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Animal Behavior and Well-Being

1 Can we understand farm animal welfare without
taking into account the issues of emotion and cognition?
R. Dantzer*, INRA-INSERM.

Assessment of farm animal welfare is commonly based on measures of be-
havioral and physiological indicators of stress and coping. The implicit
assumption is that welfare of farm animals is associated with successful
adaptation to environmental conditions, whereas poor welfare is caused
by failure of adaptation, as evidenced by significant alterations in be-
havior, stress hormones and possibly immune responses. However, this
approach is insufficient if farm animals are considered as sentient crea-
tures, capable of pleasure and displeasure, instead of simply reactive
organisms. Although psychobiological responses to stress and negative
emotional states have been intensively studied in farm animals, their
ability to experience pleasure and the way this ability is altered by en-
vironmental factors have not been investigated. In addition, the study
of emotional states in farm animals has been restricted to the descrip-
tion of emotional responses to the detriment of a proper consideration
of the perceptive and cognitive processes underlying the corresponding
emotional states. The present thrust of research in neuroscience on the
relations between cognition and emotion provides a new framework for
carrying out studies enabling to understand the mental world of farm
animals and better defining the conditions for ensuring farm animal wel-
fare.
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2 Methods of assessing cognitive abilities of farm
animals. C. Croney*, University of Maryland.

Concern for agricultural and research animal welfare has raised ques-
tions about the cognitive abilities of species used for these purposes,
and the relationship between cognition and welfare. One approach to
investigating farm animal cognition is to adopt established methods of
comparative psychology to evaluate animals’ specific mental processes,
such as learning and memory. This approach has been used to study cog-
nition in the domestic pig (Sus scrofa). In Experiment one, the ability
of four Panepinto micropigs to form an olfactory discrimination learning
set (DLS) was tested. This test, once used to assess animal intelligence,
is now considered a useful paradigm for examining the ability to learn
simple rules and to compare efficiency of learning across species. Three

pigs performed above chance on trial 2 on the last 50 blocks of DLS test-
ing (P < 0.005) indicating the pig can learn olfactory discriminations
and form olfactory DLS’s. In Experiment two, 2 Panepinto micropigs
and 2 Yorkshire pigs were tested on ability to acquire a joystick-operated
video-game task, an innovative, objective means of examining cognition.
Pigs were required to move a cursor to make contact with 3-, 2-, or 1-
walled targets randomly allocated to position on a computer screen. All
were significantly above chance on first attempts to contact 1-walled
targets (P < 0.05). These results indicate that despite dexterity and vi-
sual constraints, the pig has the capacity to acquire a joystick-operated
video-game task. Similar methodology may prove useful in future stud-
ies of the cognitive processes of farm animals, which should help us bet-
ter understand their underlying mental abilities and how these abilities
may be associated with their welfare.
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3 Cognition Studies With Pigs: Livestock Cogni-
tion And Its Implication for Production. S. Held*, M. MendlI,
K. Laughlin, and O. Burman, University of Bristol.

The purpose of this paper is twofold. First, it discusses in general terms
how animal production can be affected by the animals’ cognitive abili-
ties; secondly, it aims to introduce our work on pig cognition. The ex-
tent to which farm animals are positively or negatively affected by their
housing and husbandry environments depends (amongst other things)
on their cognitive abilities. It has long been known that predictability
of and control over the variable aspects of their environment reduce the
physiological symptoms of stress in animals. For the environment to be
predictable, it must have some predictable properties, and the animal
must realize that it does. To have control over its environment, the
animal must learn and understand how the environment works and how
it can be changed to its benefit. To this end, the animal must be able
to perceive, store and use appropriately the pertinent environmental in-
formation. Research at Bristol investigates cognition in domestic pigs,
particularly social cognition. An improved understanding of how much
pigs understand about the behaviour and intentions of others may help
reduce welfare and productivity problems. For example, being grouped
and re-grouped with unfamiliar individuals is a common experience for
domestic pigs at various stages in their lives. This often leads to high



aggression levels in the new groups with negative consequences for pro-
duction. Research has shown that aggression levels are higher when
unfamiliar pigs of the same (high or low) aggressiveness are mixed than
when pigs of different aggressiveness are mixed. This implies that some
social assessment and recognition takes place between individuals that
allows them to judge each other’s aggressiveness and to avoid fighting.
Re-grouping of previously familiar pigs can also lead to high aggression
levels. This suggests that pigs may be able to form only short-term social
memories, or that their social memory is disrupted before re-grouping.
Our research to date has focused on the memory abilities of pigs and
their disruption by stressful husbandry procedures, on the pigs’ ability
to adjust their food-searching behaviour when paired with a compet-
ing co-forager, and on their ability to understand what others can and
cannot see.
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4 Heat stress mortality in Midwest feedlots. T.L.
Mader*!, L.L. Hungerford?, J.A. Nienaber?, M.J. Buhman2, M.S.
Davis!, G.L. Hahn?, W.M. Cerkoney', and S.M. Holt3, 1University
of Nebraska, Northeast Research & Extension Center, Concord, NE,
2Great Plains Veterinary Education Center or U.S. Meat Animal Re-
search Center, Clay Center, NE, 3 Animal Production Dept., University
of Queensland, Gatton College, Queensland, Australia.

An acute heat episode occurred in eastern Nebraska in July, 1999. Dur-
ing this period, the Nebraska Farm Bureau estimated that more than
5,000 cattle died with total production losses of $21.5 to $31 million. An
investigation was conducted in four affected feedlots to identify factors
associated with heat-related mortality. Total cattle mortality was 1.0%
and 1.8% in the two largest feedlots (~8,000 head capacity) and 4% and
6.8% in the two smaller feedlots (~2,000 head capacity). Mortality in af-
fected pens ranged from .3% to 26.3%. Initial cattle deaths occurred on
the third day of which the maximum THI (temperature-humidity index)
reached or exceeded the danger category. One of those days included
a substantial rainfall in the affected area, > 3 cm, which compounded
the already humid conditions. In both large feedlots, pens where mor-
tality occurred had significantly greater numbers of cattle than control
pens in which no deaths occurred, although differences in square meters
per head were not significant. However, both control and affected pens
had only one water tank per pen. During periods of heat stress, water
requirements increase and cattle may congregate around water tanks.
The degree of crowding, which decreases heat dissipation, may relate to
space around tanks rather than total pen area per animal. In one of
the larger feedlots, cattle in pens with heat related deaths were heavier
(P < .01) than control pens. In the other large feedlot, the percentage
of black cattle was higher (P < .01) in pens that experienced mortality
than in those that did not. Analysis of data on pen location and color
for individual animals showed that black cattle were at 5.7 times the
risk for mortality as other cattle. Thermal stress occurred when cattle
were unable to dissipate sufficient heat as a result of high heat load,
humidity, and solar radiation combined with a lack of air movement
and insufficient night-time cooling. As a result of cattle deaths, feedlot
managers initiated intervention procedures based on observations of feed
consumption and cattle behavior. THI was not used in decision-making
prior to the event. Increased awareness of risk factors and THI warning
levels could help producers plan for and effectively respond to extreme
weather.
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5 Effect of hut design on farrowing and lactation
performance of pigs housed in a hoop structure. A. V. Framp-
ton*, M. Ellis, G. Hollis, and S. E. Curtis, University of lllinois, Urbana,
IL/USA.

The objective of the current study was to evaluate the effect of farrowing
hut design on farrowing and lactation performance of sows group housed
within a hoop structure. The two treatments consisted of different de-
signs for the entrance to the farrowing hut. Half of the huts were fitted
with a piglet retention roller bar designed to allow sows free access to the
hut but to keep piglets within the hut. The entrance to the other huts
had no roller bar present and piglets were free to move out of and into
the hut. The study used a total of 48 primiparous and multiparous sows
(24 per treatment) with 12 animals in each of four replicates. Sows were
allotted by breed and parity to hut design treatment. Two hoop struc-
tures were used; each hoop structure was divided into two symmetrical

pens and each contained six huts. The experimental unit was consid-
ered to be the pen of six litters housed within a common hut design.
The study was conducted during the months of June through August
(mean temperature = 23+2.8 °C). Sows were given ad libitum access to
a lactation diet that met or exceeded NRC (1998) requirements. Piglets
were weaned at 23 d of age. Hut design did not influence the number
of live piglets born per sow (13.1 vs. 12.0 piglets, for huts with roller
and without roller respectively, SE = 0.66, P > 0.05) or the number
weaned per sow (5.3 vs. 5.1 piglets, for huts with roller and without
roller respectively, SE = 0.81, P > 0.05). High levels of mortality (60%
of liveborn piglets) occurred within the hoop structure and hut design
did not affect (P > 0.05) mortality rate. Piglets reared in the hut with-
out a door roller had higher weaning weights compared to those having
a roller in the door (4.5 vs. 4.2 kg BW, for huts with roller and without
roller respectively, SE = 0.09, P < 0.02). In summary, individual huts
fitted with a roller on the door resulted in lighter piglet weaning weights,
but did not reduce piglet mortality within a hoop structure system.
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6 Effect of genetic selection for loin-eye area on be-
havior and whole blood serotonin levels in Landrace pigs.
S. Torrey*!, S. Weaver?, E. Pajor!, D. Kuhlers®, and T. Stewart!,
LPurdue University, West Lafayette IN, 2USDA-ARS, Livestock Behav-
ior Research Unit, West Lafayette IN, 3 Auburn University, Auburn AL.

To examine the behavioral and physiological differences in two genetic
lines of pigs, Landrace gilts from a line selected for increased loin-
eye area (n=30) and a contemporary random control line (n=32) were
weaned and transported from Auburn University to Purdue University
at an average age of 15 days. The select line differed from the control
by 10 cm? after 6 generations of selection. Litters were grouped by far-
rowing date to minimize age differences and transported on two dates,
2 weeks apart. Four littermate gilts were penned together during trans-
portation and in the nursery. Litters were videotaped continuously while
in nursery to record behavioral traits. Individual blood samples were col-
lected in late afternoon 9, 20, and 30 days after arrival to measure whole
blood serotonin (WBS) levels. Daily maintenance behaviors, including
percent of time spent lying, exploring pen, feeding and interacting with
penmates, were examined over 29 days. Significant differences between
genetic lines were seen for percent time spent lying (lean 68.90 + 0.50%,
control 71.66 + 0.50%; p=0.048), exploring (lean 16.12 £ 0.33%, control
13.80 + 0.33%; p=0.009), and interacting with penmates (lean 4.22 +
0.22%, control 2.66 + 0.22%; p=0.005). No significant difference was
seen for time spent feeding (lean 8.83 £ 0.28%, control 9.59 + 0.28%;
p=0.745. There was no significant difference between the two genetic
lines (p=0.479) in latency to rest after initial transport; mean time was
104.5 + 37.1 minutes. Blood samples were assayed for WBS levels us-
ing HPLC methods. WBS concentration in the lean pigs (170.90 =+
6.95ug/ml) was significantly higher than in the control pigs (140.69 +
6.42ug/ml) with p<0.0001. Our results suggest that a relationship ex-
ists between leanness, activity levels and WBS. This relationship may be
utilized in selection processes to choose animals that are better adapted
to their growing environment.

Key Words: Swine, Lean growth, Behavior

7 Effect of sorting, removal and remixing on finish-
ing pig performance. M.C. Brumm*!, M. Ellis?, L. J. Johnston3,
D. W. Rozeboom?, and D. R. Zimmerman®, 1 University of Nebraska,
Concord, 2 University of lllinois, Urbana, 3 University of Minnesota, Mor-
ris, *Michigan State University, East Lansing, ®lowa State University,
Ames.

A cooperative study was conducted with 900 crossbred pigs (26.2 kg
initial wt) at five research centers utilizing a total of 12 replicates per
treatment to evaluate the effect of remixing the lightest pigs at a mean
replicate wt of 70 kg into new pens on overall pig performance to slaugh-
ter. Treatments were 15 pigs/pen from initial wt to slaughter (15S), 20
pigs/pen from initial wt to 70 kg BW and then reduced to 15 pigs/pen
to slaughter (20/15), and 15 pigs/pen from 70 kg mean replicate wt to
slaughter comprised of the five lightest pigs from each of three 20/15
pens per replicate (15M). Space allocation was .56 m? /pig from 26 to 70
kg and .74 m? /pig thereafter. Diets contained 44 mg/kg tylosin to 70 kg
followed by 22 mg/kg to slaughter. There was no effect (P>.1) of treat-
ment (15S vs 20/15) on performance prior to 70 kg. Least square means
for ADG from reallocation to first pig removal for slaughter at 113 kg



were 932, 872, and 907 gm/d for the 20/15, 15M, and 15S treatments,
respectively (P<.05). ADF for the respective treatments (P<.01) was
3.14, 2.89, and 3.05 kg/d. Neither gain:feed (.304, .304, and .295 for
20/15, 15M, and 158, respectively) nor carcass % lean (52.6%) were af-
fected by treatment (P>.1). Comparing the mean of the 20/15 plus 15M
treatment vs 15S, there were no differences detected (P>.1) for gain, ef-
ficiency of gain, or carcass merit. These data suggest the removal and
reallocation into a new social group of the lightest 25% of pigs within a
pen was not effective in improving overall performance of finishing pigs
versus maintaining pen integrity to slaughter.

Key Words: Pigs, Mixing, Grow-Finish

8 Effect of fish oil supplementation on the young
pig’s immunological response to an endotoxic challenge.
J.A. Carroll*!, K.L. Fritsche?, J.D. Spencer?, A.M. Gaines?, G.L.
Allee2, R.L. Matteri!, H.G. Kattesh3, M.P. Roberts3, L.A. Beausang?,
and M.E. Zannelli*, YARS-USDA, Columbia, Missouri, 2University
of Missouri-Columbia, 3University of Tennessee-Knoxville, *Pierce-
Endogen, Inc., Woburn, MA.

The objective of the present study was to evaluate the potential immuno-
logical benefit of adding fish oil to the diet of weaned pigs. Twenty-four
crossbred male pigs were weaned at 18.7 £ .13 days of age and placed on
a complex nursery diet containing 30% lactose and 7% plasma protein
with 6% corn oil as the fat source (Cont, n=12) or with 5% fish oil and
1% corn oil as the fat source (FO, n=12) for a period of 15 days. Body
weights did not differ (P>.78) between the two dietary groups either at
the beginning or end of the 15d feeding period. On d15 all pigs were
non-surgically fitted with an indwelling jugular catheter. On d16 pigs
received an i.v. injection of either saline (n=6 pigs/dietary group) or
lipopolysaccharide (LPS; 150 ug/kg body weight; n=6/dietary group)
and blood samples were collected at 30-min intervals for a period of 5h.
Serum was harvested and stored at 20C for analysis of cortisol (CS)
and corticosteroid-binding globulin (CBG), and at 80C for analysis of
tumor necrosis factor-alpha (TNF) and interferon gamma (IFN). There
was no significant effect of diet on basal concentrations (Time 0) of any
of the blood parameters analyzed. A time x treatment x diet interac-
tion (P=.023) was observed for serum CS such that those pigs which
consumed the FO diet followed by LPS treatment had a reduced CS
response as compared to the LPS treated pigs on the Cont diet. A time
x treatment interaction (P=.0048) was observed for serum CBG such
that LPS treatment reduced circulating CBG as compared to the saline
treated pigs. Time x treatment x diet interactions were also observed
for serum concentrations of TNF (P=.084) and IFN (P=.022) such that
both the TNF and IFN response to the LPS challenge was lower in
those pigs receiving the FO diet as compared to the LPS treated pigs
on the Cont diet. Overall, serum CS was negatively correlated with
the CBG response (r = -.40, P<.0001), however, the strongest negative
correlation was observed in the LPS treated pigs which consumed the
FO diet (r = -.63, P<.0001). While further studies are needed in order
to evaluate the immunologically beneficial effect of including fish oil in
the nursery pig diet, the present study demonstrates that supplemen-
tation with fish oil does indeed alter the immunological response to an
endotoxin challenge.

Key Words: Piglets, Fish oil, Cytokines

9 Supplemental Vitamin C and Beta-glucan alter
growth and the LPS-induced immunological response in
young pigs. C.A. McKee*!, J.A. Carroll?, S.D. Eicher!, M.E.
Zannelli®3, L.A. Beausang®, and R.L. Matteri?, !Ljvestock Behavior
Research Unit, ARS-USDA, West Lafayette, IN, 2 Animal Physiology
Research Unit, ARS-USDA, Columbia, MO, 3 Pierce-Endogen, Woburn,
MA..

The objective of the present study was to evaluate the potential ben-
efit of supplementing the neonatal pig with Vitamin C (VC) and/or
Beta-glucan (BG). Thirty-two crossbred pigs were selected at birth and
assigned to one of four dietary treatment groups (n=8/group). Begin-
ning on the day of birth, pigs received their respective treatments via
an oral gavage on a daily basis until weaning at 2 wks of age. Dietary
treatment groups included Control (Cont; no VC or BG), VC (75 ppm),
BG (.312 g/kg body weight) and VC+BG (75 ppm and .312 g/kg body
weight). After weaning, pigs were placed on a starter ration containing
their respective dietary treatments for a 2wk period. Body weights were

recorded every 3d to adjust dietary treatment doses. On d14 postwean-
ing, blood samples were collected at 30-min intervals for one hr followed
by an i.v. injection of lipopolysaccharide (LPS; 150 ug/kg). Blood
samples were collected at 30-min intervals for an additional 3-hr period
following the LPS challenge. Blood samples were analyzed for serum
cortisol (CS), ACTH and tumor necrosis factor-alpha (TNF). A time
x treatment interaction (P=.0002) was observed for body weight such
that those pigs receiving the VC4+BG had greater body weights than the
Cont (P<.017) and VC (P=.009) pigs and the BG pigs tended to have
greater body weights than the Cont (P=.09) and the VC (P=.05) pigs.
There was no effect of dietary treatment (P>.26) on basal ACTH, CS or
TNF. The was also no effect (P>.86) of dietary treatment on the ACTH
response to the LPS challenge. However, there was a dietary treatment
effect (P<.045) on the CS response to the LPS challenge. The CS re-
sponse was lower (P=.005) in the VC group as compared to the Cont
group, and the CS response tended (P<.09) to be lower in the BG and
VC+BG groups as compared to the Cont group. A time x dietary treat-
ment effect (P<.028) was observed for the TNF response to the LPS
challenge which can be primarily attributed to the more rapid decline
in serum TNF for the VC group. While additional investigations are
needed to fully elucidate the potential immunological benefit of includ-
ing various nutritional supplements in the young pigs diet, the present
data demonstrate that the inclusion of VC and/or BG do indeed alter
piglet growth and the response to an endotoxic challenge.

Key Words: Neonatal pigs, Vitamin C and Beta-glucan, Immune response

10 Spring and summer investigation of verotoxin-
producing Escherichia coli (VTEC) in grazing sheep previ-
ously infected with VTEC. H. S. Hussein*, B. H. Thran, and
H. A. Glimp, Univeristy of Nevada-Reno.

Although sheep have never been implicated in an Escherichia coli-
associated foodborne illness, previous research has shown that they har-
bor verotoxin-producing E. coli (VTEC), including O157:H7. Because
of this, lamb, mutton, or their products share a food safety risk similar
to that of beef. In most cases research has focused on specific character-
istics (i.e., sorbitol negative and 4-methylumbelliferyl-3-D-glucuronide
[MUG] negative) usually associated with E. coli O157:H7. However,
VTEC encompass numerous serotypes of E. coli and are not limited to
sorbitol negative; MUG negative isolates. The objective of this study
was to assess prevalence of VITEC in sheep grazing Great Basin range
land over 6-months (spring and summer, 2000). Nineteen yearling (15-
mo old) ewes (7/8 Merino; 1/8 Rambouillet) were selected at random
from a large flock (>1000 ewes) at Rafter 7 Ranch (Yerington, NV).
A total of 35 fecal samples were collected in both seasons and were
subjected to extensive analysis. The ewes grazed desert range forages
(Indian ricegrass [Oryzopsis hymenoides] and various shrubs including
white sage [Ceratoides lanata], fourwing saltbush [Atriplex canescens],
and big sagebrush [Artemisia tridentata]) during spring and were al-
lowed to graze an irrigated pasture (fescue [Festula arundinacea) and
white clover [Trifolium repens]) during the summer months. A total
of 124 isolates from both collection periods were tested for verotoxicity
and the results showed that VTEC were not detected during these two
seasons. Previous testing of these ewes revealed the presence of three
VTEC serogroups (06, 091 and, O128). Thus, the lack of detecting
VTEC during spring and summer supports the hypothesis that infec-
tion with VTEC is transient and varies with season.

Key Words: Verotoxin-producing Escherichia coli, Sheep

11 Non-O157:H7 verotoxin-producing Escherichia
coli in sheep grazing an irrigated pasture. B. H. Thran*,
H. S. Hussein, and H. A. Glimp, University of Nevada-Reno.

In addition to Escherichia coli O157:H7, there are approximately 60
other verotoxin-producing E. coli (VTEC) serotypes that have been as-
sociated with human illnesses. Although sheep products have never been
implicated in a foodborne illness outbreak, previous research has found
that sheep harbor both O157:H7 and other VTEC at similar rates re-
ported for cattle. The objective of this study was to assess prevalence of
VTEC in sheep grazing an irrigated pasture during spring and summer,
2000. Twenty yearling (15-mo old) ewes (7/8 Merino; 1/8 Rambouillet)
were selected at random from a large flock (>1000 ewes) at Rafter 7
Ranch (Yerington, NV). The ewes grazed fescue (Festula arundinacea)
and white clover ( Trifolium repens) pasture. A total of thirty-five fecal
samples were rectally collected in March and July. Initial isolates (n



= 100) were selected by using microbiological methods (lack of sorbitol
fermentation and metabolism of 4-methylumbelliferyl-3-D-glucuronide
[MUG]). Due to the large numbers of bacteria that are present in ovine
fecal samples, we limited initial isolates for screening to sorbitol nega-
tive colonies because classic O157:H7 demonstrates this characteristic.
To increase the probability of detecting sorbitol negative non-O157:H7
VTEC, we did not limit our selection to MUG negative isolates (a second
unique characteristic of O157:H7). Verotoxicity tests were performed to
determine the toxicity status of the isolates. Eleven verotoxic isolates
were detected in five fecal samples in March while two verotoxic isolates
were detected in July from one ewe that was also positive in March. The
verotoxic isolates were confirmed as E. coli by the API identification sys-
tem. Polymerase chain reaction and reversed phase latex agglutination
were performed to confirm the presence and expression of the verotoxin
genes (VT1 and VT2). Seven VTEC isolates had and expressed only the
VT2 gene while the remaining 6 VITEC isolates had and expressed both
VT1 and VT2 genes. Ten VTEC isolates were serotyped as O91:NM
(non-motile) while three VTEC isolates were O128:NM. Both serotypes
have previously been isolated from healthy sheep and were associated
with bloody diarrhea or hemolytic uremic syndrome in humans. There-
fore, it may be important to screen sheep for the presence of VIEC
before slaughter to decrease the risk of contamination of lamb or mut-
ton with VTEC.

Key Words: Verotoxin-Producing Escherichia coli, Sheep

12 Subcutaneously injected glucagon affects se-
lected blood constituents in dairy cows. B. N. Ametaj*!, G.
Bobe!, S.L. Oren!, O. Rosendo?, D. C. Beitz!, and J. W. Young?,
Llowa State University, 2 University of Florida.

Up to fifty percent of dairy cows develop mild to severe fatty liver
during the peripartal period. This disorder can lead to increased in-
cidences of other conditions such as ketosis, mastitis, metritis, and re-
productive failures. Previously, we reported that intravenous infusion
of glucagon at 10 mg/d for 14 d improves the lipid and carbohydrate
status of fatty livers in dairy cows. To develop practical ways to deliver
glucagon for treatment or prevention of fatty liver, four Holstein mid-
lactating cows were injected subcutaneously with both 2.5 and 5.0 mg
of glucagon in a balanced cross-over design. Blood samples were taken
from indwelling jugular vein cathethers and analyzed for concentrations
of glucagon, glucose, insulin, and non-esterified fatty acids (NEFA) in
plasma. Plasma insulin, glucagon, and glucose were increased for 2, 4,
and 5 h, respectively, after injections of both glucagon dosages (P <0.05).
Neither dosage increased concentrations of NEFA in plasma. In fact,
plasma NEFA concentrations were decreased by both dosages for 4 h
after injection (P<0.05). The results of this study indicate that injec-
tion of glucagon subcutaneously is a safe and effective way of delivering
glucagon to dairy cows. (Partly supported under CSREES-USDA agree-
ment 99-35004-8576)

Key Words: glucagon, subcutaneous, blood variables

BREEDING AND GENETICS

13 Reproductive performance of Ohio dairy herds
in the 1990’s: Preliminary, descriptive results. P.J. Rajala-
Schultz*! and G.S. Frazer!, 1 The Ohio State University, Columbus,
Ohio.

Reproductive performance of a dairy herd can directly and indirectly
affect the profits of a farm in several ways. Reproductive inefficiency
reduces the amount of milk produced per cow per day and number of
calves born per year. It can add labor expenses as well as veterinary
and treatment costs. Also, involuntary culling subsequent to reproduc-
tive failure increases replacement costs. The purpose of this study was
to evaluate reproductive performance of Ohio dairy herds in the 1990’s.
The data came from farms belonging to Ohio Dairy Herd Improvement
(DHI) Cooperative Inc. Only farms with at least 20 cows and average
herd milk production at least 10,000 lbs were included in the analysis.
Farms with extremely high culling percentage (over 80) in any given year
were also excluded from the data set. Also, in attempt to ensure high
data quality with consistent data recording, each farm was expected to
have at least 10 DHI tests each year to be included in the analysis. The
number of farms has decreased in Ohio during the 1990’s. After apply-
ing the above exclusion criteria, our data set declined from 1645 herds
in 1992 to 1011 herds in 1998. In 1992, 37.1 % of the farms had fewer
than 50 cows and 2.9 % of the farms had more than 200 cows, while the
respective percentages in 1998 were 30.0 and 5.2 %. The proportion of
farms with 101 to 200 cows increased from 13.6 % in 1992 to 21.1 % in
1998. Average herd milk production increased from 17,782 lbs in 1992
to 19,117 1bs in 1998. Data was checked for illogical values with respect
to reproductive indices. For example, herds with average days open less
than 60 were excluded. Farms not recording services (most likely using
natural service) were also excluded from the analysis. The preliminary
results show a slight declining trend in reproductive performance during
the past decade. Calving interval lengthened from 13.6 months in 1992
to 14.1 months in 1998 and the average number of days open increased
from 136 in 1992 to 151 days in 1998. At the same time, number of
days in milk at first service increased from 91 days to 94 days. All these
parameters steadily increased through the 1990’s. Number of services
per conception was 1.83 in 1992, 1.84 in 1994 and then increased to 1.93
in 1996 and 1998.

Key Words: Reproductive performance, Ohio dairy herds

14  Genetic evaluation of fertility in US Holstein cat-
tle. K. A. Weigel*l, 1Universit“y of Wisconsin, Madison.

Our objective was to evaluate the potential for national genetic evalua-
tions for service bull (male) and daughter (female) fertility in US Hol-
stein cattle. Data included 8.03 million insemination records from 1995

to present. Up to eight services per cow per lactation were used. The
US was divided into nine geographical regions based on data from the
National Climate Data Center. Mean 70 day non-return rate (NR70)
ranged from 0.47 in the Southwest to 0.57 in the Midwest. Mean NR70
decreased from 0.55 for first services to 0.47 for sixth and seventh ser-
vices. Mean service bull fertility for commercial Al studs ranged from
0.47 to 0.56, and differences between studs were consistent across geo-
graphical regions. Data were analyzed using a normal linear model that
included fixed effects of region-year-month, parity by age of calving,
service number by days in milk, and age of service bull by region. Ran-
dom effects included herd-year-season, service bull, service bull by herd,
animal (with relationships), and permanent environment. A significant
birth year trend was observed for service bull fertility when age of bull
at the time of insemination was ignored. Solutions for proven bulls were
biased upward, and solutions for young sires were biased downward, be-
cause differences exist in the way that farmers use (expensive) proven
sire semen versus (inexpensive) young sire semen. Bias was reduced by
considering age of bull, and this adjustment was particularly effective
when age of bull by region interactions were modeled. In practice, it is
likely that an age of bull by herd interaction would probably be most
effective. The range in service bull solutions for bulls with at least 100
inseminations was 15%, and the range in daughter fertility breeding val-
ues for sires with at least 100 progeny was 24%. Correlations between
independent estimates from odd- and even-numbered herds were 0.88 for
both male and female fertility. Correlations between daughter fertility
breeding values and predicted transmitting abilities for milk yield were
-0.10, indicating that it should be possible to find individual bulls that
sire efficient milk production and superior daughter fertility.

