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Intramuscular fat deposition: The physiological process
and the potential for its manipulation
Stephen B. Smith, David K. Lunt, and M. Zembayashi
Texas A&M University, Department of Animal Science
College Station, TX 77843-2471
Kyoto University Livestock Research Farm
Tanba-ChO', ,Kyoto, Japan 622-0203
Introduction
The U.S. produces over 2 billion kg of excess fat annually. One reason for the production
of excess fat in feedlot steers is that feeding grain and increasing time on feed improve the
palatability and acceptability of meat for the U.S. consumer (e.g., Crouse et aI., 1984). To
circumvent the obvious waste of resources and resultant inefficiency in production incurred by
the over-fattening of livestock, it has been the goal of animal scientists to modify the manner in
which animals deposit adipose tissue. This presentation will describe the overall process of
adipose tissue development as well as attempts to increase marbling scores in cattle by
management, J3-adrenergic agonists, and genetic selection.
Marbling adipose tissue, also known as interfascicular or intramuscular (i.m.) adipose
tissue, represents a unique depot. It can be distinguished from other fat depots by its location
within perimysial connective tissues alongside myofibers (Moody and Cassens, 1968; Figure 1),
as well as its unique pattern of metabolism. Marbling adipocytes typically display rates of fatty
acid biosynthesis that are 5 to 10% of the rates observed in subcutaneous (s.c.) adipose tissue
(Hood and Allen, 1978; Smith and Crouse, 1984).

Figure Ib. Marbling adipocytes lying alongside
myofibers in bovine longissimus muscle. Moody and
Cassens (1968)

Intramuscular adipose tissue incorporates palmitic acid into storage lipids
(triacylglycerols) at rates that exceed those in s.c. adipose tissue (Lin et aI., 1992). The process
of triacylglycerol biosynthesis is more sensitive to starvation in s.c. than in i.m. adipose tissue

(Smith et aI., 1998). Finally, glucose contributes a greater proportion of carbon to fatty acid
biosynthesis in i.m. than in s.c. adipose tissue (Smith and Crouse, 1984). Thus, the data
consistently indicate that i.m. and s.c. are metabolically distinct. This difference between
adipose tissue depots may have its basis in their pattern of development.
The growth and development of adipose tissues in beef cattle share common feature? with
cultured preadipocytes. Prenatal growth involves proliferative division of adipoblasts and
preadipocytes located within the stromal vascular cells of the prospective adipose tissue,
followed by differentiation of the preadip0~ytes into immature adipocytes. Postnatal growth
involves marked hypertrophy of the adipocytes and also appears to include a period of apparent
hyperplasia ofpreadipocytes or recruitment (terminal differentiation and lipid filling) of
quiescent preadipocytes. Apparent hyperplasia can be stimulated early postweaning by feeding a
high grain, finishing diet or by withdrawal from treatment with B-adrenergic agonists. However,
there remains little information concerning the cellular regulation of hyperplasia and terminal
differentiation of adipocytes in ruminant species.
Prenatal Adipose Tissue Development
Developmental Stages
Much of what we know about the early development and differentiation of adipose tissue
has been obtained from the use of secondary cells lines, such as 3T3-L 1 preadipocytes (reviewed
by Cornelius et aI., 1994). Adipocyte development in culture can be described simply.
Preadipocytes are plated in the presence of 10% fetal bovine serum and allowed to proliferate
(Figure 2a) until the cells reach confluence. Subsequently, insulin and dexamethasone are added
to initiate differentiation (lipid filling; Figure 2b). Once differentiation begins, proliferation
ceases. For 3T3-L1 preadipocytes, early differentiation is characterized by the expression of
genes such as those encoding stearoyl coenzyme A desaturase (SeD) and CCAA T/enhancer
binding proteins (C/EBP) beta and gamma, followed by the expression of C/EBP alpha
(Cornelius et aI., 1994; Casimir and Ntambi, 1996; Mandrup and Lane, 1997). Expression
C/EBP alpha halts proliferation and works with other factors (e.g., IGF-1) to support
differentiation.

Figure la. 3T3-Ll preadipocytes 48 h post-inoculation.
Cells are still proliferating actively. Satory and Smith
(1999).

Figure lb. 3T3-L I preadipocytes 6 d post-induction of
differentiation. Cells are actively accumulating lipid.
Satory and Smith (1999).
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We presume that prenatal growth of adipose tissue in beef cattle is characterized by
proliferative division of populations of preadipocytes located in the stromal vascular tissue.
Subsequently, preadipocytes later exit proliferation and enter a phase of early differentiation.
Unlike secondary cell culture lines like 3T3-Ll preadipocytes, the processes ofpreadipocyte
proliferation and differentiation occur concurrently in the adipose tissues of animals (illustrated
in Figure 3).
The processes of proliferation and differentiation in adipose tissues of livestock species
occur generally as observed for preadipocy~es in culture. Initial lipid filling is characterized by
the appearance of small lipid droplets (Figure 3a). These coalesce as the adipocyte enlarges,
leading to the unilocular adipocytes characteristic of mature adipose tissue. However, there is
evidence to indicate that, unlike preadipocytes in culture, those within tissues beds (in situ) can
proliferate even after accumulation of some lipid (May et aI., 1994; Figure 3b). The result is that
both processes, proliferation and lipid filling, are occurring concurrently; this can be
demonstrated even in mature cattle (May et aI., 1994) .

•
•

Figure 3a. In culture and in situ, preadipocytes
proliferate and then accumulate lipid. However, in situ,
preadipocytes that contain some lipid still retain the
ability to proliferate.
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Figure 3b. In adipose tissue seams (such as in
developing s.c. or i.m. adipose tissue of cattle),
adipocytes increase both in size and in total number.

Interconversion of Brown Adipose Tissue to White Adipose Tissue
The origin of the white adipocytes in the various depots of livestock species remains a
matter of debate. Some depots, such as the perirenal depot, clearly differentiate initially as
brown adipose tissue (Casteilla et aI., 1989), and subsequently convert ("involute") to white
adipose tissue late fetally or early postnatally. Other adipose tissues differentiate directly to
white adipose tissue, circumventing the brown adipose tissue phase (Figure 4a).
Subcutaneous adipose tissue was not thought to differentiate initially as brown adipose
tissue. Rather, until recently it was thought that bovine s.c. adipose tissue developed as a white
adipose tissue. However, we have demonstrated the presence of cells that exhibit brown
adipocyte morphology intermixed with cells of obvious white adipocyte morphology (Figure 4b)
(Martin et aI., 1999a). This suggests that, like perirenal adipose tissue, s.c. adipose tissue
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originally differentiates as brown adipose tissue, and involutes to white adipose tissue early
postnatall y.
The existence of brown adipocytes within perirenal adipose tissue can be confirmed by
the presence of mitochondrial uncoupling protein (VCP; Casteilla et aI., 1989). We have
documented increased expression ofUCP prenatally in perirenal adipose tissue (Figure Sa),
coinciding with the development of elaborate, highly differentiated mitochondria. Furthermore,
we have measured UCP mRNA in s.c. adipose tissue during fetal development (Figure Sb)
(unpublished observations), providing stm.pg evidence that bovine s.c. adipose tissue
differentiates originally as brown adipose tissue.
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Figure 4a. Proposed pattern of development of white
adipose tissue including a brown adipose tissue
intermediate stage (1) or direct differentiation into white
adipose tissue (2). Allen et al. (1976)

Figure 4b. Electron micrograph of subcutaneous
adipose tissue from a newborn Brahman calf. Note the
presence of both white and brown adipocytes. x 2,500.
Martin et al. (1999a)
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Source of Intramuscular Adipocytes
Does i.m. adipose tissue differentiates initially as brown adipose tissue? If so, it does not
do so fetally. We were unable to detect VCP mRNA in longissimus muscle from fetal calves
(data not shown). This does not rule out the possibility that at a later stage of development (e.g.,
early postweaning), i.m. may differentiate originally as brown adipose tissue. However, none of
the early work (e.g., Moody and Cassens, 1968) has provided any evidence for brown adipocytes
in during the development of marbling.
Postnatal Adipose Tissue Development
Markers of Adipocyte Differentiation in Bovine Adipose Tissue
For many years, we have sought markers of terminal adipocyte differentiation in cattle.
Early research in my laboratory indicated that ATP-citrate lyase (citrate cleavage enzyme)
activity is developmentally and dietarily regulated (Smith et aI., 1984) (Figure 6a). Similar
results were obtained for NADP-linked malic dehydrogenase and acetyl CoA carboxylase.
However, bovine s.c. adipocytes had achieved nearly maximal size by our earliest sampling, 25 d
postweaning (approximately 8 mo of age) (Figure 6a). This indicates that lipid filling of
adipocytes occurs prior to the onset of de novo lipogenic enzyme activities, so that enzymes such
as ATP-citrate lyase and acetyl CoA carboxylase would not serve as suitable markers for
adipocyte terminal differentiation in bovine adipose tissue. This is in direct contrast to results
observed in preadipocyte cell lines (Ailhaud et aI., 1992; Cornelius et aI., 1994) and underscores
the fundamental differences in adipocyte differentiation between mouse secondary cell lines and
bovine adipose tissue in vivo.
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Figure 6b. Changes in lipogenesis and SCD gene
expression during growth in preweaning (I to 7 roo) and
postweaning Angus steers. Martin et aI. (1999b)

In a recent study, we sampled s.c. adipose tissue from Angus steer calves at 2.5 wk and 5,
7.5,12, and 18 mo of age (Martin et aI., 1999b). The calves were weaned at 7.5 mo of age, and
were on native pasture until 12 mo of age. At that time, they were fed a high-com, finishing diet.
The results of this study indicated that SCD gene expression began as much as 3 mo earlier than
ATP-citrate lyase activity in bovine s.c. adipose tissue (Figures 6a and 6b), and coincides with
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the onset oflipogenesis (Figure 6b). This suggests strongly that, as in 3T3Ll preadipocytes,
SCD gene expression is an indicator of terminal adipocyte differentiation in bovine adipose
tissue.
Developmental Regulation of Marbling Accretion
We hypothesized that marbling development is temporally regulated, such that adequate
marbling cannot accumulate to achieve USDA Choice until cattle reach approximately 18 mo of
age. To address this hypothesis,. we measured lipogenesis, cell diameter, 3H-thymidine
incorporation into DNA (i.e., cell proliferation), and SCD activity in s.c. and i.m. adipose tissue
explants from calf-fed and yearling-fed nuclear transfer cloned Brangus calves (reported in part
by Harris et aI., 1997). The calf- and yearling-fed steers were fed either to a constant age (18
mo) or to a constant live weight (530 kg). In the constant-weight study, slaughter age was 15.5
mo for the calf-fed steers and 18 mo for the yearling-fed steers. Our hypothesis proved to be
incorrect; when raised to a constant age, carcasses from the fatter, calf-fed steers also had higher
marbling scores (Figure 7a). Also, when raised to a constant weight, the younger calf-fed steers
had the same carcass fatness and marbling scores as yearling-fed steers.
Although there were no differences between calf- and yearling-fed steers in adjusted fat
thickness or marbling scores in the constant-weight group (Harris et aI., 1997; Figure 7a), there
were significant adipose tissue biochemical and differences (Figure 7b). Subcutaneous adipose
tissue from the younger calf-fed steers exhibited greater rates of apparent preadipocyte
proliferation than in the older, yearling-fed steers; concomitantly, s.c. adipose tissue froni calffed steers contained greater SCD activity than in yearling-fed steers. Similar, though less
pronounced differences were observed in i.m. adipose tissue. This suggests that a greater
proportion of adipocytes in both depots from calf-fed steers had undergone cell proliferation and
terminal differentiation. The overall conclusion from this study was that both adipocyte
proliferation and differentiation contributed to the accumulation of s.c. and i.m. adipose tissue.
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Carcass Quality and jJ-Adrenergic Agonists
Treatment with 13-adrenergic agonists such as clenbuterol typically reduces marbling
scores. Schiavetta et al (1990) reported smaller i.m. adipocytes in clenbuterol-treated steers than
in control animals, suggesting that 13-adrenergic agonists work in part by reducing lipid filling of
preadipocytes. 13-Adrenergic agonists putatively work by increasing cAMP concentrations,
thereby activating protein kinase; the net effect is the reduction of lipid accumulation.
13-Adrenergic agonists also may influence preadipocyte proliferation. Lambs treated with
clenbuterol exhibited 40% less s.c. fat thio~ess than control lambs, but had significantly larger
adipocytes (Coleman et ai., 1987). This suggests that the reduction in carcass fatness was due to
a reduction in total adipocytes. Angus steers treated with clenbuterol had fewer longissimus
muscle i.m. adipocytes (calculated from Schiavetta et ai., 1990; Figure 8a). This indicates that
13-adrenergic agonists reduce i.m. adiposity by reducing adipocyte proliferation and(or) terminal
differentiation.
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s.c. adipocyte number in Angus steers treated for
clenbuterol for 50 d and after 78 d withdrawal.

The data in Figure 8b provide evidence that i.m. and s.c. adipose tissues are unique
adipose tissue depots. Whereas clenbuterol reduced total i.m. adipocyte number, s.c. adipocyte
number in the 9-10-11 th rib section increased significantly after withdrawal from clenbuterol
treatment.
The data presented so far indicate that marbling amount can be altered by manipulating
the total number of i.m. adipocytes. Are there biological or genetic limitations to the extent to
which i.m. cell proliferation can be manipulated?
Genetic Selection for Marbling
Comparison of us. and Japanese Breed Types
As one approach to address the genetic basis for marbling development, investigators in
the U.S. and Japan have compared North American breed types to Japanese breed types,
especially the Japanese Black (Wagyu; Figure 9a). Japanese Black cattle were derived from
Korean Hanwoo cattle that had been cross bred with British dairy and beef breeds. They exhibit
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an unusual ability to accumulate i.m. adipose tissue. The distribution of i.m. adipocytes in beef
.from Japanese Black cattle also differs from that observed in other breed types (Figure 9b).
Whereas i.m. adipocytes are rarely observed in histological sections of muscle from North
American breed types, it is virtually impossible to obtain a field devoid of adipocytes in sections
of longissimus muscle from Japanese Black cattle.

Figure 9a. Purebred Japanese Black steer from the
Hyogo prefecture of Japan.

Figure 9b. Histological stain ofWagyu longissimus
muscle. Muscle fasciculi are completely surrounded by
clusters of small adipocytes.

Beef cattle raised in Japan typically are fed 500 to 600 d after weaning. How muc.h ofthe
ability of Japanese Black cattle is due to inherent genetic potential, and how much is the result of
their extensive feeding period? One approach we have taken to answer this question is to
compare Angus and American Wagyu cattle (derived from Japanese Black and Red bulls crossed
to Angus cows) in the U.S. under Japanese production conditions (Figure lOa). Cattle were fed
550 d past weaning on a diet designed to provide 0.9 kg/d ADG. Angus cattle performed well,
grading USDA Prime with 14.5% extractable lipid in their longissimus muscle (Lunt et ai.,
1993). However, carcasses from the American Wagyu cattle contained 19% lipid in the
longissimus muscle. Based on the Japanese grading system, the Angus cattle achieved a Beef
Marbling Score (BMS) of 4.5, whereas the Wagyu cattle achieved a BMS of 7.30 (Lunt et ai.,
1993). We confirmed the Angus cattle cannot achieve BMS greater than 5 in a second
investigation (Cameron et ai., 1993).
The relationship ofBMS number to extractable lipid is illustrated in Figure lOb. USDA
Choice cattle occupy the very lowest portion of this curve, whereas the highest grading Japanese
Black cattle (with A5 carcasses) occupy the upper portion. Even after feeding for 550 d, Angus
cattle still displayed relatively low BMS numbers. In a recent publication (Zembayashi et ai.,
1999), we demonstrated that the accumulation of i.m. lipid in the longissimus muscle is virtually
linear with age up to nearly 1,200 d of age (Figure 11a). However, carcasses from Charolais
crossbred cattle contained less i.m. lipid initially (first measured at 400 d of age) and reached a
plateau in i.m. lipid at approximately 700 d of age. Angus cattle initially contain the same
amount of i.m. lipid as Japanese Black cattle, but also reach a plateau at around 700 d of age
(unpublished data). Thus, there is a biological limitation to the extent to which North American
breed types can accumulate i.m. that is not present in Japanese Black cattle.
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Figure lOb. Japanese Beef Marbling Score (BMS) as a
function of extractable lipid in the longissimus muscle.
Cameron et al. (1994)

To achieve BMS of 10 to 12, intramuscular adipose tissue from Japanese Blaekcattle
must contain either larger adipocytes or more adipocytes. Mean adipocyte diameter was actually
less in s.c. and i.m. adipose tissues from Wagyu cattle than in Angus cattle (May et al., 1994).
However, the rate ofpreadipocyte proliferation was twice as high in adipose tissues from Wagyu
cattle than in Angus cattle (Figure llb). This indicates that the ability of Japanese Black cattle
to accumulate i.m. adipose tissue seemingly indefinitely is due to greater rates of preadipocyte
proliferation.
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Positional Cloning of Candidate Genes Related to Carcass Quality
Our comparisons of Japan and North American cattle have indicated that marbling scores
cannot be increased substantially in the latter population because of genetic limitations in the
concerted processes of preadipocyte differentiation and proliferation. Stated another way, there
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are no production or dietary manipulations that will increase marbling scores much more than
what currently are being realized. Only by selective breeding can major changes in carcass
quality be accomplished.
We are working to identifying candidate genes that may regulate carcass quality. To
accomplish this, over 600 head of cattle have been sampled and analyzed in a Texas A&M
University project known as the Angleton Project. The Angleton Project was designed to
identify quantitative trait loci (QTL) for traits important for carcass quality, such as marbling
scores, s.c. fat thickness, and meat tendem~ss. The Angleton Project has identified a highly.
significant QTL for longissimus muscle lipid on bovine chromosome Bta19, 71 cM from the
centromeric end (Taylor et aI., 1998). This indicates that a gene or family of genes exists at that
locus that 1) regulates the deposition of marbling, and 2) segregates within the Brahman and
Angus crossbred families.
Taylor et aI. (1998) mapped the growth hormone gene GHI to 73 cM from the
centromeric end ofBta19. Thus, GHI maps to the same position as longissimus muscle
extractable lipid. Adjusted fat thickness mapped to 75 cM on Bta19, indicating the growth
hormone also regulates adipose tissue differentiation in this depot. Unfortunately, the GHllocus
may not be a good candidate gene for selecting for increased carcass quality. Decreasing growth
hormone secretion would increase marbling scores, but also would increase overall carcass
fatness.
The positional candidate gene cloning approach is important in that it allows us to
evaluate the importance of targeted genes in the accumulation of fat in cattle. Once appropriate
markers have been identified, they can be used in developmental studies. Considering the
complexity of adipose tissue development in cattle, this may be the most effective approach for
determining those factors that regulate marbling adipocyte proliferation and differentiation in
beef cattle.
Implications
Marbling adipose tissue is unique in its distribution and metabolism from other fat
depots. This may stem from the fact that fat depots such as subcutaneous and perinrenal develop
initially as brown adipose tissue, whereas intramuscular adipose tissue development does not
seem to include a brown adipose tissue stage. Thus, it should be possible to regulate marbling
accumulation independently of other fat depots. Production practices should as calf feeding
stimulate the early development of marbling, but there appears to be a real limit to the ability of
carcasses from cattle in the U.S. to marble. Substantial increases in marbling scores (hence,
carcass quality) probably can be achieved only after selection for animals with greater genetic
potential for preadipocyte proliferation within their marbling fat depot.
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Influences of nutrition and management practices on
intramuscular fat deposition and fatty acid profiles in beef
Susan K. Duckett and John G. Andrae
University of Georgia, Athens
Introduction
Intramuscular (i.m.) fat ,content of,t.he longissimus muscle is a major determinant of"
carcass value and beef palatability. The composition of the i.m. lipid is comprised of over 20
individual fatty acids; however, six fatty acids contribute over 92% of the total fatty acid content
(Figure 1; Duckett et aI., 1993). These major fatty acids in beefi.m.lipid are: oleic (CI8:1;
41%), palmitic (CI6:0; 27%), stearic (CI8:0; 15%), linoleic (CI8:2; 3.9%), palmitoleic (CI6:1;
3.7%) and myristic (CI4:0; 3.6%) acids. This fatty acid composition translates to an average of
44% saturated fatty acids (SF A), 5% odd- and branched-chain fatty acids (OCF A), 45%
monounsaturated fatty acids (MUF A), and 5% polyunsaturated fatty acids (PUF A) for beef i.m.
lipid. Diets containing a high proportion of lipid as MUF A have been shown to be as effective as
PUFA at lowering serum cholesterol levels in humans (Mattson and Grundy, 1985; Mensink and
Katan, 1989; Gustafsson et aI., 1994). Myristic and palmitic acids are saturated fatty acids and
are considered to be hypercholesterolemic or cholesterol elevating (Hegsted et aI., 1965; Keys et
aI., 1965). Stearic acid is a saturated fatty acid; however, diets high in stearic acid have been
shown to lower serum cholesterol compared to other saturated fatty acids (Hegsted et aI., '1965;
Keys et aI., 1965; Denke and Grundy, 1991; Bonanome and Grundy, 1988). Stearic acid is
believed to be converted to oleic acid after dietary ingestion which accounts for its different
effect on serum cholesterol compared to other saturated fats (Bonanome and Grundy, 1988).
Several studies have been conducted to compare diets containing beef with those containing
unsaturated oils (Reiser et aI., 1985), plant protein (Weibe et aI., 1984), or white meat (O'Brien
and Reiser, 1980; Davidson et aI., 1999). The results from these comparisons show that a diet
containing lean beef has similar effects on serum lipids as other protein or oil sources.
Beef i.m. lipid also contains unique fatty acids because of ruminal biohydrogenation of
dietary lipid. One of these products is conjugated linoleic acid (CLA) which is a collective term
used to describe one or more positional and geometric isomers oflinoleic acid (cis-9, cis-12
octadecadienoic acid). Conjugated linoleic acid was recognized as an anticarcinogen in
experiments investigating possible cancer causing compounds generated during the cooking of
hamburger (Ha et aI., 1987). In the studies on mammary tumor formation, all isomers of CLA
were incorporated into tissue triacylglycerides but only the cis-9, trans-II isomer was
incorporated into membrane phospholipids and is assumed to be the biologically active isomer
(Ha et aI., 1990; Ip et aI., 1991). Conjugated linoleic acid is produced in ruminant animals as the
first intermediate in the biohydrogenation of dietary linoleic acid by an isomerase from rumen
bacteria such as Butyrivibrio jibrisolvens (Figure 2). The second intermediates formed in the
biohydrogenation of linoleic acid pathway are trans C 18: 1 acids such as trans-II vaccenic acid
which results from the hydrogenation of one double bond in CLA. The complete
biohydrogenation oflinoleic acid results in stearic (CI8:0) acid. Trans-II vaccenic acid can be
converted to cis-9, trans-II CLA by delta-9 desaturase present in rat liver micro somes (Mahfouz
et aI., 1980, Pollard et aI., 1980) and possibly human tissues (Salminen et aI., 1998; Jiang et aI.,
1999). Bovine adipose tissue contain delta-9 desaturase and can convert stearic acid to oleic acid
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(St. John et aI., 1991). The name ofrumenic acid has been proposed for the cis-9, trans-II isomer
of CLA which is produced naturally in the rumen and believed to be the biologically active
isomer (Ha et aI., 1990; Ip et aI., 1991). Chin et aI. (1992) reported levels ofCLA in ground beef
at levels of 3.8 to 4.3 mg/g oflipid and that about 84% was rumenic acid.
The potential to alter i.m. fatty acid composition to increase unsaturated fatty acid content
arid CLA for human health benefits would be advantageous for the beef industry; however, most
research evaluating the effect of nutrition and management systems on i.m. lipid have shown
only small to moderate changesin comp08~tion. The limitation in changing beef i.m. lipid ..
composition is with ruminal biohydrogenation. Table 1 shows the composition of typical feedlot
diet, duodenal digesta and i.m. fat composition. Unsaturated fatty acid content for the diet,
digesta, and i.m. lipid is 79%, 20%, and 49%, respectively. Ruminal biohydrogenation of dietary
unsaturated eighteen carbon fatty acids in steers consuming a high concentrate feedlot diet is
about 64 to 69% (Ekeren et aI., 1992; Kennington et aI., 2000). The effects of nutrition and
management on i.m. lipid deposition and composition will be reviewed.
Nutrition Effects
Pasture VS. Grain. In a comparison of forage versus grain finishing diets, Williams et aI.
(1983) reported that consumption of the grain diet resulted in increased marbling scores, quality
grades and percent fat in the soft tissue. As the total lipid content in the muscle increased, a
proportional increase in triglyceride content was noted (Miller et aI., 1981; Williams et aI.,
1983). The phospholipid content decreased and was inversely related with total fat content
(Williams et aI., 1983). These changes in lipid type resulted in differences in the fatty acid
composition of the lipid. Grain feeding increases oleic and MUF A acid content of the i.m. lipid
(Sumida et aI., 1972; We sterling and Hedrick, 1979; Williams et aI., 1983; Mitchell et aI., 1991;
Mandell et aI., 1997). Cattle on forage diets have higher concentrations of SFA and PUF A due to
higher percentages of stearic, linoleic and linolenic acids (We sterling and Hedrick, 1979;
Williams et aI., 1983; Marmer et aI., 1984; Mandell et aI., 1997). Marmer et aI. (1984) found
increased amounts of the branched chain fatty acids in cattle fed forage diets. These differences
in fatty acid composition contribute to shorter shelf-life and off-flavors typically observed in
forage-fed beef (Mandell et aI., 1997).
Time-on-Feed. Regardless of the age or breed of the cattle used, serial slaughter studies
(Zinn et aI., 1970; Miller et aI., 1987; Greene et aI., 1989; Williams et aI., 1989; Huffhines et aI.,
1992; May et aI., 1992) continue to demonstrate that i.m. fat deposition proceeds in a non-linear
manner. These studies show a plateau in marbling score after about 84 to 112 d on a high
concentrate diet. Duckett et aI. (1993) found that i.m. lipid content in the longissimus doubled
between 84 and 112 d on feed but did not differ from d 0 to 84 or from d 112 to 196. The
increase in the i.m. fat content in the LM with increased TOF appears to be due to an
enlargement of the adipocyte cell with storage reservoirs (triglycerides) versus an increase in
adipocyte cell number since the structural components of the cell (phospholipids) remained
constant. Nash et aI. (1999) utilized real-time ultrasound to monitor changes in i.m. lipid content
and predicted quality grade in feedlot heifers across time-on-feed. The percent grading Choice
increased from 20% at d 84 to 80% at d 100 and 120 (Figure 7).
Researchers (Marmer et aI., 1984; Larick and Turner, 1989 & 1990; Duckett et aI., 1993)
have found that the PUF A are almost exclusively located in the PhL fraction where they
apparently serve as structural elements of the cells (Bloor and Snider, 1934). Since the percent
14

