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GROWTH AND DEVELOPMENT AND DAIRY COMMITTEE SYMPOSIUM
Conjugated Linoleic Acid: Effects on Metabolism and Health

1 Biosynthesis of CLA and its incorporation into
meat and milk of ruminants. D. Bauman*! and J. M. Griinari?,

L Cornell University, Ithaca, NY USA, 2 Valio Ltd., Helsinki, Finland.

Food products from ruminants are the major dietary source of CLA for
humans. The uniqueness of CLA in ruminant fats relates to the bio-
hydrogenation of unsaturated fatty acids by rumen bacteria. CLA is
an intermediate in the biohydrogenation, and a portion escapes the ru-
men and is incorporated into fat. In addition, the animal itself syn-
thesizes CLA from trans-11 octadecenoic acid, another intermediate
in ruminal biohydrogenation which is absorbed. This involves delta
9_desaturase which is present in mammary tissue (lactation) and adi-
pose tissue (growth). Investigations to alter CLA content have typically
involved lactating cows (milk fat) with less data from growing cattle
(meat fat). Dietary factors which alter CLA content through effects on
the rumen biohydrogenation processes include unsaturated fatty acid
substrates (e.g. type and amount of plant lipids) and altered rumen en-
vironment (e.g. fiber level, ionophores). The cis-9, trans-11 CLA isomer
is the major isomer found in ruminant fat and typically represents 90%
or more of the CLA isomers in milk fat but its proportion in beef fat is
only 60 to 85%. Thus, dietary factors also alter the direction of the bio-
hydrogenation pathways in the rumen. CLA possesses anticarcinogenic
effects and our recent work has shown this relates to the 9, 11 isomer
as evident from results with the rat mammary tumor model. CLA also
alters lipid accretion and nutrient partitioning in several species, effects
frequently referred to as antiobesity. Our recent work demonstrates this
relates to the 10, 12 and the 8, 10 CLA isomers as evident by milk fat
depression in lactating cows.
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2 Identification of the CLA isomer responsible for
milk fat depression. L. Baumgard*!, B. Corl!, D. Dwyer!, A.
Saebo?, and D. E. Bauman!, ! Cornell University, 2 Natural Lipids Ltd.

Conjugated linoleic acid (CLA), an octadecadienoic fatty acid, is a
derivative of linoleic acid with conjugated double bonds which occurs
naturally in meat and milk from ruminants. CLA has been shown to
be anticarcinogenic, antiatherogenic, antidiabetic and an immune stim-
ulant. In addition, it has profound effects on lipid metabolism. We
previously reported abomasal infusion of CLA caused a 50% reduction
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in milk fat synthesis. Our objective was to evaluate effects of specific
CLA isomers on milk fat synthesis. Three multiparous Holstein cows
(111412 DIM) were utilized in a 3x3 Latin square design to determine
effects of 2 specific CLA isomers on milk yield and composition. Treat-
ments consisted of 4-d abomasal infusion of 1) control, 4 L of skim
milk/d (adjuvant), 2) 9,11 CLA, 10 g/d of cis-9, trans-11 CLA isomer
and 3) 10,12 CLA, 10 g/d of trans-10, cis-12 CLA isomer. CLA iso-
mers represented .05% of DMI. Data represent the means from days
3 and 4 of infusion and were considered significant at P<.05. Treat-
ments had no effect on DMI, milk yield, protein yield, or SCC. Relative
to control and 9,11 CLA, infusion of 10,12 CLA caused a reduction in
milk fat percent (3.04%, 2.94%, 1.92°) and milk fat yield (1068%, 1086,
696° g/d). Infusion of 9,11 CLA increased the milk fat content of cis-
9, trans-11 CLA to 8.0 vs 4.9 mg/g in control. Infusion of 10,12 CLA
increased milk fat content of trans-10, cis-12 to 3.9 vs <0.1 mg/g in
control. Compared to control and 9,11 CLA, infusion of 10,12 CLA re-
duced de novo synthesized fatty acids by 44% (265%, 275%, 152° g/d)
and preformed fatty acids by 24% (471¢, 5007, 370° g/d). There were
no treatment effects on the ratio of C16:0/C16:1 but infusion of 10,12
CLA increased C14:0/C14:1 (10%, 11.9%, 17.8%) and C18:0/C18:1 (0.40%,
0.51¢, O.71b). Treatment had minimal effects on plasma concentrations
of glucose, NEFA, insulin or IGF-I. Results clearly demonstrate trans-
10, cis-12 is the CLA isomer responsible for inhibition of milk fat syn-
thesis. By analogy, 10,12 CLA would be responsible for the antiobesity
effects in growing animals.

Key Words: CLA

3 Variation of milk fat concentration of conjugated
linoleic acid and milk fat percentage is associated with
a change in ruminal biohydrogenation. J. M. Griinari*!, K.
Nurmelal, D. A. Dwyer?, D. M. Barbano?, and D. E. Bauman?, 1 Valio
Ltd., Helsinki, Finland, % Cornell University, Ithaca, NY.

Conjugated linoleic acids (CLA) have demonstrated a number of health
benefits in animal models. Our previous work with lactating dairy cows
has shown that a wide range of milk fat CLA concentrations can be
produced (Kelly et al. 1998. J. Nutr.128:881). This study was con-
ducted to produce milk fat with high CLA content. Cows (n=23) were
fed a total mixed diet with 30% forage supplemented with sunflower oil
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at 5.3% of dietary dry matter. Data presented here are based on milk
samples (n=23) obtained on day 11 after the feeding of the sunflower oil
supplemented diet was started. A subset of these cows which had the
highest milk fat content of CLA (n=10) were sampled again on day 18.
Concentration of c¢is-9, trans-11 CLA in milk fat on day 11 averaged
2.5% of total fatty acids and the individual cows ranged from 0.7 to
4.9%. Unexpectedly, over the next seven days in the high CLA subset,
milk fat content of c¢is-9, trans-11 CLA decreased from an average of
3.49 to 1.95%. Decrease in milk fat cis-9, trans-11 CLA was associ-
ated with a decrease in milk fat content of trans-11 C18:1 and with an
increase in trans-10 C18:1 suggesting a change in ruminal biohydrogena-
tion. Variation in milk fat concentration of cis-9, trans-11 CLA in the
entire data set was closely predicted by concentrations of trans-11 C18:1
in milk fat (y = 0.40x + 0.46; R? = 0.8). Similarly, variation in milk fat
concentration of another CLA-isomer, tentatively identified as trans-10,
cis-12 CLA, was predicted by concentrations of ¢trans-10 C18:1 in milk
fat (y = 0.013x + 0.011; R? = 0.7). Furthermore, variation in milk fat
percentage was predicted by concentrations of trans-10, cis-12 CLA in
milk fat (y = -9.1x + 3.47; R? = 0.5). These data support the role
of trans-11 C18:1 as a precursor of milk fat cis-9, trans-11 CLA over
a wide range of trans-11 C18:1 supply. Data also provide additional
support for our previous work (Griinari et al. 1998. JDS. 81:1251) in-
dicating an involvement of trans-10 C18:1 and trans-10, cis-12 CLA in
milk fat depression.

Key Words: CLA, Milk fat depression, Biohydrogenation

4 Examination of the importance of A%-desaturase
and endogenous synthesis of CLA in lactating dairy cows.
B. A. Corl*!, S. H. Lacy!, L. H. Baumgard!, D. A. Dwyer!, J. M.
Griinari2, B. S. Phillips®, and D. E. Bauman?!, Cornell University,
Ithaca, NY, 2 Valio Ltd., Helsinki, Finland, > New Crops Research Unit at
the National Center for Agricultural Utilization Research, ARS, USDA.