Key Words: fertility, Holstein, genetic

15 Genetic evaluation of dairy cattle using test-day
models. J. Jensen*, Danish Institute of Agricultural Sciences.

Recently there have been considerable interest in modeling individual
test-day records (TDR) for genetic evaluation of dairy cattle in stead of
the traditional use of estimated accumulated 305 d yields. The purpose
to this presentation is to review the use of test-day models for genetic
evaluation of dairy cattle.

Some advantages of test-day models (TDM) are a better ability to ac-
count for environmental effects of each test day, the ability to model
the trajectory of the lactation for individual genotypes or for groups of
animals and the possibility of predicting genetic evaluations for persis-
tency of production. Also the use of test day models avoids the necessity
of extending short lactations on culled animals and on recent animals
with records in progress. Disadvantages of TDM are the necessity of
analyzing much larger sets of data and the need to estimate many more



parameters when comparing to the traditional 305 d lactation model.
Several different models have been proposed to model the trajectory of
the lactation, including so-called ”biological functions”, various polyno-
mials and character process models. So far there is no universal agree-
ment on which models to use in practical prediction of breeding values.
Better methods to compare different models is desirable. Obtaining ac-
curate estimates of the dispersion parameters to use in TDM remains
a challenge. Methods used range from a two step procedure where the
dispersion parameters are estimated in multivariate models followed by
a reduction in order of fit using covariance functions, to direct estima-
tion of the parameters in the TDM using restricted maximum likelihood
or Bayesian methods. Further research is needed to find better ways to
include multiple lactation data and to take heterogeneous variance into
account.

Key Words: Dairy cattle, Test day models

16 Methods to categorize patterns of elevated test
day somatic cell score. X. Li, M. M. Schutz*, and A. P. Schinckel,
Purdue University, West Lafayette, IN.

Periods of elevated SCS may be under different levels of genetic control
related to their cause and duration. The goal of this project was to
determine whether patterns of test day (TD) SCS can be used to dis-
tinguish between short and chronic episodes of mastitis. Data consisted
of TD SCS of Holsteins used in USDA genetic evaluations. Following
edits, 14465014 TD records in 1630195 lactations of 1183812 cows in
29370 herds were available. Two methods were evaluated to categorize
elevated TD SCS. The first method (M1) used comparison to a thresh-
old SCS value of 5 because higher SCS are usually considered indicative
of clinical mastitis. Consecutive TD SCS were compared. If TD SCS
increased by more than 2 scores to greater than 5 and then decreased by
2 scores to below 5, an episode of short duration (SH) was indicated. If
the score remained above 5 or declined by less than 2 scores, an episode
of long duration (LO) was indicated. The second method (M2) used
residuals to identify episodes of elevated SCS. A fifth degree polynomial
model was chosen to represent the lactation curve for TD SCS. Observed
values of each TD SCS within a lactation were compared to predicted
values for herd. SH was indicated whenever observed values were more
than 1 residual SD (RSD) greater than predicted values and LO was
defined as consecutive TD residuals of more than 1 RSD, where RSD
corresponded to each of thirty stage of lactation classes when fitting
the lactation curve by parity within herd. SH were indicated for 2.1%
(M1) and 3.5% (M2) of all TDs and 17.0% (M1) and 26.3% (M2) of all
lactations. LO were indicated for 5.5% (M1) and 7.5% (M2) of all TDs
and 17.0% (M1) and 22.5% (M2) of all lactations. SH was indicated for
1.5% of TD and 13.1% of lactations and LO was indicated for 4.9% of
TD and 15.9% of lactations by both methods. The predicted incidences
of SH and LO increased with parity, likely due to the higher incidence of
mastitis in later lactations. Results imply that some differences between
environmental and chronic mastitis may be accounted by differences in
patterns of TD SCS.

Key Words: Somatic Cell Scores, Mastitis, Lactation Curves

17 Identification of genetic markers associated with
production and health traits in Holstein cattle using single
and multiple trait analyses. A. B. Kurtz*, S. L. Rodriguez-Zas,
D. W. Heyen, and H. A. Lewin, University of lllinois at Urbana-
Champaign.

Single and multiple trait analyses of daughter yield deviations for milk,
fat, and protein yield and somatic cell score were undertaken to identify
genetic markers associated with these traits. Data on eight US Holstein
grandsire families in a granddaughter design were studied. A total of
1065 sons were screened for 174 microsatellite markers across all au-
tosomes. The number of informative markers per chromosome ranged
from one to eight. A least squares analysis was performed with weights
equal to the variance of the trait. Genome-wise critical p-values were
calculated using a Bonferroni correction to account for multiple testing
and for the multiple traits. Two markers, 13.3 cM apart, on chromo-
some 14 were associated with significant variation in milk and fat yield.
The first marker (ILSTS39) had significant effects on milk and fat yield
(P < 0.0001) and the second marker (CSSM66) had a significant effect
(P < 0.001) on fat yield. While increases in milk and fat yield were
associated with an ILSTS39 allele in one family, the same allele was
associated with a decrease in milk yield and an increase in fat yield in

another family, showing inconsistent allelic associations across families.
These results support previous findings based on single marker analy-
ses. Both markers were also significant (P < 0.001) in a multiple trait
analysis, suggesting the possibility of a QTL with pleiotropic effects on
milk and fat yield. In addition, two markers, one located at 61 cM on
chromosome 1 and the other at 31.8 ¢cM on chromosome 3, were signif-
icant (P < 0.001) in multiple trait analyses but were non-significant in
the single trait analyses. Multiple trait analysis allows the identifica-
tion of putative QTL pleiotropic effects and accounts for the correlation
between traits that may uncover markers found to be non-significant in
a single trait analysis.
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18 Genetic evaluation using finite locus models. L.R.
Totir*l, R.L. Fernando!, S.A. Fernandez!, and B.R. Southey?, !/owa
State University, Ames, lowa, 2Universit‘y of lllinois, Urbana, Illinois.

Increased availability of genotypes at marker loci has prompted the de-
velopment of models that include the effect of individual genes. Selec-
tion based on these models is known as marker assisted selection (MAS).
MAS is known to be efficient especially for traits that have low heri-
tability. However gene action in such traits is known to be non-additive.
BLUP methodology under non-additive gene action is not feasible for
large pedigrees. Use of multibreed data further increases the complexity
of the problem. It is easy to incorporate non-additive gene action in a
finite locus model. Given a finite locus model, Markov Chain Monte
Carlo (MCMC') methods can be used for genetic evaluation with large
and complex pedigrees. Furthermore, multibreed data do not add to
the complexity of the problem. In order to investigate the feasibility of
MCMC methods for genetic evaluation, the scalar Gibbs sampler was
used to compute the conditional mean of the genotype given the pheno-
type for finite locus models when all parameters are known. For simple
pedigrees, the exact values of the conditional mean can be calculated us-
ing the Elston-Stewart algorithm. The conditional means obtained using
the scalar Gibbs sampler for models with one, two, and three loci were
compared to the exact values calculated using the Elston-Stewart algo-
rithm. For pedigrees where individuals have a small number of offspring,
genetic evaluations obtained using scalar Gibbs were within Monte Carlo
error from the exact values for all models considered. For pedigrees
where individuals have a large number of offspring, slow mixing was ob-
served regardless of the number of loci in the model. Blocking Gibbs,
where genotypes are sampled in blocks, has been proposed as an alter-
native to overcome this problem. This approach has been extended to
sample genotypes jointly from the entire pedigree. An MCMC sampler,
known as ESIP, combines the Elston-Stewart algorithm with iterative
peeling to obtain joint samples from the entire pedigree, which are then
accepted or rejected by the Metropolis Hastings algorithm. The prob-
lems encountered with scalar Gibbs seem to disappear when ESIP is
used.

Key Words: Finite locus model, Markov Chain Monte Carlo, Non-
additive gene action

19 Statistical models and tests for detecting im-
printed genes in QTL scans. H.K. Leel, J.C.M. Dekkers*?, R.L.
Fernando?, and M.F. Rothschild?, ! National Livestock Research Insti-
tute, South Korea, 2lowa State University, Ames, IA.

De Koning et al. (PNAS, 2000) detected gametic imprinting for QTL in
a swine F2 cross based on a comparison of levels of significance of pa-
ternal and maternal imprinting effects against a no-QTL model. They
did not test imprinting against a Mendelian model, which is needed to
identify deviations from Mendelian inheritance. The objective of this
study was to develop such tests. Phenotypes on 2 traits (last rib back
fat and marbling) and genotypes from 7 markers on chromosome 1 from
525 F2’s from a swine breed cross were used. Analyses were based on
line cross regression interval mapping using the following QTL models:
Mendelian (additive and dominance effects), full imprinting (separate
maternal and paternal allele effects plus dominance), and paternal (no
maternal and dominance effects) and maternal imprinting. Each model
was tested against the no-QTL model and the full imprinting model
was tested against the Mendelian and paternal and maternal imprinting
models. Chromosome-wise 5% significance thresholds were derived from
10,000 data permutations. For tests against the Mendelian model pa-
ternal and maternal coefficients were permuted within individual. For
tests against the paternal (maternal) imprinting model the sign of the



maternal (paternal) and dominance coefficients was randomly changed.
Thresholds against the no-QTL model for the two traits were 5.1 and
5.0 for the Mendelian model, 4.1 and 4.0 for full imprinting, and 7.2 and
7.1 for maternal or paternal imprinting. Thresholds for full imprinting
were 4.6 and 4.0 against the Mendelian model, and 3.2 and 3.8 against
maternal or paternal imprinting. In our data, backfat showed signifi-
cant QTL at similar positions under the Mendelian and full and pater-
nal imprinting models. Full imprinting was significant over Mendelian
inheritance but not over paternal imprinting, indicating a paternally
expressed QTL. Marbling showed significant QTL under all models but
imprinting was not significant over Mendelian inheritance. The mod-
els and tests developed in this study allow detection and evaluation of
imprinted QTL.

Key Words: QTL mapping, Gametic imprinting, Swine

20 Computer simulation comparison of Least
Squares Lehmann-Scheffe and REML estimation of vari-
ance components. W.D. Slanger*! and J.W. Carlson!, North
Dakota State University.

Research objective was to compare Least Squares Lehmann-Scheffe es-
timators (Slanger, 1996) of two variance components and heritability
with those of REML. Model was fixed herd by random sire with interac-
tion. 39 progeny were distributed over 3 herds and 4 sires. There were
15,000 computer simulation replications per each of 96 combinations of
designs (n=6), heritabilities (.05, .20, .50, .70), ratios of sire variance to
interaction variance (3:1, 1:3), and distributions (normal and chi-square
with 3 df). The designs ranged from almost balanced to very unbal-
anced. Nonzero estimates of variance components and heritability were
used in the LSLS vs. REML comparisons. Results for the normal dis-
tribution are presented since normal and chi-square results were close
for all 96 combinations. LSLS was superior to REML, and the more
unbalanced the design the more superior was LSLS. The results here
are for the most unbalanced design for which there was one subcell with
no progeny for each of the four sires and there were large variations
within both row and column totals. Percentages of nonzero estimates
were always greater of LSLS. Averaged over the eight parameter com-
binations, LSLS produced 29, 39, and 142% more nonzero estimates of
sire variance, interaction variance, and heritability, respectively. Analo-
gous average ratios of REML mean square errors to LSLS mean square
errors were 7.32, 1.75, and 3.57. Estimator variances and biases were al-
ways lower for LSLS. Distributions of LSLS estimators were superior in
that the percentages of estimates within plus and minus 50% the value
of the parameter were always greater for LSLS than REML. Averaged
over the eight parameter combinations, 68, 18, and 50% more LSLS es-
timates were within plus and minus 50% of the value of the parameter
than REML estimates of sire variance, interaction variance, and heri-
tability, respectively. Results were the same whether the variance ratio
was 3:1 or 1:3. Results are substantive evidence that LSLS is superior
to or at least competitive with REML for estimating variance compo-
nents and heritability and justify efforts to make the LSLS procedure
computationally efficient.

Key Words: REML, Heritability, Estimation

21 Mapping microsatellite markers identified in
porcine EST sequences. G. A. Rohrer*1, S. C. Fahrenkrug!, N.
Tao?, and W. C. Warren?, LUSDA, ARS, U.S. Meat Animal Research
Center, Clay Center, NE USA, 2Monsanto Co., St. Louis, MO USA.

A recent focus of swine genomics research has been to sequence a signifi-
cant number of the genes which are expressed in the pig. The most pop-
ular approach to accomplish this goal is to collect single-pass sequence
data from cDNA clones. The sequence data obtained, often between 400
and 600 bases in length, are called expressed sequence tags (EST). A se-
quence search of these data in GenBank and the MARC swine EST data
identified over 100 sequence files which contained a microsatellite re-
peat. Most repeat motifs detected were dinucleotide (CA/GT) repeats;
however, a number of tri-, tetra-, penta- and hexa-nucleotide repeats
were also detected. The selection criteria for testing a microsatellite
marker was that it span more than 18 bases of uninterrupted sequence.
There was a considerable level of redundancy in the sequences identified
and some files did not contain enough data adjacent to the microsatel-
lite repeat to yield useful primers for amplification. Fifty-eight pair
of primers were ordered representing 44 di-, 7 tri-, 1 tetra-, 1 penta-,
and 4 hexa-nucleotide repeats, as well as 1 compound (contained a di-,

tri- and tetra-nucleotide repeat) repeat motif. Thirty-four markers were
polymorphic in the MARC reference population, 13 markers were unin-
formative and 11 primer pairs failed to satisfactorily amplify genomic
DNA. A comparison of di-nucleotide repeat versus markers with repeat
motifs of 3-6 bases determined that 73% of the di-nucleotide markers
were useful relative to only 8% for the other repeat motifs. The dif-
ference was due to a much higher percentage of monomorphic markers
in the 3-6 base repeat motif markers than in the di-nucleotide markers
(69% vs 9%). Either the higher order repeat motifs are less polymor-
phic in the porcine genome or our selection criteria was too low. The
percentage of monomorphic di-nucleotide markers was slightly higher,
and the rate of unsatisfactory amplification was double that observed
when di-nucleotide markers were derived from genomic sequence. This
increased amplification failure rate could be due to the presence of in-
trons between primer sites or base calling errors in the EST sequence
files. Nonetheless, the mapped markers not only add useful microsatel-
lites to the porcine genetic map but they also provide valuable links
between the porcine and human genome.

Key Words: Porcine, EST, Microsatellite

22 Mapping expressed sequence tags (ESTs) in
pigs using single nucleotide polymorphisms (SNPs). B. A.
Freking*, S. C. Fahrenkrug, G. A. Rohrer, T. P. L. Smith, and J. W.
Keele, Roman L. Hruska U.S. Meat Animal Research Center.

A high density type-I marker map allows rapid identification of seg-
ments of the human genome map orthologous to porcine segments har-
boring economically relevant loci. Existing swine genetic linkage maps
have been used to scan the porcine genome for chromosomal regions
that affect economically important traits, but these maps lack power
for comparative mapping efforts targeted to specific regions. Our ob-
jective is to directly integrate sequence variability associated with ESTs
into the existing genetic map. Bovine and porcine ESTs obtained from
clones derived from mixed-tissue normalized cDNA libraries were sub-
jected to an automated primer design process to produce a product
flanking a predicted intron region. Primers were designed if EST se-
quence matched a mapped human orthologous sequence with genomic
sequence data to predict position of introns. Successful porcine genomic
amplification products (n=264 unique loci) were sequenced and screened
for SNPs in a total of 16 animals. Nine of these animals were parents
of the MARC swine reference population. A total of 948 SNPs were
identified. Sequencing revealed an average of 7.4 heterozygous animals
per amplicon. Based on sequence data, an average of 74 informative
meioses per amplicon are generated by genotyping the reference popu-
lation for the available SNP. Genotyping assays were designed to utilize
the MALDI-TOF detection coupled microsequencing approach. A total
of 93 amplicons have assays designed for 167 individual porcine SNPs.
Genotyping has been completed on the MARC swine reference popula-
tion for 50 of these assays. Genotypic data from these SNP assays allows
confirmation of segregation of the SNPs and provides map location of
EST associated marker loci directly on the existing genetic map. High-
throughput genotyping systems which utilize SNP-based markers would
be enhanced by prior knowledge of position and informativity of SNPs
in various populations to ensure genomic coverage.

Key Words: Swine, Mapping, Single Nucleotide Polymorphisms

23 Comparative Mapping of the Porcine X Chro-
mosome. S. A. McCoard*, S. C. Fahrenkrug, B. A. Freking, G.
A. Rohrer, T. H. Wise, and J. J. Ford®, USDA, ARS, RLH US Meat
Animal Research Center.

Porcine chromosome X (SSCX) harbors QTL influencing testicular size
and elevated FSH levels. Testicular size establishes the upper limit for
total daily sperm production and thereby affects financial returns of
boar studs. These QTL were identified using primarily anonymous mi-
crosatellite markers that give little insight into the identification of the
genetic basis of these phenotypes. In order to take maximal advantage of
human-pig comparative mapping strategies for positional candidate gene
cloning, a detailed comparative map employing gene-linked markers is
required. Therefore, the objective of this study was to develop an inte-
grated map of SSCX using both microsatellite and gene-linked markers.
Gene-linked markers were developed from porcine ESTs generated from
either the MARCPIG1 (11, 13, 15, 20, and 30-day-old pig embryos) or
MARCPIG2 (ovary, testis, hypothalamus, pituitary, endometrium and
placenta) normalized ¢cDNA libraries. BLAST analysis confirmed that



these markers were orthologous to genes known to reside on the human
X chromosome (HSAX). A physical map of SSCX was constructed using
54 markers typed onto the T43 radiation hybrid (RH) panel (Research
Genetics), and a LOD of >10 was the minimum criteria for linkage us-
ing the software package RHMAPPERv1.22. The markers included 33
microsatellite and 21 gene-linked markers. In addition, 23 gene-linked
markers were amplified from the MARC reference population, and found
by DNA sequencing to contain single nucleotide polymorphisms (SNPs)
suitable for genetic mapping. SNPs were discovered in 20 gene-linked
markers, 13 of which were also mapped by RH analysis. Analysis of our
integrated comparative map of SSCX supports a striking conservation of
synteny between SSCX and HSAX. This integrated map will be valuable
for the selection of candidate genes for pig reproductive QTL mapped
to the porcine X chromosome.

Key Words: Follicle-Stimulating Hormone, Radiation Hybrid Panel,
Testes

24 Effect of boar exposure during insemination on
factors influencing fertility in gilts. K.L. Willenburg*!, G.M.
Miller!, and R.V. Knox!, L University of Illinois, Urbana, IL.

The experiment tested for the effects of boar exposure and back-pressure
during artificial insemination (AI) on semen backflow and embryo qual-
ity. Prepubertal gilts (165 d) were given PG600 followed by hCG 72
h later. Fenceline estrous detection was performed in pens every 12 h
beginning 24 h after hCG. At estrus, gilts were allotted to receive boar
exposure (BE; n=15) or no boar exposure (NB; n=17). Insemination oc-
curred in crates at 12 and 24 h after onset of estrus with 3x10° sperm /80
mL in Modena extender. Uteri were flushed 2 d after Al to evaluate fer-
tilization, accessory sperm, and embryos. Average duration of AI was
3.5 &+ 0.2 min but was not influenced by BE (P>0.1). Backflow of semen
was collected at 0 (LKO), 15 (LK15), 30 (LK30), 45 (LK45), 60 (LK60),
120 (LK120), 240 (LK240), and 480 (LK480) min after insemination.
At LKO (during AI) BE allowed less leakage (18 vs 32 + 3 mL) and less
sperm loss (0.8 vs 1.4 £ 0.15 x10° sperm) compared to NB (P<0.01).
This accounted for a 5% reduction in volume lost and a 19% advantage
in sperm inseminated. At LK15 an average of 12 £+ 2 mL was leaked
but was not influenced by BE. However a treatment by time effect was
observed (P<. 01). At LK30 (11.2 vs 5.9 £ 1 mL) and LK45 (9.0 vs 3.5
+ 1 mL) leakage was greater for BE than NB, respectfully. By LK45,
total volume leaked (52 vs 54 £ 1 mL) and sperm lost (1.6 vs 1.9 £ 0.03
x10%) was not different (P>0.1) between BE and NB. Volume and sperm
lost from LK60 to LK480 did not differ. By 8 h, total leakage (65 vs
64 mL) and total sperm lost (1.7x10° vs 1.9x10%) was not influenced by
BE (P>0.1). The percentages of pregnant gilts (97%), embryos (11.8),
and accessory sperm per egg (7) were not influenced by BE (P>0.1).
However, ease of insemination of gilts from BE was noted. There was
no effect of treatment on any measured parameter between first or sec-
ond Al It was concluded that the sperm concentration used masked the
effects of NB and that total leakage was proportional to the volume lost
at time of AI, which did not effect fertility.
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25 Reproductive responses in the NE Index line es-
timated in pure line and crossbred litters. D. Petry*! and R.
Johnson?, Y University of Nebraska.

The objective was to estimate responses in reproductive traits in the NE
Index line (I) that was selected 18 generations for increased litter size.
Responses were compared in pure line, F1 and 3-way cross litters. A to-
tal of 763 litters were produced in 5 year-seasons including two with 2nd
parity sows. There were 224 line I and control line (C) litters, 350 F1
litters produced from I and C females mated to Danbred”™ Landrace
(L) or DH boars, and 189 litters by IxL and CxL females mated to DH
boars. Contrasts of means were used to estimate the genetic difference
between I and C and interactions of line differences with mating type.
Farrowing rate of lines I (4 = 89.7%) and C (4 = 92.1%) did not dif-
fer, nor did F1 females (4 = 94%) differ from pure line females. Mean
number born alive per litter and number and weight of pigs weaned per
litter, both adjusted for number nursed and weaning age of 12.0 d, were
11.0 pigs, 9.8 pigs, and 33.1 kg, respectively. Direct genetic effects of
I were greater (P<.01) than C for total born (3.86 pigs), number born
alive (2.57 pigs), number of mummified pigs (.28 pigs), and litter birth
weight (1.77 kg). Line I was less than C (P<.01) for number weaned
(-.43 pigs) and litter weaning weight (£1.21 kg). However, interactions

of line effects with crossing system were significant. In pure line litters, I
exceeded C by 4.66 total pigs per litter, 2.5 live pigs, and .27 mummified
pigs; whereas the estimate of I & C in F1 and 3-way cross litters was
2.61 total born, 1.89 born alive, and .21 mummified pigs. The difference
between I and C in pure line litters was -.86 pigs weaned, and 2.95 kg
litter weaning weight, compared with -.33 pigs and -.49 kg in F1 and
3-way cross litters. F1 females with 3-way cross litters had .94 more
total pigs, 1.49 more live pigs, 5.05 kg greater litter birth weight, .78
more pigs weaned, and 9.39 kg greater litter weaning weight than the
average of I and C litters. Crossbreeding is an effective way to utilize
the enhanced reproductive efficiency of the Index line.

Key Words: Reproduction, Selection, Crossbreeding

26 Pregnancy diagnosis in swine: a comparison
between transrectal and transabdominal real-time ultra-
sound. G.M. Miller*! K.L. WiIIenburgl, and R.V. Knox!, 1 University
of lllinois, Urbana, II.

This experiment determined if transrectal ultrasound (tRTU) was ad-
vantageous for diagnosing early pregnancy compared to transabdominal
ultrasound (aRTU). Sows (n=97) were examined in crates at 16, 18, 20,
22 and 24 d after the first insemination. An Aloka 500V ultrasound
fitted with a 7.5 MHz linear-array transducer was used for tRTU exam-
inations while a 3.5 MHz convex-array transducer was used for aRTU.
Time to diagnose animals as pregnant, not pregnant or undecided was
recorded. Criteria for diagnosis of pregnant was multiple clear fluid
pockets in the uterus with a diameter >1 cm. Diagnoses prior to d 20
could be made on only two animals when using specified criteria. How-
ever, more animals were diagnosed with tRTU on d 20 (71 vs 2 %) and
22 (98 vs 53 %) compared to aRTU (p<.01). By d 24 there was no
difference between the animals diagnosed (100 vs 93 %). Time to make
a decision for tRTU (2.1 +.1 min) was greater (p<.01) than aRTU (.6
£ .1 min). Accuracy (correct diagnoses/total diagnoses) for tRTU on
d 20, 22 and 24 was 93% (n=69), 94% (n=95) and 95% (n=97) respec-
tively and accuracy for aRTU was 50% (n=2), 90% (n=>51) and 90%
(n=90). Specificity (correct not pregnant/total not pregnant) for tRTU
on d 20, 22 and 24 was 54.5% (n=11), 60% (n=15) and 71% (n=17).
Specificity for aRTU was 60% (n=>5) on d 22 and 38.5% (n=13) on d 24.
On d 20, not pregnant diagnoses were not obtained. Sensitivity (correct
pregnant diagnoses/total pregnant) was 100% on d 20 and 22 for both
tRTU (n=>58, n=80) and aRTU (n=1, n=46). On d 24, sensitivity was
99% for both tRTU (n=80) and aRTU (n=77). Accuracy, specificity
and sensitivity were not statistically different between methods. From
d 18 to 24, CL diameter decreased significantly (p<.01) from 0.99 cm to
0.87 cm. From d 18 to 24, uterine fluid diameter increased significantly
by day (p<.01) from 0.84 cm to 3.75 cm. In conclusion, tRTU required
more time to diagnose animals but due to resolution allowed diagnosis
earlier and made it possible to view ovaries, the conceptus and uterus.
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27 Methods for editing and adjusting feed intake
data from electronic swine feeders. D.S. Casey*! and J.C.M.
Dekkers!, 1lowa State University, Ames, lowa.

Electronic feeders are used to record feed intake in group-housed pigs by
recording trough weight and time at the beginning and ending of every
visit. Resulting data are subject to numerous equipment- and animal-
related errors. The objectives of this study were to identify errors in
data from electronic feeders, to estimate the effects these errors have on
recorded feed intake, and to adjust feed intake records for errors. Data
from FIRE™ feeders from 591 crossbred pigs from the National Pork
Producers Council’s Maternal Line Genetic Evaluation Program were
used. Sixteen algorithms were used to identify errors in each visit, of
which nine were modified from Eissen et al. (1998, Appl. Eng. Agric.
14(6): 667). Feed intake per pig per day (FID) from visits with no er-
rors was used as the dependant variable in a linear model that was fit
to estimate the effect of errors on FID and to adjust FID. Breed (6),
sex (2), replicate (2), and week within replicate (25) were fit as fixed
effects, pig as a random effect, and estimated weight and average daily
gain as covariates. To account for the impact of errors, for each FID
percentages of visits with each error type, occupation times from vis-
its with each of 11 error types, and recorded feed intakes from visits
with each of 4 error types were fit as covariates. Of the 460,910 total
visits, 37.1% were unidentified (85.1% of these had <20g intakes). Of
the identified visits, 5.6% contained errors and less than 1% contained



a given error type. Of the 44,981 records for FID, 17.2% contained at
least one visit with an error. Thirteen of the 16 percent error effects,
10 of 11 occupation time effects, and 2 of 4 feed intake effects were sta-
tistically significant (P<.10). Model estimates were used to adjust FID
for errors. The correlation of adjusted FID with FID was .928. These
results indicate that feed intake data from electronic swine feeders must
be edited and that the estimates from a linear model can be used to ad-
just observed records for errors. The National Pork Producers Council
is acknowledged for provision of data.
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28 Growth and carcass responses in the NE Index
line estimated in pure line and crossbred litters. D. Petry*!,
J. Holl2, and R. Johnsont!, 1Universit“y of Nebraska, 2North Carolina
State University.

