nitrogen fractions and phytoestrogens that piglets and calves are 
especially susceptible to. 

To show the effects of oligosaccharides alone Leske et al. (1993) had taken water ethanol 
extracted SBM as starting material in a trial using roosters and added several levels of 
stachyose or raffinose up to maximum levels normally present in soya bean meal. The 
results are given in table 1. 
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Table 1: Metabolisable Energy (MEn) and digestibility values of soya concentrate adding 
increasing levels of raffinose or stachyose when fed to roosters (adapted from Leske et al., 
1993) 

Oligosaccharide % Inclusion* MEn diet OM digestibility (%) 

Stachyose 100 3123 c 63 b 
60 3132 c 60 b 
20 3280 b 60 b 

0 3768 a 75 a 
Raffinose 100 3166 c 60 b 

60 3312 b 61 b 
40 3736 a 68 a 

0 3761 a 72 a 
* : % inclusion of the usual content in soya bean meal 
a,b,c: Values within the same column with no common letters are significantly different 
(P<0.05) 

An average level of stachyose in SBM is 5.2% and the experiment shows that there seems 
to be a threshold level already at 20 % of this amount i.e. 1.36% at which stachyose exhibits 
a negative effect on the energy value of soya bean meal. The threshold level of raffinose 
seems to be passed at 60% of the average level, which corresponds with 0.65%. The levels 
of stachyose and raffinose in soya bean concentrate are much lower (own research) and at 
those levels no negative effects are to be expected. Also Leske et al. (1991) had found an 
increase in Total Metabolisable Energy (TMEn) using extracted SBM and a decrease in the 
energy value when the oligosaccharides were added back in the diets. Adding the total 
extracted fraction decreased the energy value similar to SBM or SBM+ oligosaccharides. 
This proves that oligosaccharides alone have a negative impact on the digestion. 

EFFECTS OF ALPHA GALACTOSIDASE 

One possibility to avoid the negative aspects of high amounts of galacto-oligosaccharides 
fed to animals is by water ethanol extraction. Another possiblity is to break down the 
oligosaccharides by exogenous enzymes. In order to degrade the oligosaccharides to 
monosugars, the enzymes alpha galactosidase and invertase are needed. The effect of 
alpha galactosidase was investigated in our following experiment. 

Thirty two broilers (2 treatments, 8 replicates, 2 birds per pen) were set up in an experiment 
to test the effect of alpha-galactosidase on the Apparent Metabolisable Energy (AMEn). 
Concentrated alpha-galactosidase (Quest inti.) was added as a liquid (10 ml/mton of feed) to 
one treatment. The feed of the control group was, except for the enzyme, identical. The 
AMEn was corrected for a zero retention of nitrogen. The diet was based on maize (53.4%) 
and soya bean meal (40%) and completed with a vitamin mineral premix and sunflower oil. 
The results indicate a improvement of the digestion: AMEn values calculated for soya bean 
meal were 2129 and 2539 kcal/kg respectively for control, and the alpha galactosidase 
treated group (no significant differences). Nitrogen digestibilities were 76.46 and 81.04 % 
respectively (significant differences, P= 0.02). 

Gdala et al. ( 1997) investigated the effect of alpha-galactosidase on a diet for piglets based 
on different species of lupins. With yellow lupin, a significant increase was found in the 
digestion of dry matter: 76.4% in the control versus 78.4% in the diet containing alpha 
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------galactosidase. Also the digestibility of the gross energy was increased from 78.6% to 80.7% 
(P<0.05). The effect of alpha galactosidase on the ileal digestibility of amino acids in piglets 
in the same experiment is illustrated in figure 4. 
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Figure 4: The effect of alpha galactosidase on the apparent ileal digestibility of amino 
acids of piglets fed a diet based on yellow lupins (adapted from Gdala et al., 1997) 

Most of the enzymes on the market have the aim to break down specific bindings in order to 
improve the digestibility. However it is also interesting that at least two enzymes present on 
the feed market were found able to synthesize raffinose. Slominski (1994) found an increase 
in the level of raffinose from about 10 g/kg to more than 40 g/kg after incubating soya bean 
meal with a commercial enzyme. 

FUTURE 

Much research has been done in the world on xylans, beta glucans, phytates and 
oligosaccharides in ingredients like wheat, barley and soya bean meal. Lowering cost 
production of these enzymes will make them even more beneficial. 
The table below shows the anti-nutritional factors and non starch oligo- and polysaccharides 
in some other feedstuffs. 
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Table 2: Anti-nutritional factors and non starch oligo-and polysaccharides in some common 
feedstuffs 

Feed ingredient Anti-nutritional factor Non starch oligo- or 
polysaccharide 

Rye Protease inhibitor Arabinoxylans 
Phytate Beta glucans 

Triticale Protease inhibitor Arabinoxylans 
Phytate Beta glucans 

Sorghum Tannins Cellulose 
Beta glucans 
Arabinoxylans 

Peas Protease inhibitors Raffinose 
Lectins Stachyose 
Tannins Verbascose 
Phytates Arabinoxylans 

Rape seed meal Sinapines Raffinose 
Glucosinolates Stachyose 

Arabinoxylans 
Pectins 

Sunflower meal Tannins and other phenolic Cellulose 
components Xylans 

Xyloglucans 

This table indicates possibilities to improve the value of these raw materials by using the 
right enzymes. Intensive research on these subjects is ongoing. 

CONCLUSION 

Enzymes such as xylanases, beta glucanases and phytases have proven their effect on 
enhancing the value of wheat and barley and some other ingredients. It has also been 
shown that galacto oligosaccharides present in legumes have a negative impact on the 
digestion of non ruminants and there is reason to use alpha galactosidase in diets 
containing substantial amounts of legumes such as soya bean meal. More research is 
needed on improving the digestibility of ingredients containing a high level of non starch 
polysaccharides. 
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LIMITING AMINO ACIDS AND ENERGY UTILIZATION IN 
MARKET TURKEY DIETS 

Virgil Stangelanda, Sally Nollb1
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Stangeland Feed Consultinga, 
Department of Animal Science, University ofMinnesotab, 

Land O' Lakesc 

Energy and protein represent about 90% of the cost of feeding turkeys. Balancing 
protein (amino acids) and energy is important to cost-effective feeding of turkeys. 
However, finding the lowest protein diet that will give acceptable weight and 
good feed conversion is a thing of the past. When feed is cheap and a premium is 
paid for breast meat the focus of nutrition must be on adding value to our meat 
products. Future research at the University of Minnesota must focus primarily on 
finding ways to maximize the production of our most valued meat products. 

This report will discuss two recent experiments conducted at the University of 
Minnesota, Rosemount Agricultural Experiment Station. Both studies show 
useful ways of increasing breast meat yield while optimizing the cost of. 
production. The first study determined the protein/threonine requirement for the 
turkey tom. The second study then examined the energy to protein ratio as 
affected by feed processing. 

Threonine Requirement Study (Exp. TG-981) 

The capability to reduce dietary protein and use supplemental amino acids to 
provide the appropriate balance requires identification of the limiting amino acids 
and determination of requirements. Limiting amino acids in com-soybean meal 
based diets after lysine and methionine are considered to be threonine, valine and 
isoleucine (Firman and Boling, 1998) for young turkeys. Research with older 
turkeys is limited. Previous research conducted by Waibel et. al (1995) has shown 
that gains can be maintained with reduced protein to 85% of the NRC with 
methionine and lysine supplementation. Threonine (thr) supplementation was 
beneficial as protein level was reduced below that of 85% of the NRC 
recommended level (Waibel et al., 1996, 1999ab). Kidd et al. (1997) also 
examined thr supplementation of low protein diets (92 and 84% NRC protein). 
Some response to supplemental thr was observed for body weight and breast meat 
yield with the 84% NRC diet. 

The next step is to determine the threonine requirement of growing turkeys. A 
few research reports have supplied some thr requirement information. Waldroup 
et al. (1998a) examined the thr requirement of young turkeys to 9 wks of age. 
Using weight gain as the criteria the requirement was determined to be .92 and 
.86% of the diet for the respective 3 to 6 and 6 to 9 wk feeding periods. Kidd et al. 

1 Correspondence: Dr. Sally Noll, Animal Science Dept., Univ. of MN, 1364 Eckles Ave., 
St. Paul 55108. 
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(1998a) indicated a requirement of .93, .88 and .77% of the diet for the respective 
0 to 3, 3 to 6 and 6 to 9 wk age periods. Both papers conclude NRC ( 1994) thr 
requirements for turkeys to 9 wks are adequate and may be in slight excess. 