I

contribution of PhL to TL declined greatly with advancing TOF (Duckett et aI., 1993), this
ultimately decreased the PUF A content in the LM with increased TOF. However as the PUF A
content in TL was declining with TOF, the MUFA content increased with the SFA being
relatively unaffected. This increase in MUF A resulted from increased concentrations of oleic
acid in the NL as TOF increased The increase in oleic acid concentration across time-on-feed
would suggest changes in ruminal biohydrogenation and tissue delta-9-desaturase activity with
advancing time-on-feed.
Tallow and Yellow Grease. Typica1,1y,addition of tallow to com based finishing rations ~
does not increase marbling scores (Haaland et aI., 1981; Bartle et aI., 1994; Krehbiel et aI.,
1995). Tallow occasionally increases marbling scores of beef cattle (Zinn 1989, Brandt and
Anderson 1990); however, the increases in marbling have occurred in rations containing barley
and milo which have lower amounts oflipid than com. In contrast, Bock et al. (1991) and Brandt
et al. (1992) fed wheat or sorghum based finishing diets containing 0%, 3.5% or 4% added fat
and observed no differences in marbling score. Addition of 4% tallow to com based finishing
diets has also decreased marbling scores (Clary et aI., 1993). Small increases in longissimus
saturation, primarily as a result of increased stearic concentrations, have been observed when
yellow grease and tallow are added to finishing rations (Edwards et aI., 1961; Brandt et al 1992;
Brandt and Anderson, 1990).
Unsaturated oils. Addition of oil to the ration either as a free source (i.e. com oil,
soybean oil, soybean soapstock) or as a protected source (casein/formaldehyde protected oils or
calcium soaps) increases the supply of dietary unsaturated fatty acids. Free oils are more subject
to hydrolysis and biohydrogenation by ruminal microbes while protected fats are less susceptible
to biohydrogenation (85 vs. 50%; Wu and Palmquist, 1991; Wu et aI., 1991). Roberts and
McKirdy (1964) reported lower SFA percentages in lipid of steers fed 5% added rapeseed or
sunflower oil. This reduction in saturated fat was primarily the result of decreased palmitic acid
content in both sunflower and rapeseed oil fed cattle and increased eicosenoic and erucic acid
deposition in rapeseed oil fed steers. Eicosenoic and erucic acids are found in high levels in
rapeseed oil and the presence of these lipids in tissue indicate that they escaped rumen
biohydrogenation. Dryden and Marchello (1973) added 6% safflower oil to finishing rations and
compared it to control rations and rations containing 6% animal fat. Safflower oil fed steers had
increased linoleic and linolenics acids in most of the external, internal and intermuscular fat
depots sampled but composition of i.m. lipid was unchanged. Bock et al. (1991) increased
amounts of unsaturated lipids in the plasma of steers fed soybean soapstock versus steers fed
tallow; however, this did not translate to increased amounts of unsaturated fat deposited in the
longissimus muscle.
Less information is available on the effects of protected lipids on marbling and fatty acid
composition of finishing steers. Protected oils often increase unsaturated fat in tissue and blood
because the oil is protected from hydrolysis and ultimately hydrogenation. Garrett et al. (1976)
reported increased quality grades when rumen protected vegetable oils were fed to finishing
steers consuming barley based diets. N gidi et al. (1990) fed increasing levels of rumen protected
palm oil (Megalac; 0-6%) and observed no effects on marbling scores; however, ADG and
carcass weight decreased linearly with addition of Megalac. Dinius et al. (1975) added a rumen
protected casein-safflower oil complex to finishing cattle diets. They also observed decreased
intakes with fat addition, but increased intramuscular linoleic acid percentage of the longissimus
were observed after 56 days on feed. Hill and West (1991) fed 4.5% Megalac to a com based
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finishing diet and observed significant increases in plasma palmitic, palmitoleic, oleic, and
linolenic acids after 41 days on feed. Proportions of linoleic and stearic acids were decreased
when Megalac was fed. The fatty acids in Megalac were 87% palmitic and oleic, which suggests
these fatty acids were not biohydrogenated but were absorbed and deposited in their original
form.
Oilseeds. While calcium and protein protected fat complexes are chemically unavailable
for rumen hydrogenation, others have proposed that oilseeds are physically protected from
biohydrogenation by their seedcoat (Bald~in and Allison, 1983) . The extent of this protection
should be dependent upon rate of ruminal digestion, rate of passage and the degree of physical or
chemical processing prior to feeding and following mastication. Adding whole cottonseed to
finishing rations decreased carcass weight and ribeye area (Huerta-Liedenz et aI., 1991), but did
not alter other carcass traits including marbling scores. Addition of 30% whole cottonseed
slightly (.5%) increased linoleic acid and total PUFA in perinephric fat, but did not change
composition of subcutaneous fat. These data are supported by the findings of Zinn and
Plasciencia (1993) in which whole cottonseed was extensively hydrogenated in finishing rations.
Ekeren et aI. (1992) fed high-oleic sunflower seeds to duodenally cannulated steers and reported
increased levels of oleic acid in duodenal digesta and feces. This suggests that some of the
unsaturated fat escaped hydrogenation, but was also relatively indigestible in the small intestine.
Chang et aI. (1992) observed increased plasma oleic acid and increased oleic, myristic and stearic
acid in perianal lipid of sunflower seed fed steers. Fatty acid composition of the loin was not
altered, but only three steers per treatment were included in the study.
Addition of ground canola seed to finishing rations for 94 days has decreased
pentadecyclic, myristic, myristoleic and increased stearic and linolenic acids of subcutaneous fat
(Rule et aI., 1989). Feeding extruded canola to steers has increased stearic and linolenic acids and
tended to increase linoleic acid content of intramuscular brisket lipid (Rule et aI., 1994). Feeding
ground or extruded canola exposes the lipid in canol a seeds to ruminal biohydrogenation, and
whole unprocessed canola has low intestinal availability. Therefore, better methods of processing
that both protect the lipid from biohydrogenation and allow absorption are necessary to alter fatty
acid composition with dietary canola. Recently, chemically processing whole canola with sodium
hydroxide and hydrogen peroxide has decreased ruminal biohydrogenation of unsaturated fat but
allows adequate small intestinal digestion of nutrients when compared to diets containing
crushed canola seed (Aldrich et aI., 1997; Hussein et aI., 1996). This chemical treatment greatly
increased the flow of oleic, linoleic and linolenic acids to the duodenum and may offer an
improved method for altering ruminant fatty acid composition in the future.
Inclusion of graded levels of whole soybeans (0-24% of ration DM) did not change
performance or carcass characteristics; however, a numerical trend for increasing quality grade
with increased soybean inclusion was noted (Felton and Kerley, 1998). In contrast, Rumsey et aI.
(1999) fed whole roasted soybeans and did not observe any changes in carcass characteristics.
Rule et aI. (1986) reported numerical increases in quality grade and marbling score for steers fed
14% extruded soybeans without altering longissimus sensory properties and fatty acid
composition. Feeding extruded soybeans also had minimal effects on subcutaneous, kidney, liver
or brisket lipid composition of finishing steers (Rule et aI., 1994) although a previous study
indicated increased duodenal, plasma and subcutaneous linoleic and linolenic acid levels with
dietary extruded soybeans (Rule and Beitz, 1986).
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Specialty Grains. Recently, com has been developed that contains twice the oil content of
normal com. Very few studies have been reported which evaluate performance and carcass
responses to feeding high oil com in finishing rations. Andrae et ai. (1998) found that feeding dry
rolled high oil com increased marbling score and the percentage of cattle grading Choice from 42
to 72% (Andrae et aI., 1998). In addition, feeding high oil com reduced longissimus saturated
fatty acids content and increasde polyunsaturated fatty acids due to higher percentages of linoleic
acid. Increased percentages of carcasses grading Choice when whole shelled high oil com is fed
(43% versus 57% Choice) have ,been repo~ed by Trenkle and Belknap (1999); however, to our
knowledge no other reports on the effect of high oil com on muscle fatty acid composition have
been published. In agreement with our results, others have increased the unsaturated fat content
in milk by feeding high oil com (Elliot et aI., 1993; LaCount et aI., 1995).
Oil and Forage Level. In beef cattle, limited research is available on increasing muscle
CLA levels by altering finishing cattle diets. Research at the University of Idaho has shown that
increasing forage level (McGuire and Duckett, 1997) or feeding high oil com (McGuire et aI.,
1998) individually in finishing diets had no effect on rumenic acid content of the longissimus;
however if forage level was elevated and high oil com fed (McGuire et aI., 1998), rumenic acid
was increased by 24% in the longissimus. Enser et ai. (1999) added linseed oil to the diet (60 g
fat/kg diet dry matter) of finishing steers and increased total CLA content in longissimus by twofold (35.6 vs. 11.3 mg/100 g muscle) compared to a Megalac supplement. Ruminal formation of
CLA was numerically higher in duodenal digesta of steers fed high-oil com or typical com with
2.4% added com oil compared to typical com ration (Kennington et aI., 2000). The tlO,c12 CLA
isomer was only detected in the diet containing added com oil.
Management Effects:
Backgrounding systems. Duckett et ai. (1994) evaluated the effect of back grounding
system on i.m. lipid content and composition. The backgrounding systems evaluated were: early
weaned (EW; direct entry into feedlot after weaning at 3.5 mo of age); normal weaned (NW:
direct entry into feedlot after weaning at 7.9 mo of age); wheat pasture (WP; grazed on wheat
pasture for 112 d after weaning at 7.9 mo of age and then entered feedlot at 11.6 mo of age);
short grazed (SG; wintered on dry native range after weaning at 7.9 mo of age, grazed on early
intensive managed native range for 68d, and then entered feedlot at 15.4 mo of age); and long
grazed (LG; wintered on dry native range after weaning at 7.9 mo of age, grazed native range for
122 d, and then entered the feedlot at 17.4 mo of age. Marbling score and crude fat content were
similar between backgrounding treatments. Myristic (C14:0) acid was in higher concentrations in
the LM of EW and SG compared to LG with NW and WP being intermediate. The WP treatment
produced higher concentrations ofpentadecylic (C15:0) acid and odd chain fatty acids (OCFA)
than the other treatments. Stearic (C18:0) acid was higher in LG than NW with the EW, WP and
SG treatments being intermediate in their concentrations. The PUF A content in the LM was
greater in the EW treatment than NW which was also higher than SG. The WP and LG had
concentrations ofPUFA intermediate to NW and SG.
Ionophores. Ionophores do not appear to influence i.m. lipid deposition and have minimal
effects on fatty acid composition (Marmer et aI., 1985; Duckett and Wagner, 1997). Marmer et
ai. (1985) reported increased odd-chain and branched-chain fatty acids in longissimus muscle of
steers supplemented with monensin on sorghum-sudan diet. The higher levels of these odd and
branched chain fatty acids may arise from greater quantities of propionate available for de novo
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fatty acid synthesis. Duckett and Wagner (1997)reported increased oleic acid concentration and
reduced saturated fatty acid amounts in longissimus muscle of steers fed laidlomycin propionate
in the finishing diet (11 mg/kg). These changes suggest that ionophores appear to limit ruminal
biohydrogenation possibly through reductions in available hydrogen and/or altered ruminal
bacteria species.
Implants. On average, anabolic implants reduce marbling score and percent grading
Choice by 24% of a degree and 14.5%, respectively (Duckett et aI., 1996, 1997). In a recent
study (Duckett et aI., 1999), implanting requced marbling score by about one-half a marbling
degree compared to non-implanted controls. Implanting increased ribeye area by 7% compared to
nonimplanted controls. Reimplanting (ETIET) further increased ribeye area by 8% compared to a
single implant ofET. Total fatty acid percentage was lower for implanted than nonimplanted
controls. On a gravimetric basis (g/2.54 cm thick steak) where the changes in ribeye size with
implanting were accounted for, implanting or reimplanting did not alter the total fatty acid
amount or amounts of any individual fatty acids. Thus, implanting appears to alter i.m. lipid
amount and composition through a dilution effect with the increase in rib eye size.
Kennet and Siebert (1987) reported differences in fatty acid composition of i.m. lipid
between implanted and nonimplanted steers finished on pasture in southern Australia. Duckett et
aI. (1999) reported increased the percentages of stearic and linolenic acids, and reduced the oleic
acid percentage with implanting. These changes translated into an increased SFA percentage, and
a reduced MUF A percentage. Reimplanting (ETIET) versus a single implant (ET) did not alter
fatty acid composition of the i.m. lipid. However, implanting with an estrogenic rather than a
combination implant first (SIET vs ETIET) increased the percentage of palmitic acid, and
reduced linoleic acid and PUF A percentages.
Conclusion
Nutrition and management systems can alter i.m. lipid deposition and composition. The
largest changes in i.m. lipid composition are usually associated with feeding of protected fats or
high levels of unsaturated fatty acids which both increase the amount of unsaturated fatty acid
escaping the rumen without complete biohydrogenation. Other approaches, such as altering the
rumen environment or the lipogenic and desaturase activity of tissues, should also be addressed
in the future to find more efficient ways to alter amount and composition of fatty acid deposition
in cattle.
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Figure 1. Fatty acid composition of beef intramuscular lipid

3
•

3Fatty acids with percentages greater than 3% of total (140 d on high concentrate diet; Duckett et
aI., 1993).
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Figure 2. Ruminal biohydrogenation of dietary linoleic acid to stearic acid.
Linoleic acid (cis-9 cis-12 octadecadienoic acid)
-J..

-J..

CLA (trans-1 0 cis-12 octadecadienoic acid)

CLA (cis-9 trans-II octadecadienoic acid)

-J..

-J..

trans-1 0 octadecenoic acid

trans-II octadeceno'ic acid
-J..

Stearic acid (octadecanoic acid)

Table 1. Fatty acid composition of feedlot diet, duodenal digesta, and intramuscular lipid
Digesta, %
Diet, %
Fatty acid
1.65
.18
C14:0
14.06
14.30
C16:0
51.14
2.21
C18:0
6.19
20.46
C18:1c9
2.71
C18: 119
10.25
52.31
C18:2c9,c12
.08
C18:2c9,t11
.64
6.73
C18:3
C20:4
USFA
79.50
19.87
3Data from Kennington et al. (2000) and Andrae et al. (1998).

3
•

1M Lipid, %
2.94
27.44
17.46
41.30
2.25
3.90
.07
.70
.86
49.08
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,Introduction
The US rendering industry produces approximately 6.7 billion pounds of inedible fats and oils
each year. Historically, rendered animal fats were used primarily for soap production. Other uses
for animal fats were later developed by the oleochemical industry. Commercial use of animal
fats and oils as an ingredient in animal feeds increased in importance as the oleochemical
industry found natural and synthetic alternatives to animal derived fatty acids.
At the present time, rendered fats and oils are used primarily as a concentrated source of energy
in livestock, companion animal and poultry diets (Figure 1). Total feed usage accounts for about
3.2 billion pounds per year. Significant amounts of fats continue to be used by the oleochemical
industry to produce soap, rubber, plastics, lubricants, candles, crayons, waxes, cleaners, personal
care products, buffing compounds, mining chemicals, greases and various chemical derivatives
(Halloran, 1996). However, industrial uses are gradually decreasing in importance. In contrast,
the export market has increased (2.2 billion pounds) in importance during the past 10 years. This
increase may be transient because export volume tends to be negatively correlated with domestic
pnces.
There are many reasons to add fats or oils to animal diets. Nutritionally, fats are a concentrated
source of energy and a source of essential fatty acids. Fats improve palatability, feed efficiency,
reproductive efficiency, and the digestibility of certain proteinaceous feeds, as well as alleviate
heat stress. Added fats may also reduce dust, lubricate equipment, reduce particle separation and
physically improve the feed. Gummer (1992) published an extensive review of specifications
and the nutritional value of feed fats for ruminant and non-ruminant animals. There is also
evidence that certain fatty acid configurations (i.e. conjugated linoleic acid) may influence
nutrient partitioning and have nutraceutical properties.

Laboratory Analyses - Nutritional Relevance?
Specifications for trading fats and oils were developed and continue to be monitored by the
American Fats and Oils Association (Table 1,. AFOA, 1999). These standards are used to
facilitate arbitration whenever disputes concerning quality issues develop within the
oleochemical industry. This process has worked well because each specification can be
quantitatively confirmed by chemical analyses, as described in a subsequent section. However,
the specifications provide little nutritional information. The industry will not readily abandon
the present system and collectively make additional guarantees. Individual contracts for the sale
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of fats and oils can be written to include additional specifications, provided terms are agreed
upon by each party ahead of time.
Terminology differences between fats and oils traders and others can lead to confusion. It is
important to understand that fats and oils are classified according to the AFOA (1999) standards,
not their origin or composition. For example, tallow may not be 100% beef fat. It can contain
other sources of fats so long as it meets the appropriate specifications for titre, free fatty acids,
0
color and MID (Table I). Within the rendering industry, tallows are anything with a titre of 40
C or greater, while anything softer is' considered to be grease. Oils are generally considered to
be polyunsaturated and of vegetable origin.
Typical analyses
Titre minimum - measures the temperature (0 C) at which melted fatty acids (obtained by
hydrolysis of the fat source) congeal when cooled. Titre affects hardness of soap and is important
for fatty acid manufacturing. Nutritionists may use titre as an indicator of the handling properties
of a fat source. Generally titre will decrease as the number of unsaturated fatty acids in the fat
increase.
FAC (Fat Analysis Committee) maximum - indicates color using a scale of from 1 (lightest) to 45
(darkest) using only odd numbers. A low FAC color is important to make white colored bath
soaps. Because pure fat is almost colorless, high FAC indicates the presence of dissolved foreign
material in the fat. Despite this, FAC has no nutritional implications.
R & B (Refined and Bleached) maximum - is a more precise indicator of color than FAC and is
used for certain grades of tallow. The Lovibond color is determined on a sample after treatment
with alkali and a bleaching earth and reported as red and yellow. While this is important for the
oleochemical industry, it has little value to a nutritionist.
MIU (moisture, impurities and unsaponifiables) maximum - has little direct effect on the
nutritional value of fats and oils. However, collectively they dilute the energy content and
indicate the potential for handling concerns, if the percentage is high enough. High levels of
moisture affect shelflife because moisture can accelerate oxidation and rancidity. Impurities
(insoluble) include small particles of dirt, hide, hair, protein, etc. and may clog equipment used
to handle the fat. Unsaponifiables include sterols, pigments, vitamins, hydrocarbons and other
compounds that are dissolved in the fat, but are not hydrolyzable by alkaline saponification.
Other tests (i.e. pesticide screens) are used to insure that toxins and other deleterious compounds
are absent from the unsaponifiable fraction.
Free Fatty Acids (FFA, %) - measures fatty acids not esterified to glycerol. Moisture, time and
temperature interact to produce free fatty acids by catalyzing triglyceride hydrolysis. This is why
restaurant greases (yellow grease) have a higher maximum for FFA than the grades of tallow.
Some fat sources have very high FF A levels as a result of industrial hydrolysis of the parent
stock. Free fatty acid levels have little effect on the nutritional value of feed fats. However,
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free fatty acids are susceptible to oxidation and rancidity. The importance of stabilizing fats with
an antioxidant increases as the % FFA increases.
The effect of FFA level on animal performance has been studied in all major livestock species,
but primarily in poultry. Poultry and young pigs might be expected to be the most sensitive to
any kind of nutritional or chemical insult. This makes them an excellent model to study the
effects of FFA levels on animals. Waldroup et ai. (1995) concluded that fats and oils containing
3.1 % to 44.7 % FFA did not adversely af~ect broiler performance (Table 2). Others (Ouart et aI.,
1992; Zumbado et aI., 1999) reported similanesuIts for fats containing up to 92% FF A.
DeRouchey et ai. (1999a) reported that FF A levels in choice white grease did not affect gain or
gain to feed ratio in 13.7 lb. pigs (Table 3). As level of FFA in the grease was increased from 1.8
to 53.3%, a linear increase in feed consumption was reported. Plascencia et ai. (1999) reported
that FFA levels up to 42% did not negatively affect dry matter intake, gain or feed efficiency of
feedlot cattle (Table 4).
The only negative effects reported for FFA were in broilers and pigs. Wiseman et ai. (1991) and
Powles et ai. (1995) suggested that increasing FF A caused a slight linear decrease in the energy
value of fats for poultry and swine, respectively. This effect was mediated by the ratio of
unsaturated to saturated fatty acids in the fat. The results of these studies are discussed in more
detail in a subsequent section of this proceeding.
Pesticide analysis screens must be performed on each load or lot of fats and oils. Reputable
suppliers have a testing protocol in place to insure that fats and oils used for animal feeds are in
compliance with established federal government tolerances for pesticides and other toxic
substances, including PCBs.
Indicators of Rancidity
Peroxide Values (PV) are required to be determined only on USDA certified edible tallow and
lard. The feed industry uses P V to assess the stability or rancidity of fats, by measuring the
milliequivalents (meq) of peroxide per kilogram of fat. Fats having a PVofless than 5.0 meq are
generally considered not to be rancid. However, a low PV may not always indicate the absence
of rancidity. Typically, peroxides are formed as intermediates in the oxidative pathway. The
peroxide pool is not static. When oxidation is allowed to continue unchecked, new peroxides
form as others are further degraded. As a result, the PV may plateau and then decline over time.
This was demonstrated by exposing choice white grease to heat and oxygen for 11 days
(DeRouchey et aI., 1999b). Peroxides peaked on day 7 at about 105 meq/kg of fat and
subsequently declined to base line values (Figure 2).
PVs in excess of about 40 meq/kg of fat for young pigs (DeRouchey et al., 1999b) and 100
meq/kg of fat for poultry (Halloran, 1986) may depress performance. Published data indicating
the effects of PV on ruminant animals is not readily available. Antioxidants will prevent further
oxidation, but do not reverse the effects once the products of oxidation have formed.
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Active Oxygen Method (ADM) measures the PV after bubbling air through the fat sample for 20
hours to test resistance to oxidation. A PV of 20 meq or less is desirable for fats evaluated using
the AOM test.
The thiobarbaturic acid (TBA) test is sometimes used to assess stability /rancidity of fats
because it measures the final products of oxidation, such as aldehydes and ketones. However
these are volatile - low molecular weight compounds and may be lost when fats are heated for
extended periods of time to facilitate handl,ing in a feed mill.
Fatty Acid Composition
Iodine value is the grams of iodine absorbed by 100 g of fat and is used to estimate the chemical
unsaturation of the fat. Unsaturated fats have higher iodine values than saturated fats.
Fatty Acid Profiles may be requested for fats, although their nutritional implications have yet to
be fully understood. Aside from the importance of essential fatty acids, it is generally assumed
that fatty acids are used almost exclusively as an energy source by the animal. An ideal pattern
or profile has not been described for fatty acids as has been reported for amino acids. Example
fatty acid profiles for some common fat sources are shown in Table 5.
The concentration of polyunsaturated fatty acids may be important because of their effects on fat
digestibility (Grummer and Rabelo, 1998). Trans fatty acids, either present in the fat source or
produced by rumen biohydrogenation, may depress milk fat production in dairy cattle (Erdman et
aI., 1999). Trans fatty acids are not part of a routine fatty acid profile and must be specifically
requested (for an additional cost) from a commercial laboratory.
Ratio of Unsaturated to Saturated Fatty Acids (US) is of interest primarily to nonruminant
nutritionists for use in regression equations to predict the energy value of feed grade fats and oils.
The most widespread usage is in the swine industry because equations were adopted by the NRC
and reported in the Nutrient Requirements of Swine (NRC 1998). Using regression equations in
this way is compatible with the use of models to predict animal requirements and performance
levels. The U:S ratio may also be of value to ruminant nutritionist, although additional work is
needed to fully understand the role/fate of unsaturated fatty acids in the rumen and post-rumen.
Unsaturation may have similar effects on fat digestibility in the ruminant as have been reported
in nonruminant animals (Grummer and Rabelo, 1998). Unsaturated fatty acids may also
influence saturated fatty acid digestibility.
Assigning an Energy Value
Assigning a single energy value to a classification of fat is difficult. A review of digestibility
studies in the published literature for any specie shows substantial variation in energy values for
any class of fats, as shown for poultry in Figure 3 (NRC, 1994). Reasons for this variation are
not completely understood. Factors affecting the feed value of added dietary fats have been
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studied the most in poultry. These studies suggest that there are many interactive and associative
factors that contribute to optimal fat utilization. These include:
1. Interactions between fat sources that are chemically different. For example, unsaturated fats
. improve the digestibility of saturated fats when fed together to nonruminant animals.
2. Interactions between nutrients and fatty acids. For example in nonruminant animals, added
fat and dietary protein may interact to e,nhance protein digestibility or affect fat metabolism,
3. Differences in the digestibility of fats have been demonstrated. These are usually attributed
to differences in the fatty acid profile. Long chain fatty acids have lower digestibilities than
short chain fatty acids. Unsaturation has the same effect on fat digestion as shortening the
chain length.
4. Level of fat or other ingredients in the diet. Fat digestibility may be reduced once a threshold
level has been exceeded. This may be true especially for ruminant animals.
5. Poor characterization of the fats studied. Fats used in feeding studies are not always
described adequately, especially in the earlier literature. As a result, it is difficult to know
how to classify some fats when pooling feeding value data from the literature.
6. Variability among fat sources of the same classification. For example, yellow grease is
usually considered to be recycled restaurant grease. Because of the classification standards,
off-spec tallow can also be sold as yellow grease. This practice is more common when there
is very little spread between the market value of the various fat classes. Differences in oils,
greases, or the composition of oil blends used for cooking may also exist in different regions
of the United States.
Regression equations were developed to predict the DE and ME of fats for swine (Powles et al.,
1995) and poultry (Wiseman et aI., 1991), respectively, based on the U:S ratio, % free fatty acid
level and age of the animal. These equations (shown below) are gaining acceptance by
practicing swine and poultry nutritionist.
Specie

Age

Swine

Young

Swine

Growing

Poultry

1.5 wk

Poultry

7.5 wk

R2

Eguation
DE (MJ/kg) = 37.89 - (0.005.