The objective was to estimate responses in growth and carcass traits in
the NE Index line (I) that was selected 18 generations for increased litter
size. Responses were compared in pure line, F1 and 3-way cross litters.
In Exp 1, 492 gilts that were retained for breeding, including 323 line I
and control (C) and 169 F1 I and C by Danbred”™ Landrace (L), were
evaluated. Contrasts of means were used to estimate the genetic differ-
ence between I and C and interactions of line differences with mating
type. Mean backfat, loin eye area and age, adjusted to weight of 88.2 kg,
were 2.05 cm, 30.54 cm? and 193 d, respectively. Direct genetic effects
of I and C did not differ for backfat, loin eye area or age, and interaction
of estimates of direct effects with mating type were not significant. F1
gilts had -.32 cm less backfat, 4.9 cm? greater loin eye area and 30 d less
to 88.2 kg than I and C gilts (P<.01). Exp 2 used individually penned
barrows and gilts including 22 I and C, 55 F1 produced from I and C
females mated to (L) or Danbred™™ DH boars, and 54 3-way crosses
produced from IxL and CxL females mated to DH boars. Direct genetic
effects of I were greater (P<.01) than C for adfi (.28 kg) but effects for
f/g (.08 kg) and adg (.08 kg) were not significant. Interactions of line
effects with crossing system were not significant for growth traits. F1
and 3-way pigs had .20 kg/d greater adfi, -.55 less f/g and .17 kg/d more
adg than I and C. Mean backfat, loin eye area, TOBEC lean, Minolta
color score and pH, adjusted to weight of 112.7 kg, were 2.47 cm, 40.1
cm? | 48.1 %, 47.7 Minolta score and 5.59 pH units, respectively. Lines
did not differ in direct genetic effects on carcass traits and interactions
of line effects with crossing system were not significant. F1 and 3-way
crosses had 1.13 cm less backfat, 6 cm? greater loin eye area, 6.1 %
greater lean, and 7.7 higher Minolta score than I and C (P<.01), but
differences in pH were not significant. Selection for litter size produced
few correlated responses in growth and carcass traits.

Key Words: litter size, growth, carcass

29 Breed differences of porcine longissimus dorsi
soluble myoglobin concentration. R. N. Goodwin*!, B. R.
Weigand?, and F. C. Parrish®, 1National Pork Producer’s Council,
2lllinois State University, 3lowa State University.

Samples of longissimus dorsi (LOIN) were obtained from 255 purebred
barrows (124) and gilts (131) centrally tested in the 1999 National Bar-
row Show Sire Progeny Tests. All pigs were HAL-1843 nonmutant
genotype. Number of sires and pigs per breed are Berkshire(14,67),
Chester White(6,28), Duroc(13,61), Hampshire(4,17), Landrace(4,12),
Poland China(6,28) and Yorkshire(7,41). A bone-in section of LOIN
was taken from the tenth to twelveth rib twenty four hours post slaugh-
ter. Ultimate ph (PH) and Hunter L-value (L-24) were measured at the
tenth rib LOIN surface twenty four hours post slaughter. Chilled sam-
ples were transported to the Iowa State University Meat Laboratory.
At forty eight hours post slaughter measurements of Hunter L-value
(L-48), NPPC Color score (COL), Japan Color score (JAPAN), water
holding capacity (WHC), Hunter L*-value (L*), Hunter a*-value (a*),
and Hunter b*-value (b*) were taken at the eleventh rib LOIN surface.
A LOIN sample was evaluated for total lipid percent (IMF). A LOIN
sample was evaluated for soluble myoglobin concentration (MYO, mg/g)
by the method of Hunt. A mixed linear model including the fixed ef-
fects of slaughter day, breed, and sex of pig and the random effects of
sire(breed) and dam(breed) was used. A REML algorithm was used to
estimate variance components. Heritability of MYO calculated from sire
variance is .27. Breed means of MYO, L*, a*, PH, L-24, L-48, WHC,
JAPAN, and COL were different (P<.05). Chester White (.92), Duroc
(.85) and Hampshire (.95) LOIN had the highest MYO. Landrace (.62)

and Yorkshire (.73) had the lowest MYO. A multivariate fixed model
including breed and slaughter day effects produced residual correlations
among measures. Residual correlations with MYO were L* (-.17), a*
(.23), b* (-.15), JAPAN (.13), COL (0), PH (0), L-24 (-.16), L-48 (-.13),
IMF (.18), and WHC (0).

Key Words: Swine, Pork quality, Myoglobin

30 Evaluation of Duroc vs. Pietrain sired progeny:
I. growth parameters. D. B. Edwards*, R. O. Bates, P. M. Saama,
and R. J. Tempelman, Michigan State University, E. Lansing, MI/USA.

Novel swine populations may contribute beneficial genes to U.S. swine
production systems. Crossbred progeny sired by either Duroc or ryan-
odine receptor gene normal Pietrain were used in this study. Boars from
each breed were mated to Yorkshire or F; Yorkshire-Landrace females.
A total of 307 offspring were evaluated for growth traits. No significant
differences were seen for pig weight from birth through 10 wk of age.
Weight and B-mode ultrasound estimates of 10*" rib backfat (BF10),
loin muscle area (LMA), and last rib back fat (LRF) were serially mea-
sured from 10 to 26 wk of age. Data were analyzed using an animal
model with fixed effects of trial replication, breed of sire, breed of dam,
gender, the interaction of breed of sire and gender, random effect of
animal, and age of the animal as a covariate. At 26 wk of age Duroc
sired progeny were heavier (143.2 vs. 133.0 kg, p<.0001), had more
BF10 (27.25 vs. 23.67 mm, p<.0001) and LRF (21.59 vs. 19.23 mm,
p<.001), but had similar LMA (45.93 vs. 46.97 sq cm) to the Pietrain
sired progeny. Feed efficiencies were not different between each breed of
sire in any of the time periods of the study. Duroc progeny had a higher
ADG (978.7 vs. 893.9 g/d, p<.0001) from 10 to 26 wk of age. Animal
models with polynomial regressions on age were fitted to describe body
weight, BF10, LMA, and LRF from 10 to 26 wk of age. Different equa-
tions were estimated for the each breed of sire. All traits were modeled
against days of age. Quartic polynomial models best fit body weight,
LMA, and LRF, however, a cubic polynomial model best fit BF10. Both
sire breeds have beneficial traits that can be utilized in commercial pork
production and merit further study.

Key Words: pig, growth curves, regression analysis

31 Prediction of Percent Intramuscular Fat in Live
Swine. D. Newcom*, A. Hassen, T.J. Baas, D.E. Wilson, G.H. Rouse,
and C.L. Hays, lowa State University, Ames, IA.

The objective of this study was to develop models to predict percent
intramuscular fat (PIMF) in live swine using longitudinal real-time ul-
trasound scans. Yorkshire and Duroc barrows and gilts (n=500) from
test group 1 of the National Pork Producers Council’s Genetics of Lean
Efficiency Project (GLEP) were scanned five days prior to slaughter.
A minimum of four longitudinal images were collected from each pig
across the 10t to 13" ribs, 5cm off midline, using an Aloka 500V ul-
trasound machine equipped with a 12.5cm, 3.5 MHz linear array trans-
ducer. Two trained technicians used texture analysis software to define
Fourier, gradient, histogram, and co-occurence parameters. These pa-
rameters (n=10) were used as independent variables in PIMF model
development. After slaughter, a slice from the 10th rib face of the
longissimus dorsi muscle was analyzed via ether extraction to deter-
mine percent intramuscular fat (IMF). Six models were developed; two
for the entire data set and two for each breed. For each data set, Model
1 was a linear regression with no transformation of IMF and Model 2
was a linear regression with a log transformation of IMF. Model R? and
root mean square error (RMSE) based on the overall data set were .53
and .69% for Model 1 and .52 and .70% for Model 2 respectively. R?
and RMSE were .57 and .66% for Duroc Model 1 and .53 and .67% for
Duroc Model 2. The corresponding R? and RMSE were .41 and .56%
for Yorkshire Model 1 and .40 and .56% for Yorkshire Model 2 respec-
tively. All models were validated using pigs (n=250) from test group 2 of
the GLEP. The mean bias, standard error of prediction, and correlation
coefficient for overall Model 1 were -.16%, .88%, and .61 respectively.
The corresponding values for overall Model 2 were -.24%, .86%, and
.62. Real-time ultrasound technology could be used to predict percent
intramuscular fat in live swine.

Key Words: ultrasound, swine, imtramuscular fat



32 A response surface estimated from the regres-
sion of standard cut and boneless pork primal yield on
carcass backfat,loin depth and carcass weight measured on-
line. H. I. Sellers*1, R. N. Goodwin!, and E. P. Berg?, ! National Pork
Producers Council, Des Moines, IA, 2 University of Missouri, Columbia.

Data from the National Pork Producers Council,s Quality Lean Growth
Modeling Project were used to estimate a response surface from the re-
gression o IMPS standard cut and boneless primal yield on Fat-o-Meter
(SFK Technologies) and AUS (Animal Ultrasound Services, Inc.)on-
line readings and carcass weight. The pigs represented barrows and
gilts from six genetic types fed four diet regimens and slaughtered at
three target live weights. The genetic types were selected to represent
high, medium and low attributes for growth, appetite and meat quality.
At slaughter one-half of each carcass was cut according to IMPS stan-
dards to yield the primals Ham401, Loin410, Picnic405, Boston Butt406,
Belly409 and Sparerib416. These were summed to create the variable
IMPS Primal Yield (PY). The primal cuts were further processed into
boneless primal cuts including the ham inside, outside and knuckle mus-
cles, whole loin, tenderloin, picnic and Boston Butt. These primal cuts
plus Belly409 were summed to create the variable Boneless Primal Yield
(BPY). The model fit to produce the response surface was a complete
quadratic of backfat depth, loin depth and carcass weight. The error
mean squares for IMPS PY was 3.315 (R?=0.961) and 6.473(R?=0.929)
for the FOM and AUS models, respectivey. Only the linear coefficients
for carcass weight were significant (P<0.001) in each model. The error
mean squares for BPY were 3.495 (R2=0.926) and 6.473 (R%=0.863 for
the FOM and AUS models, respectively. In the FOM model the lin-
ear coefficient for carcass weight and quadratic coefficients for carcass
weight, backfat depth and loin depth were each signigicant (P<0.10). In
the AUS model the linear coefficient for carcass weight and the quadratic
coefficients for backfat and loin depth were each significant (P<0.10).

Key Words: Pork Carcass, Primal Yield, Response Surface

33 Breed and fresh quality trait effects on dry-cured
processed hams. K. J. Stalder*!, C. C. Melton!, G. E. Conatser?,
S. L. Melton!, J. R. Mount!, M. P. Penfield!, D. Murphey?, and K.
J. Goddard3, University of Tennessee, Knoxville, 2 Tennessee Valley
Meats, Paris, TN , 3University of Tennessee, Paris.

Country ham processors incur economic losses as a result of poor pro-
cessing yield of dry-cured products. The objectives of this study were
1. to determine if Duroc hams have more desirable processing qualities
than hams of unknown genetic origin and 2. to determine whether fresh-
ham quality indicators could be useful in predicting dry-cured processing
characteristics. Hams (Duroc n=64, genetically undefined n=70) were
processed on two dates. Traits measured on fresh hams included weight,
moisture, circumference, depth, temperature, color, marbling, firmness
and pH. Cured weight and weight loss were evaluated when the hams
were removed from the drying rooms and at slicing. Objective ham color
evaluations were made using a Minolta CR-310 Chroma Meter with a
50 mm orifice on the butt face of fresh and center cut slices of cured
hams. Cured-ham yield was calculated from the weights taken when
initially processed, when the hams were removed from drying rooms
and when sliced. Color was objectively measured on center cut ham
slices at the time of cutting. Yield differences among the Duroc and
genetically undefined were not different (/italicizeP > 0.05) when eval-
uated from the drying or slicing phases. Lack of breed yield differences
may have resulted from varied amounts of skinning that occurred on the
Duroc hams when the pigs were harvested. Coefficients of correlation
between yield and fresh ham objective color scores were approximately
-0.30 (/italicizeP < 0.01). Correlations between dry yield (sliced yield)
and pH, intramuscular fat, and subjective scoring of color, marbling,
and firmness were 0.15 (0.30), 0.07 (0.21), 0.29 (0.29), 0.31 (0.35) and
0.31 (0.40), respectively. Correlations between the objective (subjec-
tive) color scores made on the fresh hams and the objective color scores
made on center cut slices of cured hams were low and not significant
from zero (/italicizeP > 0.05). More research is need to evaluate breed
and other effects on dry-cure processing of hams.

Key Words: dry-cured ham, yield, Duroc

34 Analysis of sow productivity in Costa Rica. M.D.
Hoge*!, R.O. Bates!, and J. Camacho-Sandoval?, ! Michigan State
University, East Lansing, MI/USA, 2 Universidad Nacional, Heredia/
Costa Rica.

Farrowing records (N=27,496) from 9 commercial operations in Costa
Rica were used to study the effects of farm, breed composition of the sire
of the litter (SireBr), breed composition of the sow (SowBr), parity and
number of services per conception (NoServe) on various litter traits. Ini-
tially there were 25 SireBr and 62 SowBr. These were reduced, depend-
ing on their breed composition, to 5 levels (maternal purebred (MP),
terminal purebred (TP), maternal two-way cross (MTWO), dual pur-
pose two-way cross (DTWO) and three-way cross (THREE)). Response
variables were number born alive (NBA), number born dead (NBD),
total number born (TNB), average pig birth weight (AvgBW), number
weaned (NoWean) and pig weaning weight (WeanWt). Mixed models
were used with SireBr, SowBr, NoServe, parity and the interaction of
SowBr x parity as fixed effects with Farm as a random effect. Covari-
ates used were WeanWt and age at weaning for the analysis of NoWean
and age at weaning and NoWean for the analysis of WeanWt. Linear
contrasts were used to partition the response within parity and SowBr.
All fixed effects in the models were significant (P<.01) with the excep-
tion of SowBr for NoWean and NoServe for NBA. Results reveal that
MP and TP were significantly lower (P<.01) compared to the other
SowBr for NBA (-2.17), TNB (-1.32), AvgBW (-0.15kg) and WeanWt
(-0.77kg), but were higher for NBD (0.85). No differences were noted
for NoWean. The MTWO and DTWO were lower (P<.01) compared
to THREE for NBA (-0.52), TNB (-0.48), but were higher (P<.05) for
WeanWt (0.31kg). Contrasts for parity (1-2, 3-6, 7-10) revealed that
parity 1 and 2 were lower (P<.01) than 3 through 6 for NBA (-1.89),
NBD (-0.41), TNB (-2.31) and WeanWt (-0.28kg), but were similar for
AvgBW and NoWean. Sows higher than parity 6 had more NBD, fewer
NBA, lower AvgBW (kg) and weaned fewer pigs than parity 3 through
6 (1.49, -1.80, -0.21, - 1.00, respectively (P<.01)). Results suggested
there were differences between parities and SowBr for litter traits.

Key Words: Sow, Breed, Litter traits

35 Genetic evaluation of Holstein sires for incidence
of twins. J. M. Johanson*!, P. J. Bergerl, B. W. KirkpatrickQ, and M.
R. Dentine?, lowa State University, 2 University of Wisconsin, Madi-
son.

Calving data of North American Holsteins were analyzed using a linear
sire model and a threshold sire model to estimate fixed effects and to
predict sire transmitting abilities for incidence of twins. The data were
1,324,678 births of 37,174 sires of dams from the National Association
of Animal Breeders (NAAB) calving ease database. The incidence of
twins was 5.02%. No differentiation between monozygotic and dizygotic
twins was available, so all twins were assumed to be dizygotic. The sire
model included fixed effects of herd-year, season, and parity. The rela-
tionship among sires was also included to estimate the random effects
of the sires of dams. Heritabilities for the sire of the dam effect were
estimated to be 2.10% by the linear model analysis and 8.71% by the
threshold model analysis. There is ample opportunity to identify sires
of cows with dither low or high incidence of twins. The sire evaluations
ranged from 1.6% to 8.0%. Use of sires with a low PTA for twinning
can reduce the incidence of twins. The parity effect showed a trend
from the first to the fifth parity of 1.17%, 3.95%, 5.11%, 5.54%, and
5.54%, respectively. Incidence of twins for winter, spring, summer, and
fall seasons were 4.17%, 4.48%, 3.65%, and 3.17%, respectively.

Key Words: threshold model, twins, heritability

36 Genetic parameter estimates for breeding
soundness traits in yearling Angus bulls. R. A. Christmas,
D. W. Moser*, M. F. Spire, J. M. Sargeant, and S. K. Tucker, Kansas
State University, Manhattan, KS.

Breeding soundness examination data from 1,282 registered Angus bulls
in four herds were used to estimate genetic parameters of breeding
soundness traits, presence of seminal white blood cells, and common
penile defects. Average age of the bulls at the time of evaluation was
383 days. Data were analyzed using single- and two-trait animal mod-
els and a derivative-free REML algorithm. Estimates of heritability for
scrotal circumference (SC), percent motility, percent primary abnormal-
ities, percent secondary abnormalities and percent total abnormalities



were .56, 07, .35, .26 and .29, respectively. Estimates of heritability
for the presence of seminal white blood cells, persistent penile frenu-
lum, and penile fibropapillomatosis (warts) on the underlying normal
scale were .02, .00, and .004, respectively. Genetic correlations between
SC and semen quality parameters were low to moderate and favorable.
Phenotypic correlations between SC and semen quality estimates were
low and favorable. These results indicate that SC is the most heritable
of breeding soundness components and that no undesirable responses in
semen quality traits can be expected as a result of selection for increased
SC. Conditions such as seminal vesiculitis, persistent penile frenulum,
and penile fibropapillomatosis are of low heritability, and if corrected
through management or treatment, should not be selected against by
producers.

Key Words: genetic parameters, scrotum, semen characters

37 Relationship of genetic variants in the ovine cal-
pain regulatory gene with growth. H. Chung, M. Davis*, and
H. Hines, The Ohio State University.

Relationships of genetic variants of the ovine calpain gene on growth
were examined in 50 purebred Polypay, 50 purebred Targhee, and 100
mixed breed sheep from the Ohio Agricultural Research and Develop-
ment Center (OARDC). Genotyping was performed by PCR-SSCP (sin-
gle strand conformation polymorphism) analysis of the calpain regula-
tory segments. Following the selection of PCR primers based on the
bovine cDNA sequences, primers were generated from calpain IV, exons
4 and 5 (CAPN445), exons 5 and 6 (CAPN456), and exons 7 and 8
(CAPN478). Genetic polymorpisms were detected in all of the calpain
IV segments. Birth weight and weaning weight were recorded on lambs
born in 1998. The statistical model for this analysis included fixed
effects of calpain genotypes and age of dam, and a covariate for age
of lamb. Genetic polymorphisms among individuals were observed for
all segments (AA, AB, and BB). No significant influence of genotypes
was found on birth weight (BW) or weaning weight (WW). However,
CAPN445 explained variation in BW (P=.11), and WW (P=.06). It
may not be beneficial to use calpain IV genotypes classified by PCR-
SSCP in marker assisted selection programs to improve growth traits of
lambs.

Key Words: Calpain IV, Growth, PCR- SSCP

38 Effects of calpastatin genotypes on growth and
IGF-I concentration of Angus bulls. M. Davis*, H. Chung, and
H. Hines, The Ohio State University.

Effects of calpastatin genotypes on growth and IGF-I concentration were
examined in 47 purebred Angus bulls divergently selected for blood
serum IGF-I concentration at the Eastern Ohio Resource Development
Center (EORDC). Genotyping was performed by PCR-SSCP (single
strand conformation polymorphism) and RFLP (restriction fragment
length polymorphism) analysis of the calpastatin segments. The PCR
primers were selected from the bovine calpastatin cDNA for the unique
domain L (CAST1, CAST5, and CAST6), domain 1 (CAST10), and
domain IV (CAST28). The IGF-I concentration on d 28 (IGF28), 42
(IGF42), and 56 (IGF56) of the 140-d postweaning test was measured.
Birth weight (BW), weaning weight (WW), on-test weight (ONW),
weight on d 28 (W28), 42 (W42), and 56 (W56) of the postweaning test,
and off-test weight (OFW) also were measured. Fixed effects in this
analysis were genotypes, IGF-I selection line (high vs. low), age of dam,
and a covariate for age of bull. Genetic polymorphisms among individ-
uals were observed for all calpastatin segments. The CAST1 genotypes
influenced WW (P=.06), W28 (P=.06), W42 (P=.04), W56 (P=.04),
and W140 (P=.01), but no influence was detected on BW or IGF-I
traits. The CAST6 (P=.06), CAST10 (P=.01), and CAST28 (P=.04)
genotypes explained variation in BW. The CAST5 and CAST10 geno-
types accounted for significant variation in the IGF-I traits. Genetic
variants discovered in this study may provide useful information for fu-
ture selection programs.

Key Words: Calpastatin, IGF-I, PCR- SSCP
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39 Comparison of selective DNA pooling with se-
lective genotyping for QTL mapping. H. H. Zhao*, J. Wang,
and J.C.M. Dekkers, lowa State University, Ames.

Selective DNA pooling is an efficient method to map QTL based on
differences in marker allele frequencies in DNA pools from phenotypic
extremes. Although selective DNA pooling has much lower genotyp-
ing costs, it is expected to result in lower power and precision of QTL
mapping than selective genotyping, for which animals in the extremes
are genotyped individually. The objective of this study was to quantify
this loss in power and precision for an example design. A backcross
family of 2000 progeny with 6 evenly distributed markers along a chro-
mosome that contained a QTL with a substitution effect of 0.25 pheno-
typic standard deviations (o p)was simulated. The top and bottom 10%
were selected for individual genotyping and DNA pooling. Observed
DNA pool frequencies were simulated by adding a random technical
error ( N(0,04.2) with o4, equal to 0 or 0.053) to simulated marker al-
lele frequencies in the tails. Selective genotyping data were analyzed
by maximum likelihood interval mapping and selective DNA pooling
data by least squares regression interval mapping. Results are based
on 100 replicates. Five percent chromosome-wise significance thresholds
were determined empirically. Both methods gave unbiased estimates of
QTL location and effect (see Table). Selective DNA pooling resulted in
greater variance of estimates of QTL parameters and lower power than
selective genotyping. Precision and power of selective DNA pooling in-
creased substantially in the absence of technical errors. In conclusion,
selective DNA pooling is an efficient strategy for mapping QTL in large
families, with only moderate losses in precision and power, in particular

if technical error is low.
Table 1. Comparisons of bias, precision, power and number of

genotypings from selective DNA pooling (with or
without technical error) with selective genotyping

QTL location QTL effect

Bias Std. Err. Bias  Std. Err. Number of
Selective (cM) (cM) (op) (op) Power genotypings
Genotyping  -0.77 8.2 0.011 0.058 0.99 2400
DNA pooling
(01e=0.0) 0.59 11.5 -0.001 0.064 0.74 12

DNA pooling

(ote = 0.053) 1.16 19.0 0.009 0.076 0.62 12

Key Words: Selective DNA Pooling, Selective Genotyping, QTL Mapping

40 Evaluation of Duroc vs. Pietrain sired progeny:
II. carcass measurements. D. B. Edwards*, R. O. Bates, and W.
N. Osburn, Michigan State University, E. Lansing, MI/USA.

Novel swine populations may contribute beneficial genes to U.S. swine
production systems. Crossbred progeny sired by either Duroc or ryan-
odine receptor gene normal Pietrain were used in this study. Boars from
each breed were mated to Yorkshire or F; Yorkshire-Landrace females.
A total of 162 offspring were evaluated for carcass traits. Measurements
were taken on animals representative of each litter. Data were ana-
lyzed using an animal model with fixed effects of breed of sire, breed
of dam, gender, slaughter group, the interaction of breed of sire and
gender, random effect of animal, and age of the animal as a covariate.
At similar ages, Duroc sired progeny had higher carcass weights (107.95
vs. 102.98 kg, p<.0001), and were longer (86.91 vs. 84.78 cm, p<.01),
while Pietrain sired pigs had less back fat at the first rib (44.55 vs.
47.65 mm, p<.01), at the last lumbar vertebrae (20.85 vs. 22.96 mm,
p<.05), and at the tenth rib (23.04 vs. 25.48 mm, p<.01). No difference
between Pietrain and Duroc progeny was seen for fat depth at the last
rib (27.79 vs. 28.75 mm, respectively). Pietrain progeny had a higher
percent lean at slaughter (52.60 vs. 50.74, p<.05) and higher dressing
percentage (73.96 vs. 73.08, p<.01). Primal cut weights were collected
with Pietrain progeny having a larger percentage of the carcass as ham
(23.02 vs. 22.44, p<.01) and loin (21.59 vs. 21.21, p<.05), while Duroc
progeny had a larger percentage for bellies (11.99 vs. 11.66, p<.05).
Duroc versus Pietrain percentages on boston (8.80 vs. 8.96) and picnic
(9.85 vs. 9.91) shoulders were similar. With higher carcass weights,
Duroc progeny had higher primal cut weights as a function of age. Both
sire breeds have beneficial traits that can be utilized in commercial pork
production and merit further study.

Key Words: pig, carcass measures, breeds



11 A polymorphism identified in the 5’ flanking re-
gion of the ovine IGF-I gene by PCR-SSCP analysis. A.
Yilmaz*, M. E. Davis, and H. C. Hines, The Ohio State University,
Columbus, OH.

The objective of this study was to search in the ovine insulin-like growth
factor I (IGF-I) gene for mutations that may be related to production
traits such as liveweight and number of multiple births, using Poly-
merase Chain Reaction (PCR) and Single-Strand Conformation Poly-
morphism (SSCP) analysis. The breeds utilized were crossbreds or
purebreds of Polypay, Hampshire, Targhee, Rambioullet, Dorset, and
Suffolk. A fragment of approximately 265 base pairs in the 5’ flanking
region of the ovine IGF-I gene, about 530 to 795 bp upstream from the
3’ end of exon 1, was amplified for SSCP analysis. Sequences of primers
that were used in PCR were 5-ATTACAAAGCTGCCTGCCCC-3’
(forward primer) and 5’-CACATCTGCTAATACACCTTACCCG-3’ (re-
verse primer). A PCR-SSCP polymorphism was detected in the 5’ flank-
ing region of the ovine IGF-I gene. Twenty mixed-breed sheep were
examined, and three distinct genotypes were observed (AA, 0.70; BB,
0.05; and AB, 0.25). Calculated allele frequencies were A = 0.82 and B =
0.18. In addition, genotypic frequencies were determined in 22 purebred
Polypay sheep (AA, 0.77 and AB, 0.23). Calculated allele frequencies
in Polypays were: A = 0.89; B = 0.11. Observed and expected numbers
of the respective genotypes in mixed-breed and Polypay sheep indicated
the existence of Hardy-Weinberg Equilibrium (chi-square test statistic =
0.47, P > 0.10, df = 2). Codominant segregation of alleles was observed
in six paternal half-sib progeny, which confirmed Mendelian inheritance.
The mutation in the 5 flanking region of the IGF-I gene that resulted
in three distinct genotypes in sheep will be further investigated to de-
termine if it influences production traits of sheep.

Key Words: Insulin-like Growth Factor I, Single-Strand Conformation
Polymorphism, Sheep

42 A comprehensive search for quantitative trait
loci affecting growth and carcass composition of cattle seg-
regating alternative forms of the myostatin gene. E. Casas*!,
R. T. Stonel, J. W. Keelel, S. D. Shackelford!, S. M. Kappes2, and M.
Koohmaraiel, 1USDA-ARS, U.S. Meat Animal Research Center, Clay
Center, NE, 2USDA-ARS, National Program Staff, Beltsville, MD.