Lehman et al. (1997) assessed the thr requirement during three age periods (0-4, 
8-12, and 16-20 wks of age) with diets containing wheat, corn and soybean meal 
and supplemented with lys, met, iso, val, arg, and tryp. Based on gain the 
requirements for the respective age periods were: .95, .69, and .58% of the diet. 
Feed efficiency was affected by thr only in the first period and resulted in an 
apparent lower requirement of .88%. Breast meat yield as determined in the last 
period also was impacted by thr resulting in an estimated requirement of .64% for 
the 16 to 20 wk period. 

The objectives of the first study in this report were to determine the thr 
requirement by decreasing natural or intact diet protein and by supplementing thr 
to low protein diets. 

Methods 

Twelve hundred male Nicholas poults were randomly distributed in 50 pens and 
raised to 8 wks of age at the Rosemount Agricultural Experiment Station -
Turkey Nutrition Building. Each pen measures 6 x 8 ft in size. The building is 
split into two halves with each half containing 50 pens. Prior to the start of the 
trial the building was cleaned and disinfected and bedded with fresh wood 
shavings. Heating and ventilation are provided with a negative pressure system. 

During the first week of age lighting was continuous. During the remaining 
experimental period, light was provided as an intermittent program (4(2L:4D)). 
Room temperature after brooding was decreased to 65 F at 8 wks of age. 
However, due to warm spring time weather, barn temperatures were greater than 
65 F. The average barn temperature was greatest during the 14-17 wk period and 
averaged 7 4 F. 

Turkeys were fed high protein diets to 8 wks of age to maximize growth. At 7 
wks of age, poults were individually weighed and the heaviest and lightest turkeys 
were removed from the flock. The selected turkeys were randomized into 98 pens 
so that starting weights of each pen were approximately equivalent. At 8 wks of 
age, the turkeys were again individually weighed and fed the first set of research 
diets. 

Dietary treatments (14) were randomly assigned within each of 7 blocks of 
replicate pens. Diets were formulated for 3-wk feeding periods of 8 to 11 wks, 
11 to 14 wks, 14 to 17 wks, and 17 to 20 wks of age. The treatments, representing 
various amino acid levels (as% ofNRC) are shown in Table 1. The NRC (1994) 
amino acid requirements for growing male turkeys were adjusted to 3-wk periods 
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as shown in Table 2. Diets were formulated with the adjusted NRC amino acid 
levels made proportional to metabolizable energy (ME) level. 

Within each age period, diet ME was held constant by adjusting the amount of 
sand or fat in the diet. The amounts of meat and poultry meal and canola meal 
were held constant for each period but varied downward by 0.5% increments from 
the first to last period. More detailed diet information can be obtained by written 
request. 

All diets were supplemented with lysine, methionine (for TSAA), arginine and 
tryptophan to provide a minimum of 105% NRC in the lower protein diets. The 
70 and 78% NRC thr (protein) diets were also supplemented in addition with iso 
and val to 105% NRC recommended level. The 84% NRC thr (protein) diet was 
fed with and without supplemental isoleucine and valine. 

With Treatments 1-6, the diets were formulated using reductions in intact or 
natural protein ingredients (soybean meal) to setthe thr level. The thr levels 
ranged from 108% ofNRC to 70% ofNRC. The 70% NRC thr (protein) diets 
(Trts 7-10) were supplemented with thr to increase thr to 76 to 100% ofNRC. In 
Treatments 11 to 14, 84% NRC thr (protein) diets were supplemented with thr, 
isoleucine and valine. Representative diets for the 11 to 14 wk period are shown 
in Table 3. 

Batches (lots) of each ingredient were set aside for use throughout the experiment. 
Amino acid values for these ingredients were determined and used to formulate 
the diets without adjustment for digestibility. Each diet with a different protein 
content was sampled and assayed for amino acids and other nutrients to validate 
the accuracy of the calculated values. 

Turkeys were individually weighed at the end of each 3-wk feeding period and 
feed used for the period measured. The turkeys were processed the day after the 
20 wk weighing, and carcasses were put on ice and deboned the following day to 
determine breast meat yield. 

Results and Discussion 

Body weights (Table 4) of toms at 20 wks of age varied from a low of 35.3 lb on 
the 70% thr (protein) diet to a high of 39.7 lb on the thr (protein) 100% NRC. 
Determination of the requirement by segmented regression resulted in a 
requirement of 85% NRC thr from 8-11 wks of age and 96% NRC thr at 20 wks 
of age as provided by intact protein. 

Thr supplementation of the lowest protein diet increased body weights to that of 
the 92% NRC thr (protein) diet (Trt 10 vs Trt 3). However, these 20-wk weights 
are significantly lighter than those of toms fed the 100% NRC thr (protein) diet 
(Trt 2). Whereas, at 11 wks and 14 wks of age, supplementing lower protein diets 
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with thr to 92% of NRC resulted in body weights equal to the birds receiving the 
100% NRC thr (Figure 1). 

Feed efficiency was significantly different among treatments during 8-11 and 11-
14 wks and cumulative 8-20 wk experimental period (Table 5). Based on feed 
conversion alone the thr requirement was 85% ofNRC early and greater than 
92% of NRC later in the experimental period. 

Breast meat yields were determined on 38 to 49 toms from each treatment as 
shown in Table 6. Thr (protein) equal to 100% ofNRC was required for 
maximum breast meat yield. Breast meat weight and breast meat as percent of 
carcass was significantly greater on 100% NRC thr than with lower thr (protein) 
levels, and the 108% thr (protein) diet resulted in essentially the same amount of 
breast meat weight per bird. 

Breast meat weights were significantly lower on 70% and 84% NRC thr (protein) 
diets supplemented with thr to 92 and 100% of NRC. The results suggest that the 
100% thr (protein) diets contained higher levels of other limiting amino acids or a 
more favorable amino acid balance. 

Evidence that reduced levels of arginine, isoleucine and valine may limit breast 
meat yield can be seen in three earlier experiments conducted at the University of 
Minnesota by Waibel (Table 7). In each of these studies there was a significant 
improvement in breast meat yield when 78% NRC protein diets containing 
supplemental amino acids (lys, met, and thr) were supplemented in addition with 
arginine, isoleucine and valine. In Experiments TG-944 and TG-951, tryptophan 
was also included. Tryptophan addition in Exp. TG-951 tended to improve 
performance and breast meat yield. However, a large response in gain and breast 
meat yield occurred when arginine, isoleucine and valine were then added to diets 
of turkeys grown under summer conditions (Exp. TG-951). 

In Exp. TG-953, adding valine alone failed to improve breast meat yield. 
Whereas, breast meat yield was improved when the 78% NRC protein diet was 
supplemented with isoleucine and the most significant improvement to breast 
meat yield was obtained when arginine was included in the mix. 

In this trial, supplementation with isoleucine and valine to the 84% NRC thr 
(protein) diet did not improve performance or breast meat yield, indicating that in 
comparison to the previous trials reported above with 78% NRC protein, that at 
this higher protein level, isoleucine and valine were not limiting. 

Lysine to arginine ratio may also play a role as well. In Table 7, the most breast 
meat was produced from those treatments with a lysine: arginine ratio closest to 
1:1. In this current threonine study, the nutrient analysis of the diets (Table 3) 
shows that the lysine to arginine ratio was 100:100, 100:91and100:89 for the 
100%, 92% and 84% NRC thr (protein) diets, respectively. Breast meat reductions 
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were observed when turkeys were fed 92% NRC thr (protein) or lower. Kidd and 
Kerr ( 1998) noted improvements in body weight, feed conversion and breast meat 
yield by increasing the lysine: arginine ratio from 100:98 to 100: 122. In another 
trial, lysine: arginine ratios affected performance only under conditions of low 
levels of both dietary arginine and lysine (Waldroup et al., 1998b ). Additional 
research is certainly needed to evaluate the requirement for arginine and 
isoleucine and the lysine to arginine ratio. 

The data presented indicates that supplemental thr in low protein diets was most 
effective when utilized in diets for young growing turkeys. However, after 14 wks 
of age, response to supplemental thr in the low protein diets appeared to be 
limited by other factors such as arginine and isoleucine levels or balance. Feeding 
of higher protein diets formulated to 100% NRC thr appears critical to 
maximizing breast meat yield. Thus, the use of supplemental thr in turkey diets is 
limited until these factors are identified and biotechnology can develop cost
effective sources of supplemental arginine and possibly isoleucine. In the interim 
feeding higher protein grower/finisher diets, with lysine to arginine ratio close to 
1: 1 may be indicated for the warmer season. 