FFA) - (8.20.

e

(.OSIS.U:S»)

DE (MJ/kg) = 36.898 - (0.005 • FFA) - (7.330 • e
AME (MJ/kg) = 38.112 - (0.009.

FFA) - (15.337.

(.0.906. US»)

.802

e

(,OS06.U:S»)

.816

(-403. US»)

.925

AME (MJ/kg) = 39.025 - (0.006 • FFA) - (8.505 • e
FF A = Free Fatty Acids in glkg;

.768

U:S = unsaturated to saturated ratio
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The factor having the greatest effect on the energy value of fats for ruminant animals, is fatty
acid digestibility. Research in dairy cattle suggests that many of the same factors affecting the
energy value of fats in nonruminant animals also affect digestibility in ruminant animals.
Grummer and Rabelo (1998) suggested the degree of unsaturation to be the most important factor
affecting the digestibility of added dietary fat. Unsaturated fatty acids may be more digestible
than saturated fatty acids. Saturated fats may be more digestible as free fatty acids than as
triglycerides. Grummer and Rabelo (1996) also suggested that the effects of feed intake on fat
digestibility in dairy cattle are probably gr~ater for saturated fats. Intestinal digestibility of fat in
feedlot cattle may be about 80% for supplementation rates up to 4%, but decrease markedly at
higher feeding levels (Zinn, 1992). Feeding level did not affect the comparative feeding values
of different fat sources in his study. It is likely that factors such as diet composition, nutrient
density, residual fat in feed ingredients, chemical characteristics of the fat, etc. influence the
relationship between feeding level and fat digestibility.
It is difficult to offer a specific method to determine the feed energy value for a certain class or
lot of fat that is an improvement over the values currently available in the NRC (1996).
Certainly, more variation exists than is suggested in these tables. The regression equations used
for other species may not give the optimal feed value for a given situation, because ingredient
composition and levels of protein, amino acids, vitamins and minerals in the diet are not
considered. However, using these equations may allow the nutritionist to derive a value that is
within the detectable limits of commercial feeding systems.
Standards and Specifications of Common Fats
Trading specifications are provided in Table 6 for common fats, oils and blends used in the US
feed industry. As with previously described specifications, these provide little assistance to the
nutritionist in determining the feeding value of the individual fat source. As lower" quality"
(i.e. lower grades) fats and oils are used, expect more variation in fatty acid composition. These
lower quality fats should, however, still meet the minimum or maximum specifications
described.
Summary
~

Specifications used for trading fats and oils may not measure nutritional quality or indicate
feed energy value.

~

Work with dairy cattle suggest that many of the principles used for determining the feeding
value of fats or oils for nonruminant animals my also be pertinent for the ruminant.

~

Assigning an energy value to a class of fat or oil from digestibility studies reported in the
literature is difficult.

~

Feed fats typically contain substantial levels of free fatty acids and should be stabilized to
prevent oxidation and rancidity.
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~

Free fatty acids do not affect animal performance, if properly stabilized.

~

Regression equations utilizing the ratio of unsaturated to saturated fatty acids, free fatty acid
level, animal specie and animal age have been developed and used for nonruminant animals.

~

The ratio of unsaturated to saturated fatty acids has been suggested to be. the most important
consideration in predicting the energy value of fats and oils fed to nonruminant animals. The
same may be true for ruminant animals.
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Table 1. American Fats and Oils Association Specifications for Tallows and Greases
Specifications

Grades

I

a

TITRE

FFA

FAC

R&D

Min C

Max

Max

Max

MIU

1)

Edible Tallow

41.0

0.75

3

None

b

2)

Lard (edible)

38.0

0.50

c

None

b

3)

Top white tallow

41.0

2

5

0.5

4)

All beef packer tallow

42.0

2

None

0.5

5)

Extra fancy tallow

41.0

3

5

None

6)

Fancy tallow

40.5

4

7

None

7)

Bleachable fancy tallow

40.5

4

None

1.5

8)

Prime tallow

40.5

6

I3-IIB

None

9)

Special tallow

40.0

10

21

None

10)

No 2 tallow

40.0

35

None

None

2

II)

A tallow

39.0

15

39

None

2

12)

Choice white grease

36.0

4

13-IIB

None

13)

Yellow grease

d

e

39

None

2

AFOA (1999)
Moisture maximum 0.20%. Insoluble impurities maximum 0.05%
C Lovibond
color 5 Y4 inch cell- max 1.5 red.
d Titre minimum,
when required, to be negotiated between buyer and seller on a contract by contract basis.
e FF A maximum, when required, to be negotiated between buyer and seller on a contract by contract basis.
a

b

Table 2. Effects of Free Fatty Acid Level on Male Broilers Fed for 42-Days
Fat source:
Com oil
Poultry fat
Blend 1c
Blend 2c
FFA, %:
0.2
3.12
29.8
44.7
Final wt, lb.
4.25
4.3
4.18
4.15
Feed/gain
1.700
1.736
1.760
1.721
Calorie/gain, kcal/lb.
2516e
2588de
2625d
2565de
Mortality, %
6.79
5.00
5.34
4.59

ab

Statistics
SEM Prob>F
0.04
0.018
27
1.26

0.11
0.11
0.05
0.23

a Waldroup et al. 1995.
Levels of 4, 6 or 8% of each fat were added to the diet in a factorial arrangement with fat source. A source X level
interaction was not reported, so only he source main effect means are shown.
C Animal-vegetable
blends.
de Means in a row without a common superscript differ (P < .05).
b
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Table 3. Effects of Free Fatty Acids on the Performance of Weaned Pigs
Free Fatty Acid, %
Gain, Ibid b
Feed, Ibid e
Control (no added fat)
1.04
1.62
1.8 % e
1.08
1.51
18.3 % e
1.07
1.57
35.4 % e
1.05
1.58
53.3 % e
1.09
1.58
SE
0.024
0.020

a

Gain/feed
0.64
0.71
0.68
0.66
0.69
0.018

d

I

DeRouchey et at. 1999a.
No treatment effect (P > .10).
C Linear effect ofFFA
level on feed consumption (P < .04).
d Control with no added fat was less than treatments with fat added (P < .04).
e Choice white greases (6% of diet) was treated with lipase to achieve FFA levels.
a

b

Table 4. Effects of Free Fatty Acid Level in Grease on Finishing Cattle Fed for 144 Days
Control
FFA of Added Grease
SD
0%
fat
15%
28.5%
42%
Item
27
822
822
834
826
Initial wt., lb.
41
1163
1188
1215
1225
Final wt., lb.b
ed
0.2
2.38
2.53
2.65
2.78
Daily gain, lb.
0.7
16.78
16.78
17.0
17.42
DMI,lb.d
0.3
DMIlgain de
7.07
6.61
6.44
6.30
Ruminal digestion, %
65.4
4
66.4
61.1
66.3
OM
88.4
2
88.9
Starch d
87.7
85.9
12.8 10
19.1
5.9
7.3
ADF
62.0
7
58.6
64.3
66.8
Feed N
23.0
2.5
23.0
22.4
25.0
Microbial efficiency e
1.10
.10
1.10
1.10
Duodenal recovery ef
0.97
a
b
C

d
e
f

a

Plascencia et at. (1999)
Supplemental fat effect (P < .10).
Supplemental fat effect (P < .05).
Linear effect for FFA level (P < .01).
Microbial N, glkg OM truly fermented.
Duodenal non-ammonia N/N intake.

-
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Figure 2. PV of Fat Exposed to Heat and
Oxygen for 11 Days. (DeRouchey et aI., 1999b)
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Table 5. Example Fatty Acid Profile for Fat Sources Commonly Used in Animal Feeds.
Fatty Acid

"

:s;C10
C12:0 (Lauric)
C14:0 Myristic)
C16:0 (Palmitic)
C16:1 (Palmitoleic)
C18:0 (Stearic)
C18:1 (Oleic)
C18:2 (Linoleic)
C18:3 (Linolenic)
2:: C20
Total saturated
Total unsaturated
U:S ratio
Iodine value
a

Adopted from NRC, 1998.

Tallow

Choice
White Grease

Poultry Fat

0.0
0.9
2.7
24.9
4.2
18.9
36.0
3.1
0.6
0.3
52.1
47.9
0.92
44

0.2
0.2
1.9
21.5
5.7
14.9
41.1
11.6
0.4
1.8
40.8
59.2
1.45
60

0.0
0.1
0.9
21.6
5.7
6.0
37.3
19.5
1.9
1.0
29.9
70.1
2.34
78

Yellow Grease

1.9
16.2
2.5
10.5
47.5
17.5
1.9
1.0
29.9
70.1
2.34
75

a,

Soy Oil

0.0
0.0
0.1
10.3
0.2
3.8
22.8
51.0
6.8
0.2
15.1
84.9
. 5.64
130

Figure 3. ME Values of Tallow and AV Blends for Poultry
(NRC, 1994)
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Table 6. Typical Specifications for Common Types of Feed Fats a
Fat
Total Fatty Acids, min Free Fatty Acids, max
Tallow
90 %
6%
Choice White Grease
90 %
4%
Yellow Grease
90 %
15 %
Brown Grease
90 %
> 15 % b
Blended Animal
90 %
15 %
Blended AnimalNegetable
90 %
30 %
a

b

.(\ ,

MID, max
1.0 %
1.0%
2.0%
1.0 %
3.5 %

Individual contracts may be mutually negotiated to reflect amendments to these specifications or to include
additional specifications.
Brown grease can be anything that does not meet minimum specifications for yellow grease.

36

I
I

Supplemental Feeding of Wildlife:
Promise, Problems, Projections
Dr. Dale Rollins
Professor and Extension Wildlife Specialist
Texas Agricultural Extension Service
San Angelo
d-rollins@tamu.edu

Introduction
We live in a world seeking instant gratification, silver bullets and quick fixes. A pentium
chip is now standard equipment in our computer because the 486 was too slow. We seek to fastforward processes whenever possible. We want feed sacks and food plots to do for deer antlers.
what Polaroid did to photography and microwaves did to Tappan ranges.

("
, '

With the possible exception of spike buck management, I know of no other aspect of deer
management that is implemented with such zeal and high hopes, but lacking in empirical
underpinnings, as the practice of supplemental feeding. Over the last 10 years, more and more
high-fenced properties have sprouted on the Texas landscape, most with the sole intent of
producing more and bigger bucks. We search for nostrums through buck com, deer pellets and
food plots. We read about their successes in the hunting magazines and we see the photographs,
so it must be the way to go. Or is it?
Back in 1988, I was one of the instructors in a program called Total Ranch Management.
Much of the 8-day course for ranchers was directed at helping them select the right things to do,
not just to do things right. There is a distinction between the two. The former involves an
examination of the ranch's goals (strategic and tactical) while the latter involves screening and
effectively implementing technology in order to achieve those goals. During my portion on
wildlife management, I encouraged students to subject any proposed technology to the following
"acid" test in order of descending priority:
(a)
(b)
(c)
(d)
(e)

is it ecologically sound? (What is its impact on the overall system?)
is it biologically sound? (Will it produce the desired result in the animal?)
does it contribute to my ranch's goals?
is it socially acceptable? (How would it be perceived by John Q. Public?)
is it economically sound?

This is probably a longer list of questions than one would entertain for supplementing
livestock, and surely the questions would be out of order.
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Ecological concerns regarding supplementation programs revolve around the side effects
of sustaining deer at artificially high levels. Ranges can be overgrazed just as thoroughly with
deer as with goats, albeit it may take a bit longer. Research at the Sonora Experiment Station
documented that supplemented deer were afforded a greater opportunity to be "selective
browsers." In the long run, such selective browsing can harm the more desirable browse plants
on the range.

I

Biologically speaking, supplementipg deer with protein or energy should produce the
desired result, e.g., larger antlers, bigger bodies, ifnutrition is the limiting factor. Such programs
are difficult to evaluate objectively however, as feeding programs are often superimposed (i.e.,
confounded) with other management changes like conservative harvest regulations, decreased
livestock stocking rates, and habitat management practices (e.g., prescribed burning).
You'll notice that I put one's ranch goals and social acceptance before financial
considerations, and with good reason, especially so relative to deer feeding. If a landowner is
achieving his ranch's goals, which may include a particular lifestyle, they need not always be
cost-effective. Recreation seldom is! I'm sure there are some supplemental feeding programs
that will pencil out, but I propose they're rarer than the Boone and Crockett bucks they purport.
Why should social acceptance even figure into our equation? Like it or not, the public's
perception of your management will eventually affect your management options. As the public
relations folks say "perception is reality." I shudder to think about a TV crew from Nightline or
48 Hours coming down for an expose' on Texas deer hunting. There's just something about a
camo-clad Bubba overlooking a com feeder that fails to project the essence of deer hunting, in
my opinion. But wouldn't it make for nice sound-byte journalism? Ouch!
But if you're counting the "bucks" that are going into feeding your bucks, you should
have the accounting skills necessary to tabulate costs and returns. At the very least, calculate
break-even costs necessary to recoup the costs of implementing a feeding program. And don't
forget to add the costs of labor and materials (feeders, fencing) to your computations.

,
I
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Whats your deer feeding IQ?
Over the years, I've found a short trivia quiz is one of the most powerful ways of
stimulating audience participation. Take the following quiz to see if you qualify for a Ph.D. in
deer nutrition.
1. Which of the following is the most critical of all nutrients to deer?
(A) energy (B) Vitamin D (C) water
(D) protein
2. On a dry matter basis, a buck's hardened antlers are about what percent crude protein?
(A) 10 to 12 (B) 18 to 20 (C) 27 (D) 45
3. Cow's milk has about a 4 percent fat content. How much fat does a deer's milk contain?
A. 4 percent
B. 6 percent
C. 7.7 percent
(D) 9.2 percent
(E) 17 percent
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4. What is the calcium to phosphorus ratio (Ca:P) of a hardened antler?
(A) 1:1 (B) 1:2
(C)1:4
(D) 2:1
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5. How will a protein deficiency during lactation tend to affect a doe=s milk output?
(A) less milk of a lower quality will be produced
(B) less milk will be produced but quality will be unaffected
(C) less milk but of higher quality' ,
(D) milk quantity will remain'same but quality will be reduced
6. Deer in Texas often suffer from a deficiency of which of the following vitamins?
(A) Vitamin A (B) Vitamin K (C) Vitamin C (D) Vitamin D (E) none of the above
7. What is the most appropriate range of crude fiber content for a deer supplement?
(A) less than 2 percent (B) 5 to 8 percent
(C) 10 to 20 percent
(D) over 25 percent
8. Which of the following supplemental feeds has been characterized as A Mother Nature's
attempt to make the perfect supplement for grazing ruminants?
(A) alfalfa pellets (B) com
(C) fish meal
(D) whole cottonseed
(E) soybean hulls
9. Which of the following feedstuffs has the highest percent TDN (Total Digestible Nutrients)?
(A) alfalfa pellets
(B) cottonseed meal
(C) whole cottonseed
(D) peanut meal
(E) grain sorghum
9. Which of the following feedstuffs has the lowest percent crude protein content?
(A) alfalfa
(B) com
(C) cottonseed
(D) grain sorghum
Check your answers at the end of this article. If you got 8 or more correct, I'll start
forwarding phone calls to you. If you got at least five correct, you can be a panelist at the next
deer nutrition conference. If you got less than three correct, you might want to supplement your
knowledge on the subject by purchasing the symposium proceedings listed as a reference.

Evaluating feeding programs
While the answers to the above are straightforward, the real questions in any
supplementation program are more complex. Does deer feeding Awork? Does it pay? When I
ask the average deer feeder these questions, they typically begin to kick the dirt with the toe of
their boot and answer sheepishly" well, they (i.e., the deer) sure are eating lots of feed" . Others
exercise the" eye test" and claim" the deer look bigger" .
If you're spending the bucks involved in a supplemental feeding program, it behooves
you to have a more objective means of evaluating the practice's success (or lack thereof). One
way of evaluating the biological response of supplementation would be to compare dressed body
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weights and gross Boone and Crockett scores between the supplemented herd and a "control" ,
which might be the county average. One of the most obvious effects of supplementation is
higher fawn survival. This statistic can be generated by spotlight or helicopter counts and
compared with the county average.
Should you choose to compare your supplemented herd's statistics with another herd, be
wary of the concept of "confounding" . Confounding occurs when multiple treatments are
imposed simultaneously, and render the n~~ulting conclusions weakened,. ifnot misleading. A
typical example is the fellow who stci.rteda supplementation program five years ago, and today
he brags to you that his B&C scores have increased 25 percent since he started the feeding
program. Perhaps ... but it seems he also removed all sheep and goats from the ranch, cut his
cattle stocking rate by 30 percent, started a prescribed burning program, and shoots only mature
bucks now. Fact is, a combination of practices resulted in the increase in antler size.

r

Deer are ruminants, and as such, will benefit from supplemental feeding if the correct
supplement is ingested in sufficient amounts. However, quantifying that response in the wild is
open to speculation, largely because of the confounding factors involved. Detailed records may
provide insight to the effectiveness of one's feeding operation over a period of years.
I recommend the use of some type of remote camera system (e.g., TrailMaster, DeerCam,
Buckshot 35) to monitor species visitation at deer feeders. It is not uncommon in some areas for
deer to comprise less than 25% of the visitors at a free-choice deer feeder. I use one of the above
cameras, usually programmed to take photographs at 30-minute intervals, to gauge the visitors
frequenting a feeder.
Confounding
When several variables are intertwined to such a degree that the scientist cannot separate
the effects of variable A from those attributable to variable Z, they refer to the results as
"confounded." Most deer feeding operations are terribly confounded, thus making interpretations
cloudy at best. Consider the following common situation.
Bubba Deernut has hunted on the same ranch in Kerr County for 10 years. Finally, he hits
the lotto and decides to buy the place. He immediately erects a high fence and plans to "go whole
hog" with his deer management, including a supplemental feeding operation. He says his goal is
to raise more and bigger bucks. He removes all the livestock because he's heard they compete
with deer for groceries. Upon the advice of his biologist, he shoots only does and spikes for
three years to let the buck herd build up. He purchases 10 supplemental feeders and keeps them
filled year-round with Acme high protein feed and establishes 10 mineral licks with Magic
Mineral. He also plants five food plots with "buck" peas and various small grains. In year 3 he
begins a prescribed burning operation to control cedar regrowth. Finally, it's the fourth year of
management and voila! His bucks' antlers really are noticeably larger. His average B&C score is
20 points higher than prior to initiating the feeding program. So, his ranch offers unequivocal
testimony that supplemental feeding works, right? Hmmmmm ....
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A skeptic might correctly argue that some other factor(s) were involved in the antler size
increases observed. Allowing the buck cohort to age three years had a major impact, as did
decreasing livestock stocking rates, food plots and prescribed burning. What about weather
conditions during the 3-year period? Maybe the last two years were unseasonably wet. Fact is, a
combination of factors allowed (resulted) in the increased antler size, but asserting that anyone
factor acted independently is foolish.
Moral of the story: be wary of confounding factors. They're everywhere;

Some FAQs about supplementing wildlife
Bottom Line
Supplementing wild deer is a popular, but scientifically questionable practice across
much of Texas that is probably not cost-effective. That said, if you want to feed, and can afford.
to feed, then feed; biologically it's probably a neutral practice in most situations. Supplemented
deer herds may have undesirable effects on browse diversity if populations are maintained above
the carrying capacity of the habitat. Likewise, there may be other undesirable side effects on
game birds if mesomammal populations increase as a result of feeding deer.
What is supplementation?
Supplemental feeding is the practice of supplying feedstuffs to correct nutritional
deficiencies in an animal's natural diet. As the quest for producing more (and/or larger) deer,
turkeys and quail increases, so does the interest in practices designed to fast forward the process.
For the purpose oftoday's discussion, please recognize the difference between supplementing
and baiting. The latter implies a more seasonally simplistic approach of feeding com or milo for
the purpose of making wildlife more available for harvest.
What are the pros and cons o/supplementing
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wildlife?

Supplementation should provide a biological response (e.g., more fawns, more poults,
bigger antlers) if (a) nutrition was indeed the limiting factor, and (b) the animal receives an
adequate amount of the proper supplement. Benefits of supplemental feeding may include
desirable antler growth at earlier ages, buffering of seasonal or drought-induced forage shortages,
or increased reproductive productivity (e.g. fawn survival, poult production). Liabilities
associated with feeding include uncertainty of results, feed loss to nontarget species, potential for
increasing incidence of parasites, disease or predation, and potential long-term damage to
desirable native forage plants.
Are there legal considerations?

(,

Supplemental feeding for any wildlife is legal in Texas, however, certain special
provisions may apply to hunting over or near supplemental feeding areas, especially relative to
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migratory game birds and waterfowl. It is legal to hunt deer, turkey and quail over bait. It is not
legal to hunt any migratory birds over bait, and the definition of what constitutes a baited area
can be confusing. Consult your local state or federal game warden for clarification and specific
regulations that may apply.
If 1 choose to supplement, should 1 use food plots or feed sacks?
Both methods have their respectiv~ strengths and weaknesses: Food plots allow for '.-.
daylong and season-long access by all animals. Food plots may also attract insects that are
important for most game birds. However, food plot establishment and success is highly variable
in west Texas. My observations over the last 10 years have lead to this conclusion: when you
need them (i.e., a dry year), you probably can't grow them; and when you can grow them (i.e., a
weI year), you probably didn't need them! Feed sacks are highly dependable, but not without a
price. Feeding programs for wildlife, as with livestock, can become quite expensive, with no
guarantee of a return on one's investment. If you feed, do so with a knowledge of when the
particular stress times are for the wildlife species involved, and how their nutrient needs vary
throughout the year.

"

How can 1 get the most bangfor my buck withfeeding?
Deliver the right feed to the right animals in the most efficient manner. Select the proper
ration that fulfills the deficient nutrient (e.g., crude protein, energy, minerals). For deer, ensure
that your doe to buck ratio is low (i.e., no more than 2.5 does per buck) to maximize feed uptake
of the target animals. Select a feeding strategy that minimizes feed loss to nontarget species
(e.g., raccoons, porcupines, rats, red ants). Use a live trap to reduce the number of raccoons that
are often in high numbers near feeders.
Any specific recommendations for deer?
Deer presumably require a diet of about 16% crude protein, although recent research
suggests the actual protein requirement is lower (perhaps 12%). Rations that provide 18 to 20%
CP are most often recommended for use under field conditions where feed intake is unknown.
Energy may be a more seriously limiting than protein, especially during late-winter months.
Phosphorus requirements, once thought to be about 0.27%, are now considered to be lower
(perhaps as low as 0.15%). Calcium is not likely to be limiting. Most nutritionally-limited
seasons are late-summer (August-Sept.) and winter (post-rut). Success in terms of increased
antler production is usually confounded with other management practices (e.g., selective
harvest). Decrease in antler breakage and higher fawn survival will most likely by the visible
benefits of feeding. Incorporate a harvest record program that will allow for comparisons
between your ranch and the regional averages for particular cohorts of bucks. Best feeder
designs will accommodate multiple deer and leave headroom for growing antlers; several new
designs are now being marketed that purportedly reduce non-target feed losses. Recent
experiences with feeding whole cottonseed suggests it needs more attention as a supplement for
deer.
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Any specific recommendations for quail?
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There is only scant evidence to suggest that feeding quail produces any more quail than
on areas without feeding. Most quail feeding involves supplementing energy (e.g., milo or com)
during the fall and winter months. The Currie Quail Feeder is as efficient a design as I've ever
monitored, and it's inexpensive and rugged. Quail feeders may attract hawks and other
predators, and the short- and long-term effects of feeding on quail mortality are still not
adequately researched. During . one study, ,we fed range cubes to heifers containing whole milo as
a means of dispersing milo-laden cow pies for use by quail and quail were quick to pick up on
the idea. Supplementing during the pre-reproductive season with a breeder ration needs
additional study.
~ataboutforturkeys?