Conjugated linoleic acids (CLA) are geometric and positional isomers
of linoleic acid which have been shown to have a number of positive
health benefits in animal models. CLA is an intermediate in the biohy-
drogenation of linoleic acid by rumen bacteria and it was thought this
was the sole source of CLA in ruminants. However, we challenged this
idea and our recent studies demonstrated that endogenous synthesis of
CLA occurs from trans-11 C18:1, another intermediate in rumen biohy-
drogenation, via the enzyme A%-desaturase (Corl et. al., J. Dairy Sci.
81 (Suppl. 1):233). Our objective in this study was to examine the
importance of A%-desaturase and the extent of endogenous synthesis of
CLA. To do this, we used sterculic acid, a nineteen carbon fatty acid
with a cyclopropene ring structure located between carbons 9 and 10,
which specifically inhibits A°%-desaturase. Sterculic acid was isolated
from the seeds of Sterculia foetida. We found the seeds contained 23%
oil by mass, and sterculic acid comprised 55% of the fatty acids in the
oil. The sterculia oil was prepared as an emulsion in skim milk which
was abomasally infused into high producing dairy cows. In the prelimi-
nary study, 3 cows (140 & 53 DIM) were abomasally infused for 4 d with
the emulsion (10 g/d sterculia oil). Infusion had no effect on dry matter
intake or the yield of milk and milk fat. However, milk fat composition
was altered. Consistent with an inhibition of A%-desaturase, the ratio of
stearate to oleate was increased by 181%. Furthermore, the infusion of
sterculia oil reduced CLA by 40%. This represents a minimum estimate
of the contribution of endogenous synthesis of CLA and studies are in
progress to refine this estimate. Nevertheless, it is clear that endogenous
synthesis of CLA is a major source of CLA in milk fat.

Key Words: CLA, desaturase

5 Interactive effects between fat source and modi-
fied tall oil on growth performance and carcass character-
istics of finishing pigs. J. C. Woodworth*, R. D. Goodband, J. A.
Unruh, J. L. Nelssen, M. D. Tokach, A. T. Waylan, and P. R. O'Quinn,
Kansas State University, Manhattan.

One hundred, forty-four pigs (initially 41 kg BW) were used to determine
the interactive effects between fat source and modified tall oil (MTO) on
growth performance and carcass characteristics. Pigs were blocked by
ancestry and initial weight and randomly allotted to one of the twelve
treatments arranged in a 2 X 2 X 3 factorial with main effects of sex
(barrows (B) or gilts (G)), MTO (0 or .5% of the diet), and fat source
(no added fat (NF), 6% choice white grease (CWG), or 6% poultry fat
(PF)). Corn-soybean meal diets were fed from 41 to 66 (1.1% lysine) and
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66 to 113 (.75% lysine) kg. Overall, B had greater (P < .0001) ADG
and ADFI compared to G. Modified tall oil had no effect (P < .16) on
ADG, ADFI, or G/F. Pigs fed diets containing PF had decreased (P
< .01) ADFI and increased G/F compared to pigs fed diets containing
NF or CWG with pigs fed CWG having intermediate response. A fat
source X sex interaction was observed for G/F, with G fed NF having
lower (P < .05) G/F than B; however, G fed PF had higher G/F than B.
When pigs reached 113 kg, one pig per pen was slaughtered to measure
carcass characteristics. Gilts were leaner, had increased LMA, lean %,
and pH and had firmer bellies compared to B (P < .04). Belly firmness
was improved (P < .06) by MTO. Pigs fed PF had increased (P < .002)
average backfat thickness compared to pigs fed NF. Pigs fed CWG had
firmer (P < .008) loins compared to pigs fed PF, and decreased (P <
.04) longissimus drip loss compared to pigs fed NF or PF. Pigs fed NF
or CWG had firmer bellies than those fed PF (P < .05). Instrumental
color of the longissimus muscle and fat was not affected by MTO or fat
source (P < .40). In conclusion, regardless of fat source, MTO improved
belly firmness. Added fat decreased ADFI and increased G/F. Pigs fed
PF had the highest G/F, but the fattest carcasses and softest loins and
bellies.

Key Words: Pigs, Fat, Modified Tall Oil

6 Conjugated linoleic acid (CLA): A ruminant fatty
acid with beneficial effects on human health. M. A. McGuire*!
and M. K. McGuire?, 1 University of Idaho, Moscow, 2 Washington State
University, Pullman.

Diet has a significant impact on human health. Although the human diet
contains components which may promote cancer, it also contains compo-
nents with a potential to prevent cancer. Research shows that ruminant
fat contains an anticarcinogenic compound called rumenic acid (RA).
This fatty acid is produced when dietary linoleic acid is isomerized by
rumen bacteria during biohydrogenation and is one form of a family of
fatty acids collectively called CLA. Although commercial sources of CLA
contain other forms of CLA, ruminant fat contains primarily RA. Clas-
sic models of tumorigenesis in rodents have demonstrated that CLAs
inhibit the growth of a variety of tumors. All studies demonstrate that
CLA can be an effective inhibitor of tumor growth at concentrations
in the diet less than 1%. The feeding of CLA during only the period
of rapid mammary gland development, offers protection for life from
mammary cancer. Further, protection from mammary cancer by CLA
is independent of the amount or type (saturated or unsaturated) of fat
in the diet. Moreover, RA and milk fat rich in RA can act to inhibit
mammary tumor growth similar to results when commercial sources of
CLA are fed, suggesting that RA is the anticarcinogenic CLA. Humans
appear to produce little CLA in their bodies and thus, diet is probably
the primary source. We have shown that CLA intake influences CLA
content of blood and breast milk. This may be significant, since di-
ets rich in dairy products and beef could supply humans with the level
of CLA necessary for protection from cancer. Other evidence suggests
that CLA can influence atherosclerosis, growth, immune function and
diabetes; reinforcing the important role of ruminant fat in establishing
optimal human health. Together, these relatively recent findings con-
cerning the health benefits of CLA (and specifically RA) suggest that
ruminant fats remain a significant part of the human diet. One way to
accomplish this without increasing energy intake is the use of butter,
instead of margarine or other non-dairy substitutes.

Key Words: Conjugated Linoleic Acid, Rumenic Acid, Health

7 Effects of modified tall oil on body composition
and serum and tissue levels of a-tocopherol, cholesterol,
and phospholipids in ovariectomized rats. P. R. O'Quinn*, S.
. Koo, S. K. Noh, J. L. Nelssen, R. D. Goodband, and M. D. Tokach,
Kansas State University, Manhattan.

Adult ovariectomized rats (a model for post-menopausal women) were
assigned (n = 13/group) by BW (initially 256.8 g) to either a standard
AIN-93G diet containing 8% a-tocopherol (a'TP)-stripped soybean oil
or the same diet containing 1% modified tall oil (MTO) at the expense
of soybean oil. Diets were matched in fatty acid profile except for the
isomers of conjugated linoleic acid found in MTO. Rats were pair fed
(90% of ad-libitum intake) twice daily for the duration of the 6 wk trial.
By 3 wk, rats fed MTO had reduced (P < .05) BW; this trend continued
for the duration of the trial. Rats fed MTO had higher (P = .05) non-
protein respiratory quotient (RQ) and lower (P = .05) heat production
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(KJ/hr/BW(kg)) when measured over a 44-hr fast, indicating more ef-
ficient utilization of glucose substrates by rats fed MTO. Rats fed MTO
also had lower total body fat (P < .001) and more lean tissue (P < .05)
measured via dual energy X-ray absorptiometry (DEXA). Serum total
cholesterol and phospholipids (PL) did not differ between groups (P >
.05), but rats fed MTO had lower oTP levels (P < .005) at 4 and 6 wk.
Total cholesterol, PL, and aTP levels in the heart and brain were not
affected by diet; rats fed MTO had higher (P < .05) total cholesterol
in the liver, kidneys, and abdominal and retroperitoneal fat. Rats fed
MTO also had higher (P < .05) liver PL, lower gastrocnemius TP, and
higher abdominal fat lipid content. Rats fed MTO had enhanced (P <
.005) abdominal and retroperitoneal fat o TP over control rats (134.11
vs 81.66 nmol/g and 128.51 vs 92.87 nmol/g for rats fed MTO and the
soybean oil control diets, respectively). These results suggest that, un-
like growing pigs, adult ovariectomized rats fed MTO grow slower due to
a decreased efficiency of gain, were leaner, had less total body fat, used
glucose substrates more efficiently for fuel during fasting, and preferen-
tially deposited aTP in fat tissues when compared to rats fed a control
diet.

Key Words: Modified tall oil, Body composition, a-tocopherol

8 Anti-diabetic effects of dietary conjugated linoleic
acid (CLA): Isomer-specific effects on glucose tolerance and
skeletal muscle glucose transport. J. Ryder!, D. BaumanZ,
C. Portocarrero3, X. Songl, M. Yul, D. Barbano?, J. Zierath!, and
K. Houseknecht*3, 1 Karolinska Institute, 2 Cornell University, 3 Purdue
University.