Energy Utilization Study (Exp. TG-983) 

Optimizing nutrient intake and utilization is key to turkey growth performance. It 
is well established that the diet energy level and source determines overall feed 
intake and intake of other nutrients such as protein. Thus knowledge of the 
appropriate energy to protein (amino acids) ratio is needed. 

Energy utilization can also be enhanced with hydrothermal processing of feed, 
leading to improvements in performance (Behnke, 1996). Pelleting improves 
performance through physical characteristics of the pellet as well as the thermal 
modifications of the starch and protein. Improvements in turkey performance 
(growth, feed conversion and feed intake) have been observed although the 
response appears dependent on pellet quality. 

Expanders have been used to improve pellet quality and output. An improvement 
in broiler performance was obtained with expander use. Fancher et al. (1996) 
compared expanded conditioning with conventional conditioning followed by 
pelleting of broiler feeds. Growth and feed conversion were improved by 4.7% 
and 3.9%, respectively, for the expanded feed. 

Pelleting/expanding and other hydrothermal processes have been shown to 
improve the digestibility of feed, improving feed conversion by 5-8%. Research 
has shown that the digestibility of energy is commonly improved by 4-5% more 
than protein digestibility. Extreme processing can have a detrimental effect on 
some amino acids. 
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Therefore, pelleting the diet, adjusting protein to energy ratio and modifying 
nutrient density are methods that can be used to affect feed and amino acid intake 
leading to more body weight gain and meat yield. 

The purpose of the energy study was to: 

1. determine the best energy to amino acid ratio for mash diets and pelletized 
diets fed to toms grown under ideal winter conditions, and to 

2. measure the energy sparing effects of the pelleting/expanding process and 
from the addition of betaine and selected enzyme products. 

There were a total of 14 treatments in the study; however this discussion will be 
limited to six treatments of three energy levels, fed as mash and crumbles. 

Methods 

The research barn arrangement, and management practices were essentially the 
same as in the thr experiment (TG-981) using a randomized block design with 7 
replicates per treatmerit. Nicholas male poults were started in 49 pens in one end 
of the barn. At five wks of age the birds were selected and redistributed to all 98 
pens and placed on the treatment diets. The study began in September and the 
birds were processed in January. The winter season allowed for cool barn 
temperatures, which resulted in performance near the genetic potential of the 
Nicholas turkey. 

The treatment diets were formulated to three energy levels of 108% NRC, 104% 
NRC, and 100% NRC with dietary amino acid concentration for lysine, TSAA, 
and thr held constant at each energy level. Each diet was fed as a mash and as 
crumbles. Lysine and TSAA levels were set at 108% ofNRC requirement. Thr 
was at 100% ofNRC and other amino acids were allowed to fall where shown. 
The lysine to arginine ratio was about 100:97 across all treatments. The treatment 
diets were each fed for 3-wk periods ending near 20 wks of age (138 days of age). 
Diets formulated to the 104% NRC ME for each age period is given in Table 8. 
Selected diets for the 11 to 14 wk age period representing the main treatments are 
shown in Table 9. Complete diet formulations are available upon request. 

The diets for each period were assembled in a two step process. First a "Master 
Batch" or run of feed including the quantities of ingredients common to each diet 
was mixed and processed in a commercial mill. The "Master Batch" was actually 
a run of several mixed batches with a section of mash blocked out before pelleting 
and the balance of the run put through the expanding pelleting, and crumblizing 
process. The crumbles used in the experiment were cut out of the middle of the 
pelleting run which was processed at a temperature of 220F at the expander cone. 
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The "Master Batch" of mash and crumbles was shipped to the Rosemount 
Experiment Station feed center where it was mixed into the various experimental 
diets. Corn, fat, soybean meal and amino acids were added to provide the desired 
energy and amino acid levels. About 8% of each diet was added at the research 
mill. A coarse grind of corn was used to give a similar consistency for both the 
mash and crumbles in the feeder. 

Results and Discussion 

Body weights (Table 10) on the crumble diets were significantly greater than on 
mash diets at each weighing. Raising the energy level of the crumble diets had 
little effect on rate of gain. Whereas, the toms on the 108% NRC ME mash diets 
gained significantly more than those fed mash diets with lower energy levels. 

Table 11 shows similar feed intake of turkeys fed mash or crumbles. Feed 
consumption was proportional to the energy level of the feed. During 35-98 days 
of age, the rate of consumption of mash feed was not affected as much by energy 
level of the diet. 

The feed:gain ratio on mash diets was about 105% greater than on crumbles. 
Diets with 108% NRC energy produced significantly better feed conversion than 
with lower energy diets. Comparing feed conversions on mash and pelleted diets 
at the different energy levels suggests that the hydrothermal process increased the 
energy digestibility of diet. Since the hydrothermal processed feed was crumbled 
to give a consistency similar to mash before feeding, the performance differences 
should be related to the hydrothermal process only and not feed particle size. 

The carcass yield data in Table 12 shows that carcass weight and breast meat 
yield was significantly greater on crumbles than from toms fed mash feeds. The 
highest energy (108% NRC) diets produced significantly more carcass weight 
than the lowest energy ( 100% NRC) diets, but there was no significant difference 
in breast meat weight between high and low energy diets. This could be due to 
the higher amino acid intake on the low energy diet. 

Economic Analysis 

The economic analysis (Table 13) was based on 1999 costs: corn $1.85/bu; 
soybean meal $7.00/cwt; 56% animal protein $8.00/cwt; canola meal $4.45/cwt; 
fat $10.00/cwt and lysine $.45/lb. The revenue per tom and breast meat value was 
based on: live turkey at $.35/lb, dressed carcass at $.65/lb and breast weight 
premium of $1.20/pound ($1.85 breast meat - $.65 whole bird= $1.20/lb). 

Based on the conditions and results of this study, the lowest feed cost and the 
greatest return over feed cost would be obtained on the mash diet with energy at 
108% ofNRC when thr (protein) is at 100% ofNRC. Pelleted diets performed 
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best with lower energy levels in relation to thr (protein). Pelleted feeds would be 
most cost effective with good pellet quality, higher feed prices and favorable 
turkey prices. The added value of breast meat produced from pelleted diets with a 
favorable calorie to thr (protein) ratio is very significant. 
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Table I. Threonine study treatments and diet amino acids as percent ofNRC (Exp. TG-981). 
Amino acids as percent ofNRC (1994) 

Trt. No. Treatment description Thr Iso Val M+C Lys Arg Protein 
1 Thr (Prot) 108% NRC 108 111 114 105 105 131 98 
2 Thr (Prot) 100% NRC 100 102 106 105 105 120 91 
3 Thr (Prot) 92% NRC 92 93 98 105 105 109 85 
4 Thr (Prot) 84% NRC 84 84 90 105 105 105 79 
5 Thr (Prot) 78% NRC 78 105 105 105 105 105 75 
6 Thr (Prot) 70% NRC 70 105 105 105 105 105 71 

7 As 6+ Thr to 76% NRC 76 105 105 105 105 105 71 
8 As 6+Thrto 84% NRC 84 105 105 105 105 105 71 
9 As 6+ Thr to 92% NRC 92 105 105 105 105 105 71 

JO As 6+Thr to 100% NRC JOO 105 105 105 105 105 71 

11 As 4+ Thr to 92% NRC 92 84 90 105 105 105 79 
12 As 1 l+Iso & Val 92 105 105 105 105 105 79 
13 As 4+ Thr to 100% NRC 100 84 90 105 105 105 79 
14 As 13+ Iso and Val 100 105 105 105 105 105 79 

Table 2. NRC (1994) nutrient requirements of male turkeys adjusted to 3 week periods.
1 

Weeks of age 
Nutrient Unit 5-8 wks 8-11 wks 11-14 wks 14-17 wks 17-20 wks 
ME kcal/kg 2925 3000 3075 3150 3225 
ME kcal/lb 1327 1361 1395 1429 1463 
Protein % 25.3 23.0 20.8 18.6 16.4 

Arginine % 1.300 1.150 1.000 0.850 0.700 
Isoleucine % 0.910 0.810 0.710 0.610 0.510 
Lysine % 1.430 1.280 1.120 0.960 0.800 
Methionine % 0.480 0.420 0.360 0.300 0.240 
Methionine+cystine % 0.910 0.820 0.730 0.650 0.550 
Threonine % 0.910 0.830 0.750 0.670 0.590 
Tryptophan % 0.225 0.205 0.185 0.165 0.145 
Valine % 1.010 0.930 0.850 0.760 0.680 

1 
Requirements adjusted to three week intervals and straight slope, considering 0-4 week NRC 

requirements as well as 5-20 week periods. 