I

Research on the King Ranch in South Texas suggested that wild turkeys did respond
nicely to supplemental protein during the pre-breeding and breeding seasons. Poult production
was increased about 8-fold over areas not supplemented during a dry winter and spring. Turkeys
will readily feed from deer feeders, but the response to such supplementation has not been
documented to my knowledge.

Feeding logistics
Providing some type of supplemental feed is perhaps the most common wildlife
management practice in Texas. Maybe it's as intensive as providing ad libitum protein pellets to
maximize antler growth in deer, or something as low key as scattering a couple of handfuls of
milo for the quail. Maybe it's conducted in an attempt to seek a cost-effective response, or
maybe it's done just to make the feeder feel he's providing a helping hand.
When it comes to the various ways to dispense feed for wild critters, General George S.
Patton hit the nail on the head when he said 'Never tell people how to do anything. Tell them
what to do and they will surprise you with their ingenuity'.
Let's start with the mother of all feeding operations: deer com. The standard dispenser is
a 6-volt electric motor and timer coupled with a 55-gallon drum that meters out feed at specified
times (usually just after dawn and again about an hour before dusk). From the basic design
others have branched out like beak variations in Darwin's finches, each with some particular
modification. If you're proficient at setting a VCR, then you can probably master these
electronic versions.
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If you don't want to rely on batteries, there are models (mostly home-made) that hang
from a tree branch and have some type of batter device (e.g., a piece of broomstick) that, when
butted by a deer (or a coon, or a hog, or a javelina) drops some com. Another version simply lets
the com gravity flow from a pipe to a metal plate to where the com lodges until disturbed by a
hungry critter. Probably the most inexpensive and portable version is nothing more than a three43

liter plastic pop bottle filled with com and then thrown on the ground. It doesn't take the deer (or
coons, hogs, javelinas) very long to master the art of kicking the bottle around and scattering the
com.
Some of the more recently devised deer feeders use a length (perhaps 5 feet) of PVC pipe
(e.g., four inch diameter) as the reservoir to hold the com. Cap one end, then put a T and a
couple of 45 degree elbows on the other end. The contraption is filled with com and suspended
from a tree limb. More elaborate cornrne~ial models based on this design may have several,
feeding drops suspended from an A-frame like a swing set. The T is placed about three feet off
the ground in an attempt to dissuade the raccoons, hogs, and javelinas.
For quail, the reigning champion (in my opinion) is the Currie Quail Feeder perfected by
James Currie of Garden City. Mr. Currie's design was based on an errant shot from his .22 rifle
in an attempt to discourage freeloading sparrows. After observing a bobwhite pecking at the
resulting hole and seeing several kernels of milo hit the ground, Mr. Currie started experimenting
with variously sized holes. He settled on 9/32 inch for feeding milo and 7/32 inch for feeding
wheat. Probably the best thing about this feeder is that it keeps more of the milo away from the
ever present red (i.e., harvester) ant. A study in south Texas once reported that perhaps 95
percent of the feed intended for quail was actually removed by red ants. While Mr. Currie uses
55-gallon metal drums, the same concept can be used with everything from 5-gallon buckets to
5-foot lengths of 6-inch diameter PVC pipe.
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If you scout around any conventional quail feeder, you're likely to find where something
feasted on a quail or meadowlark. Seems feeders attract more than just granivores. Thus, a
driving force behind quail feeding is how to provide feed for quail without tipping off every
house cat and hawk in the neighborhood.
One alternative is to simply grain (salt) the roads and select areas that have attractive
cover nearby for fast escapes. Several years ago, my colleague Dr. Ed Huston and I evaluated
what I refer to as the Aggie quail feeder. Our goal was to evaluate the use of delivering milo to
quail with an intermediary: cattle! We concocted a cottonseed cube that contained about 20
percent whole milo. The cottonseed cake served adequately for providing what the heifers
needed for supplement, and much of the milo passed through them intact. It didn't take long for
varius birds, including bobwhites, to recognize that the cowpies were spiked with milo. Now, I
don't know ifwarrn milo is any more nutritious than cold milo, but you couldn't find an intact
cowpie in the treatment pasture.
Our contention with the Aggie quail feeder was that the heifers would unwittingly
disperse quail feeders helter-skelter across the pasture thus foiling a hawk's ability to stake out a
particular site and ambush the quail. Like a lot of ideas that Ed and I have, we were never able to
follow this one to completion, but if I was running cattle on a ranch that was owned primarily for
its quail hunting potential, this would be an idea 1'd consider. Ben Sims of Paint Rock has fed
whole milo to his sheep for years with the knowledge that the sheep salt the pasture with milolaced pellets, which the quail readily dissect.
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The Currie quail feeder can be adapted for their larger cousins (e.g., turkey). Raise the
feeding ports to where they're about 24 inches high. If you're feeding com rather than milo, go
with a hole diameter of2 inch or greater. Jimmy Walker, a county agent from Oldham County,
shared a novel idea several years ago for feeding turkey. He simply puts out a round bale of
wheat straw and lets the cattle scatter it a bit, then he scatters a couple of gallons of com across
the wheat straw every couple of days. The turkeys love to scratch in the straw while looking for
the prized kernels. I don't know if the straw camouflage dissuades the raccoons, hogs and
javelinas or not. But I doubt it.,
Other techniques tailored to particular needs include feeding whole cottonseed to deer by
placing it un upright wire columns (similar to a using rocks in a wire cage for a comer post in a
fence). Or the guy who dug postholes about 30 inches deep then filled them with com and
molasses as a feeder for attracting feral hogs for his hunters. I'm sure there's many other feeders
used on the back forty. If you've got a design you're willing to share, or you'd like additional
information about any of the above, please let me know at d-rollins@tamu.edu.

Ethical considerations
While I'm sure there's a long list of value-added success stories in agriculture, I challenge
you to find any that can be celebrated more than these two: bottled water and deer com! 'Several
years ago I remember my colleague Rick Machen relating a prediction that his grandfather had
made: that Rick would see the day when water would be more precious than oil. Such is surely
the case today. If you don't believe it, stop by the local gas-n-pop and check the price on a quart
of 'mountain' water and then a quart of 30-weight oil.
But even the bottled water boom can boast at most penultimate status to the undisputed
king: deer com! Buck com, trophy buck com, apple-scented deer com, aflatoxin-tested deer
com, recleaned deer com, Boone & Crockett com .... it's a marketer's dream and perhaps the
epitome of value-added peddling. And most of Texas' 700,000 deer hunters buy it up like
hotcakes.
Deer com is a dear com for sure. How many gas-n-pops do you see handling range
cubes, cottonseed meal, alfalfa hay, or salt blocks? And that's just the convenience stores. How
many feed store docks are congested with camo-capped ranchers driving (brand new) 4-wheel
drive supertrucks? At some locations across Texas, the feed store is rapidly assuming the same
status as Main street in Fredericksburg, i.e., the locals do their business on weekdays, but don't
dare tread among the touristas on the weekend.
I asked one feed dealer here in San Angelo if she could tell me how much deer com her
outlet sold. Sure she replied, and by hitting a key on her computer she said well, last year we sold
62,000 bags and so far this year (early November) we've sold 58,000 bags. I told her I was
confident they would eclipse the '98 mark.
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The estimated deer corn sales in 1997 in Texas was 300 million pounds! That's a
whopping 6 million bags, or nearly 5,4 million bushels. Now, by today's prices, that amount of
corn at the elevator would be worth about $10 million. However, stick it in camouflage sack at
today's prices (e.g., $4.25), add a bullseye or some antlers and it's value mushrooms to
somewhere over $25 million ... about a 250% increase. I think that qualifies as a value-added
success story.
I've always reckoned that I couldn.'.t consider myself a bona fide Texas deer hunter until I
(a) had a deer lease, (b) drove a Suburban (or at least an unscratched 4WD extended-cab diesel
pickup with some kind of hunting club decal in the back window), (c) pulled a flatbed trailer long
enough to haul two tower blinds and two ATVs in toto, (d) had a deer rifle with ballistics at least
equal to a 7mm Remington magnum, and (e) learned to deem shooting deer over a corn feeder as
hunting. Thus far, I've only attained item (a).
But I admit my puritan beliefs about deer hunting have begun to erode. I did shoot a doe
over a corn feeder during a blackpowder hunt in '97. Yeah, it seems that I've succumbed to the
temptation of deer cornography. Thus, to look down my nose any longer at a tower blind whose
afternoon shadow touches the corn feeder would make me a hypocrite. But I still feel a guilt
pang every time I pull up to the feed store. Perhaps cornography is too condescending a term;
let me rephrase the behavior as Zeaphilia.
Now, I may very well shoot deer the rest of my life atop a tripod blind, one leg of which
extends into a feed pen. But I'm glad that I at least have experienced rocking the headers south
of Sheffield, still hunting along the Canadian River, and rattling antlers amidst mesquite thickets.
Corn is at best a mediocre feed from a nutritional standpoint. It's about eight percent
crude protein, but it is a good source of energy, and highly palatable to deer (and a host of other
critters). Its niche equivalent for us humans might be a Hershey's bar. Should Mr. Pavlov ever
need to confirm his classical trials on conditioned responses, west Texas is replete with proving
grounds. The tinny whirring of a corn feeder is indeed a dinner bell for deer and they hasten
down the yellow brick road in the Zeaphylliac's version of Oz.
And corn can be used as a form of ammunition ... in deer wars that is. Deer wars erupt
on smaller-acreage properties, or where small properties border a large ranch. Opposing corn
feeders square off across the fence like two bellowing bulls. They shell one another to see which
can attract more deer. One acts as a siren song to lure the buck over the fence, while the other
assumes the role ofa Star Trek tractor beam to keep the buck from jumping to it's probable
demise. Deer wars and skirmishes are increasing proportionately to the sales of deer corn. And,
unfortunately, I don't see any truces on the horizon.
Indeed deer corn is a success story, but the story is not without its blemishes. As I
traveled the fifty miles from Blackwell to San Angelo last deer season, I began to notice how
many empty bags of deer corn littered the roadside. My Zeaphylic colleagues' carelessness is at
least disappointing, at most disgusting. As I began to keep count of the sacks, I recollected news
from January, 1999 that Iron Eyes Cody had died. I trust you remember the Keep America
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Beautiful television commercial where Cody, posing as an Indian chief, wept a tear as he
overlooked a trashed landscape. What he had held as pristine had been violated by an apathetic
myopic populace afflicted with a fetish for convenience.
If Iron Eyes was to dwell on the camouflaged litter, and perhaps ponder Zeaphylia, I
believe he would indeed have a tear rolling down his right cheek.
My phraseology and iro!1Yin this l~st section may have raised your ire a bit. At best I'm
likely to be pelted with deer corn at the next Deer Appreciation Day at which I speak! .
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Variability of Feed Batching
Dr. David Yates, Roche Vitamins Inc. and Bill Park, Park Consulting
Introduction
An issue seldom addressed by either feeqlot nutritionists or managers, but one which potentially
has a tremendous impact on the ultimate profitability of a cattle feeding enterprise relates to the
ability to provide on a consistent basis the diet originally formulated by the consulting
nutritionist. Cattle performance and profitability can, at least theoretically be related to animals
receiving a correctly formulated ration, fed at the appropriate amount, and at the correct time.
Based on this premise Roche Animal Health initiated a novel program to determine and evaluate
the capability of feedlot mills to accurately and precisely manufacture feedlot diets to meet
desired ration formulas and specifications.
Research by Wagner et. aI., 1988, demonstrated that growing heifer performance was decreased
when heifers receiving a ration batched by volume" adulterated" and fed unmixed was compared
to the performance of heifers receiving a properly batched and mixed ration. Results noted a
depression in average daily gain of 0.17 lbs per day with feed/gain ratio decreasing by 1.26 lbs of
feed/lb of gain. A recent research study, was conducted by Zinn et.al. (unpublished) to determine
the effect of imposing a 20% variance in weekly supplement concentration of the complete diet
fed to yearling steers during a 124 day finishing period. Variation in supplement inclusion
resulted in a significant decrease in average daily gain of 8% and gain efficiency of 5% versus
steers receiving diets without varying supplement inclusion.
Intuitively, the more consistently feed is delivered in the proper amounts for each ingredient
during the manufacturing process the more consistent animal performance should be.
Understanding the manufacturing capabilities of feed mills will help feedyard management,
nutritionists and veterinarians, feed suppliers and pharmaceutical companies provide information
required to improve diet formulation and manufacture.
Feed Manufacturing Accuracy and Uniformity
The terms manufacturing accuracy and uniformity can be easily confused and are often discussed
as if they are the same when in fact they are separate issues. Feed manufacturing accuracy can
refer to either batch or continuous flow milling operations. For a batch feed mill, accuracy refers
to the ability of the mill to scale repeatedly the formulated amount of various ingredients into
single batches of feed. For a continuous flow mill, accuracy would similarly refer to the ability
of individual feed ingredients to be continually provided in the correct proportions for
incorporation into the final diet. Feed manufacturing uniformity is the ability of a mixer or
blending system to form a uniform mix of those ingredients weighed into the batch or provided
through the blending system. A feed is adulterated when one or more ingredients are scaled
improperly. Mixer uniformity tests may indicate the consistency of a mixing system through the
use of various markers (internal or external) incorporated within a batch of feed, examples being
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non-protein nitrogen, zinc, a feed additive, salt, or micro-tracers. A uniformly mixed feed which
is adulterated may not be conducive to optimum or consistent animal performance.

,"'\

A nutritionist develops ration formulations based upon an animal's, weight and sex with
additional components such as feed additives included to help maximize productivity or promote
health. When the feed manufacturing process fails to achieve the desired nutrient profile, the
cost of the ration will change, with the feedyard either gaining or loosing profit margins based
upon the price of the adulterated ingredient and ration cost. Similarly, feed additives that have
been thoroughly tested and titrated to give 'a particular response within a'specific dose range may
be either under and / or over fed resulting in a loss in production or in severe cases possible
toxicity or cause tissue residues at slaughter.
Evaluating Feed Manufacturing Accuracy
Statistical Process Control CSPC) is a measurement process that has been used successfully in
many businesses including automobile production, pencil making, and educational assessment.
While SPC has been extensively used in various manufacturing processes for over 60 years, it is
recently finding several applications in production agriculture.
In December 1996, Roche
Animal Health initiated a SPC feed mill audit program to help evaluate the potential of this
technique for improving the feed manufacturing process as applied to commercial beef and swine
production. A statistical package CQIAnalyst 2.0, of SPSS Inc.) is used to assess manufacturing
accuracy in beef cattle feedlots, commercial feed mills and swine mills.
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Beef cattle feedlots can be sub-divided into three mill types that include, batch mills, continuous
flow mills and manual loader mills. For purposes of this presentation we will focus much of the
discussion specifically toward feedlot batch mills; although the principles discussed will be
pertinent to other types of feed manufacturing facilities.
To assess batching capability, QI Analyst measures the difference between the theoretical
amount of an individual ingredient and the actual amount of this ingredient scaled. Several
statistical iterations are developed from these differences. We will focus primarily on Batcher
Capability Cp and Cpk. Definition of these terms should help your understanding of batching
variation.
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The Natural Tolerance or Process Width in our audits was calculated from the individual
ingredient differences of 40 consecutive batches of the same feed i.e. finish ration or starter
ration. The resultant standard deviation times 6 describes the variation due to the equipment,
personnel, ingredient variations and environment.
The Engineering Tolerance or Specification Width is an arbitrary width set by feedyard
management and/or the nutritionist. There are no guidelines to help determine the appropriate
specification width. Most would agree that a tighter specification is better than a wider
specification, meaning the tighter specification would yield a more consistent batching and
therefore more consistent animal performance.
An example of Specification Width; Your
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formula calls for 1500 lbs of grain. A 1 % specification width would be 1485 lbs to 1515 lbs
(1500 X 1 % = 15 lbs. plus or minus). A mill that consistently yields a Cp of 1.0 with a
Specification Tolerance of 1 % for grain would be excellent.
A process is considered "capable" when the division of the Engineering
Natural Tolerance yields a resultant answer of 1.0 or greater.

Tolerance by the

A more stringent measurement of process capability is the Capability Index (Cpk). The Cpk is
defined as the absolute difference between the average and the closest specification limit divided
by half the process width (3S). .
.
I
I

iCpk
I

I

ex - Closest Spec. Limit)

----------------------_

_ .._------

..

3S

As with the Cp, when the Cpk is 1.0 or greater then the process is said to be within specification
and centered. Conversely, when the resultant Cpk answer is less than 1.0 the process is out of
specification and not centered.
Said another way "The process width is wider than the
engineering specification width." The main difference between the Cpk and the Cp is that the
Cp is independent of whether the process is centered. The Cpk requires that the process center
and width be such that the process can meet the specification. The Cpk is considered the
superior index.
SPC audit results
In this discussion we will focus our attention on three primary ration ingredients, grain, roughage
and protein supplement. Further, our audits focused primarily on the "Low Ration" (starter) and
"High Ration" (finisher). This grouping was selected since the amounts of roughage and grain
should be at their extremes in these two scenarios. Very few mills had more than one or two
ingredients that were capable of using a 1% ingredient call for the selection tolerance. To better
illustrate the amount of variation in these mills we solved the Cp and Cpk equations by
multiplying the Process Width times a Cp or Cpk of 1.0 to determine the Specification Width
required to be in control. The data shown in Tables 1, 2, 3, and 4 illustrate that variation is
considerable in feedlot batch mills.
The Cpk in most cases is similar to the Cp for each ingredient analyzed. This suggests that in
most cases the auto-compensation mechanism in the batch controller is generally keeping the
process centered. In other words the average amount of an ingredient specified is on average
met.
One obvious source of variation that effected mill capability was size of ingredient call vs.
batch size. As the size of the call became a larger percent of the batch size the ability to
repeatedly weigh accurately and precisely improved (Table 2, mill no's 1022, 1046 &
1007).
A" % basis" calculation was developed to segment the ingredient call to batch
size. The segments are Low Range = 33% or less, Mid Range = 34 - 66%, and High
Range = 67% and greater. An example of "% basis" would be a batch size of 8000 lbs
with an ingredient call of 2000 lbs. The resultant" % basis" would yield a 25% basis and
be categorized as Low Range.
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Table 1a. Low Ration Roughage Comparison for Batch Mills
Mill
ID

Ration
#

2070
1003
1048
2070
2073
1046
1007
1007
1046
1024
1024
2073
3115

IR
lOR
IR
3R
lR
2R
2R
2R
2R
3R
3R
lR
100R
Mean
St.Dev.

Call
1692
540
963
704
1000
427
150
320
427
100
100
500
2304

% o/call

Batch
Size
(Ibs)

Scale
Inc

8000
6000
4000
8000
6500 '
6000
4000
4000
6000
8000
8000
6500
25000

1.00
1.00
1.00
1.00
5.00
5.00
1.00
1.00
5.00
1.00
1.00
5.00
1.00

Product
Alf. Gmd.
CSH
Alf. Gmd.
Alf. Gmd.
Alf. Gmd.
CSH
C S Burrs
Alf. Cube
Alf. Gmd.
Alf. Gmd.
Com Sil.
C. Sil./ Alf.
Hay Gmd.

%
Basis

to achieve
CP=]

to achieve
CPK=]

21.15
9.00
24.08
8.80
15.38.
7.12
3.75
8.00
7.12
1.25
1.25
7.69
9.22

1.677
2.986
3.389
5.194
5.607
7.207
7.230
8.606
11.871
18.960
26.766
36.854
0.155

1.700
3.024
3.529
5.628
6.142
7.632
7.667
9.007
14.216
20.595
30.031
37.110
0.158

709.77

7692.31

9.52

10.50

11.26

651.69

5418.10

6.89

10.81

11.36

In many cases, it is difficult to separate the various sources of variation inherent within a mill. In
January and February of 1998 mill number 1012 was audited. During these audits," several
interesting observations were made related to bins and grain and also to the impact of month
audited. A flaked corn basis in January of 21.67% resulted in a Specification Tolerance needed
of 2.849 and in February a similar flaked corn basis of 22.58 resulted in a Specification
Tolerance needed of 4.169 (Table 2). This comparison indicated that a 48% change due to
machinery, bins, augers, motor, scales, environment etc.
Another example that demonstrates the importance of continuous measurement as it relates to
effects of time, people, equipment, environment etc. occurred in mill 1007 during January and
February of 1996 (Table' 1). Cotton burrs were included in the 6 (R) finisher diet with a basis of
4.0%. In January the specification tolerance to meet capability was 7.976 and in February the
number was 9.870 equating to a 23% change in capability in one months time. Therefore, for
SPC to be an effective tool, monitoring must occur on a scheduled basis to assure continuous
process improvement.
An example of differences in equipment within similar environments occurred in mill 1006
(Table 2). The high ration used either bin 3 or bin 4 to deliver flaked corn to the batcher. The
call % basis was 68.43. The specification tolerance for these two bins was 1.982 and 8.702
respectively. This indicated there was a 400% difference between the capability of these two
bins to operate on a consistent basis.
An additional result from our SPC audits has been that occasionally, the equipment and
ingredient to be delivered are incompatible. Mill 1024 used starter pellets in their starter 3 (R)
ration (Table 3). The formula calls for a 100-lb call making a % basis of 1.25%. The
specification tolerance is 125.765. That means for this mill to be in specification control the call
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Table 1b. High Ration Roughage Comparison for Batch Mills
Mill
ID
2070
1012
1004
1012
1016
1003
1046
1022
1048
1007
1007
1024
1007
1003
1006
1007
1004
1024
1022
1006
1012
1006
1046
3115
3118
3118
3118
3118

Ration

#
4R
4R
4R
4R
4R
80R
4R
4R
40R
6R.
6R
5R
6R
80R
40R
6R
4R
5R
4R
50R
4R
50R
4R
103R
4R
4R
4R
4R
Mean
St. Dev.

Call
1400
1400
387
873
611
468
685
420
440
320
160
804
160
600
280
320
1450
257
420
375
178
200
120
865
295
845
290
845

% o/call

Batch
Size
(Ibs)

Scale
Product
inc

8000
6000
6000
6000
2000 '
6000
6000
6000
4000
4000
4000
8000
4000
6000
4000
4000
6000
8000
6000
4000
6000
4000
6000
25000
10000
10000
10000
10000

1.00
3.00
1.00
3.00
1.00
1.00
5.00
2.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
2.00
1.00
3.00
1.00
5.00
1.00
1.00
1.00
1.00
1.00

Alf. Gmd.
ComSil.
Alf. Gmd.
Com Sil.
ComSil.
Alf. Gmd.
Com Sil.
Com Sil.
Alf. Gmd.
Alf. Cube
C S Burrs
Com Sil.
C S Burrs
Com Sil.
Alf. Gmd.
Alf. Cube
Alf. Gmd.
Alf. Cube
Haylage
Alf. Gmd.
CSH
Alf. Gmd.
Alf. Gmd.
Hay Gmd.
Hay Gmd.
Silage
Hay Gmd.
Silage

%
Basis

to achieve
CP=]

17.50
23.33
6.45
14.55
30.55'
7.80
11.42
7.00
11.00
8.00
4.00
10.05
4.00
10.00
7.00
8.00
24.17
3.21
7.00
9.38
2.97
5.00
2.00
3.46
2.95
8.45
2.90
8.45

2.346
3.477
3.857
4.558
5.014
5.054
5.078
6.055
6.650
7.581
7.976
9.239
9.870
10.351
10.545
11.160
12.934
14.404
14.961
16.762
19.692
28.338
42.158
5.658
56.824
33.840
60.780
27.868

to achieve
CPK=I
2.609
3.534
4.535
4.718
- 5.059
..
5.212
5.574
6.265
6.763
7.674
8.116
9.554
9.953
1.755 10.884
12.251
15.972
14.635
16.885
17.171
22.333
30.505
42.398
5.748
94.112
42.561
80.977
38.161

552.43

6750.00

9.31

15.82

18.78

383.86

4168.89

7.00

15.60

22.71

of 100 lbs is plus or minus 125.765 percent of the call or 125.765 lbs.; a range of -25.76 to
+225.765Ibs. When you consider the sensitivity of starter ration and starter pellets to changes in
feed and the needed nutrients, this scenario is unacceptable. If you consider that usually the feed
medication is carried in this product, it becomes obvious that you could easily over or under dose
these cattle resulting in several potential adverse consequences.
Selection tolerance for all three ingredients is generally high in the low ration (Table 4).
Roughages are typically difficult to manage because of the inherent variation in quality and/or
density. Further the equipment to handle them suffers from precision to consistently load
product into the batcher. Inclusion rates average approximately 10% basis, which is intermediate
to the grain and protein ingredients.
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Table 2a. Low Ration Grain Comparison for Batch Mills
Batch

Low
Range

Mid
Range

Basis

to achieve
CP=]

to. achieve
CPK=]

24.17
14.13
14.13
9.55 .
14.33
30.77
16.25
16.25
1.25
2I.I3
5.52
4.10

2.554
3.052
5.986
9.152
9.586
10.791
I 1.806
12.378
16.236
16.995
0.857
1.831

2.770
3.118
7.087
9.501
10.284
14.975
12.700
15.965
16.682
17.449
1.000
2.142

9041.67

14.30

8.44

9.47

496.49

7527.10

8.51

5.55

6.15

3918
1452

6000
4000

65.30
36.30

1.933
6.143

1.943
7.031

2685.0

5000.00

50.80

4.04

4.49

1743.7

1414.21

20.51

2.98

3.60

Mill
1D

Ration

#

Call

Size
(Ibs)

Scale
inc

1022
1046
1046
1012
1012
2073
1007
1007
1024
1003
3115
3115

2R
2R
2R
IR
IR
IR
2R
2R
3R
30R
100R
100R

1450
848
848
573
860
2000
650
650
100
1268
1379
1025

6000
6000
6000
6000,
6000
6500
4000
4000
8000
6000
25000
25000

2.0
5.0
5.0
3.0
3.0
5.0
1.0
1.0
1.0
1.0
1.0
1.0

970.92

St.Dev.
2R
2R

Mean

1004
1048

Mean
St.Dev.