CLA are geometric and positional isomers of linoleic acid. Although
the role of specific isomers has not been established, CLA have anti-
cancer, anti-atherogenic and anti-obesity properties. We have reported
that CLA improves glucose tolerance in ZDF rats and activates PPARy
response elements in vitro. It is not known which CLA isoforms are
responsible for the anti-diabetic effects. Here, our aim was to elucidate
the mechanism(s) by which CLA (2 different isomer mixtures) improves
glucose tolerance. Male normoglycemic, prediabetic ZDF rats were fed
either control diet (C), CLA oil supplemented diet (1.5% CLA; 50%
c9, t11, 50% c10, t12 isomers; COIL), high CLA butter supplemented
diet (1.5% CLA; 90% c9, t11 isomer; BUTTER) or were pair-fed (P)
the C diet to match the intake of COIL rats. Following 11 d of treat-
ment, glucose tolerance tests were performed. After 14 d of treatment,
3-O-methylglucose transport into soleus and EDL muscles was assessed.
Insulin (IN)-stimulated PI3-kinase activity was determined in soleus and
EDL muscles. COIL rats ate fewer g of food and grew more slowly than
C fatty rats (P<0.05). BUTTER rats weighed more than all other treat-
ments (P<0.05). Although food intake was identical, final body weights
were lower for COIL vs. P rats (P<0.05). Epididymal fat pad weight
was reduced by both COIL and P (P<0.01) compared to BUTTER or
C. There was no effect of treatment on glycogen in liver or muscle of fed
rats. Plasma trigylcerides were lower in COIL and BUTTER vs P or C
(P<0.03). Fed blood glucose and IN were reduced in COIL and P rats
compared to C or BUTTER (P<0.05). Glucose tolerance was improved
by COIL but not BUTTER compared to C (P<0.01). Pair-feeding had
an intermediate effect on glucose tolerance compared to COIL. Glucose
transport into EDL muscle was not improved by any treatment. COIL
but not BUTTER or P, increased IN-stimulated glucose transport into
soleus muscle compared to C (P<0.01). PI3-kinase activity in EDL and
soleus was not affected by treatment. Thus the anti-diabetic effects of
CLA appear to be specific for the ¢10,t12 isomer. Furthermore, the
improved glucose tolerance in COIL rats is due, at least in part, to in-
creased IN-stimulated glucose transport into soleus muscle, and cannot
be explained simply by reduced food intake.

Key Words: Fatty acid, Insulin, CLA

9  Feeding conjugated linoleic acids (CLA) decreases
lipogenesis and alters insulin responsiveness in porcine adi-
pose tissue explants. M. L. Heckart*, J. M. Eggert, A. P. Schinckel,
S. E. Mills, and S. S. Donkin, Purdue University, West Lafayette, IN.

Dietary conjugated linoleic acids (CLA) have profound effects on body
composition and glucose homeostasis in several species. The addition of
CLA to diets for swine may be a strategy to alter glucose utilization for
lipogenesis in favor of energy partitioning towards lean growth. Thirty
pigs from each of two genetic populations characterized by high or av-
erage carcass lean percentage (54 vs 52% fat-free lean) were fed a corn
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and soybean meal diet with the addition of 0 or 0.6% conjugated linoleic
acids (CLA) in a 2 X 2 factorial arrangement of treatments. Pigs were
serially slaughtered at 23, 46, 68, 91, 114 and 136 kg body weight to ob-
tain subcutaneous adipose tissue. The effect of insulin (0, 100 nM) on
lipogenesis (nmol glucose incorporated into total lipids - h-1 - mg tissue
-1) from 5.5 mM U-[14C]glucose was determined during a 2 h incubation
period. Basal lipogenesis was not different between the two genotypes
(8.6 vs 9.1; high lean vs low lean). There were no interaction effects (P
> .05) for CLA X genotype X body weight X insulin, or CLA X insulin
X body weight, or genotype x CLA, or body weight x CLA. There was
a genotype X insulin effect (P < .05) which indicated insulin was more
effective in low lean pigs. There was no CLA X genotype X body weight
effect (P > .05). Basal lipogenesis was decreased (P < .05) in adipose
tissue from pigs fed CLA (6.3 vs 11.3; CLA vs. control) as was lipoge-
nesis in the presence of 100 nM insulin (15.1 vs 24.3; CLA vs. control
) characterized by a CLA X insulin effect (P < .05). The basal rate
of lipogenesis was depressed by 54% and the direct effects of insulin to
stimulate lipogenesis were dampened with the addition of CLA to diets
of growing pigs. These data support weight- and genotype-independent
effects of CLA to reduce lipogenesis in growing pigs.

Key Words: Lipogenesis, CLA, insulin

10 Dietary conjugated linoleic acid (CLA) increases
CDS8 T lymphocyte subpopulation in weanling pigs. J. Bas-
saganya*, R. Hontecillas, K. Bregendahl, M. Wannemuehler, and D. R.
Zimmerman, lowa State University, Ames.

Cytotoxic T cells constitute the main subset of T lymphocytes express-
ing, along with suppressor T lymphocytes, CD8 co-receptors on their
membrane. CLA, a mixture of positional and geometric isomers of
linoleic acid, induces changes in the proportions of recirculating T lym-
phocytes in early-weaned pigs. To further understand the effects of CLA
on cell-mediated immune response, T lymphocyte subsets were measured
by flow cytometry. A factorial (2x4) arrangement within a split-plot de-
sign with four pigs from the same litter as the experimental unit for the
environment, pig as the experimental unit for the CLA treatment, and
day 0 as a covariate were used in data analysis. Management schemes
were used to create two (dirty and clean) microbiological environments.
A total of 32 (5.3 + .3 kg) pigs were individually penned in each en-
vironment. Experimental diets were formulated to contain increasing
amounts of CLA-60 (0, .67, 1.33 or 2%). Diets were formulated to ex-
ceed NRC (1988) nutrient recommendations for swine and were self-fed
for 7 wk in three phases. Within phases, diets were isocaloric and isoni-
trogenous. Pigs were bled on d 0, 14, 28 and 42. On d 14, as dietary CLA
increased, CD4 T lymphocytes increased linearly (24.9, 26.8, 33.1 and
34.1%; P<.0001), CD8 T lymphocytes were linearly reduced (31.2, 27.5,
18.3 and 16.7%; P<.0001), and a CLA x E interaction (P<.08) was de-
scribed in CD4CD8 double positive T lymphocytes. On day 42, dietary
CLA produced both a linear increase of CD8 T lymphocytes (21.7, 22.3,
28.0 and 32.7%; P<.001) with a concomitant linear decrease of CD4
T lymphocytes (27.3, 26.0, 26.0 and 22.7%; P<.02). We demonstrated
that cytotoxic T lymphocytes increase following a phase of helper T
lymphocytes (CD4) predominance in response to CLA. Therefore, our
data are consistent with the anticarcinogenic properties of CLA and its
reported immunomodulating effects. Furthermore, we identified changes
in the populations of CD4CD8 double positive T lymphocytes indicating
possible effects of CLA on the process of differentiation of T lympho-
cytes.

Key Words: Conjugated linoleic acid, T lymphocytes, pig
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MEAT SCIENCE AND MUSCLE BIOLOGY SYMPOSIUM
Roles of the Calpain/Calpastatin System in Muscle Growth and Meat Quality

11  The calpain system: its proteins, properties, and
secrets. D. E. Goll*, V. F. Thompson, and J. Cong, University of Ari-
zona.

The first protein of a group of proteins now identified as belonging to
the calpain system was purified in 1976. The calpain system presently
is known to be constituted of three well-characterized proteins; several
lesser studied proteins that have been isolated from invertebrates; and
10 mRNAs that encode polypeptides, which based on sequence homol-
ogy, belong to the calpain family. The three well-characterized proteins
include two calcium-dependent proteolytic enzymes, p-calpain and m-
calpain, and a protein, calpastatin, that has no known activity other
than to inhibit the two calpains. A substantial amount of experimental
evidence accumulated during the past 25 years has shown that the cal-
pain system has an important role both in rate of skeletal muscle growth
and in extent of postmortem tenderization. Calpastatin seems to be the
most variable component of the calpain system, and skeletal muscle cal-
pastatin activity is highly related to rate of muscle protein turnover
and rate of postmortem tenderization. The current paradigm is that
high calpastatin activity:1)decreases rate of muscle protein turnover and
hence is associated with increased rate of skeletal muscle growth; and
2)decreases calpain activity in postmortem muscle and hence is associ-
ated with a lower rate of tenderization. The properties of the calpain
system will be reviewed and regulation of its activity in living and post-
mortem muscle will be discussed.