Table 3. Selected threonine (protein) diets ( 11-14 weeks of age), Treatments 2-6 (Exp. TG-981 ). 
Threonine as % ofNRC 

Trt2 Trt3 Trt4 Trt 5 Trt6 
Ingredient(%) lOONRC 92NRC 84NRC 76NRC 70NRC 

Corn, mash grind 59.768 63.717 65.943 67.390 68.584 
Soybean meal, 4 7% 18.317 14.663 11.249 7.945 5.476 
Canolameal 6.500 6.500 6.500 . 6.500 6.500 
Meat and Poultry ML, 56% 6.500 6.500 6.500 6.500 6.500 
Dicalcium phosphate, 18.5% 0.980 l.088 1.042 l.078 l.104 
Calcium carbonate 0.722 0.726 0.728 0.729 0.730 
Sequcarb 0.160 0.210 0.259 0.307 0.343 
Salt 0.142 0.102 0.065 0.028 0.000 
Potassium carbonate 0.122 0.233 0.344 0.454 0.535 
DI-Methionine 0.122 0.161 0.201 0.241 0.486 
L-Lysine HCL 0.271 0.395 0.441 0.458 0.471 
Tryptosine® 0.000 0.000 0.107 0.250 0.357 
Arginine 0.000 0.000 0.083 0.190 0.270 
Valine 0.000 0.000 0.000 0.195 0.245 
Isoleucine 0.000 0.000 0.000 0.227 0.275 
Other1 

0.478 0.478 0.478 0.478 0.478 
Sand 0.000 0.000 0.757 1.726 2.342 
Animal Fat 5.918 5.306 5.305 5.305 5.306 

Total 100.000 100.000 100.000 100.000 100.000 
Nutrient Content 

Protein % 19.70 18.40 17.20 16.50 15.90 
ME kcal/kg 3263 3263 3263 3263 3263 
ME kcal/lb 1480 1480 1480 1480 1480 

Methionine+cystine % 0.792 0.792 0.792 0.792 0.792 
Lysine % 1.215 l.215 1.215 1.215 1.215 
Arginine % 1.220 l.110 1.085 1.085 1.085. 
Tryptophan % 0.229 0.207 0.201 0.201 0.201 
Valine % 0.929 0.862 0.794 0.922 0.922 
Threonine % 0.775 0.713 0.651 0.589 0.543 
lsoleucine % 0.736 0.671 0.607 0.770 0.770 1 

All diets contained .09% trace mineral mix, .19% vitamin mix, .148% choline chloride (50%), and .05% 
Stafac®. 



Table 4. Diet threonine and body weight (Exp. TG-981). 

Body 
Body weight (kg) at age: weight (lbs) 

11 14 17 20 20 
TrtNo. Treatment description wks wks wks wks wks 

1 Thr (Prot) 108% NRC 7.62 11.31 14.63 17.90 39.46 
2 Thr (Prot) 100% NRC 7.56 11.28 14.76 18.00 39.68 
3 Thr (Prot) 92% NRC 7.50 11.12 14.53 17.59 38.78 
4 Thr (Prot) 84% NRC 7.55 10.99 14.21 17.11 37.72 5 Thr (Prot) 78% NRC 7.25 10.37 13.79 16.91 37.28 
6 Thr (Prot) 70% NRC 7.13 9.98 13.14 16.03 35.34 

7 As 6+ Thr to 76% NRC 7.35 10.87 14.25 17.30 38.14 
8 As 6+ Thr to 84% NRC 7.45 11.10 14.59 17.62 38.84 
9 As 6+ Thr to 92% NRC 7.54 11.33 14.65 17.55 38.71 
10 As 6+ Thr to 100% NRC 7.50 11.16 14.54 17.49 38.56 

11 As 4+ Thr to 92% NRC 7.56 I 1.20 14.52 17.63 38.87 
12 As l l+Iso and Val 7.43 I 1.22 14.46 17.53 38.65 
13 As 4+ Thr to 100% NRC 7.60 11.06 14.36 17.64 38.89 
14 As 13+ Iso and Val 7.54 11.24 14.63 17.65 38.91 

LSD (P<.05) 0.14 0.24 0.31 0.36 0.75 

Table 5. Diet threonine and feed efficiency (Exp. TG-981). 

Feed/gain (g:g) during: 
8 to I I 11 to 14 14 to I 7 17 to 20 8 to 20 

Trt. No. Treatment description wks wks wks wks wks 
I Thr (Prot) 108% NRC 2.12 2.70 3.27 3.45 2.88 
2 Thr (Prot) 100% NRC 2.13 2.62 ' 18 3.42 2.84 
3 Thr (Prot) 92% NRC 2.14 2.65 3.16 3.55 2.88 
4 Thr (Prot) 84% NRC 2.15 2.77 3.30 3.69 2.98 
5 Thr (Prot) 78% NRC 2.29 2.85 3.12 3.51 2.94 
6 Thr (Prot) 70% NRC 2.38 3.08 3.22 3.66 3.08 

7 As 6+ Thr to 76% NRC 2.22 2.69 3.19 3.63 2.93 
8 As 6+Thr to 84% NRC 2.21 2.68 3.24 3.59 2.93 
9 As 6+ Thr to 92% NRC 2.1 I 2.57 3.23 3.59 2.88 

10 As 6+ Thr to 100% NRC 2.14 2.65 3.16 3.67 2.91 

11 As 4+ Thr to 92% NRC 2.15 2.72 3.20 3.49 2.89 
12 As I l+Iso and Val 2.21 2.65 3.35 3.48 2.92 
13 As 4+ Thr to 100% NRC 2.1 I 2.73 3.29 3.48 2.91 
14 As 13+ Iso and Val 2.09 2.63 3.28 3.58 2.90 

LSD (P<.05) 0.059 0.098 0.071 



Table 6. Diet threonine and breast meat yield (Exp. TG-981). 
Birds processed and measurements taken 

Live Carcass Breast Breast 
Number weight weight weight %of 

Trt. no. Treatment description cut up (kg) (kg) (kg) carcass 
I Thr (Prot) 108% NRC 38 17.79 14.01 4.24 30.24 
2 Thr (Prot) 100% NRC 38 17.96 14.07 4.19 29.74 
3 Thr (Prot) 92% NRC 43 17.51 13.66 3.94 28.83 
4 Thr (Prot) 84% NRC 41 17.31 13.39 3.74 27.92 
5 Thr (Prot) 78% NRC 46 16.84 13.14 3.73 28.36 
6 Thr (Prot) 70% NRC 42 16.10 12.64 3.60 28.44 

7 As 6+ Thr to 76% NRC 39 17.26 13.47 3.78 28.05 
8 As 6+ Thr to 84 % NRC 46 17.69 13.83 3.90 28.17 
9 As 6+ Thr to 92% NRC 48 I 7.57 13.68 3.85 28.15 

IO As 6+ Thr to I 00% NRC 42 17.69 13.85 3.91 28.21 

II As 4+ Thr to 92% NRC 49 17.51 13.71 3.98 29.01 
12 As l l+Iso and Val 45 17.62 13.71 3.98 29.00 
13 As 4+ Thr to 100% NRC 39 17.66 13.67 3.94 28.82 
14 As 13+ !so and Val 47 17.79 13.86 3.95 28.47 

LSD (P<.05) 0.45 0.38 0.18 0.85 

Table 7. Response of male turkeys to supplemental arginine, isoleucine, valine, and tryptophan in low protein 
diets 1 (Waibel et al., 1996 and 1999, University of Minnesota) 

TG-944, BUT A, Toms 6-20 wks, Mktd 3114195 

78% NRC Prot 
78% NRC Prot+ Arg, Iso, Val+ Trp 

TG-951, BUTA, Toms 6-21 wks, Mktd 10/11195 

78%NRC Prot 
78% NRC Prot + Trp 
78% NRC Prot + Arg, !so, Val+ Trp 

TG-953, BUT A, Toms 6-21 wks, Mktd 4/10196 

Feed 
efficiency 

(g:g) 

2.69b 
2.65" 

2.84" 
2.80" 
2.61b 

Body 
weight 

(lbs) 

35_5b 
36.9" 

32.94b 
33.42b 
37.73" 

Breast meat yield 
(lbs) 

7.47 
8.05 

6.70b 
6.94b 
8.47" 

(%) 

27.26b 
27.95" 

25.54b 
26.1 lb 
27.92" 