Effects of the bovine myostatin gene and additional quantitative trait
loci (QTL) have been previously assessed. The objective of this study
was to identify further QTL for economically important traits. Two
half-sib families were developed from a Belgian Blue x MARC III (n
= 246) and a Piedmontese x Angus (n = 209) sire. Traits analyzed
were birth, weaning, and yearling weight (kg); preweaning average daily
gain (kg/d); postweaning average daily gain (kg/d); hot carcass weight
(kg); fat depth (cm); marbling score; longissimus muscle area (cm?);
estimated kidney, pelvic, and heart fat (%); USDA yield grade; retail
product yield (%); fat yield (%); and wholesale rib-fat yield (%). Meat
tenderness was measured as Warner-Bratzler shear force (kg) at 3 and 14
d postmortem. A total of 89 markers were used. In the family of Belgian
Blue inheritance, a significant QTL (expected number of false positives
= 0.025; ENFP) was identified for marbling score on chromosome 3.
Suggestive QTL for the same family (ENFP = 0.5) were identified for
retail product yield on chromosome 3, for hot carcass weight and post-
weaning average daily gain on chromosome 4, for fat depth and marbling
score on chromosome 8, for 14-d Warner-Bratzler shear force on chromo-
some 9, and for marbling score on chromosome 10. Evidence suggesting
the presence of an interaction for 3-d Warner-Bratzler shear force be-
tween the myostatin gene and a QTL on chromosome 4 was detected.
In the family of Piedmontese and Angus inheritance, evidence indicates
the presence of an interaction for fat depth between the myostatin gene
and chromosome 8. Regions identified underlying quantitative trait loci
need to be assessed in other populations. Although the myostatin gene
has a considerable effect, other loci with subtle effects are involved in
the expression of the phenotype.

Key Words: Beef, Genetic Markers, Quantitative Trait Loci

43 Associations of Leptin Gene Marker with Car-
cass Traits in Cattle. C. D. Bierman* and D. M. Marshall, South
Dakota State University, Brookings, SD.

Objectives of this study were to determine the effects of leptin (ob)
genotype on fat and muscle traits in crossbred cattle. A single nu-
cleotide polymorphism located in exon 2 of the ob gene in cattle codes
for an amino acid change from an arginine (R) to a cysteine (C). Geno-
types for leptin were determined on crossbred calves (n = 492) by Acil
digestion of amplified PCR product (C allele: 130bp; R allele: 73bp
and 57bp). The genotypic frequencies of CC, CR, and RR were .240,
.561, and .199, respectively within the calves. Data were analyzed by
least-squares, accounting for effects of genotype, sex, year, location, and
breed-type. Three analyses were performed, adjusting for covariates of
carcass weight, fat thickness, or age at slaughter. Subjective marbling
scores (assigned by USDA grader; 350 = slight 50, 400 = small 0, 450
= small 50) were higher (P = .02) for CC (411 units) than for RR (388
units) genotype when adjusted to a constant slaughter age (433 days).
Similar differences between genotypes in marbling scores were observed
when adjusting to a constant carcass weight (328 kg) or external fat
thickness (11.5 mm). The effect of genotype on external fat thickness
approached significance when analyzed on a weight-constant basis (12.9
and 12.1 mm for CC and RR, respectively; P = .07). The effect of geno-
type was nonsignificant for carcass weight and longissimus muscle area.
In conclusion, leptin genotypic effects were significant, though modest
in magnitude, for traits related to intra-muscular and subcutaneous fat
accretion.

Key Words: Cattle, Leptin, Gene marker

44 Heritability and correlation estimates of carcass
data from Angus-sired steers. J.A. Minick*!, D.E. Wilson?,
M.E. Dikeman?, and E.J. Pollak3, /owa State University, Ames, lowa,
2Kansas State University, Manhattan, Kansas, 3Cornell University,
Ithaca, New York.

The objective of this study was to estimate heritabilities and genetic
correlations for Warner-Bratzler shear force in kg (WB), marbling score
(MS), hot carcass weight in kg (HCW), 12-13th rib fat in mm (FAT)
and ribeye area in cm squared (REA). There were 589 steers sired by
28 Angus bulls in the National Cattleman’s Beef Association Carcass
Merit Project. Number of progeny per sire ranged from 5 to 47. Be-
cause age did not significantly affect any of the carcass traits, none of
the records were adjusted. REML estimates of the genetic parameters
were determined using the sire/maternal-grandsire model with the rela-
tionship matrix. This model accounts for contemporary groups, which
were derived from farm of origin and slaughter date. Multiple-trait anal-
yses, including all two-trait, three-trait and four-trait combinations and
a five-trait analysis were run. The table shows the averages for all the
analyses with heritabilities + standard errors on the diagonal, genetic
correlations above the diagonal, and phenotypic correlations below the
diagonal. For WB, MS, HCW, FAT and REA, heritabilities ranged from
.22-.27, .28-.30, .77-.80, .04-.10 and .56-62, respectively. The means =+
standard deviations were WB: 3.72 £ 0.79, MS: 5.57 £ 0.87, HCW:
358.32 £ 31.08, FAT: 14.05 &+ 3.65 and REA: 81.74 £ 7.66.

WB MS HCW FAT REA
WB .25+.18 -.04 .64 .21 42
MS -.18 .294+.19 -.15 -.51 .23
HCW .12 .19 .79+£.29 .07 .64
FAT -.03 .19 .26 07+.11 -.77
REA .19 0 .38 -.19 .59+£.25

Key Words: Beef cattle, Carcass, Genetic parameters

45 Heterogeneity of variance and estimation of ge-
netic parameters. L. D. Van Vleck*1:3, R. K. Splan2, and L. V.
Cundifft4, 1USDA-ARS USMARC, 2 Virginia Tech, Blacksburg, VA,
3Lincoln, NE, *Clay Center, NE.

The Germ Plasm Evaluation (GPE) project at the USMARC encom-
passes two generations of matings. The F1 progeny of several sire breeds
mated to Hereford and Angus cows are measured directly. The F1 heifers
are then mated to bulls of other breeds which allows for expression of
maternal characteristics of the original sire breeds. The two sets of data
can be combined to estimate direct (h-2) and maternal (m-2) heritability
and the direct-maternal genetic correlation r(a,m). For this study, 14
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sire breeds were included. Two traits, birth weight (BWT) and weaning
weight (WWT) were analyzed. The numbers of observations available
were 3,530 and 5,610 for direct BWT and WWT and 7,095 and 8,591
for maternal BWT and WWT. For WWT, little descrepancy was found
between separate analyses of the two data sets and the combined data
set or when standardized by dividing by the respective standard devia-
tions. For BWT, h-2 estimates were .48 and .35 for direct and maternal
data but for the combined data, h-2 was .64, m-2 was .06, and r(a,m)
was -.23. When records within data set were standardized by dividing
by the respective standard deviations; h-2, m-2, and r(a,m) were .54,
.06, and -.03. When records were standardized by the unadjusted stan-
dard deviations; h-2, m-2, and r(a,m) were .45, .06, and .18. For WWT,
ratio of phenotypic SD for the two data files was (23.5/21.8). For BWT,
the ratios were 4.35/4.57 and 5.36/6.09 (unadjusted). Heterogeneity of
variance across generations and method of standardizing variances seem
to influence estimates of heritability and the direct-maternal genetic
correlation.

Key Words: Genetic Parameters, Beef Cattle, Growth

46 Genetic parameters for scrotal circumference
and age at puberty in beef cattle. G. Martinez-Velazquez*!,
K. E. Gregory?, G. L. Bennett?, and L. D. Van Vleck?:3, 1 University
of Nebraska, Lincoln, NE, 2USDA, ARS, USMARC, 2Clay Center, NE,
3 Lincoln, NE.

Data from 12 Bos taurus breeds for scrotal circumference (n = 7, 277)
and age at puberty (n = 7, 580) collected at MARC-USDA between 1978
and 1991 were used to estimate heritabilities and genetic correlations.
Age at puberty (AP) was defined as the age (days) at first detected ovu-
latory estrus. Scrotal circumference (SC) was measured (cm) in males
at about 358 days of age. The final model for SC included fixed effects
of breed (B), age of dam (A), year of birth (Y) and all interactions. Age
at measurement of SC was included as a covariate (linear and quadratic)
in the model. For AP the final model included the fixed effects of B, A,
Y, month of birth and all interactions. For both traits random effects
in the model were direct genetic, maternal genetic, maternal permanent
environmental, and residual. A bivariate analysis for a two trait ani-
mal model was used to estimate the (co)variance components using a
derivative free REML algorithm. Heritability estimates were .41 (di-
rect) and .07 (maternal) for SC, and .36 (direct) and .04 (maternal)
for AP. Genetic correlations between direct and maternal genetic effects
(within trait) were -.12 and -.90 for SC and AP, respectively. Genetic
correlations between SC and AP were -.16 (direct), -.30 (maternal), -
.12 (direct SC with maternal AP), and .13 (direct AP with maternal
SC). The phenotypic variances were 5.90 (SC) and 442.90 (AP). The
phenotypic covariance was 3.66. Estimates of direct heritability for SC
and AP agree with estimates published by other authors. The estimates
of genetic correlations between SC and AP suggest a favorable genetic
association. The negative genetic correlations between direct and ma-
ternal effects (within trait) and the estimates of direct and maternal
heritability suggest that a selection program for SC and AP should con-
sider maternal genetic effects.

Key Words: Heritability, Reproduction, Maternal Effects

47 Genetic parameters for reproductive traits in
beef cattle. G. Martinez-Velazquez*!, K. E. Gregory?, G. L.
Bennett?, and L. D. Van Vleck2:3, 1University of Nebraska, Lincoln,
NE, 2USDA, ARS, USMARC, 2Clay Center, NE, 3Lincoln, NE.

Data from 12 Bos taurus breeds for pregnancy rate (P1), calving rate
(C1) and weaning rate (W1) for age at first breeding (n = 7,003), and
pregnancy rate (P2), calving rate (C2) and weaning rate (W2) combining
second to tenth age at breeding (n = 15,739) collected at MARC-USDA
between 1979 and 1990 were used to estimate heritabilities and genetic
correlations. Pregnancy (calving or weaning) rate was one if the female
conceived (calved or weaned) a calf given exposure during the preceding
breeding season and zero, otherwise. The final model for P1, C1 and
W1 included fixed effects of breed (B), year of breeding (Y) and their in-
teraction. For P2, C2 and W2 the final model included the fixed effects
of B, Y, age at breeding (yr) and all interactions. For all traits, random
effects in the model were direct genetic, maternal genetic, maternal per-
manent environmental, and residual. Univariate analyses with a single
trait animal model were used to estimate the (co)variance components
using a derivative-free REML algorithm. Unadjusted means were .75 +
43, .71 + .44, .59 + .49, .84 £+ .35, .81 + .38 and .76 £ .42 for P1, C1,
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W1, P2, C2 and W2, respectively. Heritability estimates were .15 + .03
(direct) and .02 + .01 (maternal) for P1, .15 £ .03 (direct) and .03 £
.01 (maternal) for C1 and .11 + .02 (direct) and .00 £ .01 (maternal)
for W1. Direct and maternal heritability estimates for P2, C2 and W2
ranged from .00 to .02. Genetic correlations between direct and maternal
genetic effects (within trait) were -.83 + .71 and -.68 £ .55 for P1 and
C1, respectively. The phenotypic variances were .17 (P1), .18 (C1), .22
(W1), .12 (P2), .14 (C2), and .17 (W2). Heritability estimates indicate
that management is an important factor affecting these traits especially
after the first breeding season. Estimates of genetic correlations and es-
timates of direct and maternal heritability suggest unfavorable genetic
associations between direct and maternal genetic effects for P1 and C1.

Key Words: Heritability, Reproduction, Maternal Effects

48 Comparison of models for estimating direct and
maternal genetic effects for weaning weight of Hereford
cattle. P. Sopannarath*!, J. K. Bertrand?, L. D. Van Vleck3, and S.
Tumwasorn?, 1 University of Nebraska, Lincoln, 2 University of Georgia,
Athens, 3USDA, ARS, USMARC, Lincoln, NE, *Kasetsart University,
Bangkok, Thailand.

Weaning weights adjusted for age of calf and age of dam from 4 sets
of Hereford cattle from the American Hereford Association were ana-
lyzed. Numbers of records ranged from 29,562 to 30,383. Variance and
covariance components were estimated using REML. Ten animal models
were applied to estimate genetic and environmental parameters. Model
1 included fixed contemporary group (weaning herd, work group, sex,
management group, feeding code) and year-season effects and random
direct and maternal genetic, maternal permanent and residual environ-
mental effects. Based on Model 1, Models 2 9 additionally included sire
x herd, sire x year, sire x sex, sire x age of dam, sire x herd-year, sire
x herd-year-sex, sire x herd-year-sexage of dam and sire x dam inter-
action effects, respectively. Model 6 was significantly best (likelihood
ratio test). Model 10 added sire x dam effects to Model 6 and improved
the likelihood. Compared with Model 1, the log likelihood improved
significantly for all sets. Model 1 gave highest estimates of direct and
maternal h2 and negative direct-maternal correlations. With sire x dam
interaction effects (Model 9), estimates were similar to Model 1. Es-
timates with Models 2-8 for direct and maternal h2 were smaller and
r(a,m) was larger than Model 1 with similar fractions of variance due
to maternal permanent environmental effects. Estimates from Models
6 and 10 were similar. With Model 10, estimates were 0.18 to 0.19 for
direct h2, 0.14 to 0.16 for maternal h2, -0.40 to -0.31 for r(a,m), frac-
tions of variance due to sire x herd-year and sire x dam interactions were
0.03 to 0.07 and 0.04 to 0.09, respectively. Results suggest that sire x
herd-year interactions are important, with direct and maternal h2 bi-
ased upward and r(a,m) biased downward if sire x herd-year interaction
effects are not included in model. Sire x dam interaction effects did not
affect estimates of variances of other effects.

Key Words: Beef Cattle, Growth, Genetic Parameters

49 Birth and weaning traits of topcross progeny
of Hereford, Angus, Red Angus, Simmental, Gelbvieh,
Limousin, and Charolais sires. L. V. Cundiff¥, Roman L. Hruska
U.S. Meat Animal Research Center, Clay Center, NE.

Data were obtained on 1,394 calves born in the spring of 1999 and 2000
and 1,351 calves weaned resulting from artificial insemination matings
of Hereford (H, 21 sires), Angus (A, 22), Red Angus (Ra, 21), Sim-
mental (S, 20), Gelbvieh (G, 23), Limousin (L, 20), and Charolais (C,
22) bulls to Hereford, Angus, and composite MARC III (1/4 each An-
gus, Hereford, Red Poll, and Pinzgauer) cows. Data on gestation length
(GL), unassisted calving percentage (CE), survival to weaning (SW),
birth weight (BW), and 200-d weaning weight (WW) were analyzed by
least squares procedures using a model that included random effects
for sire in sire breed and fixed effects for sire breed, dam breed, sex of
calf, age of dam (4,5,..10 yr), birth year, sire breed x dam breed, and
any other two factor interactions that were significant (P<.05) for each
trait. Effects of sire breed were significant (P<.01) for GL, CE, BW,
and WW, but not for SW. The means for H, A, Ra, S, G, L, and C sired
progeny were 284.2, 281.6, 282.1, 285.2, 284.4, 286.2, and 283.0 d, re-
spectively, for GL with a mean least significant difference (LSD<.05) of
1.5 d. Corresponding sire breed means were 94.9, 99.0, 98.5, 97.7, 97.8,
97.6, and 92.8% for CE (LSD<.05 = 3.5%); 41.3, 38.4, 38.7, 41.8, 40.2,
40.6, and 42.5 kg for BW (LSD<.05 = 1.5 kg); and 237.7, 241.9, 238.8,



251.0, 242.2, 235.2, and 245.0 kg for WW (LSD<.05 = 6.4 kg). Ra did
not differ significantly from A for any trait. A and Ra had shorter GL
and lighter BW than all other sire breeds. CE was significantly greater
for A and Ra than for H and C sire progeny. Weaning weights were

significantly heavier for S, and C sired progeny than for H, Ra, and L
sired progeny.

Key Words: Beef Cattle, Breeds, Germplasm

EXTENSION

50 Effects of feeding rate and protein concentra-
tion in milk replacers on growth and body composition of
Holstein calves. K.S. Bartlett*, J.K. Drackley, and F.K. McKeith,
University of lllinois.

Male Holstein calves purchased during the first week of life were used
to determine the effects of feeding rates and crude protein (CP) con-
centrations in whey-protein-based milk replacers on growth and body
composition. Following a 2-wk adaptation period, calves were randomly
assigned to either an initial slaughter group or to experimental treat-
ments. In this portion of the study, 48 calves were assigned to treatments
in a 2 x 4 factorial arrangement consisting of two feeding rates (10% or
14% of body weight [BW], adjusted weekly) and four CP concentrations
(14%, 18%, 22%, and 26% CP). Calves were fed isocaloric milk replacers
reconstituted to 12.5% DM; no starter was fed. Calves were slaughtered
after 5 wk on treatment. Visceral organs were removed, weighed, and
digesta stripped out of the gastrointestinal tract. Calves were processed
into three fractions (carcass; head, hide, feet, and tail; and viscera),
that were ground and analyzed. Average daily gain (ADG) in BW and
gains in body components over the 35-d experiment are presented in the
table.

Feeding
CP rate ADG, Protein, Water, Fat, Ash, Energy,
(%) (% of BW) kg kg kg kg kg Mcal
14 10 0.25 0.93 2.97 1.87 0.25 20.82
14 14 0.51  2.12 8.08 3.69 0.50 40.87
18 10 0.31 1.34 4.96 1.48 0.31 17.82
18 14 0.56 2.69 9.95 3.23 0.21 41.66
22 10 0.41 2.14 7.10 1.54 0.28 20.64
22 14 0.69 3.67 13.47 298 0.71 44.17
26 10 0.36 1.91 6.21 1.13 0.23 16.98
26 14 0.70  4.06 14.11  2.80 0.86 41.74

The ADG were greater (P<0.01) for calves fed at 14% BW and increased
linearly (P<0.01) as CP increased. Increasing CP concentration linearly
increased (P<0.05) gains of protein and water, but linearly decreased
(P<0.02) gain of fat in the body; total energy deposition was unaffected.
The greater feeding rate increased (P<0.01) gains of water, protein, fat,
ash, and energy. Tendencies (P<0.10) for interactions of feeding rate
and the linear effect of increasing CP indicated that rates of lean tissue
(water plus protein) deposition were increased more by higher dietary
CP in calves fed at 14% BW than in those fed at 10% BW.

Key Words: Calves, Feeding rate, Protein

51 Effects of energy sources in milk replacers on
growth and body composition of Holstein calves. K. S.
Bartlett*, F. K. McKeith, and J. K. Drackley, University of Illinois,
Urbana, IL.

We tested the hypothesis that lactose promotes greater gains of lean
body tissue in preruminant calves than does dietary fat. Male Holstein
calves purchased during the first week of life were fed whole milk at 10%
of body weight (BW) for a 2-wk adaptation period. Calves then were
randomly assigned to either an initial slaughter group or to experimental
treatments. In this portion of the study, 18 calves were assigned to diets
of 1) conventional milk replacer (CMR; 22% CP, 21% fat, 49% lactose);
2) high fat milk replacer (HFMR; 26% CP, 27% fat, 42% lactose); or 3)
whole milk (25% CP, 27% fat, 40% lactose). Reconstituted CMR was
fed at 14% of BW; reconstituted HFMR and milk were fed at 11.65%
of BW so that initial (wk 1) intakes of metabolizable energy (ME; 3.63,
3.62, and 3.56 Mcal/d for CMR, HFMR, and milk, respectively) and
CP (177, 160, and 181 g/d) were similar. Intakes were adjusted weekly
as calves grew; no starter was fed. Calves were slaughtered after 5 wk
on treatment and processed into three fractions (carcass; head, hide,

feet, and tail; and viscera) for analysis. The average daily gain (ADG)
was greater (P<0.001) for calves fed CMR than for those fed HFMR
or milk (0.690, 0.532, and 0.571 kg/d). Calves fed CMR had greater
gains of water (P<0.001) and ash (P<0.05) than calves fed HFMR or
milk. Calves fed CMR tended (P<0.08) to have greater gains of protein
than calves fed HFMR or milk, and calves fed HFMR tended (P<0.06)
to have greater gains of protein than calves fed milk (0.105, 0.098, and
0.078 kg/d, respectively). Gain in energy tended (P<0.06) to be greater
for calves fed CMR. Plasma urea concentration was lower (P<0.01) for
calves fed CMR than for those fed HFMR or milk, and was greater
(P<0.01) for HFMR than for milk (7.4, 10.7, and 8.3 mg/dl, respec-
tively). We interpret these data to indicate that at equal ME intake,
lactose promotes greater lean tissue (water plus protein) accretion than
does fat.

Key Words: Calves, Body composition, Milk replacers

52 Evaluation of an oral immunoglobulin supple-
ment for milk fed dairy calves. J. D. Quigley, C. A. Jaynes-Kost,
and T. M. Anspach, APC Company, Inc., Ames, IA.

Two experiments were conducted to evaluate the potential value of oral
immunoglobulins as feed additives for milk-fed calves. In experiment
1, Holstein bull calves (n = 120) were purchased from area dairy farms
and were fed calf milk replacer (CMR; 20% protein, 20% ether extract,
non-medicated) for 42 d. Calves were fed Gammulin® (G; APC Com-
pany, Inc.) or a placebo additive (P) for 15 d and a commercial calf
starter (CS) from d 29. Total intake of G and P was 675 grams. Overall
management and health of calves was excellent (total mortality = 0.8%)
and calves were not stressed during the 56-d trial. Calves fed G tended
to have fewer scour days (-23%, P < 0.07), less use of electrolytes (-39%,
P < 0.10) and antibiotics (-50%, P < 0.16). Calves fed G also tended
(P < 0.10) to have improved feed efficiency (459 vs. 422 g BW gain/kg
DM intake) over the 56-d trial and improved BW gain from d 29 to 56
(665 vs. 589 g/d). In experiment 2, Holstein bull calves (n = 120) were
purchased from area sale barns at approximately 5 d of age and were
fed 454 g/d of CMR for 56 d. Commercial CS and water were offered
for ad libitum consumption from d 1. Calves were fed G as in Exper-
iment 1, but no P was fed. During the 56-d study, calves fed G had
improved fecal scores (-6.1%, P < 0.06), fewer scour days (-42%, P <
0.02), and reduced use of antibiotics (-44%, P < 0.02). Intake of CMR,
CS and water, BW gain and feed efficiency were unaffected. Changes in
fecal scores and reductions in use of veterinary treatments were greatest
during the first 15 d of the study. Mortality during the experiment was
10 calves, 7 of which were not fed G. These data indicate that provision
of oral immunoglobulins in milk-fed calves can reduce the severity of
enteric infections during the first 3 to 4 wk of life.

Key Words: calves, immunoglobulin, immunity

53 Effects of spray-dried whole egg in calf milk re-
placers on intake, growth and health of dairy calves. J. D.
Quigley*, C. A. Jaynes-Kost, and M. L. Miller, APC Company, Inc.,
Ames, IA.

Numerous feed ingredients have been evaluated as alternatives to milk
proteins in calf milk replacer (CMR) formulations. We evaluated the
use of spray-dried whole egg (SDWE), which is a significant source of
protein (>50%) and fat (>35%) as an ingredient in CMR. Holstein bull
calves (n = 120; mean age = 5.5 d) were purchased from area dairies
and were assigned to receive CMR containing 0, 10, or 20% of the CMR
formulation as SDWE, which replaced whey protein concentrate and an-
imal fat. All CMR were formulated to contain 22% crude protein and
22% ether extract. Amount of CMR was increased from 454 g/d at d 1
to 726 g/d at d 28; thereafter amount of CMR was reduced to weaning at
42 d. All CMR were formulated to provide 0 or 1 mg/kg of supplemen-
tal biotin and contained oxytetracycline and neomycin. Commercial calf
starter was available from d 29 to 56 and water was available throughout
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the study. Supplementation with biotin had no effect on any parameter
measured. Increasing SDWE caused a linear decline in BW at 28 and
56 d, reduced BW gain, starter intake, total DM intake, water intake,
and impaired feed efficiency. Mean BW gains from d 0 to 28 were 231,
70, and 0 g/d for calves fed 0, 10, and 20% SDWE, respectively. Body
weights at 56 d were 73.1, 66.5 and 62.1 kg, respectively. Mean calf
starter intakes during the 56-d study were 588, 482, and 452 g/d for
calves fed 0, 10, and 20% SDWE, respectively. Mean feed efficiency ra-
tios were 446, 318, and 231 g BW gain/kg DM intake, respectively. Fecal
scores increased with increasing SDWE and were greatest in calves fed
10% SDWE. Reduced growth and intake may have been due to reduced
nutrient availability, although availability of biotin did not affect intake
or growth. Unless factor(s) reducing nutrient availability are identified,
SDWE does not appear to be a useful ingredient in CMR formulations.

Key Words: calves, milk replacer, spray-dried whole egg

54 Supplemental glutamine does not overcome the
growth depression caused by soy protein concentrate in calf
milk replacer. J. K. Drackley*, K. L. Bailey, K. S. Bartlett, and R.
M. Blome, University of lllinois, Urbana, IL.

Glutamine may be an important fuel for intestinal cells and is less abun-
dant in soy proteins than in milk proteins. Glutamine has been shown to
lessen the growth slump at weaning in young pigs, perhaps by improv-
ing intestinal morphology and function. We tested the hypothesis that
glutamine supplementation would overcome the decreased average daily
gain (ADG) and altered intestinal morphology caused by milk replacer
containing soy protein concentrate (SPC). Holstein calves (9 male and
1 freemartin female per treatment) were assigned to diets of 1) all-milk-
protein milk replacer; 2) SPC milk replacer; or 3) SPC milk replacer
plus 1% (dry basis) L-glutamine. Milk replacers were reconstituted to
12.5% solids and were fed at 10% of body weight from d 3 to d 10 of
age and at 12% of body weight (adjusted weekly) from d 10 through
4 wk of age. No starter was fed. The SPC replaced 60% of the milk
protein. Glutamine was added at each feeding to the reconstituted milk
replacer. All-milk and SPC replacers contained 20.9% and 19.0% CP,
and 15.0% and 15.1% fat, respectively. Five calves from each treatment
were slaughtered at the end of wk 4. The ADG was greater (P < 0.05)
for calves fed all milk vs. those fed SPC; glutamine did not improve
ADG (0.344, 0.281, 0.282 kg/d for all milk, SPC, and SPC+glutamine,
respectively). Intake of CP was adequate for all groups and did not
explain the lower growth for calves fed SPC. Villus height and crypt
depth did not differ among treatments for duodenum. In jejunum, vil-
lus height (713, 506, and 464 pum) and crypt depth (300, 209, and 229
pm) were greater (P < 0.05) for calves fed all milk than for either soy
group. In ileum, villus height was greater (P < 0.05) for all milk than
for either soy group (532, 458, and 456 um), whereas crypt depth was
greater for calves fed SPC + glutamine than for those fed SPC alone
(352, 301, and 383 pm). Plasma urea at wk 4 was greater (P < 0.01)
for calves supplemented with glutamine than for those fed SPC alone
(5.7, 4.0, and 6.6 mg/dl), suggesting that glutamine was at least par-
tially catabolized. Supplemental L-glutamine did not improve growth
or intestinal morphology of calves fed milk replacer containing SPC.

Key Words: Calves, Soy protein, Glutamine

55  Prediction of water intake in young dairy calves.
J. D. Quigley, C. A. Jaynes-Kost, M. L. Miller, and T. M. Anspach,
APC Company, Inc., Ames, IA.

Availability and consumption of water are critical to ensure adequate
ruminal development and to allow early weaning of young calves. How-
ever, estimates of water intake, particularly during the first two months
of life are unavailable. Therefore, our objective was to predict daily
water consumption in calves fed varying combinations of calf milk re-
placer (CMR) and commercial calf starter (CS) for 42 to 56 d. Calves
(n = 602) were assigned to six experiments during 1999 and 2000; each
experiment used different CMR formulations. Calves were primarily
Holstein bull calves, although some heifers and cross-bred calves were
used. Calves were typically less than 7 d of age at the start of each trial
although birth date was not determined in most cases. The CS was a
commercially obtained from one supplier. The CMR were experimental
formulations containing 20 to 22% CP and 20 to 22% ether extract and
were based on whey protein concentrate and various alternative animal
proteins. Calves were fed CMR in fixed or variable amounts to weaning
at 28, 42, or 56 d and were fed CS for ad libitum consumption from
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d 1 ord 29 tod 42 or 56. A total of 29,714 daily observations were
used to predict water disappearance (intake). Independent variables in-
cluded intake of DM from CS and CMR, intake of total DM, CP, ether
extract, amount of liquid CMR consumed, BW and plasma IgG concen-
tration on d 0 of each study, daily fecal score, incidence of daily scours
and veterinary treatments, day of the study, mean daily high (HDT)
and low ambient temperatures, average daily humidity, solar radiation,
and selected squared terms. Stepwise regression produced a full model
with 23 independent variables and r? of 0.74. A limited model (r? =
0.72) was water intake (L/d) = 1.075 + 0.00119 x intake of CS (g of
DM/d) + 3.75E-7 x CS intake®> + 0.023 x HDT (degrees Celsius) +
0.00135 x HDT? 0.622 x CMR intake (L/d) + 0.0621 x CMR. intake?.
Starter DM intake accounted for 63% of variation in daily water intake.
Increasing maximum environmental temperature increased water intake
and greater volume of milk consumption reduced water intake. Daily
water intake in young calves can be predicted with reasonable accuracy.