Key Words: Calpain, Calpastatin, Muscle-specific calpain

12 Molecular features of striated muscle calpas-
tatin. S. Lonergan*, lowa State University, Ames, IA.

Calpains are ubiquitously distributed intracellular calcium - depen-
dent cysteine proteinases that are thought to contribute to diverse pro-
cesses such as myoblast differentiation/fusion and myofibrillar protein
turnover. Calpastatin, the endogenous proteinaceous inhibitor of the
calpain enzymes, has been found in all the tissues that contain calpains
and is hypothesized to play a major role in the regulation of calpain pro-
teolytic activity. Calpastatin binds to calpain domains IV and VI (the
calcium binding domains) in the presence of calcium and inhibits calpain
activity. The interaction of calpastatin with the calpains is reversible
with both molecules retaining activity following dissociation of the cal-
pain/calpastatin complex. Striated muscle calpastatin from mammalian
and avian species examined to date exhibits a structure of four repeats of
mutually homologous sequences at an interval of about 140 amino acids.
An alkaline N-terminal region is referred to as domain L, and the repet-
itive acidic domains are known as domains 1, 2, 3, and 4. Three highly
conserved regions within domains 1, 2, 3, and 4 are apparently respon-
sible for calpain inhibition. A previously undefined N-terminal region
containing 68 amino acids (”XL” region) has recently been characterized
as a potential site for phosphorylation of newly synthesized calpastatin
by cAMP-dependent protein kinase. The bovine calpastatin promoter
appears to be up - regulated by dibutyryl cAMP. Consequently, the
calpastatin promoter and protein appear to be at least partially reg-
ulated by cAMP-dependent protein kinase pathways. A broad range
of molecular weights has been reported for purified tissue calpastatins
(from 24-172 kDa). Alternative splicing, different translation initiation
sites, and proteolytic processing may explain a portion of this varia-
tion. Intuitively, variation in calpastatin structure or phosphorylation
may influence cellular localization or binding and inhibition of calpains.
However, the physiological significance of these documented variations
in calpastatin is not clear. Definition of molecular structure, function
and diversity of calpastatin will aid in developing an understanding of
regulation of calpain mediated processes in striated muscle.

Key Words: Calpastatin, Striated Muscle, Proteinase Inhibitors

13  Possible role of the calpain proteolytic system in
muscle growth and development: A review. M. Koohmaraie*,
D. J. Nonneman, and G. H. Geesink, USDA-ARS, U.S. Meat Animal
Research Center.

The objective of this presentation is to review the potential roles of

the calpain proteolytic system in prenatal and postnatal muscle growth
and development. The involvement of the calcium-dependent proteases,
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the calpains, and their specific inhibitor, calpastatin, in muscle growth
and differentiation is well documented. The expression of calpains and
calpastatin during prenatal muscle growth and development is well de-
scribed, as well as the requirement of m-calpain for myoblast fusion. The
involvement of skeletal muscle-specific calpain (skm-calpain) in muscle
physiology, however, is poorly characterized. An important role in mus-
cle growth and development is anticipated, since it is expressed primar-
ily in skeletal muscle at an early stage of development and throughout
adulthood. The expression of skm-calpain in myoblasts mirrors that of
m-calpain during fusion and differentiation. Skm-calpain is more stable
in muscle than previously thought; its autolysis proceeds more slowly in
situ than it does in vitro which may allow us to elucidate its regulation
in situ. Also, mutations in the skm-calpain gene in humans leads to
a limb-girdle muscular dystrophy (type 2A), and skm-calpain antisense
treatment of myotubes results in myofibrillar disorganization. Muta-~
tions of other calpains or calpastatin have not yet been described, sug-
gesting that these would be lethal. In postnatal muscle, the calpain sys-
tem serves as a major regulator of protein turnover. The nature of this
regulation has been described experimentally through beta-agonist or
glucocorticoid administration, and a genetic model, the callipyge lamb.
Finally, calpains are also actively involved in muscle (and other tissues)
atrophy in concert with caspases; however, it is not clear if their role is
permissive, consequential, or active in this process.

Key Words: Muscle, calpain, Calpastatin

14 Possible role and regulation of the cal-
pain/calpastatin system in meat quality. E. Huff-Lonergan*,
lowa State University, Ames, IA.

Postmortem processes that govern meat quality are highly complex.
This is due, in part, to the myriad of changes occurring in the tissue
as living muscle is converted to meat. Additionally, factors inherent
in muscle may vary between individual animals at the time of slaugh-
ter and also contribute to variations in meat quality. One important
quality attribute that can differ widely is tenderness. As meat is held
for a period of time postmortem it becomes more tender. This tender-
ization is associated with the degradation of myofibrillar/cytoskeletal
proteins. The protease mu-calpain is implicated as a major causative
agent of myofibrillar/cytoskeletal protein degradation. Calpastatin has
been hypothesized to regulate the postmortem degradation of myofibril-
lar/cytoskeletal proteins by calpain. The precise factors regulating the
interaction between calpain and its inhibitor, calpastatin or between cal-
pain and its substrates have not been definitively identified. Mu-calpain
is a member of a family of calcium-dependent cysteine proteases that
depend on reducing conditions to be active. Therefore, one factor that
may dramatically impact postmortem calpain activity and postmortem
protein degradation is the sub-cellular environment. For example, the
ability of postmortem tissue to maintain reducing conditions is compro-
mised. Since mu-calpain is sensitive to oxidizing conditions, the redox
capacity of the tissue may impact myofibrillar/cytoskeletal protein pro-
teolysis by mu-calpain. In addition, as muscle is converted into meat,
the environment changes within the tissue to create conditions of low pH
and relatively high ionic strength. These conditions may alter protein
conformation and protein interactions. Information regarding the effect
of postmortem conditions on the activity of mu-calpain, the interaction
between mu-calpain, its inhibitor and its substrates can yield important
clues regarding the regulation of postmortem meat tenderization and
the development of meat quality attributes.

Key Words: calpain, calpastatin, meat tenderness
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PASTURES & FORAGES SYMPOSIUM
Point-Counter-Point What is the Appropriate Experimental Unit in Grazing Research?

15 A liberal interpretation of the term experimen-
tal unit. C. P. Bagley*, Mississippi State University.

The term experimental unit(EU)is defined as the unit to which one ap-
plication of a treatment is applied, and the effects of that treatment
are measured on the sampling unit. Frequently, the sampling unit is
defined as the pasture containing animals, not animals,resulting in a
conservative definition of EU. Statistical evaluations of experiments are
made to determine the reliability of biological results, and the associ-
ated levels of confidence for inferences regarding the extension of that
information to populations under study.Due to financial and logistical
constraints, the number of animals and paddocks are generally limited
in grazing experiments. Generally, the biological impact of treatments
on cattle are of major interests due to financial considerations. Esti-
mates are that pasture variation has a CV of about 5%, compared to
10-30% for animals.The importance of the effects of treatments causing
variances in animals creates a compelling reason to utilize animals as the
EU in studies where possible. Because animals vary (higher CV)more
than pastures, using animals as the EU may result in more difficulty
in reporting treatment differences. Combining animals and paddocks
as the error term when possible, after sequential tests for both, can
give a conservative and appropriate test for significance. Several stud-
ies have shown large variances with group treatments,so animal as EU
may be appropiate.Studies have shown problems associated with group
feeding and/or the impact of varying levels of individual animal intake
within a group on performance; reasons to be aware of group dynamics
in treatment effects.The group dynamics are best measured, in many
cases, where the EU is the animal.