Diet arg 
as% 
oflys 

98 
JOO 

80 
80 

110 

78% NRC Prot 2.95" 36.5b 7.57c 27.02b 83 
78% NRCProt +Val 2.92ab 36.9ab 7.78bc 27.06b 83 
78% NRC Prot +!so 2.89b 37.2ab 7.90ab 27.38"b 83 
78% NRC Prot + Iso, Val 2_93•h 37.4" 8.oo•h 27.38"b 83 
78%NRCProt+Arg,Iso,Val 2.89b 37.l"b 8.16" 28.08" 92 
aoc Means within an experiment and column with different superscripts are significantly different (P<.05). 
1 All diets were supplemented to 100% NRC for TSAA, Lys, and Thr. 
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Table 8. Selected diets (ME 104% NRC) for male turkeys (Exp. TG-983). 
Weeks of age: 

5-8 8-11 11-14 14-17 17-20 
Ingredient(%) wk wk wk wk wk 

Corn, mash grind 53.694 59.410 63.320 68.541 72.953 
Soybean meal, 47% 27.159 22.900 19.247 15.407 11.683 
Canola meal 6.000 5.500 5.000 4.500 4.000 
Meat and poultry ML, 56% 6.000 5.500 5.000 4.500 4.000 
Dicalcium phosphate 18.5% 1.260 1.150 1.002 0.784 0.632 
Calcium carbonate 0.823 0.760 0.958 0.667 0.600 
Sequcarb 0.352 0.240 0.236 0.196 0.217 
Salt 0.061 0.180 0.155 0.163 0.159 
Potassium chloride 0.127 0.040 0.056 0.074 0.110 
DI-Methionine 0.217 0.170 0.124 0.078 0.034 
L-Lysine HCL 0.402 0.350 0.287 0.225 0.161 
Trace mineral mix 0.100 0.090 0.080 0.070 0.065 
Vitamin premix 0.110 0.120 0.110 0.090 0.075 
Choline chloride 0.125 0.120 0.105 0.092 0.073 
Animal fat 3.570 3.480 4.294 4.614 5.237 

Total 100.000 100.010 100.00 100.000 100.000 

Nutrient Analysis 

Protein % 23.76 21.60 19.65 17.69 15.71 
ME kcal/kg 3068 3120 3198 3276 3354 
ME kcal/lb 1392 1415 1451 1487 1521 

Methionine+cystine % 0.991 0.88 0.788 0.691 0.594 
Lysine % 1.557 1.38 1.210 1.037 0.864 
Arginine % 1.469 1.31 1.176 1.035 0.895 
Tryptophan % 0.280 0.25 0.225 0.198 0.171 
Valine % 1.081 0.98 0.896 0.807 0.715 
Threonine % 0.917 0.83 0.750 0.670 0.590 
Isoleucine % 0.886 0.79 0.715 0.633 0.552 



Table 9. Selected diets for 11-14 week male turkeys (Exp. TG-983). 
Metabolizable energy as% ofNRC 

Ingredient(%) 
Corn. mash grind 
Soybean meal, 47% 
Canola meal 
Meat and poultry ML, 56% 
Dicalcium phosphate 18.5% 
Calcium carbonate 
Sequcarb 
Salt 
Potassium chloride 
DI-Methionine 
L-Lysine HCL 
Trace mineral mix 
Vitamin premix 
Choline chloride 
Animal fat 

Nutrient Analysis 

Protein 
ME 
ME 

Methionine+Cystine 
Lysine 
Arginine 
Tryptophan 
Valine 
Threonine 
lsoleucine 

Total 

% 
kcal/kg 
kcal/lb 

% 
% 
% 
% 
% 
% 
% 

1 
Nutrient level as percent ofNRC 

108% 
60.126 
19.708 

5.000 
5.000 
1.012 
0.980 
0.227 
0.162 
0.053 
0.129 
0.281 
0.080 
0.110 
0.105 
7.029 

100.000 

19.60 (94)1 

3321 (108) 
1506 (108) 

0.788 (108) 
1.210 (108) 
1.181 ( 118) 
0.225 (122) 
0.894 (105) 
0.750 (100) 
0.717 (IOI) 
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104% 100% 
63.320 66.405 
19.247 18.817 
5.000 5.00 
5.000 5.00 
1.002 0.99 
0.985 0.98 
0.236 0.24 
0.155 0.14 
0.056 0.05 
0.124 0.11 
0.287 0.29 
0.080 0.08 
0.110 0.11 
0.105 0.10 
4.294 1.63 

100.000 100.000 

19.65 (94) 19.70 (95) 
3198 (104) 3075 (104) 
1451 (104) 1395 (104) 

0.788 (108) 0.78 (108) 
1.210 (108) 1.21 (108) 
1.176 (118) 1.17 (117) 
0.225 (122) 0.22 (121) 
0.896 (105) 0.89 (105) 
0.750 (100) 0.75 (JOO) 
0.715 (IOI) 0.71 (IOI) 

. 1 



Table 10. Feed processing and dietary energy amino acid ratio effect on body weight 
(Exp. TG-983). 

Body weight (kg) at age: 
Body 

56 98 138 weight (lbs) 

Treatment description days days days 138 days 

Mash - I 08% NRC ME 4.56 11.36 18.62 41.05 

Mash- 104% NRC ME 4.30 11.26 18.06 39.82 

Mash - 100% NRC ME 4.40 11.08 18.04 39.77 

Mash Average 4.43
8 11.23

8 18.24
8 40.21

8 

Crum - I 08% NRC ME 4.74 11.66 18.96 41.80 

Crum - 104% NRC ME 4.70 11.72 18.93 41.73 

Crum -100 % NRC ME 4.64 11.69 18.89 41.64 

Crumble Average 4.71A 1 l.69A 18.93A 41.73A 

TRT LSD (P<.05) 0.11 0.22 0.35 0.78 

AB Means of mash and crumble feed are significantly different (P<.05). 

Table 11. Feed processing and dietary energy amino acid ratio effect on feed intake per bird and feed 

conversion (Exp. TG- 983). 
Feed intake for period, kg Feed/gain (g:g) 

Treatment description 35-98 days 98-138 days 35-138 days 

Mash - 108% NRC ME 19.87 (97.0)1 20.35 (92.2) 2.42 (90.3) 

Mash- 104% NRC ME 20.04 (97.8) 20.85 (94.4) 2.52 (94.0) 

Mash- 100% NRC ME 20.48 (100) 22.08 (100) 2.68 (100) 

Mash Average 20.13 21.23 2.54A 

Crum - 108% NRC ME 19.44 (93.4) 20.72 (92.5) 2.33 (92.1) 

Crum - 104% NRC ME 19.99 (96.1) 21.09 (94.2) 2.40 (94.9) 

Crum - 100% NRC ME 20.81 (100) 22.38 (100) 2.53 (100) 

Crumble Average 20.08 21.40 2.42
8 

TRT LSD (P<.05) 0.53 1.12 .067 

AB Means of mash and crumble feed are significantly different (P<.05). 
1 Response as percentage of 100% NRC ME in parentheses. 
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Table 12. Feed processing and dietary energy amino acid ratio effect on carcass characteristics 
(Exp TG-983 ). 

No. of 
birds Body Carcass 

Treatment description cut up weight weight Breast meat yield 
(kg) (kg) (kg) (%) 

Mash - 108% NRC ME 43 18.51 14.72 4.63 31.45 
Mash-104% NRC ME 50 17.89 14.17 4.52 31.85 
Mash - I 00% NRC ME 45 18.00 14.19 4.52 31.81 

Mash Average 46 18.13B 14.36B 4.56B 31.70B 

Crum - I 08% NRC ME 47 18.80 15.25 4.89 32.01 
Crum - 104% NRC ME 47 18.69 15.00 4.80 32.00 
Crum - I 00% NRC ME 49 18.76 14.87 4.91 33.00 

Crumble Average 48 18.75A 15.04A 4.87A 32.34A 

TRT LSD (P<.05) .50 .46 .26 1.11 

AB Means of mash and crumble feed are significantly different (P<.05). 



Table 13. Economic analysis of tom turkey performance as affected by feed processing at three energy levels 
(Exp. TG-983). 