Key Words: calves, water, intake

56 The Missouri Show-Me-Select Replacement
Heifer Program. R. F. Randle*, W. O. Herring, M. S. Kerley, R.
L. Larson, K. C. Olson, V. L. Pierce, and D. J. Patterson, University
of Missouri, Columbia, MO/USA.

The Missouri Show-Me-Select Replacement Heifer Program is an ed-
ucational program that involves comprehensive guidelines for beef re-
placement heifer development and marketing. The specific objectives of
the program are to: 1) improve existing heifer development programs
through Total Quality Management; 2) provide a reliable source of qual-
ity replacements heifers; and 3) increase marketing opportunities for and
add value to Missouri-raised heifers. Pre-breeding examinations are re-
quired and performed to evaluate the post-weaning to pre-breeding de-
velopment phase. These examinations are scheduled at approximately
12 to 13 months of age (range 10-14 months). Examinations include
reproductive tract scores (RTS), pelvic measurements, weights, and vi-
sual observations for structural soundness. These data are used to iden-
tify potential problems in development to this point, and to provide
recommendations for the subsequent breeding program. Pregnancy ex-
aminations are performed on heifers prior to 120 d of gestation to de-
termine fetal age. Herds that practice AI allow a minimum of 2 wk
between AI and natural service to distinguish between AI and natural
service pregnancies. The program was initiated in 1997 with 33 herds
and 1,870 heifers enrolled. Participation increased 6-fold from 1997 to
1999 with 258 herds and 17,305 heifers enrolled. Pre-breeding devel-
opment was evaluated based on herd cyclicity rates of 50% or greater
(based on RTS). The percent of herds meeting this criteria increased
17% (48%-65%) from 1997 to 1999. The percent of herds that used es-
trus synchronization with at least an 80% synchronized estrus response
increased 47% (17%-64%) from 1997 to 1999. The percent of herds with
at least 50% synchronized pregnancy rates increased 19% (50%-69%)
from 1997 to 1999. These results indicate that a coordinated on-farm
heifer development program offers the potential to improve subsequent
reproductive performance of replacement beef heifers and enhances the
use of various reproductive procedures.

Key Words: Heifer Development, Reproductive Management

57 Online extension education integrated with on-
campus instruction: an advanced reproductive manage-
ment course at the University of Illinois. D. J. Kesler*, D.
J. Miller, R. L. Wallace, M. F. Hutjens, J. H. Baltz, and T. L. Steckler,
University of lllinois.

An online Advanced Reproductive Management course (Animal Sciences
374) was created and first offered during the fall 2000 semester at the
University of Illinois. The course consisted of eight online meetings
and focused on dairy cattle. The course emphasized applied aspects of
reproductive management and was taught at the graduate/upper un-
dergraduate level. Students were required to have had basic instruction
in reproductive biology before enrolling in the course. In addition to
off-campus students, on-campus students were invited to enroll in the
course. Forty-nine students enrolled in the course (10 online students
and 39 on-campus students [9 graduate, 10 veterinary, and 20 under-
graduate students]). On-campus students were required to attend the
weekly class meeting; however, the veterinary students met as a group
online with an instructor that led a discussion after class. The online
students consisted of practicing veterinarians, corporate employees, and



livestock producers. Four of the students were citizens of other coun-
tries. Four of the online students requested no credit; however, one
chose to receive continuing education credit. Before each online class,
students completed a series of modules on CD-ROM that provided in-
struction on specific topics within the subject matter for the class. After
each class, students completed an obligatory homework assignment that
required them to apply the subject matter. Students were also obli-
gated to participate in online dialogs, via WebBoard, throughout the
semester. Students requesting graduate credit were required to review
and discuss research articles online every week. In summary, teaching
an advanced reproductive management course online allowed individuals
to obtain cutting-edge information without leaving home and increased
the quality of on-campus instruction because of the input from users
of the technology. The CD-ROM is a stand-alone tool and is used for
other extension/outreach education programs. The CD-ROM and the
course are being revised to include two new sections (10 online meetings
in future offerings) and numerous modules are being added, including
information on beef cattle, for the fall 2001 offering.

Key Words: Online instruction, Extension education, Reproductive man-
agement

58 Development of a web-based scheduling program
for synchronization of estrus in cattle. M.A. Dikeman*, D.R.
Strohbehn, and C.R. Youngs, lowa State University, Ames, IA USA.

Synchronization of estrus is a management tool for producers who per-
form artificial insemination in their beef and dairy cattle. Through the
TIowa Beef Center, a Synchronization Planner originally developed in
1998 by Iowa State University Extension has been revised to a web-based
platform that incorporates many emerging techniques for synchroniza-
tion of estrus and synchronization of ovulation in cattle. The revised
Synchronization Planner is still available as a stand-alone program. The
major enhancements to this program include the expansion of user-
selected synchronization options from seven to eleven and the addition of
a cost analysis. Users supply the following inputs: desired breeding date,
number of females, desired synchronization system, and estimated costs
of sychronization products and AI breeding. Outputs from the Synchro-
nization Planner include a daily work schedule that users should follow,
a cost analysis and sensitivity table which illustrates the cost per preg-
nancy with varying expected pregnancy rates, and a list of assumptions.
The web-based Extension Synchronization Planner may be found on the
home page of the Iowa Beef Center (http://www.iowabeefcenter.org).

Key Words: synchronization of estrus, synchronization of ovulation, com-
puterized scheduling

59  Illinois 4-H/FFA Quality Assurance and Ethics
Clinic. D.W. Seibert*!, E.N. Ballard!, J.H. Baltz!, D.B. Fischer!,
D.J. Jenningsl, K.H. Kline!, R.K. Knipel, D.R. Oswald!, and T.D.
Saxel, 1University of lllinois, Urbana, IL.

The "Illinois 4-H/FFA Quality Assurance and Ethics Clinics” (QAEC)
were developed in response to the unethical livestock fitting practices
at many county and state fair livestock shows during the summer of
1994. This program was written and taught by the University of Illinois
Extension Animal Systems Team (UI AST) and was mandatory for all
youth exhibiting beef, swine, or sheep at the 1995 Illinois State Fair
Junior Show (ISFJS). Dairy and horse exhibitors were included in 1996.
The objectives of the program were to teach livestock exhibitors that
they are involved in a food producing business and therefore responsible
to 1) produce a healthy and wholesome product, 2) provide and care
for their animals in a humane manner, and 3) present a positive public
image regarding animal production. The clinics were approximately 1.5
hours and included oral and video presentations on 1) Benefits of Ju-
nior Shows, 2) ”A Question of Ethics” video, 3) Quality Assurance of
Medical Treatment, 4) Effects of Stresses on Product Quality, 5) Ethics
and Animal Care of Youth Project, 6) Rules of the ISFJS, and 7) Con-
clusions. A training manual was developed by the UI AST for class-
room instruction and included chapters on Benefits of Livestock Shows,
Quality Assurance of Medical Treatment, Effects of Stress on Product
Quality, and Ethical Care of Youth Animal Projects. From 1995 to
1999 some 9,914 4-H/FFA members and 3,407 parents and leaders re-
ceived training. For the 2000 QAEC training a Web site was developed
(http://qaec.outreach.uiuc.edu) which includes six subject matter mod-
ules and five specie modules. Test questions must be completed on each

module before advancing. From the Web site 777 exhibitors were certi-
fied, plus Vocational Agricultural instructors used the site for classroom
teaching. The training manual has been sold to several states, and indi-
viduals from throughout the United States have logged onto the QAEC
Web Site. A summary of the program, including evaluation and impact
will be presented.

Key Words: 4-H/FFA Youth, Ethics/Quality Assurance, Web Site

60 Trends associated with Marbling Score, Fat
Cover and, CAB Acceptance Rate. M. F. Scott*, D. E. Wilson,
and G. H. Rouse, lowa State University.

The objective of the study was to analyze the CAB (Certified Angus
BeefTM) program carcass database for trends associated with marbling
score, fat cover, and CAB acceptance rate in Angus-type cattle. The
CAB program carcass database is made up of over 100,000 records col-
lected during 1989 to 1999. Steers make up 90 % of the database where
89 % of the cattle were finished in the Midwest (NE, CO, KS). The
majority of the cattle (62 %) were finished in Nebraska feedyards. The
CAB program overall acceptance rate was 23.4 %. Marbling score (84.0
%) is the first limiting factor for CAB acceptance of steers. A combi-
nation of marbling score and yield grade (8.3 %) and yield grade (6.1
%) alone for steers are the second and third limiting factors for CAB
acceptance, respectively. The phenotypic correlation between fat cover
and marbling score is nearly zero for CAB steers, yet for non-CAB steers
the correlation is 0.38 (p < .01). As yield grade increases from 2.0 to
4.0 by a tenth of a unit, marbling score increases by 0.3 % for every
1 % increase in fat cover on average for all steers. Comparing CAB
steers versus non-CAB steers, marbling score increases by 0.05 % and
0.34 % for every 1 % increase in fat cover, respectively. As fat cover
groups increase by 0.25 of a cm, CAB acceptance rate increases up to
the 1.52-1.75 cm group, then starts to decrease for steers. When looking
at marbling score by fat cover groups, CAB steers increase 0.82 % for
each 0.25 of a cm increase in fat cover and for non-CAB steers, there is
an increase of 5.0. Fat cover increases by 5.6 % and 14.2 % as you go
from a USDA marbling score of small to modest and slight to modest,
respectively. Looking at the slaughter months, there is an increase in
marbling score from April to August, while fat cover remains steady.
Yet CAB acceptance rate decreases from April to June then increase
from June to November. Producers may be able to improve the CAB
acceptance rate of their cattle if there is a clearer understanding of the
relationship between traits that are included in the CAB specifications.

Key Words: Beef Carcass, Fat Cover, Marbling Score

61 Centralized ultrasound processing to evaluate
beef cattle for body composition, an update for 2000. R. G.
Tait,Jr*, G. H. Rouse, D. E. Wilson, C. L. Hays, A. T. Hassen, and V.
R. Amin, lowa State University, Ames, IA.

Advances in real-time ultrasound technology and the implementation of
centralized processing has provided beef cattle seedstock producers with
an accurate, faster, and less expensive method to improve body com-
position traits in live cattle. In 1998 a Centralized Ultrasound Process-
ing (CUP) lab was established at Iowa State University as a research
project with the American Angus Association (AAA) to transfer this
technology to seedstock producers. The CUP lab research objectives
are: 1) provide beef breed associations with timely, accurate, and unbi-
ased measurements for fat thickness, ribeye area, and % intramuscular
fat (marbling), 2) assist breed associations in the accurate assembly of
data required to research adjustment factors and EPD for body com-
position from ultrasound measures, 3) provide education, training, and
operational assistance for ultrasound technicians working with breeders.
Adaptation by seedstock producers and breed associations has been sig-
nificant. For the spring 2000 scanning season, January 1 to August 15,
the CUP lab processed images on 68,335 head, consisting of 46,055 year-
ling bulls, 20,682 replacement heifers, and 1,598 other. The CUP lab
now accepts images from two ultrasound technologies, the Aloka 500V
and the Classic scanner 200. Sixty-seven field technicians submitted
images to the CUP lab in 2000. Forty-seven technicians used Aloka
technology to submit images on over 53,000 head of cattle, and 20 tech-
nicians used Classic technology to scan over 15,000 head of cattle. There
are 14 breed associations accepting ultrasound body composition data
from the CUP lab. The first full-animal model genetic evaluation for
body composition EPD using AAA ultrasound data processed through
CUP was accomplished in September 2000. EPD were calculated for
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4,916 sires and 59,972 dams. AAA also now includes ultrasound body
composition EPD on the performance pedigree of registered cattle with
ultrasound information on the individual or relatives.

Key Words: Ultrasound, Beef Cattle, Composition

62 Development of a quality lean index for rank-
ing pork carcasses in a contest setting. C. A. Stahl*!, E.
P. Berg!, W. R. Lamberson®, and T. J. Safranski', *University of
Missouri-Columbia.

A Quality Lean Index (QLI) was developed in response to the efforts
of the U.S. pork industry to improve the quality of fresh pork. In the
past, carcass contests in Missouri have focused on calculation of percent
carcass lean, where the heaviest muscled carcass has been identified as
champion. The QLI combines lean meat yield and objective quality
measurements as a means of ranking carcasses based on value. The
QLI utilizes traditional measurement of carcass composition (10th rib
loin muscle area and backfat depth) and objective measurement of pork
quality. The traits included in the QLI are percentage lean (%Lean),
light intensity (L*-value) and muscle pH (pH). The %Lean is deter-
mined by live ultrasound evaluation conducted by a certified technician.
Light intensity is obtained with a HunterLab MiniScan XE Plus spec-
trophotometer on the cut lean surface of the ham Gluteus medius (GM)
muscle. The L*-value was chosen as a variable because of its associa-
tion with consumer perceptions of fresh pork color and the potential to
assign an economic value. Muscle pH is obtained with an SFK pH-Star
glass tipped pH probe by insertion into the ham GM. Pork muscle pH
is frequently measured in the pork industry because of its significant
correlation to water-holding capacity, another economically important
trait. The QLI was derived by regressing carcass value on traits com-
monly quantified on pork carcasses. The QLI = (7.76 x %Lean)(0.067
x %Lean?)(1.9995 x L*-value)+(1.62 x pH). The QLI does not abandon
the achievements made in carcass leanness. The positive linear coeffi-
cient for %Lean reflects the favorable relationship between %Lean and
carcass value. The negative quadratic coefficient results from poor car-
cass quality of very heavily muscled pigs. The QLI has been well received
by producers in the state of Missouri. It has been used in multiple re-
gional contests and the 2000 MO State Fair Barrow Carcass Show. Use
of this ranking procedure generates a unique educational opportunity
to provide both carcass composition and objective indications of fresh
pork quality.

Key Words: Quality Lean Index, Pork, Carcass value

63 Critical control points for profitability in the
cow-calf enterprise. A.J. Miller*!, D.B. Faulkner!, R.K. Knipel,
D.R. Strohbehn?2, D.F. Parrett!, and L.L. Berger!, 1 University of llli-
nois, 2lowa State University.

Financial, economic, and biological data from cow-calf producers par-
ticipating in the Illinois-Iowa Standardized Performance Analysis (SPA)
programs were utilized. Data was collected from 1996-1999, with each
herd within year representing one observation. The final database of 225
commercial herd observations (117 Iowa, 108 Illinois) ranged from 20 to
373 cows. Analyses were conducted on financial and economic cost of
production data. Each observation was analyzed as the difference from
the mean for that given year to eliminate environmental and cattle cy-
cle effects. The independent variable used as an indicator of profit was
return to unpaid labor and management per cow (RLM). Used as de-
pendent variables were feed, operating, depreciation, capital, and hired
labor costs, calf weight, calf price, cull weight, cull price, weaning per-
cent, calving distribution, herd size, and investment. Family labor was
used in the economic analysis. All financial factors analyzed were corre-
lated to RLM (P<.10) except cull weight, and cull price. All economic
factors analyzed were correlated to RLM (P<.10) except calf weight,
cull weight and cull price. Results of the financial prediction equation
indicate 8 measurements capable of explaining 82% of farm-to-farm vari-
ation in RLM. In both analyses over 50% of herd-to-herd variation in
RLM could be explained by feed cost. In the financial regression model,
depreciation cost was the second critical factor explaining 9% of vari-
ation in RLM followed by operating cost (5%). Calf weight was the
fourth indicator of RLM in the financial model (5%). Investment was
not a significant variable in either model, however, it was correlated to
a number of the significant cost variables: feed cost, depreciation cost,
and operating cost (P<.001, financial: P<.10, economic). Cost factors
were more influential in driving RLM than production, reproduction,
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or producer controlled marketing factors. Feed cost is the most critical
control point as it was responsible for 50% of herd-to-herd variation in
profit.

Key Words: Cow-calf, SPA, Economics

64 Enhancing the viability of Missouri dairy farms.
S.A. Hamilton!, T.R Rickard*, R.L. Kallenbach, C.A. Roberts, G.J.
Bishop-Hurley, and B.J. Steevens, 1 University of Missouri.

An aging population, environmental compliance costs, urban encroach-
ment and a changing economic environment have resulted in a loss of
33% of Missouris dairies over the past 6 years. The dairy industry is con-
centrated in an area dominated by karst topography that can prohibit
major herd expansion. This area has the advantage of a large forage
base in a temperate climate, which is conducive to management inten-
sive grazing (MIG). In order to curb the loss of dairies, a pilot project
was initiated through a grant funded by the University of Missouri Out-
reach & Extension to evaluate this management practice. The purpose
of the project is to work with MIG dairies over a 3-year period, initially
with 12 dairies in the first year and culminating with the inclusion of 65
dairies. The project involves a holistic approach where the family and
dairy business are considered as a unit in educational efforts. Parameters
include financial management (economics of a MIG dairy and business
decisions based on goals and budgets), forage/pasture management, and
environmental compliance. Core groups of producers were formed based
on geographical location. Monthly workshops are held on participating
dairies to evaluate forage systems and management practices techniques.
Classroom programs are held discussing family structure and business
decisions. Topics are self-directed by the participating dairies to meet
the needs of their critical objectives. Baseline economic data is collected
from each dairy for the year preceding their involvement in the project.
Average operating profit (not including P&I or capital replacement) for
1998 and 1999 was $977 and $927 per cow, $662 and $983 per acre,
and $9.19 and $8.98 cost per cwt milk, respectively. Participants have
indicated the workshops and financial information has allowed them to
make effective management decisions.

Key Words: Management Intensive Grazing, Dairy, Economics

65 Animal handling procedures and facilities used
by dairy producers to conduct health and reproductive
examinations. A. Wagner*! and R.W. Palmer!, 1University of
Wisconsin-Madison.

The objective of this study was to collect preliminary information that
could be used to design a research project to define the annualized cost
of different animal handling systems currently being used on modern
dairy farms. Activity time recordings were collected on nine dairy farms
ranging in size from 150 to 1700 cows during the summer of 2000. Dairy
farms were visited when the veterinarian was conducting routine herd
health and reproductive examinations. Facility features and animal han-
dling protocols used to sort and restrain animals were observed and vet-
erinarian activity times were recorded. Facility features used on these
dairies included sort gates, palpation rails, self-locking manger stalls,
and some producers used freestalls to corner animals while examinations
were conducted. Five different systems, using different combinations of
these features, were identified and summarized. The number of animals
examined and/or treated and the veterinarian time associated with these
activities were recorded and used to calculate the average veterinarian
time per animal for each farm. This average veterinarian time per animal
ranged from 1.37 to 3.43 minutes per animal. The capital cost of each fa-
cility feature was estimated (sort gate=$10,000,self-locks=$60/hole, pal-
pation rail and extra building space=$7000) and used to determine the
expected annual capital cost for each system. Annual labor costs were
estimated using $17/trip and $1.20/min for veterinarian time, $20/h for
herdsperson time and $10/h for assistant time. The estimated capital
and labor costs, of each system, were used to estimate the annual cost
per herd and per cow for a standard 500-cow herd having ten percent
of their animals checked each week. These standardized 500-cow annual
costs per herd ranged from $11,034 to $16,988, or $22.07 to $33.98 per
cow per year for the different systems identified. The advantages and
disadvantages, of each animal handling system, observed or mentioned
by the veterinarian or herdsperson were also recorded and summarized.

Key Words: Animal Handling, Reproductive Examinations, Facilities



66 Early weaning calves to produce quality beef. D.
B. Faulkner!, L. L. Berger!, and N. A. Pyatt!, 1 University of lllinois,
Urbana, IL.

There are many reasons to wean calves earlier than the traditional 205
days of age. Some conditions include: when forage supplies are low such
as in a drought, when forage supplies are low quality like pure fescue
pastures in mid summer, when winter feed supplies are limited and the
cows need to improve body condition, and when reproductive rates for
cows and/or first calf heifers are low. Other reasons include marketing
cull cows that have calved on a better spring market, summer calving
to reduce winter feed cost for the cow, and producing high quality beef
from your calves. The National Cattlemen’s Beef Association (NCBA)
has identified beef quality and consistency as major problems in the
beef industry. This was well documented in the National Beef Quality
Audit. We have evaluated the effects of weaning time and creep feeding
on cow performance, calf performance and carcass merit of the calves
at slaughter. Changing these practices has a dramatic influence on calf
performance in the feedlot and on carcass merit. Creep feeding research
has demonstrated that source of creep feed and length of time calves
receive creep feed have an influence on carcass quality grade. Little dif-
ference has been observed in feedlot performance between the different
creep feeding strategies and no creep feed. It appears that calves need
to be on a starch-based creep feed for about 80 days to increase quality
grade. Early weaning improves quality grade dramatically and improves
feed efficiency in the feedlot. We have also observed a slight increase
in carcass weights of early weaned calves compared to normal weaned
calves. Cows from which the calves were early weaned gain more weight
than cows nursing calves. The goal of producing high quality carcasses
from steers placed on feed as calves is achievable. Management of the
calves to get them on a high-energy diet as early as possible is critical.
This research demonstrates that we can reduce external fat and improve
quality by using appropriate management strategies.

Key Words: early weaning, calves, beef quality

67 Early weaning can affect rate of marbling depo-
sition, relationship of intramuscular and subcutaneous fat
deposition and feed efficiency of feedlot cattle. L.L. Berger*!,
A.W. Wertz!, and D.B. Faulkner?, 1University of Illlinois-Urbana.

Early weaning calves at 90 to 150 days of age and immediately adjust-
ing them to a high- concentrate diet has the potential to have marked
effects on rate of marbling deposition, carcass composition and feed ef-
ficiency. The dogma that calf-feds will not grade does not apply to
early-weaned calves fed finishing diets. Using ultrasound to measure in-
tramuscular fat, rate of marbling deposition was twice as fast for early-
weaned heifers compared to yearling heifers of the same genetics. Heifers
finished as calves deposited intramuscular fat at a faster rate relative to
subcutaneous fat (P< 0.01) than yearlings. Previous research has shown
that acetate is the preferred substrate for subcutaneous fat, and glucose
(from propionate) is the preferred substrate for intramuscular fat. If
calves never experience a high-acetate fermentation, it may be possible
to increase marbling deposition without increasing backfat. Heifers fin-
ished as calves gained more efficiently (P<0.01) than yearlings at any
given fat endpoint. The absence of a significant amount of forage in
the diet of early-weaned calves has benefit 250 days later. Early-weaned
calves were pair-fed to have equal rates of gain on a finishing diet or hay-
lage diet to 200 days of age, and then fed the same diet to harvest. After
258 days on the same finishing diet, calves fed haylage during the grow-
ing phase were less efficient (P< 0.05) than those limit-fed the finishing
diet. Previous research suggests that high roughage diets can stimulate
G.I. tract development that can increase maintenance requirements for
months after the cattle are on a finishing diet. Using a combination of
early weaning, high energy diets and cattle with the genetic potential to
marble, it is possible to produce cattle that will grade 50 percent prime
at 15 months of age with feed:gains of 6:1 or less.

Key Words: Early weaning, Carcass composition, Feed efficiency

68 Early weaning, puberty and cow reproduction.
M.L. Day*, J.E. Huston, and D.E. Grum, The Ohio State University.

The period between 3 and 6 months of age in heifer calves is charac-
terized by dynamic maturational changes in the reproductive system.
Weaning occurs at approximately 7 months of age in traditional sys-
tems, and nutritional status of heifer calves during this period is largely

determined by their dam’s milk production and the available forages.
Precocious puberty occurs in some of these heifers (8-25%), and is re-
lated to the rate of BW gain. In contrast, precocious puberty was ob-
served in >50% of heifers that were weaned at approximately 3.5 months
of age and fed concentrate-based diets. We conducted a study to deter-
mine if precocious puberty could be induced experimentally. Heifers
(n=18) were weaned at 72.7£2.5 d of age and 114+2.9 kg BW. Heifers
were fed individually either a high energy (HE), or low energy (LE)
diet through 9 months of age. Precocious puberty was induced in 7/9
heifers in the HE and 0/9 heifers in the LE treatments. Precocious pu-
berty occurred at 245+8.5 d of age and 293+10.5 kg BW. At a similar
age, non-pubertal heifers weighed 249+11.8 kg. Early weaning has the
potential to substantially influence sexual maturation. Although the im-
pact of this manipulation on future reproductive competence of heifer
calves is unknown, it has been demonstrated that early weaning will
influence reproductive efficiency of their dams during the corresponding
breeding season. The impacts of the suckling stimulus and nutrition
on postpartum anestrus are well documented, and withdrawal of the
suckling stimulus and nutrient demands of lactation during the breed-
ing season through early weaning should augment higher reproductive
performance. In this regard, weaning calves at approximately 90 d of
age resulted in an 18% increase in pregnancy rates relative to standard
weaning management systems. Others have reported beneficial effects
of early weaning on pregnancy rates in dams ranging from 8 to 26%. Im-
plementation of an early weaning management system has the potential
to increase reproductive performance of cows and their heifers.

Key Words: Puberty, Weaning, Anestrus

69 Accelerated finishing systems for the production
of high quality beef. R. S. Wells*!, D. B. Faulkner!, F. A. Ireland?,
and M. J. Cecava?, !University of lllinois, Urbana, IL, ?>Consolidated
Nutrition, Fort Wayne, IN.

One hundred sixty crossbred Angus x Simmental steers (90.3 7.3 kg)
from University of Illinois beef herd were weaned at an average of 84 d
of age and randomly placed on 1 of 4 dietary treatments: 16% CP, high
corn (CHP); 13% CP, high corn (CLP); 16% CP, soyhull (SHP); 13%
CP, soyhull (SLP) to determine the effects of source of energy and level
of protein of early-weaned steers on performance and carcass character-
istics. The experimental, growing, period was from 84 to 156 days of
age. Steers were then placed on a common corn-based finishing diet un-
til harvest at 409 days of age. No differences in ADG, G:F, or weights
were observed for protein level, P>0.05. Cattle consuming the corn
based diets during the growing phase gained faster, consumed more and
were more efficient than the soyhull based diets, P<0.01. Over seventy
percent of the steers consuming the soyhull based diets bloated at least
once. The steers fed the soyhull based diets compensated during the fin-
ishing phase. The soyhull steers had higher ADG (P=0.02) and better
feed efficiency (P=0.006). This resulted in no differences among treat-
ments for ADG or feed efficiency when the data was summarized for
the entire trial. The cattle on the corn diets during the growing period
tended (P=0.13) to have heavier carcasses. No differences were observed
for rib eye area, yield grade, back fat, liver abscesses and kidney, heart,
pelvic fat; P>0.05. There was a significant interaction for quality grade.
The steers that received CHP diet had more carcasses that graded aver-
age choice and above, P<0.05. Thirty-four percent of the steers fed the
soyhull based diets had carcasses of yield grade 1, P=0.06. The steers
fed soyhull diets during the growing phase had a higher degree of varia-
tion in yield and quality grades than the steers fed the corn based diets.
This data would suggest that both a high corn diet and high level of
protein are required to improve carcass quality for early-weaned steers.

Key Words: Early-weaned, Steers, Protein level

70 Feedlot performance and carcass traits of early
weaned steers supplemented with either laidlomycin propi-
onate or monensin. J.D. Arseneau*!, L.L. Berger2, D.D. Buskirk3,
D.B. Faulkner?, F.L. Fluharty?, R.P. Lemenager!, S.C. Loerch?, S.R.
Rust3, and M.N. Streeter®, 1Purdue University, West Lafayette, IN,
2University of lllinois, Urbana, IL, 3 Michigan State University, East
Lansing, MI, * The Ohio State University, Wooster, OH, 5Alpharma,
Inc., Ft. Lee, NJ.