Key Words: Experimental unit, Statistical methods

16 A conservative definition of the term experimen-
tal unit. D. S. Fisher*, USDA-ARS, Watkinsville, GA.

The definition of the term experimental unit has been established since
the foundation of agricultural statistics and cannot be logically altered.
The experimental unit is the unit of experimental material to which a
treatment is applied. This definition provides the foundation of the def-
inition of experimental error, which is the variation among observations
of experimental units treated alike. Randomization is an implied charac-
teristic of distributing treatments among experimental units. At times,
sampling within an experimental unit is confused with replication. Lo-
gistical concerns and a desire for increased efficiency and productivity
in research may produce a strong desire to redefine the experimental
unit. This can result in the use of an inappropriate statistical model
that infers an experimental design that was not really applied to the
research in question. Regression analysis has been used to provide an
alternative to traditional replication but also results in risks that some
scientific communities and journals may find unacceptable for publica-
tion. For example, this issue has resulted in differences of opinion in
the analysis and publication of unreplicated stocking rate studies. In
addition, some studies are conducted on experimental units that are so
large or unique that no replication occurs within the study but rather,
in essence, a single replication is published as a case study (with no
estimate of experimental error) for comparison with other similar case
studies. Each scientific community interacts to establish standards for
experimental design and analysis. What is accepted in one community
or field of science as common practice may be unacceptable in another.
In part, standards vary because of the logistics of conducting research
in a particular field of science and based on what is considered to be an
acceptable level of risk in the reliability of the results. The risk is asso-
ciated with reduced accuracy in the determination of the experimental
error and consequently the reduced confidence in the accuracy of the
estimates of the parameters.

Key Words: Experimental Error, Experimental Design, Statistics

PHARMACOLOGY AND TOXICOLOGY SYMPOSIUM
Phytochemicals as Nutriceuticals

17 Medicines from plant poisons: biomedical ap-
plications. L. F. James*!, W. Gaffield?, K. E. Panter!, B. L.
Stegelmeier!, R. J. Molyneux?, and D. R. Gardner!, 1USDA-ARS-
Poisonous Plant Research Laboratory, Logan, Utah, USA, 2USDA-
ARS=Western Regional Research Center, Albany, California, USA.

Certain plants biosynthesize and accumulate chemical compounds that
have adverse effects on various biological systems of the body when con-
sumed by animals. It is therefore not unreasonable to suppose that
by changing the dose expected outcome maybe altered and that these
bioactive constituents could be manipulated to yield more positive re-
sults. Moreover the information gained from research on poisoning of
livestock by plants has yielded valuable information in relation to vet-
erinary medicine and human health and disease. One such example
is the cyclopian-type malformation occurring in lambs born from ewes
that graze Veratrum californicum on the 14th day of gestation. The
causative agent, cyclopamine, has been shown to regulate genes involved
in development and this information is now being used to study facial
birth defects and other health problems in man. Another example arises
from certain lupines (Lupinus species), poison hemlock (Conium mac-

ulatum) and other plants that produce structurally related alkaloids.
When cows graze these plants on days 40-70 of gestation skeletal mal-
formations and cleft palates are produced in the calves. These results
have been extended to goats fed the alkaloids during gestation and the
prenatal kids with cleft palates thus produced are currently being used
as a model to study the etiology of cleft palates and their surgical re-
pair in utero. Some species of Astragalus and Ouzxytropis, known as
locoweeds, when grazed by livestock induce abnormal behavior in the
animal, wasting, habituation and skeletal birth defects, as well as con-
gestive heart failure when grazed at high elevations. The toxin, an in-
dolizidine alkaloid named swainsonine, inhibits certain enzymes, (man-
nosidases), essential for the correct processing of glycoproteins which
are involved in structural and metabolic processes of mammalian cells.
The study of this problem has led to the identification of many other
glycosidase inhibitors in plants and a better understanding of the way in
which glycoproteins influence the proper functioning of cells and cellular
recognition. This information has stimulated research on the control of
metastasis in the management of cancer.

Key Words: Poisonous plants, Biomedical applications, Livestock

PHYSIOLOGY AND ENDOCRINOLOGY SYMPOSIUM
Follicular Physiology

18 Factors regulating apoptosis during folliculogen-
esis in pigs. H. D. Guthrie*! and W. M. Garrett!, ' Germplasm and
Gamete Physiology Laboratory, ARS, USDA, Beltsville, MD.

Apoptosis is recognized as the mechanism of death among female germ
cells through all stages of folliculogenesis. The incidence of apoptosis
is low (5 %) among oogonia and preantral follicles. However, we found
that with antrum formation apoptosis increases among granulosa cells
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so that as the proportion of apoptotic granulosa cells reaches 10 %, an
average of 50 % of follicles are classified atretic. The exception to this is
on days 3 and 5 of the cycle when 95 % of antral follicles are healthy, not
atretic. However, on day 7 the proportion of atretic follicles is increased
to about 50 % and the production of estradiol and inhibin subunit pep-
tides and transcripts, and steroidogenic enzymes is decreased. During
the earliest stages of atresia, estradiol and inhibin production decrease
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as the proportion of apoptotic granulosa cells increases. In contrast,
theca function was maintained in atretic follicles with progesterone pro-
duction and expression of thecal 3beta-hydroxysteroid dehydrogenase
positively correlated with apoptosis. During the mid-luteal phase of the
estrous cycle the incidence of atresia averaged 50%; the incidence of
atretic follicles among gilts ranged from 12 to 73%. The level of atre-
sia was not correlated with plasma FSH concentrations during the last
42 hr before slaughter. This is in contrast to the massive loss of non-
ovulatory follicles that is accompanied by decreased plasma FSH during
the follicular phase of the cycle. Exogenous FSH also increased follicle
number in prepuberal and altrenogest-treated gilts, but did not cause
growth of large follicles or induce aromatase activity. To investigate
FSH and other factors that regulate follicle growth and apoptosis, gran-
ulosa cells were incubated for 24 hr in their presence. Either FSH or
IGF-I attenuated spontaneous apoptosis by 50%. Their effects were not
additive, supporting a mediating role for IGF-I. No evidence was found
to support the hypothesis that androstenedione alone or in the presence
of FSH was atretogenic in pigs. Protease inhibitors attenuated apopto-
sis showing that members of the interleukin-1 beta-converting enzyme
family were active during apoptosis in cultured porcine granulosa cells.

Key Words: Follicle atresia, Granulosa cell apoptosis, Swine

19 Nutritional regulation of ovarian function in beef
cattle. R. P. Wettemann*, |. Bossis, M. L. Looper, F. J. White, N. H.
Ciccioli, and T. D. Ridgway, Oklahoma Agricultural Experiment Sta-
tion, Stillwater.

Nutrient intake and body energy reserves are major regulators of repro-
ductive performance of beef cows. Reduced body weight causes cessa-
tion of estrous cycles, and inadequate body energy stores at parturition
lengthens the postpartum anestrous interval. The objective of this pre-
sentation is to evaluate the ovarian response to restricted nutrient in-
take. Nutritionally induced reduction in follicular growth is a result of
decreased secretion of GnRH and LH. Potential metabolic signals con-
trolling gonadotropin secretion are IGF-I and NEFA. During anestrus,
ovarian follicular waves are recurrent but inadequate estradiol is secreted
by the dominant follicle to cause estrus and ovulation. Realimentation
of nutritionally induced anovulatory cows results in ovulation when ade-
quate body energy stores are achieved, and the first ovulation is followed
by an interovulatory interval of 10.5 £ .9 d. Increased follicular growth
rate is associated with increased concentrations of LH, estradiol and
IGF-I in plasma. When nutritionally induced anovulatory cows are re-
alimentated, a transient increase in plasma progesterone occurs, usually
without estrus, before the first normal estrous cycle. The number of
times an estrous cow is mounted before the first normal luteal phase
after anestrus is less (P < .05) then before the second luteal phase. We
conclude that prolonged restriction of nutrient intake reduces secretion
of LH, less estradiol is produced by the dominant follicle, and ovulation
ceases. Realimentation of anestrous animals alters metabolic signals re-
sulting in pulsatile LH secretion, increased size of the dominant follicle,
and ovulation.

Key Words: Nutrition, Ovulation, Beef Cow

20 Changes in gene expression associated with ovar-
ian follicular development: A review. H. A. Garverick*, Uni-
versity of Missouri, Columbia.