Metabolizable energy as% ofNRC 
108 104 100 

Feed cost, $/ton 

Formula cost 106.40 102.46 98.66 
Other cost (mix, delivery, medications) 12.00 12.00 12.00 
Mash feed cost 118.40 114.46 110.66 
Pelleting cost 6.00 6.00 6.00 
Pelleted feed cost 124.40 120.46 116.66 

Mash treatments 

Live wt, lbs/bird 41.05 39.82 39.77 
Carcass, lbs/bird 32.34 31.15 31.19 
Breast wt, lb/bird 10.21 9.96 9.96 
Feed/Gain, 5-20 wks 2.42 2.52 2.68 
Feed/Gain 0-20 wks 2.35 2.44 2.59 
Feed/Gain, 10-20 wks, 11 % Mort. 2.51 2.61 2.77 

Feed cost $/lb live wt 0.1486 0.1494 0.1533 
Feed Cost $/Tom 6.10 5.95 6.10 
Revenue $/Tom 14.37 13.94 13.92 
Return over·feed cost($) 8.27 7.99 7.82 

Pelleted treatments 

Live wt, lbs/bird 41.8 41.73 41.64 
Carcass, lbs/bird 33.49 32.58 32.78 
Breast wt, lb/bird 10.78 10.58 10.82 
Feed/Gain, 5-20 wks 2.33 2.4 2.53 
Feed/Gain 0-20 wks 2.27 2.33 2.45 
Feed/Gain, 10-20 wks, 13% Mort. 2.47 2.53 2.67 

Feed cost $/lb live wt 0.1536 0.1524 0.1557 
Feed Cost $/Tom 6.42 6.36 6.49 
Revenue $/Tom 14.63 14.61 14.57 
Return over feed cost ($) 8.21 8.25 8.09 

Mash vs Pellets 

Live Wt Diff. (%) I 01.82 104.80 104.70 
Feed/Gain Diff (%) 103.86 105.00 105.90 

Feed Cost, $/Live lb Diff (0.005) (0.003) (0.002) 
Return Over Feed Diff ($) (0.06) (0.26) .26 

Breast Meat lb, $/Bird Diff 0.57 0.62 0.89 
Added Value Breast/Bird($) 0.68 0.74 1.07 



Figure 1. Body Weight and NRC Threonine Level 
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Introduction 

NON-ACIDOSIS MILK FAT DEPRESSION 

Rich Erdman, Beverly Teter, Liliana Piperova, and Joe Sampugna 
Animal and Avian Sciences Department and Chemistry Department 

University of Maryland, College Park 

Along with milk production, milk fat percentage is probably the most common indicator of 
a herd's genetic, nutritional, and metabolic status. Of the three principle milk components (fat, 
protein, and lactose), fat content is the one component that is the most variable and subject to the 
greatest change due to genetic, physiological, and nutritional influences (Sutton, 1989). In addition, 
milk fat is by far the most variable milk component in terms of its value as reflected in the price paid 
to dairy producers. For example, in the Fall of 1998, the producer price for milk fat reached an all 
time high of $3 .40 a pound. This came just 4 years after reaching a 20 year low of$ .52 a pound in 
the Summer of 1994. Historically, milk fat has accounted for about 50% of the value of the price 
of milk paid to producers. But during that time-frame, the value of the fat fluctuated from as little 
as 20% in 1994 to as much as 70% of the value of milk paid to producers in the Fall of 1998. 

These wild fluctuations in price and the changes relative to other milk components make the 
understanding of the factors which affect milk fat content and more importantly, the ability of 
producers to alter milk fat in response to market changes, a challenge. Fortunately, milk fat is the 
one milk component which is most easily manipulated by diet in the dairy cow. Yet, the dietary 
factors which affect milk fat production and in particular, the factors which result in depressed milk 
fat production have been poorly understood for more than 60 years. It is the nutritional factors and 
specifically, the role of diet in regulating milk fat synthesis, that I will attempt to address. My 
objective is to provide a different perspective of the role of diet in regulation of milk fat production. 
In essence, a change from the traditional acidosis related milk-fat depression theories, but don't put 
acidosis out of the picture entirely because there is still a role, just not the traditional role that you 
are familiar with. 

Diet Effects on Milk Fat Production 

Diet effects on milk fat were reported in Great Britain more than 150 years ago. In a review, 
Van Soest (1982), cited work ofBoussingault in 1845 which documented low milk fat in cows fed 
beets. Boussingault attributed this depression to a dietary fat deficiency since it was known that 
beets had extremely low fat content (less than 1 % ). Beets are also very high in fermentable starch, 
a known dietary factor which depresses milk fat. Over time, other dietary factors were found to 
affect milk fat content. Petersen in 1932, demonstrated that when cows were fed cod liver oil, milk · 
fat was markedly reduced. This work was confirmed by Shaw and Ensor at the University of 
Maryland in 1959. The effect of marine oils on fat production is one of the primary reasons for 
limits on the use of fish meal as protein source in dairy cow diets. Since fish meal typically contains 
about 10% fat and the fat in marine oil is known to cause milk fat depression, feeding more than 
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about 2-3 lbs of fish meal will lead to depression in milk fat. Shaw and Ensor ( 1959) also found that 
inclusion of vegetable oils containing high levels of polyunsaturated fatty acids (PUF A), also 
depressed milk fat content. 

Work by E.B. Powell at Ralston-Purina was the first to document the effect of forage particle 
size and high grain diets on milk fat percent (Powell, 1939). Powell conclusively showed that 
feeding high grain diets or feeding diets with ground or pelleted hay reduced milk fat. Powell (1939) 
was the first to correctly conclude that the factors which caused the fat depression were related to 
changes in rumen fermentation. 

Most students in applied nutrition or ruminant nutrition courses have been taught that milk 
fat depression is caused by changes in rumen volatile fatty acids (VF A). With the advent of gas
liquid chromatography, changes in rumen fermentation became less difficult to measure. Wisconsin 
workers (Tyznick and Allen, 1951) were the first to suggest that because of the reduced rumen 
acetate concentrations, the reduction in milk fat was caused by an "acetate deficiency". Since acetate 
(acetic acid) is an one of the principle precursors for fatty acid synthesis in the mammary gland, this 
theory seemed to make sense. 

The importance of rumen VF A patterns was reinforced by work of Emery and Brown ( 1961) 
and Emery et al., (1964) which showed that addition of dietary buffers could be used to at least 
partially correct milk fat depression in cows fed restricted hay and adlibitum grain diets. Based on 
the observation that rumen pH was reduced when cows were fed these diets, it was correctly 
hypothesized that addition of buffer to the diet would increase rumen pH and milk fat production. 
These experiments also showed increased rumen acetate:propionate ratios with buffer addition and 
the results reinforced the concept that changes in rumen VF A patterns were the cause of reduced 
.milk fat. However, Bauman and Davis (1970) using radioisotopes to measure actual VF A 
production in the rumen, showed that acetate production did not decrease with fat depressing diets, 
but rather it was an increase in propionate production that was the cause of the decreased 
acetate:propionate molar ratio. So much for the "acetate deficiency theory"! 

There have been several other proposed mechanisms including: beta-hydroxy butyrate 
eficiency (Van Soest and Allen, 1959), glucogenic/insulin effects (McClymont and Valence, 1962), 
dvitamin B12 deficiency (Frobish and Davis, 1977). But, none of these theories really explained 

11 causes of diet induced fat depression. The picture with regard to milk fat depression in the late 
980's was as follows: 1) The major dietary factors affecting milk fat synthesis had been identified 
d included: reduced forage particle size (Powell, 1939, Balch et al., 1952 ) , high grain diets 

Tyznick and Allen, 1951; Balch et al., 1952), and addition of both marine and vegetable oils high 
nPUF A (Shaw and Ensor, 1959). 2) Decreased milk fat caused by feeding diets high in PUF A from 
'ther vegetable or marine oils was thought to be caused by distinctly different mechanisms than 
epression caused by high grain diets and 3) The conclusion by Davis and Brown (1969) in a review 
reference to effects of oil feeding versus feeding high grain diets still held "it was not possible at 
's time to describe their effect on rumen metabolism, concentrations of blood metabolites, or 
ammary gland metabolism in any generalized statement". 
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The Role of Trans Fatty Acids 

Our work with trans fatty acids began indirectly as a result.of work reported by Bev Teter 
in her Ph.D. dissertation (Teter et al., 1990) with C57Bl/6J mice. Beverly along with Mark Keeney 
and Joe Sampugna in the Chemistry Department had been studying the effects oflong term exposure 
to commercially hydrogenated fats and specifically, the effect of trans fa5 Sy acids (TF A) on lactation 
and neonatal growth. Results of lactation experiments comparing diets similar in fatty acid 
composition with the exception of cis versus trans fatty acid isomers are shown in Figure 1. 
Although experimental diets tested the effects of both fat level and essential fatty acid content, 
within each diet, substitution of trans for cis fatty acid isomers resulted in a reduction in milk fat 
content (Figure 1 ). Since TF A are produced during rumen biohydrogenation, we speculated that 
trans fatty acids might be the common link in diet effects on milk fat production in dairy cows. 

Milk Fat o/o 
25.--~~~~~~~~~~~~~~~~~~-----.~~~~~--. 