A four-state study was conducted to compare laidlomycin propionate

(LP) or monensin (MON) on feedlot performance, carcass characteris-
tics, and liver abscesses in early weaned steers. Steer calves at four
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locations (IL, n=48; IN, n=28; MI, n=24; OH, n=24) were weaned
at approximately 100 d of age and randomly assigned by age and
weight to one of two ionophore treatments with 2 pens/treatment; 1)
150 mg'hd~!-d~! MON for the initial 100 d on feed, and then 263
mghd~''d~! MON thereafter, 2) 60 mg-hd~'"d~! LP for the initial
100 d on feed, and then 105 mg'hd~!-d~! thereafter. Similar diets were
fed at each location (1.41 Mcal/kg NEg with 16% CP for the initial 100
d on feed and 14% CP thereafter). Steers were harvested when average
estimated backfat thickness for all cattle at a location was 1.0 cm. No
interactions (P>.10) were observed between ionophore treatment and
feedlot location. Similarly, no differences (P>.10) were observed be-
tween ionophores for feedlot performance, mortality, liver abscess scores
or condemned livers. Morbidity rates were not different (P>.10) be-
tween treatments (76.7%), but differed (P<.05) across locations (74.0,
100, 33.3, 100%; IL, IN, MI, OH). Carcass traits were not different be-
tween treatments (P>.10), but LP tended (P=.07) to increase dressing
percentage compared to MON (60.3% vs. 59.7%). For the overall feed-
ing period, location affected (P<.05) ADG, DMI, and G/F (1.30, 1.56,
1.69, 1.64 kg/d ADG; 5.53, 8.11, 7.85, 7.30 kg/d DMI; .23, .18, .21, .22
G/F for IL, IN, MI, and OH, respectively ). Carcass quality grades were
highest (P<.05) for steers fed at MI, while yield grades were numerically
lowest (P<.05) for steers fed at IL. Results of this study indicate that
early weaned steers fed high concentrate diets supplemented with either
LP or MON will have similar feedlot performance and carcass character-
istics. However, high morbidity rates in this study may have influenced
performance results.

Key Words: Laidlomycin propionate, Monensin, Early weaned steers

71 Effects of milk replacer feeding rate and concen-
tration on performance and economics in Holstein heifer
calves. D. R. Catherman*!, ! Strauss Feeds, Watertown, WI.

Eighty four Holstein heifer calves (average 39.9 kg BW) were utilized
in a study to evaluate the effects of milk replacer (MR) feeding rate
and concentration on performance and economics. Calves were allotted
to one of four treatment groups and fed a 20% protein, 20% fat MR
as follows: treatment 1, 454 g/d at 12.5% solids; treatment 2, 681 g/d
at 12.5% solids; treatment 3, 681 g/d at 18.75% solids; and treatment
4, 1022 g/d at 18.75% solids. Calves were weaned at 35 d and feed
intake was recorded for 42 d. Water and starter grain (18% protein,
3% fat) were offered free choice from d 3. Total MR intakes were 13.8,
17.8, 17.7 and 21.0 kg for treatments 1 through 4, respectively. To-
tal starter intakes were 32.2, 27.8, 33.8 and 26.8 kg for treatments 1
through 4. Starter intake tended to decline with increasing MR intake
within a concentration, but when increasing concentration within the
same feeding rate, starter intake was numerically greater. Weight gains
between 0 and 21 d were lower (p<.05) for treatment 1 (7.0 kg) than for
treatments 2 (9.8 kg), 3 (9.9 kg) and 4 (10.4 kg). Weight gains from 21
to 42 d were not different and averaged 10.3 kg. Overall weight gains
were not different, but tended to be greater with increasing MR feeding
rate and concentration (17.7, 18.9, 20.1, and 21.6 kg for treatments 1
through 4). Feed to gain ratios tended to decrease with increasing feed-
ing rate. Feed cost per kg of gain was $1.51 for treatment 1, $1.69 for
treatment 2 and $1.67 for treatments 3 and 4, and were not different.
Scour scores and cost and number of medical treatments were not dif-
ferent between groups. Based on these data, increasing MR feeding rate
tended to increase weight gain. Increasing concentration from 12.5% to
18.75% within the same feeding rate resulted in slightly greater weight
gains and a numerically higher starter intake. This may be related to
gut fill. The data suggest that increasing concentration of MR is needed
when increasing feeding rate.

Key Words: calves, milk replacer, feeding rate

72  University of Missouri Southwest Research Cen-
ter Pasture-Based Seasonal Dairy. S.A. Hamilton*!, T.R.
Rickard, R.A. Crawford, R.D. Young, B.J. Steevens, and C.W. Dauvis,
LUniversity of Missouri.

A demonstration management intensive grazing (MIG) dairy was de-
signed and constructed on the University of Missouri SW Research Cen-
ter in 1998. The establishment of this MIG dairy was a partnering effort
of dairy industry, local producers and the University of Missouri. Ob-
jectives of the grass based dairy were to evaluate the viability of a MIG
operation, the use of a grass vegetative filter as a means of treating the
effluent from the parlor, compare various forage species and demonstrate
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a high throughput milking facility. The grazing system consists of 74
acres of improved and non-improved forages. Forty-six heifers (goal of
65) were milked the first year. Heifer breeds were Holsteins, Jerseys,
and crossbreds. Local producers donated approximately one third of
the heifers with the remainder being purchased. Heifers were bred to
freshen in early spring (February-April) and dried off in mid-December.
Milk shipped the first year was 10,853 pounds/heifer with average grain
consumption of 13.3 pounds/day. Operating profit (not including P&I
or capital replacement) was $714 per heifer and $444 per acre with cost
of production $9.70/cwt milk. The parlor, a modified New Zealand type
double-10 swingline, was selected to demonstrate the simplicity in design
and rapid throughput to reduce operator-milking time. Parlor design al-
lows producers to adopt the basic concept and construct according to
their needs. Effluent is collected from the parlor and deposited in two
2000-gallon tanks and spread over a two-acre paddock using a travelling
gun. Holding pen waste is hand-scraped to a concrete structure. Data
collection for the waste is ongoing. An advisory committee of dairy
producers and extension specialists provide recommendations on forage
species and research/demonstrations to be conducted. Data collected
from this station can be very instrumental on the sustainability of the
dairy industry in the region. Producer workshops are held to demon-
strate forage management practices.

Key Words: Management Intensive Grazing, Dairy, Seasonal

73 Survey of dietary phosphorus levels in TMR-
fed dairy herds. S.L. Gunderson*, J.L. Keuning, and K.A. Erb,
University of Wisconsin-Extension.

Twenty dairy herds enrolled in the AgSource DHI testing program were
selected for a survey of the nutrient levels of high group and dry cow
diets. Herds were located in five counties in northeast WI. Herd size
ranged from 40 to 1,280 cows, with an average 246 cows. The RHA for
milk, fat, and protein ranged from 9,374 to 12,403 kg/yr, 339 to 440
kg/yr, and 273 to 358 kg/yr, respectively. All herds were fed a TMR.
Eleven herds were housed in tie-stalls and nine herds were housed in
free-stalls. High group and far-off dry cow rations were analyzed by wet
chemistry analyses for DM, CP, Ca, P, and K. Special emphasis was
placed on dietary P due to the environmental consequences associated
with this nutrient. High group P levels ranged from .37% to .50% aver-
aging .46%. Far-off dry cow P levels ranged from .27% to .48% averaging
.36%. Average dietary levels of CP%, Ca%, and K% were 18.5, .96, and
1.39, respectively for high group rations and 15.4, 1.00, and 1.62, re-
spectively in the far-off dry cow rations. Fourteen of the herd owners
surveyed indicated they were familiar with research showing P levels
can be reduced without sacrificing milk and reproductive performance
in dairy cows. High group dietary P levels decreased from an average of
.52% to .47% in ten of the dairy herds over a two year period from 1998
to 2000.

Key Words: Phosphorus, Dairy cows, Nutrition

74  TIllinois Lean Growth Project. Utilizing on-farm
field research to develop prescription swine feeding and
management regimes. D.J. Jennings*!, G. Hollis!, D. Oswald?,
E. Ballard!, R.K. Knipe!, D. Seibert!, A.P. Schinckel?, and M.D.
Tokach3, 1University of Illinois, Urbana, 2Purdue University, West
Lafayette, Indiana, 3 Kansas State University, Manhattan.

As profit margins tighten it becomes imperative that swine produc-
ers obtain accurate, farm-specific biological and economic performance
data. Management, health, and environment account for large differ-
ences in performance, thus producers find value in moving beyond tra-
ditional book values for nutritional regimes. The objectives of the Illi-
nois Lean Growth Project (ILGP) are to 1) demonstrate the value of
farm specific amino acid levels to optimize biological and economic re-
turns, 2) model farm specific data (ADG, feed intake, composition of
gain) interfaced with economic conditions to determine optimum har-
vest weights, and 3) develop environmentally responsible feeding pro-
tocols that minimize urinary and fecal nitrogen excretion by reducing
excess dietary nutrients. The ILGP utilizes real-time (B-mode) ultra-
sound (RTU) to capture farm specific data. RTU measurements can
be used to accurately predict composition of growth and lysine:calorie
ratios in grow-finish pigs. Determining lysine:calorie ratios ensures the
right amount of lysine is provided in diets that vary in energy density.
Once accurate data is established it is integrated into a model and used



to generate farm specific decision aids. A biological model for grow-
finish pigs was constructed using the STELLA research dynamic mod-
eling software. The model utilizes farm specific data, which interfaces
with an adjustable economic model allowing quick access to graphical
results. One example of practical use is analyzing net profit along a
range of harvest weights while changes occur in cost of feed, sale prices,
and overhead. The ILGP more accurately assesses composition of gain,
corrects overfeeding of nutrients, and more precisely positions phase
feeding. Research suggest a 12% reduction in nitrogen and phosphorus
excretion when phase feeding is positioned correctly.

Key Words: Grow-finish model, On-farm, Swine

75 The effects of housing system and physical en-
vironment on post-weaning pig performance. M. E. Larson*
and M. S. Honeyman, lowa State University.

A series of six trials involving a total of 1,440 nursery pigs (average ini-
tial body weight of 6.7 kg) were conducted at two Iowa State University
research farms from December 1999 to August 2000. Three small-scale
hoop structures (6 x 10.8 m) were divided lengthwise to form two pens
(3 x 4.5 m) per building for a total of six pens. Six pens (1.7 X 4 m) in
a mechanically ventilated confinement nursery were used for comparison
with the bedded hoop structure pens for each 5 wk trial. In each trial,
240 crossbred pigs were weaned 18 to 22 d of age and allotted by weight
and litter to six pens found in either the hoop (n=120) or confinement
(n=120) nursery facility. During the first 3 trials, heated hovers were
placed in each hoop pen to provide additional heat and protection from
drafts. Four commercial diets were fed to pigs in both housing systems.
The pigs in hoop structures grew 23% slower (P<.001) and consumed
23% less feed (P<.001) and were less efficient (P<.001) than the pigs
in confinement during the first 2 wk post-weaning. Both housing sys-
tems had similar ADG (P>.55), ADFI (P>.35) and G/F (P>.10) for
the last 3 wk of the trial. In all seasons, the ADG and ADFI were
decreased for the first 2 wk post-weaning. During the winter, the pigs
in hoop structures grew 5% slower, consumed 10% less feed, but were
5% more efficient than the pigs in confinement (P<.05). In the spring,
the pigs in hoop structures grew 7% slower (P<.05), consumed 7% less
feed (P<.05), and had similar feed efficiencies (P>.23) as the pigs in
confinement during the 5 wk trial. During the summer, the pigs in hoop
structures grew 2% faster, consumed 6% less feed, and were 8% more
efficient than the pigs in confinement for the 5 wk trial (P<.05). Bedded
hoop structures have not been widely studied as a cold nursery facility.
It may be beneficial to wean 1 wk later in the colder months when the
pigs are heavier. Further trials adjusting bedding, heat source, hovers,
feeders and management may improve growth performance.

Key Words: Early Weaned Pigs, Hoop Structures, Growth

76 A two year summary of finishing-pigs’ perfor-
mance in hoop structures and confinement during winter
and summer in Iowa. M. S. Honeyman*, J. D. Harmon, M. E.
Larson, and A. D. Penner, lowa State University.

Four trials were conducted over two years involving 2,249 pigs. Two
summer trials and two winter trials were conducted from June 1998 to
May 2000. The objectives were to document the performance of finish-
ing pigs in hoop structures during summer and winter in Iowa, and to
compare it with pig performance in confinement. For each trial, three
groups of pigs were placed in three (9.1m X 18.3m) cornstalk bedded
hoop structures (150 pigs per group). The fourth group was placed in
six pens in a mechanically ventilated confinement building with slatted
floors (22 pigs/pen). The pigs weighed 15.5 kg at the start of the trials
and were fed corn-soy diets until weighing 115-117 kg. The pigs were
scanned at 110 kg. Overall, the pigs in hoop structures ate 5% more
feed, grew 3% faster and were 3% less efficient than pigs in confinement
(P<.05). Overall, the pigs in hoop structures had 7% more backfat,
5.5% smaller loineyes (P<.01), and lower yield (1.3 percentage units)
than pigs in confinement. Bedding use was 93 kg/pig in summer and
107 kg/pig in winter. In summer, pigs in hoop structures ate 3% more
feed, grew 5% faster, had 12% more backfat, but did not differ in feed
efficiency or loineye size compared to the pigs in confinement. In winter,
the pigs in hoop structures ate 7% more feed and feed efficiency was 8%
poorer, but there was no difference in growth rate, backfat thickness or
loineye size compared to the pigs in confinement. The cold hoop envi-
ronment encouraged the pigs to consume more feed and probably caused

the pigs to transfer feed energy from growth to maintaining body tem-
perature. Pig mortality was lower in summer (2.8 vs. 3.7%) but higher
in winter (5.0 vs. 3.1%) in hoops compared to confinement. Cull pigs
were higher in the hoops during both seasons: summer (5.0 vs. 3.1%)
and winter (5.7 vs. 2.0%). This may have been due to the larger hoop
group size (150 vs. 22). Additional research is needed to improve feed
efficiency and leanness of pigs fed in hoop structures.

Key Words: Finishing pig performance, bedded hoop structures, pig lean-
ness

77 Composition and regulation of targeted growth
of the neonate: implications for feeding systems and post-
weaning management. M.E. Van Amburgh*, J.M. Smith, and J.N.
Tikofsky, Cornell University.

A series of experiments have been conducted over the last four years
to describe the composition and hormonal regulation of growth of Hol-
stein calves from birth to approximately 105 kg bodyweight (BW). Diaz
et al. (accepted) conducted a study to evaluate the effect of three dif-
ferent treatment growth rates (560, 973 and 1100 g/d, respectively) on
body composition from birth to 105 kg BW, under conditions where pro-
tein intake was not limiting growth. Slaughter data from all treatments
demonstrated that the energy and protein retained by the calves on this
study was higher than would be described by the prediction equations
of the 1989 Dairy NRC and average net deposition of CP and fat were
140 and 44, 204 and 154, and 247 and 161 g/d for treatments 1, 2 and
3, respectively. A follow-up study was conducted to evaluate the ef-
fect of source of energy on composition of growth under conditions of
isocaloric and isonitrogenous intake. Three treatment diets ranged from
14.8 to 30.6% fat and 55.3 to 35.4% lactose, respectively. Intakes were
isocaloric (P = 0.63) and isonitrogenous (P = 0.79) and rates of gain
(680 to 710 g/d) were not different (P = 0.66). However, empty body fat
was greater for calves consuming more fat (P < 0.006) with no change
in the apparent partial efficiency of use of fat (P = 0.44) or protein
(P = 0.39). Data demonstrate changes in body composition indepen-
dent of growth rate. To better understand regulation of early growth
based on age and level of nutrient supply, the ontogeny of the growth
hormone (GH)/IGF-1 axis was investigated. Calves were from Diaz et
al. study. Expression of the liver specific growth hormone receptor 1A
was apparent in calves by 25 days of age weighing 65 kg BW. Based on
circulating IGF-1, calves responded to a GH challenge at 65, 85 and 105
kg of BW in a dose dependent manner consistent with nutrient intake.
Data from a follow-up study indicated that calves fed conventional rates
of milk replacer did not respond in a similar manner and suggest that
the GH/IGF-1 axis can be modulated early in life.

Key Words: calves, growth, development

78 Practical heifer rearing for lifetime production.
C. Park*, North Dakota State University.

The future of the livestock industry (especially dairy) depends largely on
a sound rearing program for replacement heifers. The success of feed-
ing and management programs for replacement heifers must not only
be measured in terms of efficiency of body growth, but, more impor-
tantly, must be assessed by the milk-yield potential of the heifer. The
capacity to produce milk in turn is largely influenced by the degree of
mammary development. We have studied compensatory growth using
a stair-step compensatory nutrition regimen which is a rearing scheme
with a unique combination of alternating dietary energy restriction and
realimentation (refeeding) phases. The basic concept of the compen-
satory nutrition regimen is to exploit the nature of both dietary en-
ergy restriction and the compensatory growth phenomenon in concert
with one or more hormone-dependent allometric phases of mammary
development (i.e., peripuberty through gestation). We have examined
various models for developing dairy and beef heifers, gilts, and rats.
General observations are that our multi-step feeding regimen improves
not only heifer development but also growth of the mammary gland and
lifetime lactation performance. While our multi-step feeding program
has been proven effective for heifer rearing, a simple one-step gestation
model appears to be more adaptable by livestock producers and ani-
mal scientists. Furthermore, recent research data strongly suggests that
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compensatory growth established nutritionally once during late gesta-
tion improves prepartum metabolic status that is conducive to reducing
postpartum metabolic disorders.

Key Words: Heifer development, Compensatory growth, Mammary de-
velopment and lactation

79 Regulating heifer growth by nutrition and man-
agement for economical dairy replacement systems. A. J.
Heinrichs*, Pennsylvania State University.

Studies have shown that a profitable time for dairy heifers to begin
their first lactation is at 22-24 mo and that BW at calving has a signif-
icant effect on first lactation milk production. Current production data
would lead us to believe that calving at 22-24 months is still allowing
for economically optimal milk production. A great deal is known about
the nutrient requirements of calves and heifers and the growth rates to
achieve the desired frame and weight of animal at calving. Four recent
trials in the US have been published using various means to challenge

ADG and mammary development. These studies generally agree with
the earlier data that rapid prepubertal growth is detrimental to first lac-
tation milk production, yet current US Holsteins genetics may allow for
slightly higher rates of gain (.75 kg/d) then the European studies sug-
gest. Post pubertal heifer growth rates are limited primarily by body
condition. It is important to remember that the protein requirement of
the ruminant is a combination of the needs of the rumen microorgan-
isms and the host animal itself. The concentration of protein necessary
to ensure maximum intake and production will remain relatively con-
stant after the stage has been reached at which the potential protein
utilization is met from microbial and basal protein. We must continue
to refine our knowledge of economical systems that result in unlimited
production potential of the mature dairy animal. Economical means of
achieving well grown heifers in a timely fashion, must be the primary
concern in the future. This review will look at much of the current liter-
ature on growth and major nutrient requirements of the dairy calf and
heifer as well as point out areas where more research is needed.

Key Words: Dairy heifer, Growth, Requirements

GRADUATE STUDENT COMPETITIVE RESEARCH PAPERS
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80 Effect of level and source of nitrogen and min-
erals on water utilisation patterns in growing pigs. M.l
Shaw*1:2 and J.F. Patiencel, ! Prairie Swine Centre, Inc., Saskatoon,
Canada, 2 University of Saskatchewan, Saskatoon, Canada.

Concerns relating to the use of water resources by the livestock industry,
combined with the rising cost of storing, hauling and spreading manure
have resulted in greater interest in defining more precisely the drinking
water consumption of pigs. In particular, little information is available
on the impact of diet composition on ad libitum water intake. The
objective of this experiment was to investigate the response of water
utilisation patterns in 30-kg pigs to diets differing in source and level of
nitrogen and minerals. A total of 54 crossbred barrows (3 replicates of 18
pigs each) were placed on a control diet for 8 days; thereafter, each pig
was randomly assigned within replicate to one of six diet treatments for
an 8-day experimental period. The control diet was based on soyabean
and canola meals at 18.5% crude protein, and was compared to either
high- (22.5% CP) or low- (14.5% CP) protein diets. The remaining di-
ets were formulated at 18.5% CP: the fourth diet based on meat and
bone meal as the protein source, a fifth similar to the control but with a
mineral level equal to that of the animal protein-based diet and a sixth
diet similar to the control but with elevated calcium (1.25% vs 0.71%),
phosphorus (1.00% vs 0.60%) and salt (0.75% vs 0.40%) to attain a high
mineral level. Water consumption and spillage were measured on d 6,
7 and 8 of the control period and on d 6, 7 and 8 of the experimental
period. Urine and faeces were collected quantitatively on d 6, 7 and 8
during each period, and blood samples were taken once daily on d 6 and
7 of each period. Treatments had no statistically significant effect on
water intake or urine output (p>0.10). Similarly, plasma angiotensin IT
did not differ among treatments (p>0.10). In conclusion, dietary treat-
ment had no impact on water consumption, urine output or angiotensin
II level in the blood.

Key Words: Swine, Water, Nitrogen, Urine, Angiotensin

81 Dexamethasone treatment and increased growth
in neonatal piglets. J.S. Seaman*!, T.J. Safranskil, R.L. Matteri?,
and J.A. Carroll?, ! University of Missouri, Department of Animal Sci-
ence, 2 Animal Physiology Research Unit, Agricultural Research Service,
USDA, Columbia, MO.

We have previously reported that dexamethasone (Dex) treatment at
birth increases growth in neonatal piglets. The objective of the present
study was to further evaluate effects of Dex treatment at birth on growth
in piglets. Thirty-four crossbred piglets were assigned according to birth
weight and sex to receive either sterile saline (Control; n=11 boars and
4 gilts) or Dex (1 mg/kg body weight; n=10 boars and 9 gilts) i.m.
within 1 hr of birth. Body weights were recorded weekly and on d 18,
at which time all piglets were sacrificed for blood and tissue collection.
Birth weights (1.483 + .32 kg) did not differ between Dex and Con-
trol piglets (P > .15), however, boars (1.55 £ .06 kg) were heavier at
birth than gilts (1.37 £ .10 kg; P < .05). Overall average daily gain
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(ADG) was increased (P < .05) in Dex piglets (.227 £ .053 kg/d) com-
pared to Controls (.187 £ .055 kg/d). There was no difference (P >
.33) in birth to week 1 ADG between Dex and Control piglets. Dex
increased ADG (P < .02) from birth to 2 weeks compared to Controls.
The greatest increase in ADG occurred from week 1 to week 2 (P < .004)
in Dex piglets (.245 £.053 kg/d) compared to Control piglets (.190 +
.040 kg/d). Serum concentration of IGF-1 was influenced by treatment
(P < .04). In Dex piglets, serum concentration of IGF-1 was increased
by 17.3% (P < .04) compared to Controls. There was no difference in
serum IGF-2 concentrations between Dex and Control piglets (P > .82).
For serum GH there was a treatment x sex interaction (P < .04). Dex
decreased (P < .02) serum concentration of GH by 51% in boars com-
pared to Control boars, while no effect was observed in gilts. Based on
the results of the present study and the previous report, Dex treatment
at birth enhances growth in piglets during the first 18 d following birth.
Further research is needed to determine if this increase is maintained
throughout the weaning, growing and finishing stages.

Key Words: Dexamethasone, growth, piglets

82  Effect of dietary Bacillus subtilus Ferm (BP-
3418) on odor and nutrient excretion in pigs. J. S. Knott*,
G. C. Shurson, and M. H. Whitney, University of Minnesota, St. Paul,
MN.

A total of 18 barrows and 32 Deep Pit Simulator Models (DPSM) were
used to evaluate the effect of dietary Bacillus subtillus Ferm (BP-3418)
on hydrogen sulfide, ammonia, odor and nutrient excretion in a 15-
wk study. Feces and urine were collected daily from 8 pigs housed in
metabolism crates and equally added to each of 4 DPSMs corresponding
to crate. A four phase feeding program was used to compare a conven-
tional corn/soybean meal control diet with and without 0.5% BP-3418
in direct replacement of corn. At the end of each 4-wk period N and GE
balance was determined. Weekly collections of hydrogen sulfide (H2S)
and ammonia (NH3) were measured and analyzed using a JeromeT™
meter and titrating air bubbled through a boric acid solution by sul-
furic acid, respectively. Every 5 wks, air samples were collected and
analyzed by human panelists utilizing an olfactometer for odor detec-
tion threshold (ODU), intensity and hedonic tone. Dietary addition of
BP-3418 had no significant (P > .10) effect on GE and N retention or
excretion, or urinary and fecal N concentrations. During wks 4, 5, 6,
7, 13, and 14, there was a (P < .05) reduction in HoS emissions from
manure originating from pigs fed BP-3418. NH3 concentration was not
affected by dietary treatment with the exception of wk 13, when pigs fed
the control diets had a (P < .10) lower ammonia concentration. Odor
characteristics (ODU, intensity, and hedonic tone) were not affected by
dietary treatment. Upon completion of the 15-wk trial, slurry samples
from each of the DPSMs were collected and analyzed for N, P, and K. N
and P concentration of the slurry did not differ between treatments (P >
.10). Concentration of K in DPSMs containing manure originating from
pigs fed BP-3418 was higher than manure from pigs fed the control diet
(P < .10). In conclusion, BP-3418 appears to be effective in reducing



HsS emissions but not NHs, odor emissions, offensiveness, intensity, or
nitrogen and energy retention in this study.

Key Words: Bacillus subtillus Ferm, Odor, Swine

83 Feeding degermed, dehulled corn to reduce nu-
trient excretion and improve performance in pigs. A.J.
Moeser*, |.B. Kim, E. van Heugten, and T. van Kempen, North Car-
olina State University, Raleigh, NC.

Two experiments were designed to assess the feeding value and potential
environmental benefits of feeding a low fiber by-product originating from
the corn dry milling process (degermed, dehulled corn, DGDH) to pigs.
Twelve 27-kg barrows were used in Exp. 1 to evaluate nitrogen (N) and
energy digestibility of DGDH compared to regular corn. Animals were
individually housed in metabolism cages in which feces and urine was
collected. Two diets were formulated to contain either 96.4% of DGDH
or regular corn plus supplemental vitamins and minerals. Chromic oxide
was used as an indigestible marker. Digestibilities of DM, N, and energy
were greater in DGDH (93.4, 89.1, and 92.9%, respectively) compared
to regular corn (84.9, 67.9, and 83.5%, respectively) (P < .01). Over-
all, a 56 and 39% reduction in DM and N excretion, respectively, was
observed. In Exp. 2, 96 nursery pigs with initial BW of 8.8 kg, blocked
by weight and gender, with 4 pigs/pen, were used in a 28-d growth per-
formance study. Two starter diets were formulated to contain either
DGDH (56%) or regular corn (58%) as the major grain source. Diets
were formulated on a ME and digestible lysine basis to meet NRC re-
quirements for this weight category of pig. At the end of the study, 24
pigs (1 from each pen) were slaughtered and gastrointestinal tract mea-
surements were taken. Daily growth rates of pigs were the same between
diets (0.64 kg/d). Feeding DGDH to pigs resulted in a 4% improvement
in feed efficiency over regular corn (P < .05). The full intestinal tract
weight of pigs fed DGDH tended to be 6% lighter (P=.07), likely due
to a trend towards 10% less gutfill and 4% less intestinal mass. Results
from these trials suggest that corn processed to remove poorly digestible
fiber fractions provides more digestible nutrients than regular corn. As
a result, DGDH reduces fecal and N excretion, thus providing a novel
approach for reducing waste production.

Key Words: Nutrient excretion, Digestibility, Pigs

84 Effect of uncoupling protein 1 knockout in mice
divergently selected for heat loss. T.G. McDaneld*!, M.K.
Nielsen!, and J.L. Miner, 1 University of Nebraska.