% a/call

1.0
1.0

%

Product
Flk.
Flk.
Crk.
Flk.
Flk.
Flk.
Flk.
Flk.
Roll
Flk.
Roll
Gmd.

Com
Com
Corn
Com
Milo
Corn
Com
Com
Corn
Com
Com
Wheat

Roll Com
Flk.Milo

Protein supplementation is particularly concerning in the low ration.
The average basis
percentage is very small at 3.94%.
With an average inclusion of 217.45 lbs per batch, the
specification tolerance would be 35.12 lbs (16.15%). Meaning the tolerance width would range
from 182.33 to 252.57 lbs on average for this ingredient to be in specification, (Cp = 1.0). The
"% basis" for protein in the high ration almost doubles 6.42 vs. 3.94, respectively.
By
increasing the call to the scale the selection tolerance is decreased by approximately half. A
separate scale for this component is probably warranted in most operations. Likewise, because
the protein component of a ration is more expensive relative to average ration cost, high variation
in the batching of this ingredient would likely effect profitability of the feedyard and animal
performance.
Grains are typically included into the rations on a higher" % basis" as compared to roughages or
protein supplements. Inherently, this will help to decrease the selection tolerance needed to be in
specification. Note that in the High Ration as "% basis" increases from 21.00 to 80.46 the
selection tolerance decreases from 8.00% to 3.22 % respectively.
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Bin &
Date

B8 Jan-97
B3 Jan-97

Jan-97

Table 2b. High Ration Grain Comparison for Batch Mills

Low
Range

Mill
lD
1022
2070
1003
1012
1012
1012
1012
1003
1006
1003
1012
1016
1012
3115
3115
3118

Ration
#

Mid
Range

High
Range

2073
1006
1006
1048
1006

St.Dev.

1.405
2.492 2.307
2.870
3.374
4.272
7.197
10.021
10.714
15.028
16.916
18.737
29.298.
1.705
1.879
4.129

8.00

8.27

1731.5

6692.04

7.01

8.09

8.04

2910
3738
3004
5174
713
1530
1520
3387
1520
1530
3020
1610
6560
6560

6000
6000
8000
8000
2000
4000
4000
6000
4000
4000
6000
4000
10000
10000

48.50
62.30
37.55
64.68
35.65
38.25
38.00
56.45
38.00
38.25
50.33
40.25
65.60
65.60

1.061
1.275
2.131
2.619
4.197
4.336
4.345
4.987
5.129
5.219
6.180
7.895
3.535
4.372

'1.185
1.360
2.218
2.728
4.273
4.358
4.959
5.494
6.407
6.230
8.368
8.147
4.354
4.897

3055.4

5857.14

4R
4R
4R
5R
4R
6R
6R
4R
6R
6R
4R
40R
4R
4R

Mean

to achieve
CPK=J

21.00

St.Dev.

4R
40R
50R
40R
50R

to achieve
CP=J

8375.00

1773.0

St.Dev.

Scale
Product
inc
Hi Moist Com
2.0
Flk. Com
1.0
Hi Moist Com
1.0
Flk. Com
3.0
Flk. Milo
3.0
Flk. Com
3.0
Flk.Milo
3.0
Flk. Com
1.0
Flk. Milo
1.0
Flk.Milo
1.0
Flk.Milo
3.0
Flk. Com
1.0
Flk. Com
3.0
Roll Com
1.0
Gmd. Wheat
1.0
Screenings
1.0

1.348
2.218
2.239
2.849
3.282
4.169
6.677
9.896
10.279
14.839
16.820
18.433
29.237
1.376
1.520
2.788

6000
8000
6000
6000
6000'
6000
6000
6000
4000
6000
6000
2000
6000
25000
25000
10000

Mean

% o/call
%
Basis
26.00
25.55
25.00
21.67
21.67
22.58
13.05
22.40
28.75
25.00
20.83
23.75
10.00
22.18
26.01
1.60

1560
2044
1500
1300
1300
1355
783
1344
1150
1500
1250
475
600
5545
6502
160

4R
4R
80R
4R
4R
4R
4R
80R
50R
80R
4R
4R
4R
103R
103R
4R
Mean

1022
1046
2070
1024
1016
1007
1007
1004
1007
1007
1004
1006
3118
3118

Call

Batch
Size
(Ibs)

2.0
5.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

Flk.
Flk.
Flk.
Roll
Flk.
Flk.
Flk.
Flk.
Flk.
Flk.
Flk.
Flk.
Flk.
Flk.

Com
Com
Com
Com
Milo
Com
Com
Com
Com
Com
Com
Milo
Com
Com

48.53

4.09

4.64

12.05

1.87

2.24

2413.33

6120
3832
2737
3020
2737

6500
4000
4000
4000
4000

3689.2

4500.00

80.46

3.22

3.88

1430.9

1118.03

13.57

3.08

3.39

Flk. Com
Flk. Com
Flk. Com
Flk.Milo
Flk. Com

94.15
95.80
68.43
75.50
68.43

1.410
1.761
1.982
2.226
8.702

Jan-98
Jan-98
Feb-98
Feb-98

I.

I

I
Feb-98
Jan-98
Jan-97

I

I
I

1893.3

5.0
1.0
1.0
1.0
1.0

Bin, Ddte
or Scale
Location

3.291
1.783
2.044
2.400
9.860

I
B8 Jan-97
B8 Jan-97
Jan-97
B3 Feb-97
B3 Feb-97
Dec-97

I
I
I

N. Scale
S. Scale

I

I
B3

,

I

B4
"

"

56

Table 3a. Low Ration Protein Comparison for Batch Mills

Low
Range

Mill
JD
1046
1046
1016
1012
1004
1012
1046
1006
1004
2070
1007
2070
1022
1024
3115

Ration
#

Call

% a/call

Batch
Size
(Ibs)

Scale
inc

Product

% Basis

to achieve
CP=]

to achieve
CPK=]

5.00
5.00
1.00
3.00
1.00
3.00
5.00
1.00
1.00
1.00
1.00
1.00
2.00
1.00
1.00

Finish Liq.
Starter Pel
Starter Pel
CSM
Starter Px
Starter Pel
CSM
Starter Pel
Finish Px
Finish Meal
Pellets
Starter Meal
Finish Pel
Starter Pel
Starter Liq.

1.65
3.42
16.25
3.25
6.12
2.68
4.37
2.50
6.12
3.20
1.88
2.85
2.00
1.25
1.61

1.601
1.943
2.479
3.297
3.427
6.980
7.495
8.589
9.456
11.441
11.588
16.591
28.403
125.769
3.254

1.619
1.999
2.567
3.605
3.568
7.170
7.595
9.614
29.225
12.472
17.129
17.713
29.786
125.836
3.747

3.94
3.72

16.15
31.13

18.24
31.17

2R
2R
IR
IR
2R
IR
2R
20R
2R
3R
2R
IR
2R
3R
100R

98.75
205
325
195 .
367
161
262
100
367
256
75
228
120
100
402

6000
6000
2000
6000
6000
6000
6000
4000
6000
8000
4000
8000
6000
8000
25000

Mean
St. Dev

217.45
109.95

7133.33
5194.32

,

Other observations
Feedmills audited indicate a general weakness in the area of batch controller operation and
knowledge. Fewer than half the mills had operating manuals supplied by the vendor available to
the controller operators. Employee turnover rate made knowledge and training in this area even
more of a concern. Many batch controllers either had their high and low alarms disabled or set
too wide to be of use in accurately measuring individual ingredients. Very few mills had clearly
defined SOP's relating to accuracy requirements for batching of feed which is a management
Issue.
Most feedlot mills audited were originally designed to make feed for significantly fewer cattle
than they are being expected to feed today. Mill management is typically focused on production
speed (tons/hour). General feedyard management has little time to monitor quality control of
milling operations. Perhaps we should focus on a combination of measurement criteria such as
production speed and feed quality requirements.
Along with speed of batching comes the problem of scale resolution and the inherent accuracy
problem presented by small ingredient calls on large scales. Addition of more scales, particularly
liquid scales, will often enhance accuracy and inventory reconciliation. Use of variable speed
drives, changing auger speeds or finishing a call with a single bin auger will dramatically
improve batching capability to meet specifications without significantly impacting batching time.
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Jan-97

Table 3b. High Ration Protein Comparison for Batch Mills

Low
Range

Mid
Range

Mill
JD
1046
1004
1004
1006
1007
1003
1007
1024
1006
1012
2070
1022
1012
1046
1022
1016
1024
3115
3115
3118
3118

2073
2073

Ration

#

Call

Scale
inc

Product

5.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
3.00
1.00
2.00
3.00
5.00
2.00
1.00
1.00
1.00
1.00
1.00
1.00

Finish Liq.
Finish Meal
Finish Meal
Finish Pel
Finish Pel
Finish Pel
Finish Pel
Finish Liq.
Finish Pel
CSM
Finish Meal
Finish Pel
CSM
CSM
Sunflower Pel
CSM
Finish Pel
Canola Meal
Finish Liq.
Canola Pel
Canola Pel

4R
4R
4R
40R
6R
80R
6R
4R
50R
4R
4R
4R
4R
4R
4R
4R
5R
103R
103R
4R
4R

397
1451
1500
420
200'
324
195
450
300
100
512
330
82.5
269
180
43
147
395
1052
392
392

6000
6000
6000
4000 ,
04000
6000
4000
8000
4000
6000
8000
6000
6000
6000
6000
2000
8000
25000
25000
10000
10000

Mean
St. Dev

434.83
404.99

7904.76
6007.53

314
167

500
500

240.50
103.94

500.00
0.00

4R
5R
Mean
St. Dev

% of call to achieve

Batch
Size
(Ibs)

1.00
1.00

%

Canola Pel
Heifer Pel

Basis
6.62
24.18
25.00
10.50
5.00
5.40
4.88
5.63
7.50
1.67
6.40
5.50
1.38
4.48
3.00
2.15
1.84
1.58
4.21
3.92
3.92

Grain
Protein

CPK=]

0.727
3.479
3.508
3.525
3.750
4.183
4.622
4.790
4.986
7.347 .
8.226
9.105
II. 731
12.539
13.588
27.147
27.439
12.323
4.030
1.560
25.466

0.744
3.704
3.628
3.626
4A50
4.839
6.610
5.170
5.330
7.847
5.255
9.202
11.776
12.623
14.055
27.921
27.923
13.582
4.081
2.769
27.634

6.42
6.44

9.24
8.18

9.66
8.44

62.80
33.40

2.518
15.032

3.084
18.610

48.10
20.79

8.78
8.85

10.85
10.98

Table 4. Analysis of Selection Tolerance for Cp's (% Basis) of Roughage, Grain and Protein
High Ration
Low Ration
MidRange
Low Range
Low Range
Product Type
Roughage

CP=]

High Range

11.22 (9.31)

11.36 (9.52)

8.00 (21.00)

8.44 (14.30)

4.09 (48.53)

3.22 (80.46)

9.24 (6.42)

16.15 (3.94)

From a weighing/accuracy standpoint, liquid ingredients generally exhibit a relatively high
potential for minimal batching variation. Specifications of + / - 1% of the target weight (batch to
batch) are the usual goals for these items - especially when weighed in a "liquid scale" .
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DATE

Feb-97
Jan-98

1997

1998

\

In general, the micro-ingredient systems commonly used in feedlot mills exhibited excellent
accuracy and centering relative to the small calls on feed additives that are used. However,
adequate mixing of micro-ingredients should be confirmed by conducting mixer tests. Constant
service and calibration by vendor service personnel is key to maintaining micro-ingredient
batching accuracy.
Continuous Flow and Manual Loader mill operations were not analyzed in this study due to
inadequate audit numbers. Preliminary observations to date however, indicate that Continuous
Flow mills can not maintain adequate control of ingredient inclusion,' or flow rates without a
constant and frequent schedule of calibration. It would appear that calibration at least twice per
week, at a minimum is needed to maintain ingredient control.
Observations made on Manual Loader feed batching operations have typically indicated that on
average, the actual ingredient inclusion rates are greater than the amount called for by the ration
formulation. This is a result of the human tendency or management directive to be exactly on
target for the amount of each ingredient placed into the mixer. Unfortunately, this level of
precision is seldom obtained for every ingredient on a consistent basis, with the end result being
that the weights of each individual ingredient added is either on or above target.' Seldom were
weights short of target in these types of feed mills. Mill loader personnel must be trained that a
balance of short and long weights within specified limits, relative to the target is acceptable and
necessary to result in an average variance of zero from the call. Batching variation in loader
operations is reduced primarily through training the loader operator to reduce speed when
loading ingredients into the mixer/delivery box.
Summary
SPC audits have been conducted on feedlot batch mills to determine the capability to meet
batching specifications and to confirm centering. The audits demonstrate that most feedlot batch
mills can nearly meet their target ingredient usage for the day, for the average, of many batches.
However, batch to batch variation for individual ingredient(s) is much greater when compared to
the average for the day. Typically, the process can be considered centered, since the" % of call"
or "selection tolerance" , to achieve Cp and Cpk of 1.0, is similar on a 40 batch series.
Protein supplements are a source of considerable concern. The issue with "% basis" occurs due
to small ingredient calls when compared to the batch size. Delivery of these ingredients to the
batch scale, speed, bin and auger design, scale resolution, and supplement density, is the primary
reason for the large amount of variation commonly present. Low starter rations are inherently
more variable due to the small number of batches manufactured sequentially.
Roughage ingredients are also a source of concern. They are generally included in the diet at an
approximate" call basis" of 10%. Additionally, a Selection Tolerance of 10% variance from the
call while statistically in control is not within specifications for the process. Because roughages
are generally more variable in their quality and density as compared to grains the systems used to
handle and move roughage ingredients must be compatible to the size of batches of feed
produced. The high amount of batch to batch variation with roughage can be attributed to a high
rate or speed of delivery to the scale and product inconcistencies. Nutritionists are generally
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sensitive to accurate roughage inclusion levels and indicate a strong desire for consistent
inclusions rates.
Of the three ingredient types measured, grain was the least variable. This low variation can be
attributed primarily to the large inclusion rates that made target weights and meeting
specifications easier. The call "% basis" was greatest for this ingredient regardless of ration or
range within ration comparison. This contributed substantially to a smaller selection tolerance
being needed for the process to be in control.
,
Several examples by time and by bin indicate that within a mill, selection and availability or
accress to the appropriate bin design for each ingredient is extremely important to achieve the
desired level of accuracy.
Conclusion
Statistical Process Control can be a powerful tool for assessing feedlot batching accuracy and
consistency of feed manufacturing system. Results have shown that effective corrective action
can and should be taken once a problem area within the feedmill is identified. Audit results have
shown that the capability to batch separate ingredients into rations can be highly variable.
Centering is seldom identified as a concern due to the auto compensation mechanisms present in
a most feedlot feed mills. Protein supplements, are most variable followed by roughages. and
grain respectively. To accurately assess the appropriate specifications and Selection Tolerance of
ingredients, further research needs to be conducted to determine impacts upon health,
performance and profitability.
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Beef Cattle Research at USDA-ARS-Conservation and Production Research Laboratory at
Bushland, TX. CRIS Project: Integrated Management Regimens that Minimize the
Environmental Impact of Livestock Manure
N. Andy Cole, Research Animal Scientist

.

.

Effects of Common Corn Smut on Silage Quality
Over the past two years much of the com crop in the southern high plains has been infested with
the common com smut fungus. In cooperation with Dr. Charlie Rush, Plant Pathologist with
TAES in Amarillo, we conducted three trials to determine the effects of common com smut on
the palatability, digestibility, and chemical composition of com silage. Individual com plants
were harvested and sorted into smut infested or not infested plants. Plants were chopped and
ensiled in plastic drums. The three treatments consisted of 0, 50, or 100% of the plants in each
silage infested with com smut. Smut infested silage tended to have higher NDF (33, 35, and
39%, respectively), ADF (19, 21 and 23% respectively), and CP (7.5, 7.8, and 8.5% respectively)
concentrations, but lower calculated TDN (73, 71, and 68% respectively), NEm (78, 74 and 70
mcal/cwt., respectively) and NEg (50,47, and 42 mcal/cwt, respectively). Uninfested silage
had higher in vitro (62, 60, and 57%, respectively at 48 hours) and in vivo (76, 74, and 65.%,
respectively) dry matter digestibilities.
When offered a choice, lambs preferred the infested
silage over the uninfested silage.
Effects of soil amendments on ammonia losses
Approximately 70 to 80 % of the nitrogen fed to livestock is subsequently excreted. Much of the
excreted N can be lost to the atmosphere as ammonia. We have conducted several laboratory
studies to determine the effects of various soil amendments on ammonia emissions from the
simulated feedyard surface. Alum (4 t/ac) decreased ammonia production by 90%. Calcium
chloride (4 t/ac) decreased ammonia production 70%. The urease inhibitor NBPT (1lb/ac)
decreased ammonia production by 60%. Humate (8 t/ac) decreased ammonia production by
65%. Some products decreased ammonia production by decreasing pH, whereas other
compounds may have affected cation exchange or directly affected the urease enzyme.
Additional studies are evaluating the effects of combinations of these amendments on ammonia
emissions and manure composition
In vitro digestibility of low phytate corn
Compared to non-ruminants, ruminants can utilize grain phosphorus that is in the organic phytate
P form. However, the apparent utilization ofphytate P by beef cattle is only 60% of that for
dicalcium phosphate, suggesting that the utilization of grain P could be improved in ruminants.
We conducted several in vitro studies to determine utilization of P in a mutant low-phytate com
(Optimum Quality Grains) compared to com with normal phytate content.
In vitro dry matter
digestibility in a P deficient media was similar in normal and low-phytate com. During the first
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8 hours of incubation, the percentage of total P that was water-soluble inorganic-P tended to be
greater in low-phytate com than normal com. After 24 hours of incubation, the water- soluble
inorganic-P concentrations were similar with both corns. The percentage of total P that was
water-soluble inorganic-P tended to be greater in dry rolled com than in steam flaked com .
. Decreasing the pH of the incubation media tended to increase the percentage of total P that was
in the water-soluble inorganic-P fraction.
Use of internal markers to de~ermine the digestibility of finishing diets
It would be useful to develop a simple method to determine the digestion of diets fed to cattle in
typical feedlot situations. Under experimental conditions, digestibilities can be determined using
external markers such as chromic oxide. However, that is not practical in the feedyard. Fifty
steers were fed chromic oxide-spiked diets in pens equipped with Pinpointers to determine
individual feed intake. Fresh fecal samples were collected from each steer in the morning and
afternoon for 5 consecutive days. Feed and fecal samples were analyzed for chromium and for 6
internal markers (acid insoluble ash, indigestible NDF, indigestible ADF, acid detergent lignin,
ADF insoluble ash, and ADF insoluble N). The samples will also be analyzed by NIR at the
USDA lab in Brooksville, FL.
Additional research plans, etc
Other scientists in the CRrS Project that will be conducting research related to beef cattle feeding
include the following: 1) Dr. Nolan Clark, Agricultural Engineer and Laboratory Director, 2) Dr.
Bill Purdy, Veterinary Microbiologist, 3) Dr. Rick Todd, Soil Scientist, 4) Dr. Robert Schwartz,
Soil Scientist, and 5) Vacant, Food Safety Microbiologist. Their research includes the following
areas: 1) use of playas as runoff retention ponds, 2) effects of dust on animal health, 3) strategies
to balance manure P and N inputs with crop requirements, 4) methods to decrease P runoff from
fields fertilized with manure, 5) use of manure as a fertilizer on native range, 6) ammonia flux
from feedyards and fields, 7) decreasing viable bacteria and endotoxins in feedyard dust and
runoff.
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Overview of Research at the Kansas State University Beef Cattle Research Center in
Manhattan

Jim Drouillard, Conrad Coetzer, Travis Farran, Rob Hunter,
Heather LaBrune, Sean Montgomery, Nathan Pike, and Justin Sindt
Kansas State University, Manhattan
Introduction
Research currently underway at the Beef Cattle Research Center emphasizes several key areas,
including assessment of starch availability, byproduct utilization, protein metabolism, nutritionhealth interactions, glucose metabolism, production systems, forage supplementation, and a
variety of other management issues. Collaborative efforts involve personnel with expertise in
animal nutrition and management, entomology, stress physiology, food science, food safety,
meat science, veterinary medicine, chemistry, and other disciplines. Below is a brief des~ription
of a few of our ongoing research efforts.
A rapid, field-based method for determining starch availability in processed grains.
Research by Justin Sindt, Sean Montgomery and Travis Farran has focused on the development
of a rapid test that can be used by mill personnel and nutritionists to assess starch availability in
processed grains. Whole flakes are incubated with an excess of glucoamylase enzyme, and
percent solubles are subsequently determined by refractive index using an inexpensive «$150)
hand-held refractomer. Solubility measurements have related closely (R2=.89) to in situ
disappearance measurements. Additionally, the method correlates well with conventional
laboratory-based methods such as in vitro gas production and glucose release, and can be
performed in less than 20 minutes.
Glucose metabolism

in growing and finishing cattle

We monitored plasma glucose in a group of320 finishing heifers two hours after feeding and
observed that greater than 16% of the cattle had glucose concentrations exceeding levels that are
indicative of diabetes in humans. Heather LaBrune currently is evaluating an animal model to
assess changes in blood glucose that result from feeding different grains and fat sources.
Successful development will allow us to identify dietary factors that predispose cattle to
metabolic disturbances. Heather's work also has focused on measurement of blood glucose in
stressed receiving cattle. Glucose was measured within 12 hours after arrival for more than 700
calves shipped to Manhattan from salebams in Kentucky and Tennessee. Percent death loss was
approximately nine times greater for cattle with above average glucose concentration when
compared to those with below average glucose concentrations. When high blood glucose was
accompanied by high plasma urea nitrogen on arrival, calves performed more poorly, and were
less likely to respond to therapeutic treatment than calves with low blood glucose or calves with
low plasma urea nitrogen.
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Altering degradability of dietary proteins and amino acids
Through the efforts of Conrad Coetzer, we have devised methods to protect plant proteins from
degradation by rumen microorganisms. Theundegradable fraction of soybean meal and other
highly degradable proteins has been increased by 2.5-3 times without altering the protein content
of the feedstuff. These studies have effectively demonstrated that non-enzymatically browned
proteins directly suppress microbial activity, thereby reducing degradation of other dietary
proteins. We feel this is an important distinction, as specific components of treated proteins
could be administered in small quantities to inhibit excessive ruminal degradation of protein
sources (such as early season forages). We also have devised a method for increasing (by 5060%) the proportion of protein that is ruminally degraded, which may have application for
animal proteins added to diets of finishing cattle or cattle grazing poor quality roughages.
Limit-fed, high-concentrate diets for growing cattle
Sean Montgomery has evaluated the use of wet com gluten feed as a component oflimit-fed,
high-energy diets for growing cattle. Initial investigations indicated that dry-rolled com and wet
gluten feed are essentially equal when included in roughage-based diets. In limit-fed diets,
efficiency of cattle fed wet com gluten feed (82% of the diet) was approximately 80-90% that of
cattle fed the dry-rolled com diets. In a follow-up study, Sean compared diets containing" 0, 10,
or 20% alfalfa hay when wet gluten feed was included at 40% of the diet dry matter. Gain and
efficiency during the growing phase improved as the level of alfalfa was reduced. Gain and
efficiency were comparable when cattle were fed a common diet during the subsequent finishing
phase, thus no significant compensation occurred. Sean also conducted an experiment to
determine the optimum concentration ofRumensin@ for cattle fed restricted amounts (1.7% of
body weight) of a high-concentrate growing diet. Though performance was not different during
the growing period for cattle fed diets containing 30, 40 or 50 grams/ton Rumensin, cattle
previously fed the 50 gram level ate more and gained more during the finishing phase. We are
now conducting a similar study with both Rumensin and Tylan@in limit-fed growing diets.
Immunomodulatory

effects of dietary lipid sources

Another of our graduate students, Travis Farran, is evaluating the effects that different lipid
sources may have on immune function of stressed calves. Travis has completed several
endotoxin challenge studies in which blood variables and temperature profiles are measured after
calves are injected with bacterial lipopolysaccharide. Additionally, we have completed two
highly replicated performance studies to further assess effects of different lipid sources on
susceptibility to bovine respiratory disease. Preliminary results indicate that cytokine production
and temperature profiles are altered in response to different dietary fats, suggesting a role of
dietary lipids in inflammatory responses. Performance of calves during the first 35 days after
arrival in the feedlot was lower for calves fed full fat soybeans compared to tallow or flaxseed.
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Synthesis of bloat preventatives as constituents of block supplements
Sucrose esters are used industrially as surfactants to alter foam stability. Nathan Pike is a recent
addition to our group that will be evaluating manufacturing strategies that induce formation of
sucrose esters. Results ultimately will be applied to animal models to determine efficacy of
sucrose esters for prevention of bloat.
Grain pt:'ocessing f~r growing and finishing cattle
Rob Hunter has conducted research to compare various combinations of com and grain sorghum
processed by different methods. In general, differences between grains are exaggerated when
included in limit-fed diets. Grains that are more rapidly digested provide for superior
performance in limit-fed cattle. Additionally, Rob has determined that partial decortication can
effectively reduce time required for steam conditioning of milo before flaking.