20 

15 

10 

5 

DCis 
D Trans 

OL.-....1~~ 
LF-HEFA HF-HEFA LF-LEFA HF-LEFA 

Figure 1. 

Dietary Treatment 

Effect of cis versus trans fatty acid isomers in lactating mice fed diets either high 
(HF) or low (LF) in fat with either high (HEF A) or low (LEF A) essential fatty acid 
content (Adapted from Teter et al., 1990) 
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Unsaturated fatty acids present in the cow's diet are normally hydrogenated in the rumen 
through a process referred to a rumen biohydrogenation. Trans fatty acid isomers are metabolites 
which are intermediates in the chemical pathways associated with rumen biohydrogenation of 
unsaturated fatty acids. The term trans refers to the position of hydrogen atoms across the 
unsaturated double bond in the fatty acid chain. In fatty acids of plant origin such as in cereal grains 
or vegetable oils, the hydrogen atoms in the cis configuration meaning that the hydrogen atoms are 
on the same side of carbon chain whereas in the trans configuration, hydrogen atoms are on opposite 
sides. The configuration has a major effect on the physical properties of the fatty acids, most notably 
trans fatty acids tend to have a much straighter carbon chain and much higher melting point. There 
are really only two ways that trans fatty acids can be produced: by bacterial (rumen) 
biohydrogenation or by chemical hydrogenation, the practice used in the vegetable oil processing 
industry . 

A brief illustration of the major steps involved rumen biohydrogenation oflinoleic acid as 
adapted from Harfoot (1987) is shown in Figure 2. The first step involves isomerization of the cis-
12 double bond to trans- l l configuration. The resulting product is commonly referred to as 
conjugated linoleic acid or CLA. Conjugated linoleic acid has been the recent subject of intense 
study as it has been shown to be a powerful anticarcinogen when fed (Parodi, 1997). From this point 
in the biohydrogenation process, both the cis-9 and trans- l l carbon double bonds in CLA are 
hydrogenated. Although the rumen biohydrogenation process is not well understood, greater 
numbers of species of bacteria have been identified which complete the initial steps as compared to 
those identified which complete the final step (hydrogenation of vaccenic acid to stearic acid). 
Conversion of vaccenic acid to stearic acid is thought to be the rate limiting step as typically 
vaccenic acid concentration is several fold higher in rumen contents than other metabolites such as 
CLA. 
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Figure2. Proposed pathways for biohydrogenation oflinoleic acid in the rumen (Adapted from 
Harfoot, 1987). 

B.fibrioso/vens 
Micrococcus sp. 
Ruminococcus a/bus 
Eubacterium sp. 
Gram Neg. sp. 

18:2 cis-9, cis-12, (linoleic acid) 

1 isomerization 

. . (conjugated 
18.2 cis-9, trans-11 1• 1 . "d) mo e1c ac1 

1 2H 

18:1 trans-11 (vaccenic acid) 

18:0 (stearic acid) 

Fusocillus sp. 
RB/5 Gram Neg. 
rod. 

In addition to changes in TF A due to diet there appear to be differences in carbon position 
of TF A produced. Early work showed that while trans- l 1 is the predominant positional TF A 
isomer, numerous other positional isomers ranging from trans-5 to trans-l 5 were also present in 
rumen contents (Katz and Keeney, 1966). More recent work shows that the type of diet fed 
influences the positional isomers of TF A. Griinari et al. (1998) reported a major shift in TF A 
positional isomers in cows fed low versus high forage diets with 4% added com oil. In this work, 
the predominant isomer shifted from trans- l l to a mixture where trans- l 0 was actually slightly 
higher than trans-l l in milk fat in cows fed low forage diets. Similarly, when we fed (Piperova et 
al. 1999, unpublished) diets containing 3.6% added soybean oil and 25% forage, as compared to 
diets with 60% forage and no added oil, there was a major change in both the amounts and the 
positional isomer distribution of TF A as is shown in Figure 3. The type of TF A isomer produced 
may be important in terms of effects on milk fat synthesis. Work by Griinari et al, ( 1998) suggested 
that an increase in trans-I 0 was required for milk fat depression to occur. 
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Positional isomers 
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Distribution of trans fatty acid isomers in cows fed either a control or a high grain 
diet supplemented with 3 .6% soybean oil. Isomer number represents the position of 
the unsaturated double bond on the fatty acid carbon chain. 

Trans fatty acids had received previous attention. For example, Davis and Brown (1969) in 
their review had noted that when cows were fed high oil diets which reduced milk fat, there was an 
increase in monounsaturated 18-carbon (C 18:1) fatty acids and that most of the increase was due to 
an increase in trans-C 18:1 fatty acids (TF A). Rindsig and Shultz (1974) had abomasally infused 25 
g of elaidic acid (trans-9 C18:1) in lactating dairy cows but failed to show any change in milk fat 
content. Selner and Shultz (1980) found that direct feeding of vegetable shortening, which contains 
TFA, showed depression in milk fat when up to 500 g of shortening were fed. The focus of these 
experiments was on the role of TF A in fat depression associated with feeding vegetable oils. But, 
there also had been one previous experiment where feeding high grain diets also increased milk TF A 
(Storry and Rook, 1965). 
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Evidence of Trans Fatty Acids Role in Regulation of Fat Synthesis 

Our original experiments with the role of trans fatty acids in dairy cows dealt with the. 
relationship between milk TF A and milk fat content. Teter et al. (1990) found a significant negative 
correlation between milk TF A content and milk fat% (r = -.53). Review of literature data reveals 
that in the limited numbers of experiments where TF A were measured in milk, a decrease in milk 
fat was accompanied by an increase in milk TF A content. This was true for experiments with high 
grain diets, marine oils or vegetable oil feeding. Figure 4 shows the relationship between the change 
in milk TF A percent and the change in milk fat percent using data from the literature (Casper, et 
al.,1988; Gaynor et al., 1994; Hagemeister, 1990; Kalscheur et al., 1997a and b; Pennington an 
Davis, 1975; Piperova et al., 1995; Romo, et al., 1996; Selner and Shultz, 1980; V andersall et al. 
1989; Wonsil, 1994). In summarizing data from both our own experiments and literature results, 
we found that there was never milk fat depression without increased TF A in the milk. Yet, there are 
many experiments in which TF A were elevated in milk yet the decline in milk fat was very small 

Figure 4. 
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Evidence that TF A could directly affect milk fat production was shown by Gaynor et al. 
(1994) and Romo et al. (1996). These experiments involved abomasal infusion of fat mixtures in 
dairy cows to avoid effects of rumen biohydrogenation. Infusion fat mixtures were nearly identical 
in fatty acid composition with the exception that trans-C 18:1 fatty acid replaced a portion of the cis
C18:1 fatty acids. The results of these two experiments were nearly identical and are shown in Table 
1. Simple substitution of trans-C 18:1 for cis-C18:1 fatty acid resulted in large decreases in milk fat 
percent in both experiments. The size of the decrease (.68 and .97 percentage units) was similar to 
the changes that have been shown previously for cows fed fat depressing diets. Based on the results 
of these experiments, and indirect evidence, we concluded that it was likely that TF A production 
in the rumen is the factor which causes depressed milk fat production in dairy cows fed fat 
depressing diets. 

Table 1. Milk yield and composition of cows abomasally infused with fat mixtures containing 
either cis or trans fatty isomers. (Gaynor e.t al., 1994; Romo et al., 1995) 

Study: Gaynor et al., (1994) Romo et al., (1995) 
Isomer mixture: Cis Trans Cis Trans 

Total fat infused, g/ d 750 750 620 620 
TF A infused, g/d 0 306 0 257 

Milk, kg/d 46.3 47.0 34.5 33.9 

Milk Trans-C 18 1, % 3.1 8.0 1.7 14.0 

Milk composition, % 
Fat 3.27 2.59 4.12 3.15 
Protein 2.97 3.06 3.23 3.09 
Lactose 4.93 4.85 4.85 4.76 

Factors Affecting Trans Fatty Acid Production in the Rumen 

There have been limited numbers of measurements of TF A production in the rumen in 
lactating dairy cows. Typical amounts of TF A reaching the duodenum in lactating dairy cows have 
been shown to be about from 15-50 grams per day (Weisburg et al., 1992; Wonsil et al., 1994; Wu 
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et al., 1991 ). Wonsil et al. ( 1994) showed that addition of menhaden oil plus hydrogenated tallow 
fatty acids or soybean oil plus hydrogenated soybean oil increased duodenal TF A flow by 120-130 
grams per day. Wu et al. (1991) noted increased duodenal TFA when cows were fed fats rich in 
PUP A. Because of the increased TF A content in milk in cows fed fat depressing diets, it is likely 
that level of concentrate in the diet, rumen pH, and dietary fat source are important factors that affect 
TF A accumulation in the rumen. 