Uncoupling protein 1 (UCP1) is specific to brown adipose tissue (BAT)
and mediates thermogenesis by dissipating the proton gradient. Un-
coupling protein 2 (UCP2) is expressed ubiquitously and may have a
role in thermogenesis. The objective of this study was to determine if
the difference in heat production/loss between two lines of mice (MH
= high and ML = low) developed by divergent selection depends on
UCP1. A UCP1 knockout transgene, kindly provided by L. Kozak, was
backcrossed into the MH and ML lines by speed congenics; the resulting
lines were designated KH and KL, respectively. Homozygous UCP1-null
(-/-) KH (23 male and 16 female) and KL (17 male and 14 female), and
UCP1l-normal (+/+4) KH (8 male and 10 female) and KL (10 male and
10 female) mice were used. Heat loss was measured by direct calorime-
try between 10 and 12 wk of age. Mice were killed at 13 wk of age,
selected tissues were weighed, and RNA was extracted. Knockout of
UCP1 did not affect heat loss (P > 0.6). Heat loss was greater for KH
(166.0 kcal*kg =2 75*d~1) than for KL (126.4 kecal*kg ~0-7*d~1; P <
0.05) regardless of UCP1 allele. Weight of BAT for KH (-/-), KL (-/-),
KH (+/+), and KL (+/4) was 0.36, 0.28, 0.18, and 0.17 g, respectively
(effects of line, UCP1 allele, and the interaction, P < 0.05). Epididymal
adipose tissue weight tended to be greater in KH (-/-) and less in KL
(-/-) compared to KH or KL (4+/+; P < 0.09). Retroperitoneal adipose
tissue weight was greater in (-/-) lines (P < 0.06). Heart weight was
greater for KH than for KL (P < 0.01). Concentration of UCP mRNA
was measured by ribonuclease protection assay. Absence of UCP1 did
not affect UCP2 mRNA concentration in heart or epididymal white adi-
pose tissue. We conclude that the difference in heat production/loss
between MH and ML lines is not dependent on UCP1.

Key Words: Brown Adipose Tissue, Thermogenesis, Uncoupling Protein

85 Effects of high linoleic saflower seed supplemen-
tation for gestating ewes on fat deposition in lambs. H. B.
Encinias*, A. M. Encinias, M. L. Bauer, and G. P. Lardy, North
Dakota State University, Fargo.

Lamb survival during periods of cold weather can be a problem in north-
ern climates. Effects of prepartum, high linoleic safflower supplementa-
tion for ewes on brown fat deposition in lambs were investigated in a
completely randomized design. Twenty rambouillet cross ewes (83.5 1.9
kg BW) were fed isocaloric and isonitrogenous diets containing either 1.9
(LF) or 4.6% (HF) dietary fat beginning 57.1 1.4 d prepartum. Rolled
safflower seeds (32.8% fat; 74.6% linoleic acid) were supplemented in
HF. Safflower meal was used as protein source in LF supplement and
energy was balanced with corn. Basal diet consisted of 37.5% grass hay,
37.5% alfalfa hay, and 25% corn silage (DM basis). Ewes were weighed
and blood samples were collected every two weeks and at parturition,
and analyzed for plasma NEFA and glucose. At parturition, lambs were
weighed and blood was sampled for plasma NEFA and glucose analy-
sis. One lamb from each ewe was selected randomly to be slaughtered.
Perirenal (PR) and pericardial (PC) brown fat was excised and weighed,
and carcass was frozen for compositional analysis. Rectal temperatures
of live lamb were measured 0, 2, 4, 6, 12, 24, and 48 h and blood was
sampled 24 and 48 h postpartum. Ewe BW increased to 92.5 0.5 kg
(P < 0.001) and basal diet dry matter intake decreased from 1.6 to 1.2
0.1 kg (P < 0.001) over the trial. Prepartum ewe NEFA exhibited a
treatment by period interaction (P = 0.004) while NEFA at lambing
was similar (1.1 0.2 mEq/L; P = 0.55). Lamb birth BW (5.3 0.1 kg;
P = 0.51) and NEFA were not different (P = 0.48). Lamb rectal tem-
peratures exhibited a treatment by time interaction (P = 0.03). Brown
adipose weights were similar (P > 0.11) among treatments (PR = 33.0
1.4 g; PC = 7.2 0.4 g), as were lamb carcass constituents (69.5 0.4%
fat; 15.1 0.7% CP; DM basis). Prepartum supplementation with high
linoleic saflower seed does not seem to affect lamb birth weight, perire-
nal or pericardial fat mass, carcass constituents, rectal temperature, or
plasma NEFA.

Key Words: Safflower, Ewes, Brown Fat

86 Outcomes assessment for introduction to animal
science - subjective and objective measures and the effects
of student demographics. M. A. Deppe*!, G. F. Jones!, K. J.
Stalder?, and A. E. Ramer!, 1Western Kentucky University, Bowling
Green, KY, 2University of Tennesse, Knoxvelle, TN.

Outcomes assessment is the process of determining student progress in
a class or academic program. Since student perceptions are crucial to
subjective evaluations, a more objective means of assessment may be
useful as well. Students, (n=162), from three freshman-level university
introductory animal science sections were given subjective and objective
evaluation instruments on the first and last day of class. Students self
evaluated themselves for competencies on each of forty-nine course out-
comes using a scale of 1-100. Twenty-one demographic questions were
also answered. Students were given the same 50-question examination
following completion of the subjective assessment on the first and last
day of class. Dependant variables were average beginning assessment
(ABA), average ending assessment (AEA), average improvement (AI),
average percent improvement (API), initial test score (ITS), final test
score (FTS), test improvement (TI), percent test improvement (PTI)
and final average (FA). Independent variables included gender, student
type, animal experience, environment, age, activities and hours com-
pleted at Western Kentucky University. Gender approached significance
for ABA (P=.11), AI (P=.13), FTS (P=.06) and TI (P=.15), but
did not show significant differences for AEA and PTI. Environment
influenced AI (P=.04) and approached significance for FTS (P=.14).
Number of hours currently held at the university approached significance
for AEA (P=.09). The API was 140 and the PI was 92. AI was neg-
atively correlated to ABA (-.83), but TI was not significantly related
to ABA (.08). PTI had little association with ABA, AEA or AI (.01,
.08 and .06 respectively). ABA, AEA and AI were not significantly
correlated with PTI, TFS or FA.

Key Words: Outcomes assessment, Students, Evaluations
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87 Characterization of the porcine interferon reg-
ulatory factor 6 (IRF6) gene: cDNA cloning, expression
analysis and chromosomal localization. C. R. Farber*, N. E.
Raney, and C. W. Ernst, Michigan State University, East Lansing, MI,
USA.

Representational difference analysis (RDA) was used to isolate genetic
markers from pigs differing in loin muscle area. A BLAST search re-
vealed that RDA fragment MSURDA79 was homologous to human,
mouse and sheep interferon regulatory factor 6 (IRF6). IRF6 is a mem-
ber of the interferon regulatory factor family of transcription factors,
which regulate the function of multiple interferon genes in a host of
molecular mechanisms. Three porcine IRF6 clones were isolated from
pig brain ¢cDNA using PCR primers designed from MSURDA79 and hu-
man IRF6 mRNA sequence, and 3 rapid amplification of cDNA ends
(RACE). The coding region was 92%, 91% and 90% homologous to
sheep, human and mouse IRF6, respectively. RT-PCR analysis using
pig specific primers amplifying a 195 bp fragment of exons 6 and 7, re-
vealed the presence of transcripts in pig aorta, brain, duodenum, ileum,
jejunum, liver, skeletal muscle and uterus. Northern blot analysis con-
firmed expression of 2.5-kb and 2.0-kb transcripts in pig ileum and iden-
tified expression in kidney tissue. Human IRF6 has been localized to hu-
man chromosome (HSA) 1q32.3-q41. This region of HSA1 is conserved
on pig chromosome (SSC) 9q23-gter. Physical mapping, using a pig-
rodent somatic cell hybrid panel, placed IRF6 in the interval of SSC9q11-
q26 (risk of error less than 0.1%). Radiation hybrid (RH) mapping
using the INRA-Minnesota RH panel (IMpRH) showed significant link-
age between IRF6 and two markers on SSC9, SW749 (LOD=14.72) and
SW1651 (LOD=14.43). To further confirm this localization, a single-
stranded conformational polymorphism (SSCP) was identified in IRF6.
The PiGMaP reference families were genotyped and linkage analysis was
conducted using the two-point option of CRI-MAP 2.4. IRF6 exhibited
significant linkage with SW749 on SSC9 (LOD=5.42, §=0.00). To our
knowledge this is the first reported isolation of a gene sequence using
RDA. Further analysis of IRF6 is warranted as a potential candidate
gene for production traits in pigs.

Key Words: TRF6, gene expression, gene mapping

88 Ranch of origin management factors affecting
the occurrence of respiratory tract lesions in feedlot steers
at harvest. N. K. Grathwohl|*, W. B. Epperson, B. J. Johnson, and
S. W. Fausti, South Dakota State University.

The impact of ranch of origin management on the occurrence of respira-
tory tract lesions (RTL) at harvest was investigated using data from 709
steers enrolled in South Dakota State University’s Calf Value Discovery
Program (1998 and 1999). Preliminary observations from 1998 data sug-
gested ranch of origin management was associated with the occurrence
of RTL in feedlot steers at harvest. Groups of at least five steers from
82 owners entered the feedlots in November 1998 and November 1999.
Producers completed a survey at feedlot entry, which described health
and management practices at the ranch of origin. At feedlot entry,
steers were vaccinated, ear tagged and weighed. Steers were marketed
on a carcass basis when acceptable weight and finish standards were
attained. At harvest, lungs were examined for evidence of RTL. Steers
were assigned a numerical lung score based on the severity of the lesions
(0=no lesions, 17=most severe). Steers with lung scores of >7 were
classified as having RTL. Logistic regression of SAS was used to model
factors affecting occurrence of RTL at harvest. Odds ratios (OR) were
computed as estimates of risk. Cattle vaccinated with a modified-live
viral vaccine at the ranch of origin prior to feedlot entry had reduced
occurrence of RTL (P<.05, OR=.56) compared to steers not vaccinated.
Steers weaned for >30 days prior to feedlot entry had a 1.59 OR of RTL
compared to steers not weaned (P<.05). Steers known to be treated
for respiratory illness in the feedlot had a 2.21 OR (P<.05) of having
RTL at harvest compared to steers not treated. Year and days on feed
also influenced the occurrence of RTL at harvest (P<.05). These data
suggest ranch of origin management factors impact the occurrence of
RTL in feedlot steers at harvest. A more thorough understanding of
these factors could reduce the incidence of RTL and improve feedlot
performance and carcass quality at harvest.

Key Words: Beef Cattle, Lung Lesions, Health
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89 Supply of essential amino acids to the small in-
testine in cattle consuming restricted amounts of forage
plus supplementary undegradable intake protein. E. J.
Scholljegerdes*, J. Gould, B. W. Hess, and P. A. Ludden, University
of Wyoming, Laramie, Wyoming/USA..

Eight Angus x Gelbvieh heifers (avg. initial BW = 594 kg + 44.4 kg)
fitted with ruminal and duodenal cannulae were used in a 4 X 4 Latin
square double cross-over designed experiment to determine the intestinal
supply of essential amino acids (EAA) in heifers consuming restricted
amounts of forage plus an undegradable intake protein (UIP) supple-
ment. Heifers were fed chopped (2.54 cm) bromegrass hay (6.7% CP,
68% NDF) at 30, 55, 80, or 105% of maintenance. Heifers fed below
maintenance were given increasing amounts of UIP supplement (6.8%
blood meal, 24.5% feather meal, and 68.7% fish meal; DM basis) in
an effort to provide an equal quantity of EAA to that of the 105% of
maintenance diet. Experimental periods were 21 d in length with 17 d
of adaptation followed by 4 d of intensive sample collection. True ru-
minal OM and NDF digestion (g/d) declined linearly (P < 0.01) with
decreasing intake, but did not differ (P > 0.31) among treatments when
expressed as a percentage of intake (54.2 £ 2.0% and 60.7 £+ 2.6%, re-
spectively). True ruminal N digestibility did not differ (P = 0.40) as
intake increased from 30 to 105% of maintenance intake. Non-microbial
EAA flow (g/d) was unaffected (P = 0.07) by treatment and averaged
182.8 x 19.6 g. As a result of a linear increase (P < 0.01) in microbial
EAA flow from 123.8 to 280.0 g/d, total EAA flow to the duodenum in-
creased linearly (P < 0.01) from 283.9 to 477.9 g/d as intake increased
from 30 to 105(%) of maintenance. Microbial EAA profile did not differ
(P = 0.63) across treatments. Flow of EAA to the small intestine in-
creased with supplementary UIP; however, total EAA flow to the small
intestine decreased because bacterial EAA flow declined with intake re-
striction. We conclude that dietary supplementation of UIP can be
used to balance supply of EAA, as long as there is an adjustment for
the decreased microbial EAA flow associated with beef cattle consuming
restricted amounts of forage.

Key Words: Restricted Intake, Amino Acids, Undegradable Intake Pro-
tein

90 The optimum valine:lysine ratio in nursery di-
ets to maximize growth performance in weanling pigs. B.
W. James*, R. D. Goodband, M. D. Tokach, J. L. Nelssen, J. M.
DeRouchey, and J. C. Woodworth, Kansas State University, Manhat-
tan.

The objective of this 21-d growth assay was to determine the optimal
true digestible valine:lysine ratio in diets to maximize growth perfor-
mance. A total of 210 pigs (initially 8.9 kg and approximately 28 d of
age, PIC C22 x 327) were blocked by weight and allotted randomly to
seven dietary treatments. Each treatment had six replicates and 5 pigs
per pen. Corn, soybean meal, and spray-dried whey were analyzed for
complete amino acid profiles prior to diet formulation. Crystalline L-
valine was added to the 1.12% true ileal digestible lysine (TID) basal diet
(14.2% CP) to provide 0.56, 0.616, 0.672, 0.728, 0.784, and 0.84% TID
valine (50 to 75% of lysine). The negative control diet (Neg) contained
less L-lysine HCI to provide 1.02% TID lysine and 0.84% TID valine
to ensure that lysine was not above the pigs requirement in the exper-
imental diets. Pigs fed the negative control diet gained less (P<0.03)
from d 0 to 21 when compared with pigs fed the diet containing 0.84%
TID valine with 1.12% TID lysine. Feed efficiency improved (quadratic,
P<0.01) from d 0 to 7 and d 7 to 14 with increasing dietary valine.
Increasing valine increased (quadratic, P<0.01) ADG and ADFI from d
0to7,d 7 to 14, and d 14 to 21. Overall, ADG and ADFI were maxi-
mized at 0.672% TID valine. Feed efficiency was optimized for pigs fed
diets formulated to contain 0.728% TID valine. The broken line model
predicted a requirement of approximately 0.616 to 0.672% TID valine.
These results suggest that the optimum TID Val:Lys ratio to maximize
growth performance of 9 to 17 kg pigs is approximately 60% of lysine
and is not above the requirement estimated (68% of TID lysine) by NRC
(1998).

% Val:Lys
Item 50 55 60 65 70 75 Neg
Days 0 to 21
ADG, g 203 341 380 379 376 366 330
ADFI, g 459 665 738 711 708 710 665
G:F 0.44 0.51 0.51 0.53 0.53 0.52 0.50

Key Words: Valine, Lysine, Weanling Pigs



91 Effect of phytase on plasma metabolites in pigs
after a meal. S. B. Williams*, J. O. Matthews, T. D. Bidner, and
L. L. Southern, LSU Agricultural Center, Baton Rouge, LA.

A feeding challenge experiment was conducted with barrows (eight per
treatment; average BW of 53 kg) to determine the effect of phytase on
plasma glucose, NEFA, insulin, and alpha-amino nitrogen concentra-
tions. Barrows were assigned to either a corn-soybean meal (C-SBM)
diet or C-SBM + 500 FTU of phytase per kilogram of diet. Diets pro-
vided 0.77% total Lys and met all other nutrient requirements for grow-
ing pigs. In the diet with no phytase Ca and available P were 0.50%
and 0.19%, respectively, and in the diet with phytase Ca and available
P were decreased by 0.12%. A catheter was surgically inserted into the
anterior vena cava of each pig 6 d before the start of the feeding chal-
lenge. The barrows were penned individually in metabolism crates and
the experimental diets were fed for 3 d before the feeding challenge was
conducted. The pigs were held without feed for 16 h and blood samples
were obtained at -60, -30, and 0 min before the pigs were fed (2% of
BW). Blood samples were then collected at 10, 20, 30, 40, 50, 60, 75,
90, 105, 120, 150, 180, 210, 240, 270, and 300 min post-feeding. Plasma
samples were analyzed for glucose, NEFA, insulin, and alpha-amino ni-
trogen concentrations. Plasma glucose concentrations and glucose area
under the curve were increased (P < 0.05) by 500 FTU of phytase.
Phytase did not affect (P > 0.10) NEFA concentrations, clearance, or
half-life. Insulin concentrations were increased (P < 0.05) by phytase,
but insulin area under the curve was not affected (P > 0.10). Phytase
did not affect (P > 0.10) insulin:glucose. Plasma total alpha-amino ni-
trogen concentrations were increased (P < 0.02) by the addition of 500
FTU of phytase. However, total alpha-amino nitrogen area under the
curve was not affected (P > 0.10) by phytase. There were no treat-
ment by time interactions (P > 0.10) in the data. These data indicate
that 500 FTU of phytase increases plasma glucose, insulin, and total
alpha-amino nitrogen concentrations following a meal.

Key Words: Pig, Phytase, Plasma Metabolites

92 Effect of a step-up or step-down ractopamine se-
quence for late-finishing pigs. C.T. Herr*, D.C. Kendall, K.A.
Bowers, S.L. Hankins, T.E. Weber, A.P. Schinckel, and B.T. Richert,
Purdue University, West Lafayette, IN.

One-hundred sixty pigs, 80 barrows (B) and 80 gilts (G) (initial BW=
71.9 kg) were allotted by sex and weight to evaluate the effect of feeding
a constant or a phase feeding treatment (trt) of varying ractopamine
(RACQC) levels on growth performance and carcass traits. Pigs were fed
one of four dietary trts ad libitum for 42 days. Treatments were as fol-
lows: 1) Control diet containing no RAC wk 0-6; 2) Step-down RAC
sequence: 20 ppm RAC wk 1 and 2; 10 ppm RAC wk 3 and 4; and
5 ppm RAC wk 5 and 6; 3) Step-up RAC sequence: 5 ppm RAC wk
1 and 2; 10 ppm RAC wk 3 and 4; and 20 ppm RAC wk 5 and 6; 4)
Constant RAC, 11.6 ppm wk 0-6. A 19.6% CP diet, 1.2% lys, and an
18.5% CP diet with a 1.1% lys level were fed to G and B, respectively.
Overall ADG was increased (1.05 vs .95 kg/d; P<.05) for pigs fed RAC
compared to the control. Pigs fed the step-up RAC had an increase in
overall ADG (1.07 vs 1.01 kg/d; P<.05) compared to step-down RAC.
The step-up RAC trt had decreased overall ADFI (2.73 vs 2.97 kg/d;
P<.05) compared to the control trt. The step-up and constant trts had
lower overall gain:feed compared to the step-down (.39 vs .36; P<.05)
and control pigs (.39 vs .32; P<.05). An increase in slaughter weight
(116.9 vs 111.9 kg; P<.05) was observed for the step-up and constant
trts compared to the control, and all pigs fed RAC had a higher hot
carcass weight (84.9, 87.7, 90.8, 90.0 kg; trt 1-4, respectively, P<.05).
A reduction in fat depth (19.8 vs 17.0 mm; P<.05), and an increase in
% lean (55.0 vs 53.0%; P<.05) was observed for pigs fed the step-up and
constant trts compared to the step down RAC and control trt. All pigs
fed RAC had an increase in loin depth (6.43 vs 5.86 cm; P<.05) and
had a higher carcass yield (77.27 vs 75.85%; P<.05) compared to the
controls. Constant and step-up trts yielded similar pig growth and car-
cass characteristics. The step-down program had reduced growth and
carcass characteristics compared to the step-up and constant programs.

Key Words: Pigs, Finishing, Ractopamine
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93 Defining the molecular weight cut-off for in vitro
digestible protein assay by comparison of the size distribu-
tions of the homoarginine-labeled soluble peptides of meat
and bone meal digested in vitro and in vivo. Y.R. Qiao* and
T.A. van Kempen, North Carolina State University.

To study the difference between an in vitro digestion and ileal digestion,
three guanidinated meat and bone meals (GMBM) with conversion of ly-
syl to homoarginyl of 74.35.6% were used in three digestion treatments,
namely in vitro (VIT), in vivo (VIV) and in vitro plus in vivo (VITVIV).
VIT was in vitro digestion with an in vitro method designed to maxi-
mally digest meat and bone meal with pepsin and pancreatin. VIV was
in vivo digestion of the GMBM. VITVIV was in vivo digestion of the VIT
treated GMBM. The in vivo treatment was done on ileal fistulated pigs
in a 6 X6 Latin square design. Post-digestion samples were centrifuged at
7,000 g and the dried supernatants were pooled and re-suspended in an
aqueous solution of 0.1% triflouroacetic acid and 35% methanol. After
filtration at 0.45 pm, the filtrate was used for size-exclusion chromatog-
raphy on a G2000SWXL column. Calibration was made with thirteen
peptides with molecular weights up to 14 kD. All the eluted fractions
were analyzed for homoarginine. Though the system could elute soluble
peptides above 14 kD, no homoarginine-containing peptides were found
in fractions with peptides larger than 5 kD. Of the total homoarginine
eluted, 12.03.1%, 0.10.1% and 0 appeared in fractions of between 1 kD
and 5 kD for VIT, VIV and VITVIV, respectively. The percent ho-
moarginine in fractions of between 1 kD and 5 kD in VIT was higher
than in VITVIV (P<0.01), suggesting effects of intestinal peptidases on
digesting the peptides coming from VIT digestion. VIV and VITVIV
were not different (P=0.97) in homoarginine distribution, suggesting
VIT treatment did not improve in vivo digestion and hence digestion
in vivo was not limiting for GMBM utilization. The study shows that
1 kD as the molecular weight cut-off to fractionate the digestible from
the indigestible is too low and may partly explain the underestimated

in vitro digestibility of feed proteins. The molecular weight cut-off can
be safely increased to 5 kD.

Key Words: Meat and bone meal, Digestion, Molecular weight cut-off

94 Economic analysis of calf- versus yearling-
finishing. D. J. Jordon*!, T. J. Klopfensteinl, C. T. Milton!, R. J.
Cooper!, T. L. Scott!, G. E. Erickson!, and R. T. Clark!, 1 University
of Nebraska.

Four yr of data were summarized comparing the economics of calf- and
yearling-finishing systems from 1995-1998. Steers were assigned to one
of two yearling treatments or calf-finishing. For yearling treatments,
steers grazed low-quality winter forages with or without energy sup-
plement. Steers that received energy supplement (wet corn gluten feed)
gained 0.70 kg/d (FAST). Steers that did not receive energy supplement
gained 0.19 kg/d (SLOW). Following the winter, yearling steers grazed
summer pastures followed by finishing. Steers used for calf-finishing
(CALF) were placed on feed in October and November. Feedlot initial
weights were 423, 370, and 278 kg for FAST, SLOW, and CALF, respec-
tively. Year X treatment interactions were found (P < 0.05) for ADG,
DMI, and feed efficiency. Steers on the FAST treatment gained faster
(P < 0.05) than SLOW, which gained faster (P < 0.05) than CALF in
1995. In the remaining three yr, yearlings gained similarly, and more
(P < 0.05) than CALF. For DMI, FAST consumed more (P < 0.05)
than SLOW which consumed more (P < 0.05) than CALF in 1995 and
1996. However, in 1997 and 1998, DMI was similar for yearling steers,
and was increased (P < 0.05) compared to CALF. Feed efficiency was
improved (P < 0.05) for CALF compared to FAST and SLOW in three
yr. However, in 1997 efficiencies were similar. Steers on the FAST treat-
ment profited $21.00/head compared to losses for SLOW (8$-20.66/head)
and CALF ($-23.18/head) when the entire yearling systems were com-
pared to calf-finishing. A comparison was also made of the economics
of calf-finishing and yearling treatments only during finishing. Steers
on the FAST treatment profited $29.78/head compared to $17.83/head
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(SLOW) and $-23.18/head (CALF). In this analysis, the FAST winter-
ing system was superior to SLOW and CALF whether the entire yearling
system or only the feeding period were evaluated. Several factors can in-
teract with profitability such as purchase price, forage costs, corn price,
and slaughter cattle price which will impact results.

Key Words: Yearling-finishing, Calf-finishing, Slaughter Breakeven

95 Effect of group size on pig performance in a
wean-to-finish production system. B. F. Wolter*!, M. Ellis!,
S. E. Curtis!, N. R. Augspurger!, D. N. Hamilton!, E. N. Parr?, and
D.M. Webel?, University of lllinois at Urbana-Champaign, 2United
Feeds, Inc. Sheridan, IN 46069.

Crossbred pigs (n = 1,400) were used to evaluate the effect of group size
(25 vs 50 vs 100 pigs/pen) in a wean-to-finish system on growth perfor-
mance and carcass measures. Pigs were weaned at 17 d of age (5.9 +
0.02 kg BW) and taken to a final mean pen weight of 116 + 0.9 kg. A
10-phase dietary regimen was used, and pigs had free access to feed and
water. Feeder-trough space (4.3 cm/pig) and floor-area allowance (0.68
m2/pig) were the same for all group sizes. Pigs in groups of 50 and 100
animals compared to 25 were lighter (P < 0.001) at the end of wk 8 after
weaning, and had lower (3%, P < 0.01) average daily gain (ADG) and
gain:feed (G/F), but similar (P > 0.10) average daily feed intake (ADFT)
during the first 8 wk of the study. At the end of the study, pig weight
(116 kg BW) and the coefficient of variation in pig weight within a pen
were similar (P > 0.10) across group sizes. During the period from 8 wk
after weaning to the end of the study, pigs in groups of 100 compared
to 50 had greater (3%, P < 0.01) ADG, with pigs in groups of 25 being
intermediate. Average daily feed intake during this period was similar
(P > 0.10) for all group sizes, however, G/F was greater (3%, P < 0.01)
for groups of 100 compared to 25 and 50 animals. For the overall study
period, ADG, ADFI, and G/F from weaning to slaughter weight were
similar across group sizes (P > 0.10; 655, 648, and 658 g; 1759, 1755,
and 1759 g; and 0.37, 0.37, and 0.37; for ADG, ADFI, and G/F, respec-
tively, for groups of 25, 50, and 100 pigs, respectively). Mortality was
similar (P > 0.10) across group sizes; however, morbidity (pigs removed
due to poor health or injury) was higher in groups of 25 pigs compared
to the other two group sizes (7.0, 3.5, and 3.9 % for groups of 25, 50,
and 100, respectively; P < 0.05). Group-size treatment did not affect (P
> 0.10) carcass dressing percent, backfat thickness, or loin-eye depth.
In summary, growth performance from weaning to market weight was
not affected by group size.

Key Words: Pigs, Group size, Wean-to-finish

96 The effect of an anabolic implant on allometric
growth of steer calves. K. W. Bruns*, R. H. Pritchard, and B. J.
Johnson, South Dakota State University.

Angus and Angus x Limousin steers (n=164) were used to evaluate the
influence of an estradiol-trenbalone acetate implant (revalor - s) on pro-
duction efficiency and carcass traits when administered at specific stages
of growth. Treatments (TRT) were as follows: NI) control No Implant;
EI) Early Implant, d 1, BW=309 kg; or DI) Delayed Implant, d 56,
BW=385 kg. Steers were procured at weaning and were backgrounded
(40d) prior to the initiation of the trial. Days on feed was constant
across TRT. After 56 d, ADG and gain efficiency (G/F) were improved
(P<.01) by implants, NI vs. EI (1.68 vs. 1.90 kg and .227 vs. .257).
After 112 d, DI caused higher ADG than NI or EI (NI 1.65, EI 1.57,
DI 1.78 kg; P<.05) and higher G/F (NI .155, EI .150, DI .173; P<.01).
Cumulative ADG and G/F were improved by implants (1.65 vs. 1.73
kg; P<.05) and (.175 vs. .186; P<.01) for NI vs. I, respectively with
no difference between implant TRT. Cumulative DMI was similar for
TRT. Implants increased dressing percent (60.9 vs. 61.6 %; P<.05),
increased (P<.01) carcass weight and REA (341 vs. 353 kg and 76.5
vs. 81.4 ch) for NI vs. I, respectively. Backfat and KPH were un-
affected by TRT. Implants advanced (P<.01) maturity scores (A°! vs.
A59) NI vs. I, respectively. Marbling scores were reduced (P<.05) by
EI and were unaffected by DI (NI Small®®, EI Small?!, DI Small®®).
Treatment affected (P<.10) the proportion of carcasses with marbling
scores greater than Modest® (NI 23.6, EI 7.8, DI 22.6 %). The results
of this study suggest that delayed implanting can improve the percent-
age of carcasses grading average Choice and higher without adversely
affecting production rates and efficiencies. The mechanism by which DI
increased the proportion of carcasses grading Modest® or better may be
due to an elevated caloric intake prior to the exposure of the anabolic
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implant and/or because the implant was administered after the stage
of growth when the rate of intramuscular fat deposition is greater than
subcutaneous fat deposition.