65

Update of Current Research on Protein Nutrition
Richard Zinn
University of California, Davis
Metabolizable amino acid requirement of feedlot calves
SUMMARY: One hundred ninety-two ciossbred steers (229 kg) were used evaluate the.
influence of metabolizable amino acid intake on growth performance and health during the initial
42-d receiving period. Treatments consisted of four levels of metabolizable lysine (23, 24, 25
and 26 g/kg diet DM). No steers died during the study. Morbidity averaged 36%, and was not
affected (P > .20) by treatments. Increasing the metabolizable lysine supply did not affect (P >
.20) DMI, but increased (linear effect, P < .01) ADG, gain efficiency, and dietary NE.
Metabolizable amino acid supply of the basal diet, determined using 6 steers (214 kg) with
2
cannulas in the rumen and proximal duodenum, was in very close agreement with expected (R
= .99; P < .0001) based on NRC (1996) level 1 model. The metabolizable amino acid supplies
for treatments in Trial 1 were estimated by adding tabular metabolizable amino acid values for
the supplemental proteins to the observed metabolizable amino acid supply of the basal diet.
Treatment effects on metabolizable lysine supply explained 99% of the variation (P < .01) in
ADG, and 91 % of the variation in observed versus expected dietary NE. The biological value of
intestinal chyme was determined based on the chemical score ratio technique, using bovine tissue
as the reference protein. Accordingly, methionine and lysine were closely co-limiting amino
acids having ratios of 77 and 79%, respectively. We conclude that current NRC (1996) standards
reliably predict both requirements and supplies of metabolizable amino acids for feedlot calves.
Diet formulations that do not meet the metabolizable amino acid requirements may depress both
ADG and the partial efficiency of utilization of metabolizable energy for maintenance and gain.
Influence of close-up starting programs on performance of feedlot steers during the early
receiving period
SUMMARY: One hundred eight medium-framed crossbred steers (168 kg) were used in a 56-d
receiving trial to evaluate the influence of close-up feeding strategies on performance of steers.
Three dietary treatments were formulated to meet the average metabolizable amino acid
requirements of calves during 1) the initial 7 d; 2) the initial 14 d and 3) the initial 28 d following
arrival into the feedlot. After pens received the respective close-up treatment they were switched
to diet 3 for the remainder of the 56-d feeding period. Daily weight gain (linear effect, P < .10),
gain efficiency (linear effect, P < .10), and dietary NE (linear effect, P = .12) decreased as the
close-up interval increased. Morbidity was low (18%) and not affected (P > .20) by dietary
treatments. We conclude that the addition of a close-up diet formulated to meet the metabolizable
amino acid requirements of shipping stressed calves during the initial 7 d in the feedlot, when
feed intakes are normally comparatively low, will have long-term beneficial effect on cattle
growth performance.
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Interaction

of protein nutrition and laidlomycin on feedlot growth performance
digestive function in Holstein steers

and

SUMMARY: Two isonitrogenous diets (12.5% CP) containing 20% (20% NPN) vs 40% of the
N as non-protein N (40% NPN) were evaluated across 0 vs 10 mg laidlomycin propionate
(LP)lkg in a 2 H 2 factorial arrangement. Changes in dietary NPN:N ratio were developed by
partial substitution ofurea-N for fishmeal-N. In Trial 1, 4 Holstein steers (349 kg) with cannulas
in the rumen and proximal duodenum we~ used to evaluate treatment effects on digestive
function. Total tract OM digestion was slightly greater (1.2%, P < .10) for diets containing 20%
ofN as NPN, due to greater (3.4%, P < .05) postruminal OM digestion. Supplemental LP
decreased passage of microbial N to the small intestine (7.4%, P < .10) and ruminal degradation
of dietary CP (DIP, 8.1 %, P < .10). Decreasing NPN:N ratio decreased microbial N flow to the
small intestine (7.5%, P < .10), DIP (15%, P < .01), and increased (6%; P < .05) the flow of
indispensable amino acids to the small intestine. Supplemental LP increased (P <.10) ruminal
pH. There were no treatment effects (P >.10) on ruminal molar proportions of acetate and
propionate. In Trial 2, 120 Holstein steers (122 kg) were used to evaluate treatment effects on
growth performance. Decreasing the NPN:N ratio increased ADG (P < .01) by 36, 40, and 16%,
respectively, for the initial three 56-d periods of the trial. Overall, ADG was 17% greater (P <
.01) for cattle consuming diets containing 20 vs 40% NPN. Decreasing the NPN:N ratio
increased (P < .01) gain efficiency by 17 and 14, respectively, for the initial two 56-d periods.
Overall, gain efficiency was 6% greater (P < .01) for diets containing 20% NPN. Dietary"NPN:N
ratio did not influence (P > .10) the NE value of diets. Supplemental LP did not affect DMI (P
> .10), but increased ADG (6%, P < .01) and gain efficiency (5%, P < .05), and decreased
(11 %, P < .05) the maintenance energy requirements. Protein nutrition limited growth
performance of calves receiving the 20% NPN diets during the initial 112 d of the trial. With the
40% NPN diets, protein nutrition limited growth performance throughout most of the trial (d 1 to
d 224). We conclude that LP will enhance daily weight gain and gain efficiency of calf-fed
Holstein steers. Conventional urea-based diets will not diminish response to LP, although they
may not meet the metabolizable amino acid requirements of calf-fed Holsteins during the first
three quarters of the feeding period.
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Effects of Implanting
Steers.

and Explanting

on Performance

and Carcass

Traits

of Finishing

B.A. Berry, D.R. Gill, and F.N. Owens, Oklahoma State University, Stillwater.
Previously nonimplanted Angus x Senepol crossbred steers (n=125; BW 731 lb (n=29) were
randomly assigned to one of five implant schemes for a 140 d finishing trial. All treatments, with
the exception of the negative controls (tr~atment 1), received a combination estradiol (24 mg)
and trenbolone acetate (120 mg) implant on d O. On d 84, The treatments consisted of 1) no
implant administered; 2) a second combination implant; 3) removal of initial implant and
administration of a second combination implant; 4) removal of the initial implant without
reimplantation; 5) no reimplantation without removal of the initial implant. Overall ADG was 20
% greater (P < .000 1), and dry matter intake was increased 16% (P < .0002) collectively for
implanted steers as compared to control steers. Steers on treatment 2 had higher (P < .008) daily
gains than all other groups and lower (P < .006) feed to gain ratios than all other treatments
except treatment group 3.. The two implant treatment groups carrying only one implant from d
84 to 140 (treatments 3 and 5) had similar daily gains but both treatments had significantly (P <
.03) greater gains than treatment 4. These two groups converted similarly (P > .25) indicating
payout was not reached. As compared with nonimplanted cattle, implanted cattle yielded 58.0
more lb of carcass weight, had lower (P < .000 1) percentages of KPH fat, more advanced skeletal
maturity (P < .0001), and greater (P < .02) fat thickness and adjusted fat thickness. Ribeye area
per 100 lb HCW, yield grade, marbling score, and percentage of treatment cattle grading Choice
were similar between treatment groups. Control cattle yielded significantly (P < .002) more
tender steaks, evaluated after both 7 d and 14 d aging periods, than steers reimplanted without
explant. After a 7 d aging period, treatments 2 and 3 had similar tenderness, however, treatment
2 was significantly (P < .02) tougher than all other treatments.
After a 14 d aging period,
treatment 2 was tougher (P < .05) than all other treatment groups.
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Intake response to rumen and pre and post liver administration of monensin-sodium.

S.l. Bierman and R.H. Pritchard, South Dakota State University, Brookings, SD.
Four steers (414 ::I: 53.1 kg) were used to evaluate monensin-Na (MON) effects on DMI when
dosed into either rumen or portal or hepatic vein. A 4 x 4 Latin square trial was conducted with
7-d test periods consisting of pre-dose (d 2 and 3); dose day, MON was dosed at 1130 (d 4); and
post-dose (d 5, 6 and 7) phases. There-,was a minimum of 11 d between periods. An 85%
concentrate diet (1.99 Mcal NEm/kg and 1.27 Mcal NEg/kg) was fed daily at 1130 and
individual bunk weight was recorded every 5 min for the first hour then every 0.5 h until 12 h
post-feeding. Treatments included: C) control; R) 250 mg of MON injected into the rumen; P)
125 mg MON infused into the portal vein; and H) 3 mg MON infused into the hepatic vein. Predose phase DMI was 106 :t 7.2 g/kg BW3/4• Data were analyzed as accumulated DMI.
Monensin-Na dosed into either the rumen, the portal or hepatic veins depressed DMI at 11.5 to 12
h (P < .10) post-dose. Orthogonal contrast of R versus P and H treatment indicated that R, 5 to
12 h dose day DMI was depressed (P < .10). The dose day, 24-h DMI for R, P and H decreased
4.2,4.6 and 2.6%, respectively, of the pre-dose phase DMI (P < .05). Post-dose phase DMI was
not depressed (P > .10). One steer was apparently insensitive to MON, his DMI increased 16.1%
above C when he was dosed with MON, while the other 3 steers DMI decreased 14.3% (P < .10).
When the insensitive steer was removed from the data set, H depressed dose day DMI at 15 min
through 1 h compared to the P (P < .05). The P depressed dose day DMI at 11.5 h post dose
compared to H (P < .10). Rumen exposure to MON did not decrease DMI until 5 h post-dose (P
< .10), indicating a delayed satiety signal. Monensin-Na decreases DMI when dosed into the
rumen, the portal and the hepatic veins. Thus, the satiety signal is more than a rumen
phenomena.
Key Words: Ionophore, Beef, Feedlot, Satiety
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Effects of supplemental energy and DIP on performance, grazing behavior, forage intake
and digestion of steers grazing winter range.
T.N. Bodine,
Stillwater.

H.T. Purvis II and D.A. Cox, Oklahoma

Agricultural

Experiment

Station,

Fifty-two steers (631 ( 15 lb initial BW) and 8 ruminally cannulated steers (1094 (31 lb) were
individually fed 1 of 4 supplements 5 d/w~ while grazing dormant tall grass prairie. Supplements
were: 1) CRSBM, cracked com and soybean meal, balanced for total diet DIP:TDN, 2) CORN,
cracked com and soybean hulls, equal supplemental TDN to CRSBM, 3) SBM, soybean meal,
equal supplemental DIP to CRSBM, or 4) CaNT, cottonseed hull-based control. Supplements
were fed at a rate of 1.3, 1.3, .4, or .06% BW/feeding, respectively. Grazing time was measured
for 5 d by 12 steers fitted with grazing collars. Fecal output, forage intake and digestion were
determined by feeding chromic oxide, collecting fecal grab samples and measuring AlA
concentration of masticate and fecal samples. Summer ADG (1.1 lb/head) prior to the trial was
similar (P > .60) for cattle on all treatments. During the trial, steers fed CRSBM, CORN and
SBM had increased (P = .01) ADG (1.71, .64, 1.06, .12 Ibid), vs CaNT-fed cattle, while steers
fed CRSBM had greater (P < .01) ADG than those fed CORN or SBM. Supplement efficiencies
(lb added supplement/lb of added gain above CaNT-fed steers) were 4.33, 12.90 and 1.91 for
CRSBM-, CORN-, and SBM-supplemented cattle, respectively. Each 1 lb of additional ADG
above CONT steers gains cost 24, 56, or 20 cents for CRSBM-, CORN- and SBM-fe"d cattle,
respectively. Forage OMI (1.2, 1.2, 1.8, 1.8% BW) and OMD (38, 22,59,60 %) were reduced (P
< .01) for steers supplemented with com (CORN, CRSBM) vs those not fed com (SBM, CONT)
while forage OMD was greater (P < .01) for CRSBM than CORN. Grazing time (408, 421, 490,
493 min) was reduced (P < .01) by com supplementation. Supplemented steers grazing dormant
native range had improved performance with the greatest response in ADG coming when grain
supplements were balanced for total diet DIP:TDN. Grain-supplemented cattle grazing dormant
native range require a balance of total diet DIP:TDN to optimize animal performance.
Key Words: Intake, Digestion, Grazing Behavior, Supplementation, Beef Cattle
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The Influence of Body Weight on the Relationship of Intramuscular
Condition.

Fat Content and Body

K. W. Bruns *, R. H. Pritchard, and D. L. Boggs, South Dakota State University, Brookings.
Excess carcass fat and inadequate marbling have been identified as common defects in beef. It is
unclear how age, physiological maturity, and genetics affect intramuscular fat (IMF) deposition
in cattle. Angus steers of kno~ age and ,parentage were used in a 2 year study (n=40 year 1,
n=45 year 2) to evaluate the relationship between IMF content and carcass characteristics of
non-implanted steers. Steers were sorted by age and paternal grand-sire EPD for marbling
(MEPD) into high marbling (HM) and low marbling (LM) groups to insure that steers with
varying degrees of genetic background for marbling ability were evenly distributed across
harvest groups. Marbling EPD in year 1 were +.21 :t .10 for HM and -.19:t .04 for LM and year
2 were +.28 :t .08 for HM and -.02 :t .19 for LM. All steers were fed a corn based 90 percent
concentrate diet. Steers were allotted into 5 harvest groups targeted to achieve HCW of 204,
250, 295, 340, and 386 kg. Data were analyzed as a completely random design with a factorial
arrangement of treatments (Year, MEPD and Harvest group). MEPD did not affect (P>.10)
backfat, longissimus muscle area, yield grade (YG), or marbling score. HM and LM treatments
had similar (P>.10) HCW and 12th rib lipid content for harvest groups 1,2,3, and 4. HM steers
in harvest group 5 had heavier HCW (393 vs. 368 kg; P<.05) and a greater amount of 12th rib
lipid content (9.0 vs 7.7%; P<.1 0). Regression equations were developed to quantify the"change
in carcass characteristics and composition throughout the feeding phase. Mean HCW increased
in a cubic fashion and differed (P<.OI) between the harvest groups. Back fat (BF) and YG
followed the anticipated upward (P<.O1) trend in a quadratic fashion. Harvest group affected the
degree of marbling (P<.OI) linearly. There were no Harvest group x MEPD group interactions
indicating no differences occurred in the pattern of marbling development due to marbling EPD.
Carcasses expressed Small degrees of marbling at a HCW 266 kg and obtained a YG of 3.0 at
291 kg. Greatest advances in marbling relative to total carcass fatness occurred at HCW less
than 300 kg. Management practices at this stage of growth may influence final quality grade if
compensatory IMF development does not occur.
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Effects of Previous Grazing on Feedlot Cattle Performance and Carcass Characteristics.
W. T. Choat*I, C. R. KrehbielI, O. C. Duff2, R. E. Kirksey3, D. A. Walker, K. 1. MalcolmCallis2, M. W. Wiseman2, L. M. Lauriaule, and O. B. DonartI, INew Mexico State University,
Las Cruces, 2Clayton Livestock Research Center, Clayton, NM, and 3 Agricultural Science
Center, Tucumcari, NM.
The effects of winter grazing on gain, subsequent finishing performance," and carcass
characteristics of 67 crossbred steers (509 lb :::C 46 lb) were evaluated in a completely random
design. At weaning, steers were stratified by weight and allotted randomly to graze either winter
wheat (WW; 43 steers) or dormant native range (NR; 24 steers). On May 10, 1999 steers were
placed in a feedlot and assigned randomly (within previous treatment) to three (NR) or four
(WW) pens. Steers were adapted to a 90% concentrate diet using 5 adaptation diets. Steers were
fed each diet for 5 d until adapted to the 90% concentrate diet. Initial intake was set at 2% of
BW (as-fed basis) and was increased 1.00 lb/hd/d when a slick bunk was evident. Winter wheat
grazed steers were fed for 70 d, whereas steers, which grazed NR, were fed for 126 d. Steers
were weighed individually and DMI was calculated for d 14, 28, 56, 70(wheat), 84, 112, and
126. During winter grazing, steers grazing WW gained 2.31 Ibid, whereas steers grazing NR
gained 0.71 Ibid. During finishing, overall ADO (4.23 vs 3.99:::c0.14 Ibid) and feed/gain (4.54 vs
6.36:i: .21) favored (P<.05) steers which had grazed NR compared with steers which had grazed
WW, respectively.
Steers grazed on WW and NR yielded 88.4% and 87.5% U.S. choice
carcasses, respectively. Although hot carcass weight was not different (P>.10), steers grazed on
WW had higher (P<.05) marbling scores (480 vs 440), less back fat (0.65 vs 0.52 in), larger rib
eye area (12.09 vs 11.47 in2), higher % KPH (2.26 vs 1.92), lower numerical yield grade (3.25 vs
3.61), and a higher dressing % (63.4 vs 62.3) than steers grazed on NR. Although compensatory
growth occurs for steers wintered on NR, growing steers on WW prior to finishing results in
more favorable carcass traits.
Key Words: Winter Wheat, Dormant Forage, Feedlot Cattle, Carcass Traits
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Effects of supplementation of limit-fed growing diets with either soybean meal or nonenzymatically browned soybean meal on steer performance.
C. M. Coetzer*, J. S. Drouillard, S. P. Montgomery, T. B. Farran, J. J. Sindt, A. M. Trater, H. J.
LaBrune, R. D. Hunter, and T. A. Nutsch, Kansas State University, Manhattan.
Eighty individually fed Angus x Herefora steers (650 lb) were used to evaluate the effects of
supplementing limit-fed, wheat . middling- or
soybean hull-based diets with either soybean meal
,
(SBM) or non-enzymatically browned soybean meal (NSBM) on growing steer performance.
Steers were stratified by weight and randomly allotted, within strata, to one of ten treatments.
The crude protein (CP) content of a wheat middling-based control diet (16.0% CP) was increased
by 2.6 and 5.2 percentage units using SBM or NSBM to make up the first five treatments. The
protein content of a soybean hull-based control diet (15.6% CP) was increased by 2.6 and 5.2
percentage units using SBM or NSBM to make up the remaining five treatments. Steers were
fed once daily for 84 days at 1. 8% of body weight. Data were analyzed by regression using
supplementation level as. a continuous variable, nested within supplement source (SBM or
NSBM). Average daily gains and efficiencies did not change with increasing level of SBM
among the wheat middling-based diets. However, gains and efficiencies increased linearly
(P<0.05) with increasing level of NSBM (ADG=2.278 -.00876 (increase in % CP from SBM) +
.043 3 (increase in % CP from NSBM); feed:gain=5.64 +.020 (increase in % CP from SBM) .093 (increase in % CP from NSBM)). Average daily gains and efficiencies increased (P<0.05)
when the protein content of the soybean hull-based control diet was increased by 2.6 percentage
lmits using SBM or NSBM. However, increasing the protein content by 5.2 percentage units did
not further increase performance.
Supplementation with NSBM, but not SBM, improved
performance of growing steers fed restricted amounts of wheat middling-based diets. These data
suggest that undegraded intake protein may be first limiting in high-concentrate, limit-fed
growing diets composed of wheat middlings.
Key Words: Non-enzymatically

Browned Soybean Meal, Limit-feeding, Beef Cattle
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Effects of corn processing on degradable intake protein requirement of finishing cattle.
R. J. Cooper, C. T. Milton, and T. 1. Klopfenstein, University of Nebraska, Lincoln.
Three finishing trials were conducted to determine the effect of com processing on degradable
intake protein (DIP) requirement of feedlot cattle. In Trial 1,252 yearling steers (379 kg) were
allotted to 12 pens. Pens were assigned to 4 treatments (0, .4, .8, or 1.2% urea). Finishing diet
(HMC) consisted of 82% high moistur,e com, 5% alfalfa, 5% cottonseed hulls,. 5% dry
supplement, and 3% molasses (DM basis). In Trial 2, 264 yearling steers (353 kg) were allotted
to 24 pens. Pens were assigned to 6 treatments (0, .4, .8, 1.2, 1.6, or 2.0% urea). Finishing diet
(SFC) was similar to Trial 1 with steam flaked com replacing high moisture com. In Trial 3, 90
individually-fed steers (278 kg) were fed either the HMC or SFC-based diets described above or
a similar diet based on dry rolled corn (DRC). Five levels of supplemental urea were fed within
each grain source (0, .5, 1.0, 1.5, or 2.0% of diet DM). Interactions for feed/gain were not found,
suggesting that all grain sources required similar levels of urea. Overall, feed/gain was 8% lower
(P < .01) for SFC than DRC or HMC, which were similar. Calculated NEg value for SFC was
12% greater than for DRC and 8.5% greater than for HMC (P < .01). Results from these studies
indicate that the DIP requirement for HMC-based diet is greater than 10% of diet DM (1.2 to
1.5% urea). For a SFC-based finishing diet, nonlinear analysis of Trial 2 predicts that the DIP
requirement is 7.1 % of diet DM (.82% urea), while the individually-fed study suggests that the
requirement is approximately 9% of diet DM (1.5% urea).