Ovarian follicles in most domestic species can grow to the antral stage
with little or no gonadotropic support. From this stage, a cohort of
follicles of n size is recruited to grow towards ovulation by a tran-
sient rise in circulating FSH. From the recruited follicles, one or some
(species dependent) are selected for continued growth and become dom-
inant. A few follicles achieve ovulation; the fate of the others is atresia.
Changes in mRNA expression of the gonadotropin receptors (FSHr and
LHr), key steroidogenic enzymes [cytochrome P450 side chain cleavage
(P450scc), cytochrome P450 17a-hydroxylase (P450c17), cytochrome
P450 aromatase (P450arom) and 33-hydroxysteroid dehydrogenase (33-
HSD)], steroid acute regulatory protein (StAR), growth factors (IGF-I
and IGF-II) and their binding proteins (IGFBP) have been associated
with growth, development and atresia of bovine ovarian follicles. Re-
cruitment has been associated with initiation of mRNA expression of
P450scc and P450arom in granulosa cells. Selection has been associ-
ated with initiation of expression of mRNA for LHr and 38-HSD in

122

granulosa cells. In general, changes in mRNA expression of the go-
nadotropin receptors (FSHr in granulosa and LHr in theca and granu-
losa), steroidogenic enzymes (P450scc in theca and granulosa, P450c17
in theca, P450arom in granulosa, 33-HSD in theca and granulosa), and
StAR in theca increase with follicular development. Expression of the
above mentioned mRNAs in follicles decreases prior to morphological
signs of atresia at any stage of development. Expression of mRNAs for
gonadotropin receptors, steroidogenic enzymes, StAR and growth fac-
tors is usually non-detectable in late stages of atresia.

Key Words: Ovary, Follicle, Gene Expression

21 Endocrinology of increased ovarian folliculogen-
esis in cattle selected for twin births. S. E. Echternkamp*,
USDA, ARS, RLH, Clay Center, NE.

Three generations of genetic selection in cattle using an index of ovu-
lation and twinning rate (Twinner) has increased the frequency of twin
births to >50% and enhanced ovarian follicular development beginning
at the secondary preantral stage. Ovaries of Twinner females contain
a twofold greater number of secondary preantral follicles, exhibit 50%
more small (<5 mm) and medium (6-12 mm) antral follicles, and have a
>70% frequency of twin or multiple dominant (ovulatory) follicles within
a follicular wave compared to unselected (Control) females; numbers of
primordial and primary follicles do not differ between populations. Eval-
uation of circulating FSH and LH concentrations during proestrus and
estrus and after GnRH treatment or follicle ablation revealed no differ-
ence in FSH secretion between populations but LH release to GnRH was
increased in twinners, which was likely related to the higher systemic
estradiol concentrations. Ablation of all follicles >5 mm in Twinner and
Control cyclic cows on d 7 or 8 (estrus=d 0) initiated a transient increase
in FSH (but not LH) followed by enhanced recruitment of growing folli-
cles and subsequent selection of multiple dominant follicles in Twinners
vs Controls, without population differences in FSH or LH. Circulating
concentrations of insulin and cholesterol also do not differ between pop-
ulations. Conversely, circulating IGF I concentrations are elevated 50-
100% in Twinner cows. Graafian follicles of Twinners also have higher
follicular fluid IGF-I concentrations than Controls, but follicular fluid
estradiol and progesterone concentrations do not differ between popu-
lations. Results suggest that the increased follicular recruitment and
selection in Twinner cows are not related to level of gonadotropin se-
cretion, but the enhanced preantral and antral follicular development
is likely associated with increased intraovarian and(or) systemic IGF-I
production. Preliminary results are suggestive of a QTL for ovulation
rate on chromosomes 5 and 7.

Key Words: Ovarian Folliculogenesis, T'win Births, Cattle

22 Influence of size of the dominant follicle, serum
estradiol, and exogenous GnRH on luteal sensitivity to
prostaglandin F2«a in beef heifers. S. W. Williams*!, M.
Amstalden®, R. L. Stanko™2, D. L. Vallejo!, and G. L. Williams®,
1 Texas A&M University Agricultural Research Station, Beeville, 2 Texas
A&M University-Kingsville.

The efficacy of exogenous prostaglandin F2 a (PGF) to induce luteal
regression in beef cattle is variable and dependent on the stage of die-
strous during which PGF is given. Our objectives were to investigate
the effects of size of the dominant follicle, circulating concentrations
of estradiol, and exogenous luteotrophic antagonism on PGF-mediated
regression of the bovine corpus luteum (CL). Thirty-five Brahman x
Hereford (F-1) heifers were allocated randomly to be treated on d 6,
10 or 14 of the estrous cycle. Within each day of the cycle, heifers (n
= 11 or 12/grp) received 2 treatments in a Latin square arrangement.
Treatments were: 1) PGF (25 mg Lutalyse® i.m. plus a sham implant
placed s.c. in the ear); 2) PGFG (25 mg Lutalyse plus simultaneous
administration of an Alzet® osmotic minipump, placed s.c. in the ear,
delivering 2.5 pg GnRH/h). Alzet pumps or sham implants remained in
the ear for 2 d. Daily blood samples for progesterone analysis and daily
ultrasonography were utilized to monitor luteal activity and follicular
dynamics. In a subset of animals (n=24), coccygeal blood samples were
collected at 1-h intervals for 11 h after pump or sham implant insertion
to monitor changes in circulating LH. PGFG treatment increased (trt x
time, P < .10) serum LH during the first 11 h. Regardless of treatment,
the percentage of heifers exhibiting luteal regression was greater (P <
.01) on d 14 (91.7%) than on d 6 (54.2 %) or 10 (63.6%). Proportion of
CL’s regressing did not differ (P > .05) between PGF and PGFG on any
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day of the cycle. Mean diameter of the largest follicle on d 6 (10.7 + .3
mm) differed (P <.01) from mean diameters observed on d 10 and 14
(6.3 & .4 and 6 + .5 mm, respectively). Similarly, mean concentrations
of estradiol-1743 in serum were greater on d 6 (7.1 + .2 pg/ml) than on d
10 and 14 (5.4 £+ .3 and 5.5 + .1 pg/ml, respectively). Mean concentra-
tions of estradiol did not differ (P > .05) between periods in which luteal
regression occurred vs those in which it did not occur. Luteal sensitivity
to PGF is dependent upon stage of diestrus, but this dependence does
not appear to be influenced by size of the dominant follicle, circulating
estradiol, or level of gonadotrophic support.

Key Words: luteal regression, dominant follicle, estradiol

23 Early increases in estradiol in follicular fluid
from cattle with low peripheral concentrations of proges-
terone. R. Taft*, B. Sayre, and E. K. Inskeep, West Virginia Univer-
sity, Morgantown.

Butcher and Pope (BOR 21:491, 1979) showed congenital anomalies as
well as embryonic and fetal deaths after aging of rat oocytes were due to
longer preovulatory exposure to estrogen (E2). Synchronization of es-
trus in cattle with low dosages of progestogens can result in persistence
of follicles, higher peripheral estrogen and low fertility. Concentrations
of Es in follicular fluid (FF) of the largest first wave follicles (LF1) were
compared in cows with normal luteal function (n=12) and cows with
low progesterone (P4) to determine if oocytes were exposed to increased
estrogen soon after the initiation of treatment. Cows on low P4 (LP,
n=12) received used intravaginal progesterone releasing devices (CIDR)
on d 4 after estrus, followed by two injections of PGF2«a (25 mg, i.m.)
12 h apart on d 6. Beginning on d 4, ovaries were examined by ultra-
sonography and blood samples were taken daily. The ovary with the
LF1 was removed on d 8 or 10; FF was recovered and frozen. Size of
LF1 did not differ until d 10 when it was larger in the LP group (14 vs.
12 mm; P < .05). Serum E; increased by d 7 in LP cows and remained
greater than controls through d 10 (P < .01). Serum P4 declined in LP
following PGF2« on d 6 and remained low. The ratio of E5 to P4 in FF
was > 1 in all follicles and P4 in FF (mean = 42 ng/ml) did not differ
with treatment or day. Follicular function was altered early during low
P4 as Ep in FF was greater (P < .001) in LP on d 8 and 10 than in
controls (1019, 962, 273 and 109 ng/ml for LP d 8 and 10 and control
d 8 and 10, respectively). Eo was increased in FF of LF1 on d 13 in LP
cows compared to d 7 in cows that received only PGF2a on d 6 (meiosis
had resumed in the d 13 oocyte; Revah and Butler, JRF 106:39, 1996),
but Es in FF of second wave LF on d 28 in LP cows did not differ from
E3 in FF of growing second LF in controls on d 14, 15 or 16 (Bigelow
and Fortune, BOR 58:1241, 1998). Early and prolonged exposure to
increased Es during low dosages of progestogen may compromise oocyte
quality, ultimately reducing fertility.