Key Words: Beef, Implant, Marbling

97 Effect of Tryptophan regimen on viremic state
and growth of viral challenged pigs. C. P. Machado*, T. S.
Stahly, and K. J. Yoon, lowa State University, Ames.

To determine the effect of dietary tryptophan (Trp) on the viremic state
and associated growth of animals during an acute viral challenge, pigs
were self fed one of four dietary total Trp concentrations: .09, .135,
.18 and .225% which represented 50, 75, 100 and 125% of the ideal ra-
tio (IR) of Trp:Lys, respectively (NRC, 1998). Lysine was provided at
0.95% of the diet and all other amino acids were provided at a minimum
of 100% of IR of Lys. Trp concentrations were achieved by substitut-
ing L-Trp for starch in the basal corn-soy-gelatin diet. Sixteen sets of
four littermate barrows from a high lean strain and a PRRS naive herd
were reared via an SEW scheme, penned individually and randomly al-
lotted within litter to Trp diets at 26 d of age (9.1 + 1.8 kg BW). Four
days later (d 0), each pig was oral-nasally inoculated with 2 ml of 10*
PRRS strain JA142/ml. Pigs were subsequently bled each 12 hr from
d 1 through 9 post inoculation (PI) and on d 10, 12, 16, 20 PI. BW
gain and feed intake for each 4-day period were measured from d -4 to
20 PI. Based on a two-slope breakpoint analysis, lowering dietary Trp
from 125 to 50% of IR minimized (P<0.05) peak serum virus concentra-
tion from 10452, 10432, 10 413, to 10%-34 for pigs fed 125, 100, 75, and
50% Trp, respectively. The associated growth response of pigs to Trp
regimen was dependent on the animal’s viremic state. Lowering dietary
Trp reduced daily gain and gain:feed ratio in each 4-day period but the
degree of reduction was minimized in periods of acute viremia (d 0 to
8 PI), resulting in a diet by period interaction (P<0.01). Lowering Trp
from 125 to 50% of IR reduced daily gains in each of the six consecutive
4-day periods from d -4 to 20 PI by 434, 259, 83, 330, 408, and 392 g,
respectively. Based on this study, lowering dietary Trp during a viral
challenge minimized viral replication. Therefore, it could be beneficial
to reduce Trp intake at the initiation of an acute viremic state and then
increase Trp intake when the viremic state is controlled.

Key Words: Pigs, Tryptophan, PRRS Virus

98 Effect of exogenous infusion of LH on develop-
ment of ovarian follicular cysts (cysts) in lactating dairy
cattle. J. H. Hampton*!, B. E. Salfen!, J. F. Bader!, D. H. Keisler!,
and H. A. Garverick!, 1 University of Missouri.

Two experiments were conducted to test the hypothesis that a high
pulse frequency and amplitude delivery of exogenous LH would induce
cysts in lactating dairy cows. In Exp. 1, estrus was synchronized in 12
lactating, cycling dairy cows and day of ovulation was determined by
ultrasonography. Following emergence of the second follicular wave (d
0), cows received LH (40 mg/h; n = 7) or saline (CON; 2 mL/h; n = 5).
Treatments began on d 1 and were delivered via a computer-controlled
syringe pump. On d 2 all cows received two injections of PGF2,, 12 h
apart. Treatments were administered for 5 (n = 5) or 7 (n = 7) d, or
until ovulation. In Exp. 2, 13 lactating, anestrous dairy cows (mean
= 8 d postpartum) received LH (40 mg/h; n = 6 ) or saline (CON; 1
mL/h; n = 7). Treatments were given as in Exp. 1 for 7 d, beginning 24
h after the emergence of the first follicular wave. In both experiments,
blood samples were collected daily to determine serum concentrations
of progesterone (P4), LH, and FSH. On d 3, blood samples were also
collected at 12 min intervals for 8 h to determine LH profiles. During
infusion, serum P4 and FSH were similar in LH-treated and CON cows
(P > 0.05) in both experiments. Infusion of LH increased serum LH
in a high pulse frequency and amplitude pattern in both experiments.
However, the number of cows forming cysts did not differ between LH-
treated and CON cows in Exp. 1 (1 of 7 vs 0 of 5, P = 0.58) or Exp. 2
(1 of 6 vs 0 of 7, P = 0.46). In cows that ovulated, mean d to ovulation
from initiation of treatments did not differ (P = 0.10) in Exp. 1 (6.0
+ 0.15 vs 6.4 £+ 0.16, in LH-treated vs CON cows, respectively), while
in Exp. 2, mean d to ovulation was earlier (P < 0.001) in LH-treated
vs CON cows (5.6 & 1.8 vs 19.9 £ 1.5, respectively). In summary, high



peripheral concentrations of LH alone are not a causative factor in de-
velopment of cysts in lactating dairy cows. However, pulsatile infusion
of LH decreases the interval to first ovulation in postpartum cows.

Key Words: LH, Cysts, Cows

99 Effect of pregnancy and nutrient restriction on
visceral mass and cellularity. A. N. Scheaffer*, D. R. Arnold,
D. J. Smith, M. L. Bauer, L. P. Reynolds, and J. S. Caton, North
Dakota State University, Fargo.

Twenty-eight mature cross-bred white-faced ewes (60 £+ 10 kg initial
BW) were fed a pelleted forage-based diet and used to evaluate effects
of pregnancy and nutrient restriction on visceral organ mass and cellu-
larity (hyperplasia and hypertrophy). Treatments were arranged in a 2
x 3 factorial, with dietary restriction (60%, R, vs 100% maintenance,
M) and slaughter period (non-pregnant, NP, d-90, and d-130) as main
effects. Visceral organ weights were collected from non-pregnant and
pregnant ewes (n = 4, 5, and 5 for NP, d-90, and d-130 within each diet,
respectively). Dietary treatments were initiated at d-50 of gestation

and remained at 60% of M throughout the experiment. Non-pregnant
ewes were fed dietary treatments for 40 d. Fetal mass and Empty BW
(EBW) were decreased due to R compared with M (2.30 and 47 vs 2.54
and 55 kg; P = 0.01, respectively). However, the main effect of R on
EBW existed because of an affect at d-130 (51 vs 62 kg, respectively;
P < 0.01). Liver mass was reduced by R (14.4 vs 16.7 g/kg EBW; P
< 0.01), and increased from the NP to d-90 (14.1 vs 17.0) and then
decreased to d-130 (15.8). Total visceral mass was not affected by treat-
ment or slaughter period (P > 0.10). Small intestine and mesenteric
mass were also unaffected (P > 0.10). Cellularity of the small intes-
tine was not impacted by R (P > 0.10). However, jejunal cell number
(DNA mg/g of tissue) was greater (P < 0.01) in R at d-130 compared
with M; while ileal tissue tended (P = 0.11) to have decreased number
of cells in response to R. Cell size (protein:DNA) was similar between
treatments (P > 0.10). These data suggest liver mass decreases due to
R. In this study, restriction of pregnant ewes did not impact cellularity
of the small intestine or mass of the gut. Pregnant ewes were able to
maintain gut mass and cellularity throughout the R period.

Key Words: Plane of Nutrition, Pregnancy, Intestinal Cellularity
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100 Identification of genes downstream of myo-
statin in the developing bovine embryo. J.K. Potts*!, T.P.L.
Smith?, and J.M. Reecy!, 'lowa State University, Ames, IA, 2USDA
MARC, Clay Center, NE.

Recently, it was reported that mutations in myostatin, a TGF-b family
member, were responsible for the double muscling phenotype in cattle.
However, the molecular mechanisms whereby myostatin inhibits skeletal
muscle growth have not been elucidated to date. Therefore, the objec-
tive of this study was to identify genes that are differentially expressed in
double-muscled (mh) and wild-type (wt) bovine embryos. To accomplish
this, dams and sires, selected and bred to minimize genetic variation at
loci other than myostatin, that were heterozygous for the Belgian Blue
myostatin allele were mated to generate +/4, mh/+ and mh/mh bovine
embryos. Previous research had demonstrated that myostatin was first
expressed at day 29 of embryonic development. Therefore, dams were
slaughtered after 31, 32, and 33 days of gestation in order to collect
embryos approximately 2 to 4 days after the initiation of myostatin
expression. Individual embryos were genotyped to determine the myo-
statin alleles present. For suppression subtractive hybridization analysis
(SSH), total RNA was extracted from two wt and two homozygous mh
embryos using the RNeasy mini kit. Subsequently, polyA RNA was pu-
rified from pooled total RNA samples with the Oligotex RNA mini kit.
Subtraction of embryonic cDNA was performed with the PCR-Select
cDNA Subtraction Kit. Differentially-expressed cDNAs were amplified
by two suppression PCR amplifications with the Advantage cDNA PCR
Kit. Subtracted PCR products were ligated into the T/A cloning plas-
mid vector pT-Adv and sequenced to determine their identity. Of the
first 58 expressed sequence tags (EST), 72% of the EST were homolo-
gous to known bovine EST. Whereas, 18% of the EST were novel. In
addition, 24% of these 58 EST had no homology to any known gene
in any other species. These results provide new information concerning
changes in gene expression associated with the double-muscled pheno-
type in cattle and indicate that SSH is an efficient method for identifying
differentially expressed genes in cattle.

Key Words: Myostatin, Expressed Sequence Tag, Cattle

101  Altered myosin heavy chain isoform transitions
in satellite cells and pectoralis major muscle from LSN
chickens. A. Yilmaz*, M. Wick, and S.G. Velleman, The Ohio State
University, Columbus, OH.

The aim of this study was to determine the temporal expression of sar-
comeric myosin heavy chain (MyHC) isoforms in proliferating and differ-
entiating satellite cells as well as in the pectoralis major (PM) muscle de-
rived from Low Score Normal (LSN) chickens. Myosin was isolated from
LSN and normal satellite cell tissue culture or the PM and analyzed by
semi-quantitative enzyme-linked immunosorbant assay (ELISA) using
monoclonal antibodies specific for ventricular (HV11), neonatal (2E9)
and adult (AB8) myosin heavy chain isoforms. ELISA results of MyHC
isoforms derived from LSN satellite cells showed delayed expression of
the ventricular myosin isoform in proliferating as well as differentiating

cells for up to 48 hrs. In contrast, neonatal and adult isoforms were
expressed in significantly higher concentrations in proliferating and dif-
ferentiating LSN satellite cells at nearly all times assayed. These results
suggest that the mechanisms down-regulating ventricular MyHC expres-
sion in LSN animals may participate in the simultaneous and sustained
increase in the expression of more mature MyHC isoforms, in vitro.
Temporal MyHC isoform transitions in the embryonic PM of LSN birds
showed earlier onset of the ventricular MyHC isoform than control em-
bryos of the same age. In addition, delayed expression of neonatal and
adult MyHC isoforms was observed in post hatch and adult LSN chick-
ens compared to control birds of the same ages. The altered MyHC
isoform expression observed in the PM of LSN chickens may be associ-
ated with the changes in myotube and sarcomere morphology and the
observed delay in muscle development in LSN chickens.

Key Words: Myosin Heavy Chain, Low Score Normal, Satellite Cells

102 Changes in muscle ultrastructure and tempo-
ral expression of myosin heavy chain isoforms in selenium
deficient chickens. A. Yilmaz*, M. Wick, and J.D. Latshaw, The
Ohio State University, Columbus, OH.

The objectives of this study were to determine the temporal changes in
muscle ultrastructure and myosin isoform expression in chickens recov-
ering from selenium (Se) deficiency by employing electron microscopy
(EM) and enzyme linked immunosorbant assay (ELISA) with mono-
clonal antibodies (mAbs) specific for cardiac ventricular (HV11) and
chicken fast sarcomeric neonatal (2E9) myosin heavy chain isoforms.
Hens were fed a low Se diet to reduce Se carryover to chicks. Chicks
were then fed a Se-deficient diet (0.04 ppm Se) or control diet (0.10 ppm
added Se). Those birds fed the Se-deficient diet began to develop ex-
udative diathesis (ED) at about 14d. Individual chicks showed evidence
of ED from 14d to 28d, and each was injected subcutaneously with 15
ng of selenite Se. Chicks were euthanized at 28d post-hatch and rep-
resented birds from 0d to 10d post-Se injection. The pectoralis major
(PM) was removed and either immediately embedded for EM or stored
on ice prior to myosin extraction for analysis by ELISA. Electron micro-
graphs of the muscles from Se-deficient animals demonstrated shrunken
mitochondria, and a generalized disruption of the sarcomere architecture
with a pronounced loss of M-line structure. These changes in myofiber
architecture may account for the loss of muscle function observed in Se
deficient chickens. Both M-line and mitochondrial structures were grad-
ually re-established by 10d post-injection. ELISA results demonstrated
little or no expression of ventricular MyHC isoform, which is generally
considered to be a participant in muscle regeneration. Expression of
the neonatal MyHC isoform was expressed at times consistent with the
expression observed in regenerating cold injured muscles. These results
suggest that muscles recovering from Se-induced myopathy skip a step in
the recapitulation of MyHC isoform ontogeny normally associated with
muscle regeneration and may partially account for the rapid recovery
rates observed in Se deficient birds upon administration of selenite.

Key Words: Myosin Heavy Chain, Selenium Deficiency, ELISA
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103 Protein accretion in pigs infected with my-
coplasma hyopneumoniae. J. Escobar*!, W.G. Van Alstine?, D.H.
Baker!, and R.W. Johnson?, ! University of lllinois, Urbana, IL, ? Purdue
University, W. Lafayette, IN.

Mycoplasma hyopneumoniae (Mh) is a cause of enzootic pneumonia.
Although Mh is thought to impair growth, protein accretion (PA) in
pigs with pneumonia has not been reported and how Mh reduces growth
is unknown. The objectives of this study were to evaluate the effects of
Mh on PA in nursery pigs and determine if a change in PA was asso-
ciated with increased expression of interleukin (IL)-18, IL-6 and tumor
necrosis factor (TNF)-a. Sixty-four 2-wk-old Mh-free pigs were used
(two trials) in a completely randomized block design. In each trial, two
pigs were housed in each of 16 chambers. At 4-wk of age pigs were in-
oculated with 3 ml Friis or Mh (P5722-3, 107 cfu/ml). Clinical signs
of disease and FI were monitored daily and BW was determined weekly
for 4 wk. Whole-body composition was determined from pigs killed 0,
14 and 28 d postinoculation (pi). At sacrifice, lung lesions were quan-
tified and lung tissue was collected to verify the presence or absence of
Mh and to determine cytokine mRNA levels. On the one hand, control
pigs presented no overt signs of infection, were Mh negative and free
of pulmonary lesions. On the other hand, Mh pigs showed pneumonic
coughing, were Mh positive, and had pulmonary lesions that affected
4.5% (P < 0.01) and 14.1% (P < 0.001) of total lung area at 14 and
28 d pi, respectively. Ribonuclease Protection assays showed increased
IL-18 (P < 0.04) and TNF-a (P < 0.06) mRNA in tissue from the
lesioned site compared to tissue collected 10 cm from lesioned site or
from control pigs. Surprisingly, Mh did not depress BW, ADG, ADFI,
or G:F during any week. Moreover, Mh did not affect water, fat, CP or
ash accretion. Despite induction of chronic disease and local expression
of cytokines, these data indicate that Mh alone was insufficient to af-
fect growth performance in nursery pigs. The ability of pigs to contend
against Mh may have been due to the absence of other pathogens that
are often isolated from pigs with enzootic pneumonia.

Key Words: Cytokines, Growth performance pig, Mycoplasma

104 Effects of summer heat on growth, carcass com-
position, and quality grades in feedlot steers. M.J. Leonard*,
E.P. Berg, D.E. Spiers, and L.E. McVicker, University of Missouri,
Columbia, MO.

Each summer there are economic losses in the Midwest due to heat-
related reductions in steer performance. A 120-day study was conducted
during the summer of 2000 to determine the effects of heat stress on
growth and carcass characteristics of feedlot cattle, and to evaluate the
benefits of shade. Angus x Simmental steers (n=30: Avg initial BW
428 kg) were randomly divided into two groups of fifteen and main-
tained in either shaded or non-shaded feedlot pens. Steers were pro-
vided a typical finishing diet (NEg .65 Mcal/lb) and water ad libitum.
Thermal status was measured using telemetric, temperature transmit-
ters (CowTemp, Model BV-010) inserted into the rumen that continu-
ously monitored core body temperature, and environmental conditions
(air temperature and percent relative humidity) were recorded using
data loggers (Onset Hobo). Maximum/minimum values for air temper-
ature and temperature-humidity index were 34.7/13.5 °C and 86/56,
respectively. Steers were harvested in groups of 10 with 5 animals com-
ing from each treatment group. Carcass yield and quality grades, muscle
pH, Hunter L*, a*, and b*-values, color saturation, and hue were deter-
mined 48 hours postmortem. The most significant effect was on muscle
composition , with ribeye area (13.0 vs. 11.9 in.?, P< 0.04) and hot
carcass weight (355.4 vs. 335.5 kg, P< 0.04) being increased in shaded
animals. However, there were no significant differences between quality
and yield grades, due to similarities in back fat, KPH fat, and marbling
scores. While there was some indication that shade improved carcass
muscling during heat stress, the benefit of shade was not completely re-
alized due to the mild summer conditions. Further studies will evaluate
additional benefits of shade on carcass composition and quality during
more severe periods of heat challenge.

Key Words: Carcass quality, Heat stress, Beef cattle
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105 Appetite-regulating gene expression is altered
by weaning in 2-wk-old pigs. R.L. Matteri*!, A. Woldeghebriel?,
C.J. Dyer3, D.H. Keisler®, D.L. Grohs3, and F.C. Buonomo?, ' Animal
Physiology Research Unit, USDA-ARS, Columbia, MO, 2Lincoln
University, Jefferson City, MO, 3Monsanto Co., Chesterfield, MO,
4Universil'y of Missouri, Columbia, MO.

Weaning the piglet results in a well-characterized reduction in nutri-
tional intake and growth. The objective of this study was to evaluate
changes in hormonal indicators of nutritional status and the expression
of genes involved in appetite control 24 h after weaning. At 14 d of
age, piglets were either weaned (W) or kept with their sow (S). Each
treatment group consisted of 6 barrows and 6 gilts. Animals were sac-
rificed after 24 h for blood and tissue collection. Weight gain over this
period was significantly affected by weaning (.36 4 .03 and -.26 + .03
kg in S and W pigs, respectively; P < .0001). Serum growth hormone
concentrations were higher in W, compared to S piglets (P < .0001).
Conversely insulin-like growth factor (IGF)-1 and IGF-2 concentrations
were reduced by weaning (P < .0001). The only significant difference
between sexes was observed in serum IGF-2 concentrations, which were
highest in barrows (P < .01). Serum insulin levels did not differ between
groups. Weaning increased agouti-related protein (AGRP) mRNA lev-
els by 25% in the hypothalamus (P = .019), and tended to increase
neuropeptide-Y (NPY; P = .08) and melanin-concentrating hormone
(MCH; P = .09) mRNA. Weaning did not affect hypothalamic mRNA
levels of cocaine and amphetamine-regulated transcript, MCH receptor,
type 4 melanocortin receptor, type 2 orexin receptor, or orexin. The
results suggest that increased production of hypothalamic AGRP, an
appetite-stimulatory factor, may be involved in the recovery of intake
and growth following weaning.
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106 Growth and body composition in growing-
finishing pigs fed a liquid milk replacer diet throughout
the nursery phase. M. E. Spurlock*!, J. L. Kuske!, C. Camacho-
Real, G. R. Frank?, G. M. Willis2, and K. L. Houseknecht3, 1 Purdue
University, West Lafayette, IN, 2Purina Mills, Inc., St. Louis, MO,
3 Pfizer, Inc., Groton, CT.

At weaning, 96 pigs were placed in 12 replicate pens per diet (4 pigs
per pen), and fed a liquid milk replacer (MR) or conventional dry diet
regimen (DD) throughout the 5-week nursery phase. At the end of 5
wk, 12 pigs from each diet (1 pig per pen) were killed for determination
of whole body chemical composition. The remaining pigs were assigned
to BW groups (60, 85, and 110 kg), placed in individual pens, and fed a
commercial-type growing-finishing regimen until killed at their respec-
tive BW targets for determination of the chemical composition of whole
empty bodies. Over the nursery phase, the ADG of the pigs fed the MR
exceeded that of the pigs fed the DD by 44% (P < 0.05). Fat gain in
these pigs was 1.8 times that of the pigs fed the DD, and percentage
body fat was 45% greater (P < 0.05). Acetyl-CoA carboxylase activity
(per mg of adipose extract protein) was not different between the two
diet groups at the conclusion of the nursery period. By 110 kg BW,
body fat was actually reduced (P < 0.05) by 7.7% (actual fat mass) and
8.3% (percentage basis) the pigs fed MR vs. the DD group. In the nurs-
ery phase, actual protein gain was increased (P<.05) 22% by feeding
the MR. Whereas leptin mRNA abundance increased (P < 0.05) in adi-
pose tissue with BW, there was no effect of diet. The abundance of the
mRNA for peroxisome proliferator activated receptor (PPAR) gamma 1
or 2 was not influenced by diet or BW. However, the abundance of the
mRNA for PPAR alpha at 85 kg BW was 1.6 times (P < 0.05) that of
the pigs sampled at the completion of the nursery phase. These data
provide additional evidence that pigs have considerably more potential
for growth in the nursery phase than we typically achieve with conven-
tional weaning programs. Furthermore, body fat in these pigs seemed
to adhere to a set point principle such that compensatory changes in fat
gain corrected the early diet-induced obesity.

Key Words: pig body composition, pig growth, leptin



107 Ractopamine, beta-agonists and muscle re-
search: where do we go from here? Don H. Beermann*,
University of Nebraska, Departmemnt of Animal Science.

Mechanisms by which Ractopamine and other beta-adrenergic agonists
stimulate skeletal muscle growth will be discussed. Receptor speci-
ficity differences preclude generalizations regarding mechanisms of ac-
tion. Oral administration dose-response studies in laboratory animals
provide evidence that indirect endocrine-mediated affects are not an es-
sential component of efficacy. Results from age-comparison studies in
laboratory animals and livestock species provide evidence that metabolic
maturity of skeletal muscle may be a critical factor with regard to effi-
cacy, suggesting that receptor presence and density is important. Tem-
poral studies demonstrate the rapidity of responses associated with pro-
tein and lipid metabolism changes, and the progressive decline in rate of
anabolic response in skeletal muscle. Investigations in which progressive
beta-adrenergic receptor density reductions are observed suggest, like-
wise, that protein accretion rate and muscle growth rate responses are
receptor-mediated. Measurement of direct in vivo metabolic affects have
been conducted in relatively few experiments. Detailed blood flow and
hind limb net flux data are available for a single betasagonist,cimaterol.
Pharmacokinetics and net flux studies using close arterial infusion of
cimaterol in the hind limb of growing cattle demonstrate large transient
increases in essential amino acid extraction from the circulation and net
uptake when compared to the control saline-infused contralateral hind
limb. Predictions of differential net effects on protein accretion using
integration of essential amino acid accretion measurements during 21
days of treatment is corroborated by quantitative differences in protein
mass of individual muscles from treated and control hind limbs. Defini-
tive signal transduction pathway mechanism(s) of action for changes in
protein synthesis and degradation have not been reported. Therefore,
elucidation of cellular and intracellular components of the mechanism(s)
associated with beta-agonist induced skeletal muscle hypertrophy is in-
complete.

Key Words: Ractopamine, Beta Agonists, Muscle Growth

108 Beta-adrenergic receptor modulation of
adipocyte metabolism and growth. Harry J. Mersmann*,
USDA/ARS Children’s Nutrition Research Center, Department of
Pediatrics, Baylor College of Medicine.

Beta-adrenergic receptor (BAR) agonists reduce body fat in mammals
and birds. Synthetic adipocyte lipid metabolism is decreased in BAR
agonist-treated animals or by agonists in adipocytes in vitro. Degrada-
tive lipid metabolism is increased by BAR agonists in adipocytes in vitro
and in vivo. The BAR agonist effects are blocked by BAR antagonists.
In mammalian tissues, there are at least three distinct beta-adrenergic
receptor (BAR) subtypes; beta-1 (B1AR), beta-2 (B2AR), and beta-3
(B3AR). Individual tissues have different proportions of subtypes, e.g.,
greater than 85% of the BAR in rat heart = B1AR, in hamster lung =
B2AR, and in rat adipocytes = B3AR. Subtype distribution within a
tissue varies with species, e.g., human heart has 65% B1AR and porcine
adipocytes have less than 10% B3AR. Also, there is species variation in
the amino acid sequence of a subtype. Thus, it is expected that some
BAR agonists would have different effects in the same tissue in differ-
ent species because of different BAR subtype distribution and/or amino
acid sequence. In support of these concepts, the pharmacology of BAR
agonists and antagonists in adipocytes is in many cases species specific.
Cloning of individual BAR subtypes allows determination of the phar-
macology of subtypes from that species, e.g., porcine BIAR, B2AR, and
B3AR were cloned by Mills and co-workers (Purdue). Cloned subtype
pharmacology indicates selected agonists or antagonists can be used to
assess the proportion of BAR subtypes. Nucleic acid sequences of the
subtypes were used to prepare probes to quantify the subtype mRNAs.
The pharmacological and mRNA data agree rather closely and indicate
porcine adipocytes contain 70+ percent BIAR. The effects produced by
a BAR agonist (or antagonist) on adipose tissue in vivo depend not only
on the species and the adipocyte BAR subtype distribution, but also on
the pharmacokinetics and pharmacodynamics of the compound in that
species, including blood flow to the tissue, and the multiple metabolic
and endocrine effects of the compound in other tissues of the body. In
short, it is expected that individual BAR agonists would have somewhat
different effects in different species.

Key Words: Adipocyte, Beta-adrenergic receptor subtypes, Beta-
adrenergic receptors

109 Implications of feedback regulation of Beta-
adrenergic signaling. S.E. Mills*, Purdue University, West
Lafayette, IN.

Receptor-mediated signals are tightly regulated by feedback inhibition
and act to prevent signal overload and to reset the receptor to a changing
environment. Short-term regulation (desensitization) of beta-adrenergic
receptors (BAR) involves receptor phosphorylation and uncoupling of
the receptor from the G protein Gs. Chronic exposure to ligand leads to
reduced receptor number (down regulation), and results from a combina-
tion of receptor internalization and degradation, and decreased mRNA
abundance. The extent of BAR regulation is subtype-specific with a
rank order of 32AR> B1AR > (B3AR. Differences between species are
expected also because amino acid sequence differs. Desensitization and
down-regulation of BAR in pig tissues has been demonstrated in vivo
and in vitro, although skeletal muscle exhibits a blunted response com-
pared to adipose tissue and changes in mRNA abundance have not been
observed. Desensitization presents a challenge clinically in the treatment
of human disease and may well limit the effectiveness FAR ligands used
to promote livestock production. Pigs fed SAR ligands show a rapid re-
sponse in growth and feed efficiency that tends to peak during the first
7 to 10 days but declines thereafter toward zero by approximately six
weeks. A similar pattern was reported in rats fed clenbuterol and was
accompanied by a 50 percent reduction in BAR in skeletal muscle. Feed-
ing clenbuterol every second day prevented the decline in the response
to clenbuterol and gave a growth response that was equivalent to daily
dosing. The