Trial 1 (HMC)
CP,% ofDM
DIP, % ofDM
DMI, kg
ADO, kga
Feed/gaina
Trial 2 (SFC)
CP,%ofDM
DIP, % ofDM
DMI, kgb
ADO,kgb
Feed/gainb
Tria13
CP,%ofDM
DIP for DRC
DIP forHMC
DIP for SFC
DMI, kgb
ADO, kg
Feed/gaind
C

Treatment (% urea)
1.2
.8
14.2
13.0
10.6
9.4
12.1
12.1
1.85
1.82
6.54
6.62

1.6

2.0

14.1
9.3
11.3
2.02
5.59

15.3
10.5
10.9
2.04
5.28

0
10.7
7.1
12.3
1.71
7.19

.4
11.9
8.2
12.1
1.72
7.09

9.5
4.7
10.3
1.44
7.09

10.6
5.8
10.8
1.74
6.21

11.8
7.0
11.1
2.00
5.52

13.0
8.2
11.1
2.00
5.52

.5

1.0

1.5

2.0

13.8
9.2
11.0
9.0
10.3
1.79
5.75

15.3
10.6
12.5
10.5
9.5
1.59
5.92

0
9.5
4.8
6.7
4.7
9.5
1.55
6.10

12.4
7.7
9.6
7.6
9.8
1.60
6.10

10.9
6.3
8.1
6.1
9.8
1.65
5.92

aLinear (P <.05). bQuadratic (P <.05). cCubic (P <.05). dLinear (P < .10).
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Effects of roughage source and level on intake by finishing heifers.
P. 1. Defoor and M. L. Galyean, Texas Tech University, Lubbock.
Twelve medium-framed beef heifers (average BW = 389 kg) were used in three, 4 x 4 Latin
square intake trials to evaluate the effects of dietary NDF supply from four roughage sources on
NEg intake. Steam-flaked com based diets (13% CP) containing alflafa hay (ALF), sorghum
sudan hay (SS), wheat straw (WS), or cottqnseed hulls (CSH) were fed in each Latin square at 5,
10, or 15% of dietary DM. One roughage level was fed in each Latin square, with each animal'
receiving a different roughage source at the same dietary concentration each period. Each of the
four periods included an initial 7-d adaptation phase and a 14-d intake measurement phase.
Heifers were fed once daily and were allowed ad libitum access to feed using Calan gates. Feed
allocations and refusals were weighed daily and sampled for DM analysis. The NEg intake per
unit of metabolic BW (NEI, Kcal/kg BW.75) for each roughage source within each Latin square
was regressed against the dietary NDF supplied by each roughage source within each roughage
level. Dietary NDF supply from roughage (NDFR) for the ALF, SS, WS, and CSH diets was
2.0, 3.3, 4.0, and 4.3% NDF, respectively for the 5% roughage level; 4.0, 6.5, 8.0, and 8.5%
NDF, respectively for the 10% roughage level; and 6.0, 9.8, 12.0, and 12.8% NDF, respectively
for the 15% roughage level. Corresponding NEI values for ALF, SS, WS, and CSH were 36.05,
37.85,42.14, and 42.09, respectively for the 5% roughage level; 35.05, 36.59, 39.34, and 43.77,
respectively for the 10% roughage level; and 36.03, 47.70, 48.51,50.79, respectively for the 15%
roughage level. Within each roughage level, NDFR accounted for the majority of variation in
NEg intake among roughage sources. Coefficients of determination (r2) for NEI regressed
against NDFR were r2 = .91 (P =.048); r2 = .76 (P = .127); and r2 = .922 (P = .039) within the 5,
10, and 15% roughage levels, respectively. In a second experiment, six medium-framed beef
heifers (average BW = 273 kg) were used in a 3 x 3 Latin square design to determine whether
diets containing ALF, CSH, or sorghum silage (SSIL) differed in the amount of chewing
required by the heifers during eating. One of three steam-flaked com based diets (13.75 % CP)
containing either ALF, CSH, or SSIL at 10% of dietary DM were limit fed to each of three pens
of heifers (two heifers per pen) for one of the three periods, with each pen receiving a different
diet each period. Each period lasted 7 d, and included an initial 3 d of adaptation to diets and 4 d
for measurement of eating rate, which was used as an indicator of chewing time. Eating rate was
measured as follows: 1) each pen was fed their daily allotment of feed and allowed to eat for 10
min, 2) at the end of the 10 min, the remaining portion of each diet was removed from the feed
bunks, weighed, sampled for DM analysis, and returned to the respective feed bunk from which
it came. Dry matter eating rate data were analyzed by analysis of variance as a 3 x 3 Latin
square. Average DM eating rates (.15, .16, and .15 kg/heifer/min for ALF, CSH, and SSIL,
respectively) did not differ (P > .10) among roughage sources. These data are interpreted to
suggest that high-concentrate diets containing ALF, CSH, and SSIL do not differ in the amount
of chewing required during eating.
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Effects of high oil corn on feedlot performance, carcass characteristics and meat quality.
M. S. Eibs*l, B. 1. Johnsonl, D. M. Wulf\ B. D. Ropsl and F.N. Owens2, ISouth Dakota State
University, Brookings, 20ptimum Quality Grains, Des Moines, IA.
Objectives of these experiments were to investigate the effects of high oil com on beef cattle
feedlot performance, carcass characteristics and meat quality. Calf-feds (fed>150d) were utilized
in the current trial. Angus-sired steer calv~s (N=153) were fed a high concentrate diet consisting
of either typical com (C:79.5% of ration), high oil com (HOC:79.5% of ration), or high oil com
fed at a level isocaloric to typical com (ISO: 74.5% of ration) for 156 days. Cattle were
slaughtered at a commercial packing plant. Carcass data were retrieved at 72-h postmortem. Rib
sections were removed 72-h postmortem. Steaks (2.54 em thick) were cut from rib sections and
used for retail display panel (RDP), Wamer-Bratzler shear force (WBS), and trained sensory
panel (TSP) measurements. Samples of grain and meat were collected for tocopherol analysis.
Three storage treatments were used prior to RDP: 1) domestic chilled (DC), chilled storage for
13 d postmortem; 2) export chilled (EC), chilled storage for 34 d postmortem; 3) export frozen
(EF), chilled 3 d postmortem then frozen for 56 d. RDP was monitored for 9 d (d 0-8) under
simulated retail meat display conditions with samples appraised visually by a 5- member panel.
On d 8, thiobarbituric reactive substances (TBARS) of RDP samples were quantified.
No
significant differences (P>.05) were observed between HOC and C for cumulative average daily
gain (ADG), daily dry matter intake (DMI), or feed:gain (FIG). These results are similar to our
previous work with yearling steers fed 112 d. No differences (P>.05) were detected between
treatments for intramuscular lipid which was quantified by both ether extract and marbling score.
Carcasses from steers fed HOC and ISO possessed greater (P<.05) kidney, pelvic, and heart fat
(KPH) as a percentage of the hot carcass weight. This resulted in slightly lower retail yields in
the HOC and ISO carcasses as compared to C. Incidence rate of liver abscesses were reduced
(P=.03) in HOC fed steers as compared to C (2.0% HOC vs 12.2% C). Consequently, even with
less liver abscesses in HOC, performance was unaffected. HOC contained greater (P<.05) alpha
and gamma-tocopherol levels than C (3.72 and 11.43 vs 1.95 and 5.38 mg/kg). Ribeye samples
from steers fed HOC also contained greater (P<.05) levels of both alpha-tocopherol (2.49 vs 1.66
ppm) and gamma-tocopherol (.34 vs .18 ppm) than samples from steers fed C. Rate of
discoloration, as appraised by RDP, was slower (P<.05) in steaks from steers fed HOC than
steers fed C for EC storage treatment, with case life extended by approximately 2 d. TBARS
were lower (P<.05) in samples from steers fed HOC and ISO than steers fed C for the EC steaks
(.548, .455 vs 1.059 mg of malonaldehyde/kg tissue). No treatment differences (P>.10) were
detected for TSP or WBS measurements. These data suggest that substituting high oil com for
typical com in diets of finishing steers has no effect on feedlot performance even though it
reduces liver abscesses. These data, also suggests that feeding high oil com to beef cattle will
elevate tocopherol levels in beef and extend case life on beef for export.
Key Words: High Oil Com, Beef, Tocopherol, Case life
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Impact of dietary protein and phosphorus on nutrient excretion and mass balance in opendirt feedlots.
G. E. Erickson, C. T. Milton and T. J. Klopfenstein, University of Nebraska, Lincoln.
A 2-year feedlot study was conducted to evaluate the effect of decreasing dietary protein and P
on nutrient balance and animal performance. In each of the four experiments, twelve pens (n=6
pens per treatment) with six runoff colle,ction basins were used to assess nutrient intake and
excretion by steers, nutrient removal in manure, nutrient balance in the top 15 cm (6 inches) of
soil, and nutrient in runoff. Nutrients that were quantified by mass-balance were N, P, and OM.
Calves were fed from November to May (183 d), and yearlings from May to October (132 d).
The two treatments studied were a conventional diet (CON, CP=13.4%, P=.40%) or a diet
formulated to not exceed the animal's NRC-predicted requirement (PHASE, CP=1O.5 to 12.0%,
P=.22 to .28%). Degradable intake protein, metabolizable protein, and P requirements were
determined using the 1996 NRC Nutrient Requirements for Beef Cattle and projected animal
performance. High-moisture com (more degradable) was fed for the PHASE compared to a dryrolled com CON diet to decrease unnecessary dietary UIP. All supplemental P was removed
from PHASE diets and com bran (%P=.lO ofDM) was added to meet the decreasing requirement
with time on feed. The PHASE was changed every 14 d for calves and every 28 d for yearlings to
match changing requirements during the feeding period, commonly referred to as phase feeding.
Animal gains were similar between treatments (P>.25); however, feed efficiency was influenced
by dietary treatment.
PHASE resulted in a depression in feed conversions for calves (5.9
compared to 6.1) but improved conversions for yearlings (6.3 versus 6.0; for CON and PHASE,
respectively). Efficiency responses are probably related to grain processing as well as inclusion
of com bran. Nitrogen excretion was decreased (P = .01) 4.2 kg/steer for calves and 6.0 kg/steer
for yearlings by feeding PHASE compared to CON.
Decreasing N excretion led to a
concomitant decrease (P = .01) in N volatilization with yearlings (6.6 kg/steer), and with calves
(2.0 kg/steer). Nitrogen volatilization was greater during summer than winter when expressed as
a percentage of excretion (66 versus 41 %, respectively) or in absolute amount (17.6 versus 12.3
kg/steer, respectively). Manure N removal is not related to N excretion, but seems to be related
to OM on the pen surface. Dietary P was utilized more efficiently in the PHASE (25.7%) versus
CON (15.6%) treatment. Feeding PHASE to yearlings decreased P excretion by 52% and by
40% with calves when compared to CON excretion, which led to a decrease of 59% and 38% in
manure P for yearlings and calves, respectively. These results suggest that formulating feedlot
diets to requirements will decrease N and P excretion, decrease N volatilization, and decrease P
in manure, without adversely affecting animal gains or N in manure.
.
Keywords:

Nutrient balance, Nitrogen, Phosphorus, Nitrogen losses
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Evaluation of performance in receiving heifers fed different sources of dietary lipids.
T. B. Farran, J. S. Drouillard, D. A. Blasi, H. J. LaBrune, S. P. Montgomery, J. J. Sindt, C. M.
Coetzer, R. D. Hunter, T. A. Nutsch, and 1. J. Higgins, Kansas State University, Manhattan.
High stress crossbred beef heifers (n=501, 443 lb) of Southeast origin were used in a 35 day
receiving trial to evaluate average daily gain, feed intake, and efficiency when fed diets
containing different sources of lipid. Ca~le were provided grass hay and water on arrival and
were processed within 24 hours. Cattle were implanted, vaccinated against common viral and
clostridial diseases, treated for internal and external parasites, and given a metaphylactic dose of
Micotil@ (1.5 ml/cwt) at processing. Heifers were individually weighed and randomly assigned
to pens containing six to seven animals with twenty-six pens per treatment. Treatments consisted
of diets containing different lipid sources by adding ground flaxseed (FLX), rolled full-fat
soybeans (SOY), and tallow (TAL) at 13, 20, and 4%, respectively (dry matter basis). Heifers
were revaccinated, weighed, and rectal temperatures were recorded on day 7. Daily gain for the
first seven days was greater (P<O.Ol) for FLX and TAL than for SOY (1.57, 1.27, 0.24Ib/day forFLX, TAL, and SOY, respectively). The reduction in mean rectal temperature by day 7 was
greater for FLX (P<O. 05) and SOY (P=O. 10) compared to TAL, but SOY and FLX were not
different (P>0.50). Daily gains for the 35-day receiving period were 2.7,2.5, and 1. 9 lb/day and
feed efficiencies (dry matter basis) were 3.88, 4.15, and 4.83 for FLX, TAL, and SOY,
respectively.
Daily gain and dry matter intake were greater (P<O.Ol) for FLX aild TAL
compared to SOY. Efficiencies were greater for FLX (P<O.Ol) and TAL (P=0.07) compared to
SOY. Manipulating diets to contain different lipid sources may alter performance in highly
stressed receiving cattle.
Key Words: Lipids, Receiving Cattle
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B. A. Gardner, F. N. Owens, J. T. Wagner, C. E. Walenciak, D. R. Gill, C. P. Krehbiel, and G.
W. Hom, Oklahoma State University, Stillwater.
Steer calves (n = 182; 32 pens; 309 (19.1 kg) that previously had received either no implant
(control), 20 mg estradiol benz:oate and 2QO mg progesterone, 140 mg trenbolone acetate, or 20
mg estradiol benzoate and 200 mg' progesterone plus 140 mg trenbolone acetate and that had
been limit-fed a 50% concentrate diet (either with or without 33 ppm monensin) for 56 d were
utilized to determine the carryover effects of implant type and monensin effects on feedlot
performance and carcass characteristics. Following a 56-d period of weight maintenance, all
steers were adapted to an 87% com-based diet (NEm = 2.02, NEg = 1.37 Mcal/kg DM); all steers
received an implant (120 mg trenbolone acetate plus 24 mg estradiol) on d 28 of the finishing
period and steers were fed the finishing diet an average of 125 d. Much of the weight benefit
gained from estrogenic implants during the weight maintenance phase was retained through the
feedlot period while none of the additional gain from TBA implants was retained.
Steers
previously implanted with estrogen consumed more (P = .07) feed during the finishing period but
were less (P = .05) efficient than steers that had not been implanted. Although steers that had
previously received TBA alone or in combination were heavier (P < .01) at the beginning of the
finishing period, ADG and gain:feed of these steers was lower (P = .07) than for steers that had
not received TBA previously.
Steers that had previously received estrogen alone or in
combination with TBA were heavier (P = .04) than those cattle that had not previously received
estrogen upon conclusion of the finishing period. Surprisingly, steers implanted previously with
TBA tended (P = .07) to be shorter (hip height was reduced) at harvest than steers not previously
implanted with TBA. As a result of a greater (P = .02) dressing percentage, steers that were
implanted previously with estrogen yielded heavier (P < .01) carcass weights than those not
implanted previously; this partially explains their greater (P = .04) longissimus area. Steers that
had previously received an estrogen-containing implant tended to have more external (P = .09) as
well as internal (P < .01) fat. Thus, carcasses from steers that received estrogen prior to finishing
had less (P = .09) desirable (higher numeric) yield grades than those carcasses from steers which
had not previously received estrogen. Also, the use of estrogen-containing implants accelerated
(P < .05) skeletal maturity indices, indicating that estrogen may be responsible for the negative
effects of implants on carcass maturity scores. Results indicate implant regimen administered
prior to the onset of finishing can substantially impact feedlot performance and carcass
characteristics of steers.
Key Words: Implants, Ionophores, Steers, Feedlot, Performance, Carcass

79

Effects of implanting growing steers grazing short grass prairie pastures on subsequent
feedyard excretion ofP and N, animal performance, and carcass characteristics.
D. R. George, N. K. Chirase, L. W. Greene and, F. T. McCollum, Texas A&M University
System, Amarillo, and N. A. Cole, USDA-ARS, Bushland, TX.
Eighty crossbred steers (average BW 251 kg) were blocked by weight and assigned to an implant
treatment group; either no impl~t (control), Revalor G@or Synovex S@.. Steers were then grazed
in a common pasture from November 23, 1998 to May 21, 1999. Steers were provided a freechoice mineral supplement and fed .91 kg/head of canola meal 3 times per week. On d 179
steers were transported to the feedyard, weighed, blocked by weight within implant treatment
group and assigned to 8 pens of 9 head/pen and 1 pen of 8 head. Three pens contained a clay
base surface and 6 pens contained a fly-ash base surface. Pens were designed to prevent cross
contamination of pen surface nutrients during rain events. All steers were then implanted with
Synovex S@at the beginning of the finishing period and reimplanted with Revalor S@on d 91 of
the finishing period. Steers were fed a receiving diet and changed to the finish diet over a 3- .
week interval. Cattle remained on the finish diet (80% rolled com, 10% cottonseed hulls and
10% protein and mineral supplement) for the remainder of the study. After 137 d in the feedyard
the steers were harvested. Carcass data were collected by the West Texas A&M University
Cattleman Carcass Data Survey Team. Pen manure was collected by scraping the pen surface
with a skid loader, loaded into a manure spreader and weighed. Feed and excreta N and P were
determined colorimetrically using a Technicon Auto-Analyzer II. During the growing period,
implanted steers had a greater final BW and ADG (P<O.Ol) compared to control steers.
Implanting steers during the growing period did not affect ADG in the feedyard (P > 0.10) when
compared with the control steers. Implanting steers with either Synovex S@or Revalor G@during
the growing phase did not affect the amount of N and P or total manure excreted in the feedyard
(P > 0.10). Feed intake during the finishing program was similar (P > 0.1 0) regardless of
growing implant treatment. Pre-feedyard implant treatment did not affect hot carcass weight
(P=O.ll), marbling score (P = 0.75), fat thickness (P = 0.79), or yield grade (P = 0.64). Steers
implanted with Revalor G@ during the grazing period had a greater (P = 0.01) rib eye area
compared with the control and Synovex S@steers. Under the conditions of this trial implanting
cattle during the growing period did not affect performance, carcass characteristics, or nutrient
excretion during the finishing period.
Key Words: Environment, Cattle, Implant
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Preliminary ob;ervations on factors affecting lung lesions in feedlot cattle at slaughter.
N.K. Grathwohl*, W.B. Epperson, and BJ. Johnson, South Dakota State University, Brookings.
Three hundred ninety-three steers were fed at two South Dakota feedlot locations (East and
West) in the Calf Value Discovery Program. Calves entered the feedlots on November 4, 1998,
and 47 owners participated in the program. At slaughter, lungs were collected from 280 steers to
use towards generating hypotheses as to' ~hat factors affect lung lesions in feedlot cattle;' .A
veterinarian examined the lungs for evidence of cranial ventral pneumonia (CVP). For purposes
of analysis, steers were assigned a numerical lung score based on the severity of the lesions
(O=no lesions, 17=most severe). Steers with lung score of >7 were classified as having CVP.
The factors in the following table are defined as: ranch illness = if calf was known to be treated
for illness at the ranch, feedlot illness = if calf was known to be treated for illness at the feedlot,
creep fed = if calf was creep fed at the ranch, prewean = if the calf was weaned for more than 14
days prior to arrival at the feedlot, mlv = modified live vaccine - if calf received a modified live
viral IBR/BVD/PI/BRSV vaccine prior to arrival at the feedlot, BVDI Positive = Bovine Viral
Diarrhea Type I - if calf had a positive titer (~1: 16) for BVD 1 at arrival to feedlot, BVDII =
Bovine Viral Diarrhea Type II - if calf had a positive titer (~1: 16)for BVDII at arrival to feedlot,
and BRSV = Bovine Respiratory Syncytial Virus - if calf had a positive titer (~1 :4) for BRSV at
arrival to feedlot. The other variables in the table are defined as: total = the number of calves
examined at slaughter for lung lesions that also reported factor information, normal = no
evidence of CVP, 0 = calves without the factor and CVP, and 1 = calves with the factor and
CVP. To adjust for differences in feedlot, the Cochran-Mantel-Haenszel statistical analysis was
used. A Chi-Square analysis was performed if there was not a significant difference (P>.05) in
feedlot.
1
7(.17)

P Value
.795

18(.33)
13(.24)
8(.57)
1(.38)
30(.59)
17(.34)
10(.20)

.005
.028
.867
.003
.529
.983
.480

These results suggest that creep feeding at the ranch of origin, illness at the feedlot, and the
administration of a modified-live vaccine at ranch of origin are all associated with the presence
of lung lesions at slaughter.
Key Words: Beef cattle, Health, Vaccine, Lung lesion
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Compensatory Growth and Slaughter Breakevens of Cattle Backgrounded
Rates of Winter Gain

at"Different

D. J. Jordon, T. J. Klopfenstein, and C. T. Milton. University of Nebraska, Lincoln.
A trial was conducted over two years to evaluate degrees of backgrounding restriction on
subsequent compensatory growth and slaughter breakevens in cattle. Crossbred steers (180
head/yr) were used in a cOJ;npletely r<;mdomized design with treatments FAST, CORN,
FAST/SLOW, SLOWIFAST, and SLOW beginning December 1. Winter had two phases and
cattle were managed in three groups. In phase 1 (-75 d), steers were fed (DM) 2.3 kg wet com
gluten feed (WCGF; FAST), 1.8 kg com and a protein supplement (CORN), or a protein
supplement (SLOW) while grazing cornstalks. In phase 2 (-75 d), cattle were fed (DM) 2.3 kg
WCGF (FAST), 1.8 kg com and a protein supplement (CORN), or a mineral supplement
(SLOW) and ammoniated wheat straw. After phase 1, half the FAST calves were switched to
SLOW (FAST/SLOW), and vice versa (SLOWIF AST), giving degrees of winter restrictions.
The CORN treatment was used to determine if WCGF in the winter resulted in carry-over-effects
in grazing or feedlot gains. Following winter backgrounding, cattle were placed on grass from
May 1 through October 1. Cattle were then placed into the feedlot and finished on 40% WCGF,
48% high moisture com, 7% alfalfa, and 5% supplement (DM basis). Steers on the SLOW
treatment compensated 25% when compared to the average of FAST and CORN treatments.
Winter supplementation of WCGF in the FAST treatment reduced slaughter breakevens
compared to CORN based on reduced input costs and compared to intermediate and SLOW
treatments based on increased final weights.

Winter
Initial weight, kg
AOG, kg
Summer
Initial weight, kg
AOG, kg
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Evaluating the Relationship Between
Mortality in Receiving Heifers.

Blood

Glucose,

Performance,

Morbidity,

and

H. J. LaBrune, J. S. Drouillard, T. B. Farran, 1. 1. Sindt, S. P. Montgomery, and
R. D. Hunter, Kansas State University, Manhattan, Kansas.
Crossbred beef heifers (n=332; 403 lb) of Southeast origin were used in a 36 day receiving trial
to evaluate blood glucose as atool to pre,dict gain, mortality, and morbidity rate. Cattle were
provided grass hay and water on arrival and were processed within 24 hours. Cattle were
implanted, vaccinated against common viral and clostridial diseases, treated for internal and
external parasites, and given a metaphylactic dose of micotil (l.5 ml/cwt BW) at processing.
Blood glucose (Gluc) was measured using a hand held glucose monitor (Glucometer Elite, Bayer
Corp.). Plasma was obtained from 178 heifers to determine concentration of plasma urea
nitrogen (PUN) and plasma glucose (UVGluc) using a colorimetric assay.
Heifers were
categorized into high (2:58 mg/dIGlucH) and low «58 mg/dl; GlucL) glucose groups, as well-as
high (2: 1.66 mM; PUNH) and low «1.06 mM; PUNL) PUN groups. Cattle were identified as
candidates for therapeutic treatment when they exhibited clinical symptoms of respiratory
disease, and were treated (1.5 ml micotil/lb BW) when rectal temperature exceeded 103.5°C.
Candidates for retreatment were similarly identified and were administrated LA-200@ and Tylan
40@ at 6 and 5 ml/cwt BW, respectively. Plasma glucose was regressed against blood glucose
for validation, revealing a positive linear relationship (UvGluc = 36.19 +.93Gluc; P<. 0001;
=
.37). Gains were 2.33 :f:.ll and 2.66 :f:.09 lb/d for GlucH and GlucL respectively (P<.02).
Treatment rates were not different (P> .5) for GlucH and GlucL, but mortality rate was higher
(P< .02, 6.82 and 1.5% respectively) and retreatment rate tended (P=.15) to be greater for GlucH
than for GlucL. GlucH in conjunction with PUNH depressed gained (P<.02) compared to other
Gluc/PUN combinations.
Contradictory to Gluc, treatment rate was higher (P < .01) for
UVGlucH than for UVGlucL. Measuring blood glucose levels on arrival may be useful to
identify cattle at risk to bovine respiratory disease.

r

Key Words: Glucose, Cattle, Respiratory disease
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Implant programs for feedlot heifers using Synovex@ Plus™.
C.N. Macken*l, C.T. Miltonl, B.D. Dicke2, D. McCIellan3 and F.L. Prouty4, lUniversity of
Nebraska, Lincoln, 2Cattlemens Consulting, 3McCIellan Consulting, Fremont, NE, 4Fort Dodge
Animal Health, Overland Park, KS
Two commercial feedyard trials evaluated implant strategies for feedlot heifers. Trial 1 used 879
heifers (329 kg) randomly allotted to one,<;>fthree treatments (15 pens; 5 reps/trt). Heifers were
implanted with Ralgro d 0, and reimplanted with either Synovex Plus (SynPlus) or Finaplix-H
(FinH) 90 d prior to slaughter. MGA was fed to one SynPlus group and FinH heifers. Heifers
were fed a steam-flaked com diet, 149 d. Contrasts were used to compare the average of SynPlus
implanted heifers versus Fin-H heifers, and the average of the heifers fed MGA versus no MGA.
Dry matter intake was similar (8.7 kg/d) between treatments. On a live basis, SynPlus heifers, on
average gained 3.1 % faster (1.49 vs. 1.45 kg/d; P = .08), were 3.1 % more efficient (5.82 vs.
6.00; P = .07) and had a $1.37/cwt lower cost of gain ($40.3 6/cwt vs $41.73/cwt; P = .05)
compared to FinH/MGA heifers. Using hot carcass weight adjusted to a common 63% dress,
SynPlus heifers, on average, gained 3.5% faster (1.50 vs 1.45 kg/d; P =.01), were 3.7% more
efficient (5.78 vs. 6.00; P <.01) and had $ 1.65/cwt lower cost of gain ($40.07/cwt vs $41.72/cwt;
th
P =.01) than FinH heifers. Feeding MGA with either SynPlus or FinH increased 12 rib fat
(P<.Ol), yield grade (P=.01), marbling score(P < .01), and the percentage of Prime (P = .02) and
Low Choice (P < .0 1) carcasses compared with SynPlus heifers without supplementation MGA.
Selling live, SynPlus heifers, on average, had net returns $11.50/head greater (P = .03) than
FinH/MGA heifers. Implanting heifers with SynPlus and feeding MGA had an additive effect on
carcass merit net returns. SynPlus heifers fed MGA returned $11.26/head more (P = .07) than
FinH/MGA Heifers. Carcass-merit net returns were similar between FinH/MGA and SynPlus
heifers without MGA supplementation. Trial 2 used 870 heifers (375 kg) randomly allotted to
one of two implant treatments (6 pens; 3 reps/trt). Heifers were implanted with either SynPlus or
FinH. Heifers were fed a dryrolled com diet containing MGA, 107 d. Using hot carcass weight
adjusted to a common 63% dress, SynPlus heifers gained 4.2% faster (1.50 vs. 1.44 kg/d; P =.02)
compared the FinH heifers. Dry matter intake was .31 kg/d higher (P =.32) for SynPlus
compared to FinH heifers. Feed conversion was similar (avg 6.59) between treatments. Carcass
weight was 4.5 kg heavier (P =.10) for heifers implanted with SynPlus compared to FinH, Other
carcass traits were similar. Cost of gain for SynPlus heifers was $0.86/cwt less ($42.25/cwt vs
$43.11/cwt; P=.42) than FinH heifers. Implanting heifers with SynPlus resulted in carcass-merit
net returns $5.73/head greater(P=.19) than FinH heifers.
Key Word: Finishing, Heifers, Implants, MGA
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The effects of Agrado™ on the performance

and antioxidant

status of feedlot steers.