Key Words: Estrogen, Follicle, Progesterone

24 Synchronization of a follicular wave and tempo-
rary calf removal to induce ovulatory estrous cycles in post-
partum beef cows. B. E. Salfen*, F. N. Kojima, J. F. Bader, M. F.
Smith, and H. A. Garverick, University of Missouri, Columbia.

A synchronized follicular wave emerges following a single injection of
estradiol benzoate (E2) and progesterone (P4) in cows at random stages
of an estrous cycle. The objectives were to: 1) Determine if a follic-
ular wave could be synchronized in anestrous cows following a single
injection containing 1 mg Es and 200 mg P4 in sesame oil (Ex+Py);
2) Characterize the fate of the dominant follicle following 48 h calf re-
moval (CR) at three stages of the synchronized follicular wave; and 3)
Determine if a normal length estrous cycle would follow ovulation in
cows receiving Eo+Py4. Ovaries of fifty anestrous beef cows were exam-
ined daily by transrectal ultrasonography starting at d 20 postpartum.
Treatments were: sesame oil (i.m.) injected at d 25 postpartum and
no CR (SO; n=9); E2+P4 and no CR (E2+P4; n=9); Eos+P4 and CR
six days post injection (E2+P4/CR6; n=12), Eo+P4 and CR eight days
post injection (Ex+P4/CR8; n=9), and E>+P4 and CR twelve days
post injection (Eo+P4/CR12; n=11). Day of follicular wave emergence
post injection was not different among cows that received SO or Ex+Py
(8.1 & .9 vs 3.1 £ .5 d); however, variability in the day of emergence
was greater (P<.05) in SO compared to cows receiving Eo+P4. The
percentage of cows that ovulated was not different (P=.16; 55.6, 11.1,
41.7, 55.6 and 63.6 for SO, Ex+Py4, E2+P4/CR6, E2+P4/CRS8, and
E2+P4/CR12, respectively). Maximum diameter of dominant follicles
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was not different among treatments but was larger (P=.05) in ovulatory
follicles compared to non-ovulatory follicles (15.24 + .57 vs 13.91 £ .60
mm). Serum LH was higher (P<.05) during CR in cows that ovulated
compared to cows not ovulating. In cows that ovulated, luteal phase
length (ovulation to luteolysis) was longer (P<.03) in animals that re-
ceived Eo+P4 compared to animals that received SO (10.6 £+ 1.2 vs 4.4
+ 2.2 d). In summary, follicular waves were synchronized with an injec-
tion of Eo+P4 in postpartum beef cows; however the subsequent luteal
phase may not be of normal duration.

Key Words: Postpartum, Calf Removal, Follicle

25 Effect of estradiol benzoate (E3;) and (or)
prostaglandin Foa (PG) on corpus luteum function in beef
heifers. D. F. Hentges*, F. N. Kojima, B. E. Salfen, J. F. Bader, T.
J. Safranski, and M. F. Smith, University of Missouri-Columbia.

The corpus luteum (CL) is not responsive to a luteolytic dose of PG
prior to d 5 of the estrous cycle. This study was designed to determine
the effect of E5 administration on CL responsiveness to PG injection on
d 4 of the estrous cycle. Estrus was synchronized in normally cycling
heifers following two injections of PG 14 days apart. Heifers were ran-
domly assigned at estrus to a 2 x 2 factorial arrangement of treatments
[E2 and (or) PG; n = 6/group]. Heifers received either Ex (1 mg) or
sesame oil (im) on d 1 and PG or no injection on d 4 post-estrus. Daily
transrectal ultrasonography was performed from the second injection of
PG to the second estrus to characterize follicular and CL development.
Blood samples were collected every 12 h beginning d 1 until the next es-
trus, and analyzed for concentrations of progesterone (P4). PG did not
induce luteolysis on d 4 in either the PG or E2 + PG groups. Timing
of first follicular wave emergence was later (P < .01) in Eo vs non-Ea
treated heifers (4.4 & .3 and 1.4 £ .3 d, respectively). Although Es de-
layed emergence of the first follicular wave, the estrous cycle length was
similar (P > .08) among treatment groups. Mean diameter of CL was
larger (P < .02) in the E2 (19.9 £ .5mm) compared with E; + PG and
Control groups (17.8 + .5 and 18.1 4+ .5 mm, respectively), but similar
to the PG group (19.1 & .5 mm). There was an Es by time interaction
(P < .0001) on concentrations of P4 (d 0 through estrus). Concentra-
tions of P4 in the Es and Es + PG groups were similar from d 0 to d
16.0, but higher (P < .03) from d 16.5 to d 21 post-estrus compared
to the Control and PG groups. In summary, Ex administration did not
result in PG-induced luteolysis on d 4; however, E> delayed emergence
of the first follicular wave.

Key Words: Estradiol, Prostaglandin Fao«, Beef Heifers

26 Effects of parity status on postpartum follicular
development and endocrine profiles in the Brahman. S.
M. Webb, D. A. Neuendorff*, A. W. Lewis, and R. D. Randel, Texas
Agricultural Experiment Station, Overton.

Eight multiparous and six primiparous Brahman cows suckling male
calves with body condition scores (BCS) of 6.4+.7 and 6.2+.4, respec-
tively, and weighing 504+36 kg and 463+28 kg, respectively, were used
to evaluate the influence of parity on postpartum follicular develop-
ment and endocrine profiles leading to the resumption of estrus. All
animals grazed coastal bermudagrass overseeded with rye-ryegrass with
free choice hay and water and were supplemented with 4.17 kgxhd®xd*
of 4:1 corn:soybean meal. BW and BCS of cows and BW of calves
were recorded at 14 d intervals from d 1 after calving through first es-
trus and at weaning. Cows were bled on d 1, 3, 5, 7, 14 after calving
and at weekly intervals until estrus and on d 7 (E7) and d 10 (E10)
post estrus. Ovarian follicular populations were monitored by transrec-
tal ultrasonography on d 14 after calving then on d 21-28, 35-42, and
continued on an 8 day examination and 6 day rest schedule through
detection of estrus. Plasma PGFM and progesterone (P4) concentra-
tions were quantified using RIA. On d 7 PGFM concentrations tended
(P<.10) to higher in the primiparous group. Plasma P4 concentrations
on E7 and E10 and changes in BW and BCS through d 42 and at es-
trus were not affected (P>.10) by parity status. From d 1 to weaning,
ADG was greater (P<.04) for the primiparous group. Calf performance
was not influenced (P>.10) by parity status. The number of medium
size follicles (4.1-6 mm) through d 49 was greater (P<.01) in the multi-
parous group. Interval to resumption of follicular waves (P<.04), estrus
(P<.03), and to development of an 8mm or 10mm follicle (P<.01) was
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greater in the primiparous group. Follicular development and waves be-
gan later after calving in primiparous cows, but the interval from these
events to estrus were similar to multiparous cows.

Key Words: Primiparous, Multiparous, Follicles

27 Identification of the optimal dose of estradiol
benzoate in combination with a progestin to program fol-
licular turnover in cyclic cattle. V. L. Bogacz*, J. E. Huston,
D. E. Grum, and M. L. Day, The Ohio State University, Columbus.

An experiment was designed to determine the optimal dose of estradiol
benzoate (EB) used in conjunction with an intra-vaginal progesterone
insert (CIDR-B®) to program follicular wave turnover in cyclic cows.
Estrus was synchronized in twenty-five cyclic cows with day of estrus
designated as d 0 of the experiment. On d 14, all cows received an i.m.
injection of PGF2a and a CIDR-B with either 0 (OEB; n=5), 0.5 (.5EB;
n=7), 1 (1EB; n=6) or 2 (2EB; n=7) mg of EB/500 kg bodyweight.
Transrectal ultrasonography was used to monitor ovarian follicular dy-
namics from d 7 through the subsequent ovulation. Observations for

estrus were made twice daily from CIDR-B removal on d 21 until ovula-
tion. The second wave of follicular growth for the synchronized estrous
cycle emerged on d 10.4 4+ 0.25 and the dominant follicle of this wave
ovulated following CIDR-B removal in 4/5 cows in the OEB treatment.
Atresia of the dominant follicle of the second wave, emergence of a third
wave of follicles, and ovulation of the dominant follicle of the third wave
were induced in 4/7, 6/6 and 6/7cows in the .5EB, 1EB and 2EB treat-
ments, respectively. Day of emergence of the third wave was later in
the 2EB (P < 0.05) than in the 1EB treatment (18.2 £ 0.31 vs. 16.7
+ 0.33, respectively). Day of ovulation (24.8 £ 0.11) and diameter of
the ovulatory follicle (16.3 £+ 0.58) did not differ among treatments.
However, across treatments, cows with only 2 follicle waves ovulated
a larger follicle (P < 0.05) approximately 1 d earlier (P < 0.05) com-
pared to cows with 3 waves of follicle growth. Both the 1EB and 2EB
treatments induced turnover of follicular waves. Since the interval to
new wave emergence is prolonged with higher doses of EB, it is sug-
gested that the 1 mg dose would be optimal for use in an estrous control
system in cyclic beef cows.