Two principle factors affect rumen TF A production. These include the amounts of dietary 
polyunsaturated fatty acids and rumen pH. Oleic acid is not a precursor ofTF A as it will be directly 
hydrogenated to stearic acid in the rumen. Kalscheur et al. (1997 a and b) reported on the effect of 
diet concentrate and fat addition on rumen TF A production (Table 2). In Experiment 1, 60 and 25 
percent forage diets (dry matter basis) were compared with or without added buffer ( 1.5% sodium 
bicarbonate and .5% magnesium oxide, dry matter basis). Buffer addition is known to partially 
correct fat depression in fat depressing diets and it was hypothesized that TF A flow to the duodenum 
would be reduced with buffer addition. As expected, buffer addition increased rumen pH in the low 
forage diet and also reduced duodenal TF A to levels comparable to those observed in cows fed the 
high forage diets (Table 2). These results indicated that rumen pH is an important factor affecting 
accumulation of TF A in the rumen and changes in milk TF A content reflected changes in duodenal 
TF A flow. Trans fatty acids produced in the rumen are obviously absorbed and incorporated into 
milk fat. In this experiment, milk fat percent was reduced in the low forage diet without buffer 
where duodenal TF A flow was greatest. 

Table 2. Effect of concentrate level, buffer addition, and fat supplementation on duodenal 
trans fatty acid (TF A) flow, milk trans fatty acid content, and milk trans fatty acid ·. 
output. (Adapted from Kalscheur, 1997a and b) 

Experiment Diet 

1 60% forage, no buff er 
60% forage, buff er 
25% forage, no buffer 
25% forage, buffer 

2 Control (60% forage) 
+ 3.7% high oleic SF01 

+ 3.7% high linoleic SFO 
+ 3. 7% veg. shortening 

1Sunflower oil 

Rumen Duodenal 
pH TFA, g/d 

6.13 61 
6.15 57 
5.83 120 
6.02 66 

6.60 64 
6.51 287 
6.48 295 
6.62 266 
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Milk Milk Milk 
TFA % TFA, g/d fat% 

3.1 33 4.09 
2.9 33 4.22 
5.8 56 3.42 
2.9 33 3.91 

2.9 26 3.48 
11.8 79 3.07 
11.0 81 3.18 
10.8 82 3.38 
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In the Experiment 2 (Table 2), addition of fat regardless of source, dramatically increased 
duodenal TF A flow, yet the changes in milk fat were small. This suggested that high milk TF A does 
not necessarily mean a large change in milk fat. Griinari et al. (1998) reported similar responses 
in cows fed high forage diets with added fat. They found that decreases in milk fat production with 
oil addition required not only high TF A in milk but production of TF A under low rumen pH (80% 
grain diets) conditions. 

Effects of conjugated linoleic acid 

As CLA is one of the first intermediates in the rumen biohydrogenation process, diets which 
increase TF A in milk also increase milk CLA. Conjugated linoleic acid has received much recent 
attention as a potent dietary anticarcinogen (Parodi, 1997). Recently, published work (Loor and 
Herbein, 1998; Chouinard et al.1999) suggest another possible alternative to the direct effects of 
TF A on milk fat synthesis. Loor and Herbein ( 1998) found that postruminal infusion of 100 g of a 
CLA mixture depressed milk fat yield by 34%. Chouinard et al. (1999) infused CLA's into the 
abomasum in dairy cows at the rate of 0, 50, 100, and 150 g per day for 5 days. The corresponding 
milk fat percents were 2.81, 1.43, 1.38, and 1.23, respectively. This remarkable change in milk fat 
content with CLA infusion suggests a direct effect of CLA on milk fat synthesis. Is it the trans 
double bond containing CLA rather than TF A which ultimately exert their effects on fat synthesis 
during milk fat depression? 

One source ofCLA in milk obviously is that which is produced during rumen fermentation. 
We are not aware of experiments where the amounts of CLA produced in the rumen that reach the 
small intestine have been directly measured. Generally, milk CLA increase when milk TF A 
increase. However, Bauman et al (1998) suggested that CLA might also be produced from trans
C18,1 in the mammary gland by stearate desaturase enzyme. Mammary gland desaturase enzyme is 
thought to be responsible for production of most of the cis-C 18,1 (oleic) acid in milk because very 
little oleic acid reaches the small intestine after rumen fermentation. Indirect evidence supports this 
hypothesis as postruminal infusion of TF A has been shown to increase milk CLA concentrations 
(Chouinard et al., 1998). Because of the similarity in physical properties between stearic acid and 
trans-I I -C18.1 it is conceivable that CLA are produced in the mammary gland by desaturase enzyme. 
There is also indirect evidence of production of CLA from TF A in other animal species. Inhibition 
of fat synthesis by CLA would not be inconsistent with postruminal infusion ofTFA if in fact CLA 
were produced in the mammary gland or other tissues from absorbed TF A. 

Perhaps even more intriguing is the potential role of positional isomers ofTF A and/or CLA. 
Griinari et al. (1998) found that although TF A were increased in milk fat in cows fed diets with 50% 
forage and 4.0% added com oil substituted for a saturated fat source, no milk fat depression 
occurred. When com oil was substituted for saturated fat in a 20% forage diet, milk fat percent was 
reduced by .84 percentage units. This change in milk fat was associated with a substantial increase 
in the proportion of trans-IO TF A. Chouninard et al., (1999) suggested that trans-I 0 containing 
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CLA such as cis-8, trans-10 CLA or trans-10, cis-12 CLA might be responsible for the effects of · 
CLA on milk fat synthesis. This would be consistent with recently published work in growing mice .. 
where trans-10, cis-12 CLA were shown to reduce body fat (Park, et al. 1999). The importance of 
specific isomers of either TF A or CLA might explain why elevated concentrations of TF A are 
associated with diet induced milk fat depression but increased TF A in milk does not necessarily • 
mean that milk fat content is depressed. Data from Experiment 2 from work of Kalscheur et al. . 
( 1996b) is a good example of this. Based on our work and that of Griinari et al. ( 1998), diet induced 
milk fat depression requires two conditions, a source of polyunsaturated fatty acids in the diets for 
production of TF A and low rumen pH to produce the correct types of TF A or CLA. 

Possible mechanisms of action 

The effect of diet on the presence of TF A in milk is rapid. Piperova et al. (1995) found that 
TF A increased in milk within the first 12-18 hours after initiation of feeding high oil diets and 
depression in milk fat production typically occurs within 2-3 days. There is much speculation as to 
the mechanism by which TF A affect milk fat synthesis. The short chain fatty acids (C<16) are those 
which are decreased most when milk fat is depressed by diet. Since the short chain fatty acids in 
milk are synthesized by the mammary gland, we speculated that the principle means by which TF 
reduce fat synthesis is by reductions.in de novo fatty acid synthesis. Acetyl CoA carboxylase (ACC 
has been demonstrated to be the rate limiting enzyme for fatty acid synthesis in the mammary glan 

Piperova et al. (1998) reported on the effects of a high grain high, vegetable oil diet o 
enzyme activities of ACC and fatty acid synthetase (FAS). Milk fat decreased from 3.28 to 1.88° 
while ACC and FAS enzyme activities in mammary biopsy samples decreased by 61 and 54o/c. 
respectively, and ACC mRNA relative abundance was reduced by 55%. Mammary gland fatty aci 
synthetase and ;').9-_ desaturase activity were found to be inversely related with CLA uptake in mou 
mammary epithelial cell cultures (Jayan et al. 1998). Lee et al. (1998) observed that dietary mixtu 
of CLA isomers decreased rat liver expression of 1).9-- desaturase mRNA, but the effect involv 
isomers other than cis-9, trans-I I CLA. These data suggest that trans fatty acids and CLA effec. 
may also be mediated through regulation of gene expression of key enzymes associated with · · 
synthesis. 

It has become clear that the influence of diet on milk fat synthesis can be directly attribu 
to TF A production and absorption, and their interrelationships with CLA isomers produced in · 
rumen or in the mammary gland. The changes in milk fat associated with diet are much more lik 
to be related to changes in TF A production than rumen VF A patterns as previously thought. 
understanding of the mechanism by which TFA and/or CLA isomers act not only will allow us 
formulate diets which will reduce milk fat when economically advantageous but also give 
understanding of methods by which to increase milk fat in times such as the present when milk· 
is an extremely valuable milk component. 
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