K.W. McBride, L.W. Greene, N. K. Chirase, Texas A&M University System, Amarillo, E. B.
Kegley, University of Arkansas, Fayetteville, and N. A. Cole, USDA-ARS, Bushland, TX
The effect dietary Agrado ™ pre- and post-shipping on antioxidant status, ruminal fluid VF A
concentrations, feed conversion, average daily gain, and volatile N losses from manure were
determined. Eighty feeder steers (219 kg). were purchased and transported to the University of
Arkansas Animal Research Facility iocated in Fayetteville, AR. Steers were held in the facility
for a 42-d pre-conditioning period, housed in 16 pens, and fed either a control diet or 150-ppm
Agrado™. On the last day of the backgrounding period, blood samples were obtained via jugular
puncture, and steers were transported by truck to the Texas Agricultural Experiment
StationlUSDA-ARS research feedlot in Bushland, TX. On arrival, steers were processed, sorted
into the same groups as at the Fayetteville research facility, and then allotted to 6 pens equipped
with pin-pointer feeders or 2 bunk pens (10 hd/pen). Steers were fed either a control diet or 150ppm Agrado ™ in a 2 X 2 factorial arrangement with diet pre-shipment. Blood was drawn via the
jugular vein on d 0, 28 and 87 post-transit for the antioxidant vitamins A, C, and E, selenium,
and uric acid. Cattle weights were obtained on d 0, 28, 56, 87, 112, 140, 168, and 182 to
determine average daily gain, and rumenocentesis was performed on 10 steers per treatment on d
5 and 28 to determine ruminal fluid VF A concentrations. Samples of excreta were collected
from the pen surface of each pen and volatile ammonia was determined in an in vitro gas
emission chamber. Steers fed Agrado ™ in Arkansas had lower serum vitamin E concentrations
(P<0.05) pre-shipment when compared to the controls (1.93 vs. 2.23 ug/ml). Post-transit, steers
which received Agrado™ in Arkansas had a higher (P<0.04) Vitamin E concentration compared
to those fed the control diet. Steers receiving Agrado™ post-shipment had a greater vitamin A
concentration (P<0.03) compared to the control steers on d 28 and 87. All other antioxidant
concentrations did not differ (P<0.05). Average daily gain was greater (P<0.05) for steers fed
Agrado™ post-shipment (1.61 vs. 1.45 kg/d) for d 0-182. Accordingly, steers fed Agrado™
consumed more feed (P<O.OOI) during the period (8.58 vs. 7.25). The proportion of butyrate in
the ruminal fluid was greater (P<0.03) and iso-valerate proportions were less (P<0.03) for steers
fed Agrado ™ than controls. The excreta harvested from pens housing steers fed Agrado ™ had a
greater (P<0.03) ammonia volatilization compared to the control pens. These results indicate
that by adding Agrado ™ to a typical feedlot diet could increase ADG of feedlot steers, and may
effect certain antioxidant concentrations during the beginning of the feeding period.
Key Words: Cattle, Antioxidant, Performance
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Increasing levels of Rumensin@ in limit-fed, high-energy growing diets for beef steers and
effects on subsequent finishing performance.
S. P. Montgomery *, J. S. Drouillard, J. 1. Sindt, T. B. Farran, H. J. LaBrune, R.
D. Hunter, 1. J. Higgins, and T. A. Nutsch, Kansas State University, Manhattan.
Crossbred beef steers (n=164, 574 lb) were used in a randomized complete block design to
determine optimum Rumensin@ concentr~tion in limit-fed, high energy growing diets .. Steers
were fed a common diet ad libitum for 14 days preceding the growing phase to minimize
differences in gastrointestinal tract fill. Steers were allotted to pens containing five to seven
animals with nine pens per treatment. Growing diets contained 80% concentrate and 20%
ground alfalfa hay, and provided 30, 40, or 50 g/ton of Rumensin (R30, R40, and R50) on a dry
matter basis. Diets were fed once daily at 1.8% of body weight (dry matter basis) for 88 days.
Prior to obtaining final weights for the growing phase, cattle were fed a common diet ad libitum
for 14 days. Daily gains for the 102-day growing phase were 2.74, 2.79, and 2.76 lb/day and
feed efficiencies were 4.61, 4.55, and 4.55 for R30, R40, and R50, respectively. Daily gains and
feed efficiencies were not different among treatments (P>.80). At the end of the growing phase
steers were placed onto a common finishing diet, fed for 1 01 days, and then slaughtered. The
final finishing diet contained 82% steam flaked com, 7% ground alfalfa hay, 30 g/ton Rumensin
and 109/ton Tylan@ (dry matter basis) and was fed once daily ad libitum. Finishing daily gains
were 3.14, 3.15, and 3.38 lb/day and feed efficiencies were 6.58, 6.45, and 6.33 for R30, R40,
and R50, respectively. Finishing daily gains were greater for R50 (P<.02) than R30 or R40.
This resulted in heavier carcass weights for R50 compared to R30 (P<.05) and R40 (P<.12).
Feed efficiencies were not different (P>.40) among treatments. Including higher concentrations
of Rumensin in limit-fed, high-energy growing diets may increase subsequent average daily gain
and carcass weight.
Key Words-. Rumensin, Limit feeding, Cattle
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Alfalfa hay levels in limit-fed, high-energy growing diets for beef steers.
S. P. Montgomery*, J. S. Drouillard, J. J. Sindt, T. B. Farran, H. J. LaBrune, R. D. Hunter, 1. J.
Higgins, and T. A. Nutsch, Kansas State University, Manhattan.
One hundred and sixty four crossbred beef steers (576 lb) were used in a randomized complete
block design to determine optimum levels of alfalfa in limit fed, high-energy growing diets
containing steam flaked corn and wet ~rn gluten feed. Steers were. fed a common diet ad
libitum for 14 days preceding the growing phase to minimize differences in gastrointestinal tract
fill. Steers were allotted to pens containing five to seven animals with nine pens per treatment.
Treatments consisted of diets containing steam flaked corn and 40% wet corn gluten feed (dry
matter basis) with 0, 10, or 20% ground alfalfa hay (OALF, 10ALF, and 20ALF). A fourth diet
containing 20% ground alfalfa hay and steam flaked corn was used as a control (CONTROL).
All diets contained 30 g/ton ofRumensin@ and were fed once daily at 1.8% of body weight (dry
matter basis) for 88 days. Prior to obtaining final weights for the growing phase, cattle were fed
a common diet ad libitum for 14 days. Daily gains for the 102-day growing phase were-2.90,
2.73, 2.68, and 2.74 lb/day and feed efficiencies were 4.29, 4.57, 4.65, and 4.61 for OALF,
lOALF, 20ALF, and CONTROL, respectively. Daily gains and feed efficiencies were greater for
OALF (P<.04 and P<.02, respectively) than for 10ALF, 20ALF, or CONTROL. At the end of the
growing phase steers were placed onto a common finishing diet, fed for 101 days, and then
slaughtered. The final finishing diet contained 82% steam flaked corn, 7% ground alfalfa hay, 30
g/ton Rumensin, and 109/ton Tylan@ (dry matter basis) and was fed once daily ad libitum.
Finishing daily gains were 3.12, 3.12, 3.26, and 3.14Ib/day and feed efficiencies were 6.41, 6.49,
6.25, and 6.58 for OALF, 10ALF, 20ALF, and CONTROL, respectively. Finishing daily gains
and feed efficiencies were not different (P>.40 and P>.15, respectively) among treatments.
Additional roughage may not be required for beef steers limit-fed, high-energy growing diets
containing 40% wet corn gluten feed.
Key Words: Wet corn gluten feed, Roughage, Limit feeding
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Influence of dietary metabolizable
grain content diets.

protein on production

rates and N use by steers fed high

Pritchard, R.H., C. J. Mueller*, K. W. Bruns and S. 1. Bierman, South Dakota State University,
Brookings.
This study evaluated the effects of manipulating metabolizable protein (MP) levels on yearling
steer performance and N use in a feedlot- ~ituation. Steers (n = 120; BW = 343 :t 1.1 kg) were
blocked into light (LBW; 323 kg) arid heavy (HBW; 356 kg) BW groups, then allotted to one of
three treatments for a 117d feeding period. Treatments were: LO) 11% CP fed throughout; HI)
13% CP fed throughout; and LHL) 11% CP fed from d 1 to 35, 13% CP fed from d 36 to 94 and
11% CP fed from d 95 to 117. Steers were fed a high grain diet (1.39 Meal NEg/kg) throughout
the trial and received an estradiol-trenbolone acetate implant on d 35. Metabolizable protein
(estimated by NRC (1996)) allowed ADG were 1.5 and 1.8 kg for the LO and HI diets,
respectfully. Each treatment included 5 pens (2 LBW and 3 HBW replicates) with 8 steers per
pen. When compared to the LO treatment the HI treatment improved gain efficiency (.163, .167
and .174 kg ; P<.1 0) and cumulative ADG (1.62, 1.68 and 1.75 kg; P<.05) for LO, LHL and HI,
respectively. This resulted in heavier (P<.10) and fatter (P<.05) carcasses for HI vs LO. Interim
growth performance was inconclusive. Serum urea-N concentrations were highest (P<.05) for
cattle receiving the HI treatment across all periods. All treatments had an increase in serum ureaN within 56d of implant administration. Calculated total N intake increased (P<.OI) from 18.8 to
21.3 to 23.1 kg per steer for LO, LHL and HI treatments, respectfully. The N intake per 100 kg
BW gain was higher (P<.OI) for HI than LO treatments ( 9.89, 10.90, and 11.33 kg ,
respectfully,) indicating a reduction in efficiency ofN use with higher dietary levels of MP. The
results of this experiment indicate that an increase in dietary MP can improve growth rates and
efficiency, but may not result in improved efficiency ofN use by the animal.
Key words: Feedlot, steers, metabolizable protein
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The effects of supplemental organic
response, morbidity, and performance

or inorganic copper and zinc sources
of newly received cattle.

on immune

G. B. Salyer* and M. L. Galyean, Texas Tech University, Lubbock.
Two experiments were conducted to measure effects of Cu and Zn source on humoral immunity,
morbidity, and performance of newly received heifers. In Exp. 1, 24 mixed breed heifers
(average initial BW = 272 kg) were used'ir a 2 x 2 factorial arrangement of treatments consisting
of 65 % concentrate diets with the following Zn and Cu levels: 1) 10 mglkg of supplemental Cu
from CuS04 + 75 mglkg of supplemental Zn from ZnS04; 2) 10 mg/kg of supplemental Cu
from CuS04 + 75 mg/kg of supplemental Zn from SQM Zn; 3) 10 mg/kg of supplemental Cu
from SQM CU + 75 mglkg of supplemental Zn from ZnS04; and 4) 10 mglkg of supplemental
Cu from SQM CU + 75 mglkg of supplemental Zn from SQM Zn. The SQM CU and Zn (Quali
Tech, Inc., Chaska, MN) are polysaccharide mineral complexes.
Six heifers were assigned
randomly to each treatment. Heifers were trained to individual Calan gates during a 35-d period;
a diet with no supplemental Cu or Zn was fed during this period. Heifers were subjected to
fasting/refeeding stress that consisted of 24 h in which feed and water were withheld, 24 h in
which the heifers were allowed access to feed and water, and a final 24-h period in which feed
and water were withheld. The four treatment diets were offered immediately after the final 24-h
period of withholding feed and water. Humoral immunity was determined by measuring specific
antibody response following injection of the ovalbumin (OVA) on d 0 and 14. Blood' samples
were collected on d 0, 7, 14, and 21 for antibody (IgG) titer determination utilizing an ELISA
procedure.
On d 7, the specific antibody response to OVA did not differ (P> .05) among
treatments. On d 14 and 21, heifers receiving SQM Zn had an increased (P = .042 and P = .033,
respectively) specific OVA titer. On d 14, heifers receiving CuS04 tended (P < .14) to have a
higher OVA titer than heifers receiving SQM CU, and on d 21, heifers receiving CuS04 had a
higher (P = .021 ) OVA titer response than those receiving SQM CU. In Exp. 2, heifers (180 to
205 kg initial BW) were used to study the effects of the same treatments used in Exp. 1 on DMI,
ADG, feed:gain (F:G), and morbidity from bovine respiratory disease (BRD). The trial consisted
of two loads of cattle (109 heifers in Load 1, and 110 heifers in Load 2). Within each load,
heifers were assigned to three pens per treatment (9 to 10 heifers per pen) and given ad libitum
access to a 65 % concentrate diet for 35 d, with supplemental Zn and Cu sources arranged in a 2
x 2 factorial as in Exp 1. Calves were monitored daily for signs of BRD, and suspect calves with
a rectal temperature ( 39.70 C were considered morbid, treated with antibiotics, and returned to
their assigned pen. No differences (P >.05) among treatments were noted for DMI, ADG, F:G,
or morbidity. Heifers receiving ZnS04 and SQM Zn had d 0 to 35 main-effect means for DMI of
4.51 and 4.59 kg/d (P = .55) and ADG of 1.07 and 1.13 kg/d (P = .40), respectively. Heifers
receiving CuS04 and SQM CU had d 0 to 35 main-effect means for DMI of 4.54 and 4.56 kg/d (P
= .92) and ADG of 1.12 and 1.09 kg/d (P = .70), respectively. No difference (P = .61) between
Zn sources was observed in percent morbidity; 64.22% of ZnS04 heifers were morbid vs
60.91% of SQM Zn. Similarly, there was no difference (P = .37) in percent morbidity between
Cu sources, with 65.45% morbidity for heifers receiving CuS04 and 59.63% morbidity for those
receiving SQM Cu.
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Performance and carcass characteristics of steers on programmed gain finishing systems.
T. L. Scott', C. T. Miltonl, T. 1. Mader, and T. J. Klopfensteinl, lUniversity of Nebraska,
Lincoln and 2University of Nebraska Northeast Research and Extension Center, Concord.
Three trials were conducted to determine the effects of programmed gain (PG) finishing systems
on performance and carcass characteristics in steers. In Trial 1, 160 steer calves (297 kg) were
blocked by BW and assigned ~andomly t9 one of 16 pens with each pen assigned randomly to
one of 4 treatments; ad libitum (ALYaccess to feed (TRT 1) or PG of: 1.27 kg/d for 70d (TR T 2);
1.13 kg/d for 35d and 1.36 kg/d for 35d (TRT 3); 1.13 kg/d for 50d and 1.36 kg/d for 50d (TRT
4). The diet consisted of 35% wet corn gluten feed (WCGF), 32.1 % dry-rolled com (DRC),
21.4% high-moisture corn, 7.5% alfalfa hay, and 4% supplement. In Trial 2, 245 yearling steers
(394 kg) were blocked by BW and assigned randomly to one of 35 pens with each pen assigned
randomly to one of 5 treatments; AL access to feed (TRT 1) or PG of 1.09 kg/d for 21 (TRT 2) or
42d (TRT 3); 1.27 kg/d for 21 (TRT 4) or 42d (TRT 5). The diet consisted of 49% DRC, 40%
WCGF, 8% corn silage, and 3% supplement. In Trial 3, 160 yearling steers were stratified by
BW and randomly assigned to one of 16 pens with each pen assigned randomly to one of 4
factorially arranged (2x2) treatments. Factors were grain source (GS; DRC or WCGF) and
finishing system (FS; AL feeding or PG). Cattle on PG were fed to gain 1.36 kg/d for 50d d 1.54
kg/d for 50d. The DRC diet contained 82.4% DRC, 8% forage, 5% supplement, 3% molasses,
and 1.6% soybean meal with 35% WCGF replacing soybean meal and DRC in the WCGF diet.
Intakes required to achieve the PG rate(s) were calculated using the NRC (1996) computer model
were adjusted every 14 (Exp. 1) or 7 d (Exp. 2 and 3). Following the PG phase in each trial,
steers were allowed AL access to feed until slaughter. These data indicate that efficiency was
generally similar between AL and PG treatments and carcass weight was reduced with PG
systems.
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Combinations of Wet Corn Gluten Feed and Steam Flaked Corn in Finishing Cattle Diets.
J. 1. Sindt*, J. S. Drouillard, S. P. Montgomery, T. B. Farran, H. J. LaB rune, R. D. Hunter, J. J.
Higgins, Kansas State University, Manhattan, R. T. Ethington, R. U. Lindquist, Minnesota Com
Processors, Inc., Marshall, Minnesota
Six hundred and fifteen crossbred beef steers (648 kg) were used in a 152-day experiment to
evaluate finishing performance when steaq1 flaked com was replaced with wet com gluten feed.
Steers were blocked by previous treatment and randomly allocated, within block, to each of three
diets (4 pens per diet, 48 to 53 steers per pen). Dietary treatments consisted of 0 (OCGF), 30
(30CGF), and 60% (60CGF) wet com gluten feed (dry matter basis). Final diets contained 7%
alfalfa, 2% tallow, 30 grams/ton Rumensin@ and 10 grams/ton Tylan@ Steers were implanted
with Component@ TE-S on day I, and were adapted to the final diet within 23 days. On days
114 to 118, samples of rumen fluid and feces were collected from 180 steers (60 per treatment)
for determination of ruminal and fecal pH. A linear increase was observed for both ruminal pH
(6.07,6.15,6.23; P<O.OI) and fecal pH (6.78, 6.81, 6.94; P<O.Ol) for OCGF, 30CGF and 60CGF,
respectively. Dry matter intake tended to increase (P=0.13) as the proportion of CGF increased
(19.1,19.2, and 19.9 lb/day for OCGF, 30CGF, and 60CGF). Daily gains were 3.13, 3.22, and
3.04 lb/day and efficiencies were 6.06, 5.95, and 6.49 for OCGF, 30CGF, and 60CGF,
respectively.
Cattle fed 60CGF gained less than cattle fed 30CGF (P<O.Ol) and were less
efficient than cattle fed OCGF (P<0.02), and 30CGF (P<O.Ol). Carcass weight was not affected
(P>0.3) by treatment. Dressing percentages were 61.3, 61.5, and 60.7 for OCGF, 30CGF, and
60CGF, respectively. Dressing percentage was lower (P<0.03) for cattle fed 60CGF compared to
cattle fed 30CGF. Incidence of liver abscesses increased linearly (1.5, 2.0, 3.9; P<0.05) as the
level of CGF was increased. Replacing steam flaked com with wet com gluten feed at 30
percent DM yielded performance similar to steam flaked com.
Key Words: Wet com gluten feed, Steam flaked com, Cattle
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Refractive index: A rapid method for determining starch availability.
J.1. Sindt*, J. S. Drouillard, S. P. Montgomery, and T. B. Farran, Kansas State University,
Manhattan.
Starch from cereal grains constitutes the predominant energy source for fed cattle. Processing
conditions can have a substantial impact on starch availability and resulting ruminal digestion.
Current methods of estimatinK starch avapability normally must be performed in a controlled
laboratory setting, requiring an extended period of time to obtain results. Laboratory values are
frequently too far removed in time to be of value in characterizing the effects of process
conditions on nutritive value of grains. Our objective was to develop a rapid, reliable,
inexpensive, refractometer-based method that could be utilized by mill operators to assess the
effects of processing conditions on starch availability of grains. A series of experiments were
conducted to validate this procedure. Optimal results were obtained by incubating grain with an
excess of enzyme for 15 minutes, followed by determining percent solubles with a hand-held
refractometer. In vitro gas production (performed with ground samples) was correlated to the
refractive index procedure using whole (r=.64) and ground (r=.79) samples of flaked com. The
refractive index method was closely related to in situ dry matter disappearance (R2= .84, P <.01)
for samples of flaked grain with densities ranging from 20 to 32 lblbushel. The refractive index
procedure also yielded availability estimates that related well to glucose release for samples of
flaked com that were collected 0 to 48 hours after flaking. The refractometer method is a
relatively rapid, repeatable, and inexpensive procedure for estimating starch availability in flaked
grains. The method also has been used successfully to determine solubility of high-moisture
grains. Furthermore, a variation of the refractive index method has been developed to provide
estimates of mixer efficiency by measuring solubility differences among multiple samples from a
given batch of feed.
Key Words: Starch availability, Steam flaked com, Refractive index
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Impact of Treatment for Bovine Respiratory Disease during the Back-Grounding
Period on Feedlot Performance and Carcass Traits.
T. C. Stovall, D. R. Gill, R. A. Smith and R. L. Ball, Oklahoma State University, Department of
Animal Science, Stillwater.
The impact of antibiotic treatment during a 42-d receiving period on feedlot performance and
carcass traits was measured using 406 lll?ifer crossbred calves. During the receiving period,
cattle were observed for signs of morbidity daily and medical treatments were recorded.
Antibiotic treatment was based on clinical signs of Bovine Respiratory Disease (BRD) and rectal
temperature. Calves were treated if rectal temperature was 104F or greater. Treatments consisted
of either 0 treatments, 1 treatment, or > 1 treatment. As expected, average daily gain (ADG)
throughout the receiving period was significantly (P<.0004) decreased due to increased number
of treatments. Much of this could be due to the large differences found in ADG the first fourteen
days of the receiving period (2.14 vs. 1.90 vs. 1.30 for treatments 0, 1, and > 1, respectively;
P=.0002). During the finishing period, ADG was calculated from the initial receiving in-weight
(ALLADG) and receiving out-weight (LOT ADG) to final live weight. A positive trend was
shown per treatment (2.83 vs. 2.85 vs. 2.90 for treatments 0, 1, and >1, respectively) in
LOTADG, however, no significant (P>.39) differences were found. Also similar performance
between treatment groups was seen in ALLADG, concluding that treatment for BRD might not
have any effect on calves feeding performance.
However, antibiotic treatment did' have a
negative impact on some carcass characteristics. Hot carcass weight (HCW) and the final live
weight did tend to be lower, although no differences (P>.72) were found. Antibiotic treated
heifers displayed higher percentage of U.S Yield Grade 1 and 2 carcasses (49.3 vs. 59.3 vs. 64.1
for 0, 1, and >1 treatments, respectively), though no significant (P>.13) differences were found
for U.S Yield Grade. Heifers that received two or more treatments during the receiving period
resulted in a sizeable decrease (P < .02) in marbling score, causing a 25% reduction in percent
U.S. Choice carcasses (66.19 vs. 59.36 vs. 41.11 for 0, 1, and >1 treatments, respectively).
Comparing untreated heifers to heifers treated once or more than once, net return carcass values
were $I1.48lhead and $37.34Ihead lower, respectively (Based on a yearly average U.S. Choice to
U.S. Select spread of $7.50/cwt). Illness requiring medical treatment(s) has a negative impact on
marbling score and overall net value of the carcass emphasizing the importance of management
of cattle to prevent the bovine respiratory complex.
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Liver Mineral Status of Northern New Mexico Range Calves and Associative Immune
Status and Health Performance throughout the Receiving and Feeding Period.
J. B. Taylor*, R. C. Waterman, D. Bradden1, J. R. Strickland and M. K. Petersen
Department of Animal and Range Sciences, New Mexico State University, Las Cruces
lEI Sueno Del Corazon, Inc., Abiquiu, NM.
In order to investigate the hea~th status apd performance of Northern New Mexico calves, an
ongoing project was instigated August 1998 to assess liver mineral status prior to shipment and
associative immune and health performance throughout the receiving and feeding period. To
date, approximately 350 calves from varying sources throughout Northern New Mexico have
been utilized in this continuing study. During November of 1998 and 1999, immediately prior to
shipment to the feedlot, liver biopsy and blood samples were collected from calves (age = 4 - 7
mo) for assessment of mineral status, immune function and serum acute phase protein
concentrations.
Subsequently, calves were directly shipped to a feedlot in Southwest Kansas
where health performance was monitored via immune function tests conducted on-site during the
feeding period. In 1998, ranges for liver copper (Cu) and zinc (Zn) were 36.1 to 1466.7 and 61.5
to 1349.2 ppm DMB, respectively. Ranges of serum alpha I-acid glycoprotein (AG) and
ceruloplasmin were 12.5 to 1569.4 ug(mL-1 (n = 40) and 95.8 to 551.8 U(mL-1 (n = 58),
respectively. Haptoglobin (HP) was detected in the serum of 14 of 40 calves sampled (range =
99.4 to 1375.0 ug(mL-1). Additionally, lymphoblastogenesis stimulation index ranges were
168.1 to 704.9%, 191.3 to 863.0% and 119.5 to 391.4% for concanavalin
A,
phytohemagglutinin-P and pokeweed mitogen stimulated cultures, respectively. In 1999, ranges
of serum AG prior to shipment and 34 days after receiving were 35.7 to 1375.0 ug(mL-1 (n =
125) and 196.4 to 1803.6 ug(mL-1 (n = 109), respectively. Serum HP was detected in 100 (range
= 19.6 to 2519.6 ug(mL-1) of the 125 calves sampled prior to shipment and only in 22 (range =
93.1 to 2446.1 ug(mL-1) of the 109 sampled 34 days after receiving. For 1998, neither liver Cu
nor Zn were considered deficient in any of the calves sampled. Utilizing serum HP as a
subclinical morbidity marker, preshipping morbidity rate for 1999 was considerably higher at
80% vs. 35% for 1998. Thirty-four days after receiving in 1999, the subclinical morbidity rate
decreased to 20% (n = 22). Furthermore, of these 22 calves, 81% exhibited subclinical morbidity
prior to shipping indicating possible subchronic infection throughout the receiving period. This
data represents a preliminary descriptive analysis of the mineral and immune status of Northern
New Mexico calves. Further analysis will be conducted to quantitatively describe associated
effects of pre shipment immune and mineral status on morbidity, mortality and performance
throughout the receiving and feeding period.
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