Key Words: Estradiol Benzoate, Progestin, Follicular Turnover

ROCHE-ASAS FOUNDATION BEEF SYMPOSIUM
Beef Carcass Quality and Yield

28 The importance of beef carcass quality and yield:
Cattle performance, carcass-based pricing, and consumer
issues. H. G. Dolezal*, Oklahoma State University.

Merit based marketing programs have gained popularity in the U.S. beef
industry with increasing opportunities for vertical cooperation. In addi-
tion to input costs, numerous factors (gain, feed efficiency, and animal
health) impact profitability as well as ultimate carcass quality and yield
grade. Commodity marketing rewards volume production and encour-
ages maximizing tonnage produced, harvested, and fabricated to dilute
fixed costs, despite consumer preferences for cut sizes originating from
carcasses weighing less than 363 kg. Grid and formula based carcass
pricing shifts many risks to producers compared with live weight based
sales; hence, non-conformers (excessive finish, dark cutters, extremes in
weight, inadequate quality) must be minimized. Over the past three
years, the spread between U.S. Choice and U.S. Select has averaged
$8.49/45.4 kg for closely-trimmed boxed beef with seasonal spreads of
$4.32 (first quarter) to $13.44/45.4 kg (fourth quarter). Consumer pref-
erences for taste and consistency have strengthened demand for branded
or premium Choice programs and U.S. Prime. Red meat yield, measured
as U.S. yield grade should contribute as much as $5.00 per head for a
mere .1 change. Objective value determination should originate with
predominantly boneless, closely-trimmed boxed beef subprimals. These
may be classified as middle meats, end meats, thin meats, and lean trim,
comprising approximately 17.1, 43.3, 17.6, and 22.0% of total weight as
boxed product yield and 40.6, 35.7, 15.2 and 8.5% of carcass value, re-
spectively, over the past three years. By-product value has accounted
for approximately 13.3% of total harvest animal value during the same
period. Models to predict carcass value and value per 45.4 kg will be
discussed relative to contributions of weight, quality, and red meat yield.
The industry must implement a true value-based beef marketing system
on an individual animal basis to reward producers investing in merit ge-
netics and progressive management to produce beef with safe, consistent
eating quality, and high red meat yield.

Key Words: Beef, Pricing, Quality

29 Effect of backgrounding and growing programs
on beef carcass quality and yield. T. J. Klopfenstein*, R.
Cooper, D. J. Jordon, D. Shain, T. Milton, C. Calkins, and C. Rossi,
University of Nebraska, Lincoln, NE.

Clearly the future of the beef cattle industry in the U. S. is dependent
upon quality of product produced. The majority of calves are born in
the spring and therefore, to have a consistent supply of feeders entering
feedlots, and to take advantage of forages, a variety of stocker programs
exist. Because cattle enter the feedlot at varying weights, ages, and
nutritional backgrounds, it is logical that this variation could produce
differences in carcass quality. The economically important measures of
carcass quality are yield grade and quality grade. They are directly
related because as cattle fatten in the feedlot, both quality grade and
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yield grade increase. Because cattle are commercially fed to fat end-
points, it is logical to make comparisons at equal fat endpoints. Then
marbling (% choice) becomes the primary quality criterion. We analyzed
data from 534 cattle serially slaughtered and found that percent grading
choice increased 12 £ 1 percentage units for each 1 mm increased rib
fat. Marbling score increased 30 units (200 = slight 00) for each 1 mm
increase in fat. To determine the effect of rate of winter gain on carcass
quality, 372 calves over 5 years were wintered at .23 kg/d gain or .61
kg/d. When adjusted to equal rib fat, there was no difference in quality
grade. To test the effect of summer gain on carcass quality, 418 calves
over 7 years were followed through the feedlot after gaining .57 kg/d or
.84 kg/d on grass. When compared at equal rib fat, there was no differ-
ence in quality grade. Shear force and consumer taste panel were used
to evaluate steaks from 90 cattle from calf-fed and yearling production
systems. Calf-feds were 14 mo. of age at slaughter and yearlings were
19 or 21 mo. Each group was serially slaughtered. There was no effect
of an additional .39 cm of rib fat on shear force or juiciness, tenderness,
flavor or overall palatability. Calf-feds were significantly more tender
than yearlings but risk of an undesirable steak from yearlings was <.2%
based on shear force and <2.8% based on the consumer taste panel.
If cattle are fed to a common rib fat endpoint, and within the range
of rates of winter and summer gains reported herein, we conclude that
backgrounding program has little or no effect on marbling or carcass
quality grade.

Key Words: Carcass quality, Backgrounding, Cattle

30 Effects of nutrition on beef carcass quality and
yield. F. N. Owens*! and B. Gardner?, 1Optimum Quality Grains,
L.L.C., Des Moines, IA, 2Oklahoma State University, Stillwater, OK.

Carcass yields and meat quality relationships within 54 published tri-
als were examined statistically. Carcass measurements will be discussed
first followed by meat quality factors. Although lean darkens as cattle
age, color can be restored partially by feeding concentrate diets. Feed
components (lower iron availability; vitamin E supplements) also may
lighten beef color. Fat color varies with breed and carotenoid content of
the diet while melting point varies with breed and saturation of dietary
lipid. Marbling scores vary with breed, animal age, rate of gain, and
days on feed. Higher marbling scores were related positively to beef ten-
derness, juiciness, flavor intensity, and overall desirability. Shear force
increased with fat thickness, opposite the direction one would expect
from added fat attenuating carcass cooling. Indeed, the only carcass
measurement related significantly albeit weakly (R2 = .04) to tender-
ness was marbling score. Juiciness and flavor intensity both decreased
as dressing percentage increased, while both flavor desirability and in-
tensity decreased as ribeye area increased. Overall beef desirability for
sensory panels increased with marbling score and decreased with fat
thickness (R? = .24). Amazingly, each individual component of meat
quality could be predicted more precisely from animal and production
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system factors than by carcass measurements (R?> = .29 to .95). Ten-
derness, juiciness, flavor desirability, flavor intensity, and overall desir-
ability all were adversely affected increased weight per day of age; fast
growing, young cattle did not have optimum meat quality. Neverthe-
less, tenderness was improved by faster daily gains during the finishing
period. Heavier final weights decreased both tenderness and flavor inten-
sity, while longer feeding periods (pasture plus feedlot days) decreased
juiciness and flavor intensity. Higher concentrate diets improved flavor
desirability. For optimum meat quality, the ideal animal appears to be
one that is older and has gained rapidly but is not excessively heavy at
harvest.

Key Words: Carcass quality, Beef, Tenderness

31 A beef quality synopsis: what we know and
where we need to go. J. B. Morgan* and D. N. Vargas, Okla-
homa State University, Stillwater, OK USA 74078.

Today’s domestic and international consumers are demanding more in
terms of beef quality than ever in the past. Beef consumers quality
equation now contains additive factors such as safety, nutrition and
convenience as well as dependability. These relentless demands have
prompted the beef industry to find new and innovative ways to produce
high-quality beef products which always clear the quality hurdle. Re-
cent research has focused on the use of vitamins to improve beef quality.
Studies have shown the efficacy of supplementing vitamin E in extending
the retail shelf-life of beef. By decreasing the rate of lipid oxidation and

lean discoloration, a $4.00 investment of supplemental vitamin E en-
sures that fewer beef cuts are discounted or discarded due to premature
browning, resulting in a $30.00 to $35.00 saving per carcass marketed
through commercial retail outlets. Secondly, it appears that supple-
menting cattle with high-doses of vitamin D3z enhances meat tenderness;
preliminary results demonstrate that supplementing 5 million IU/hd/d
of vitamin D3 for the final 6 d prior to harvest decreases (P < .05) shear
force values of steaks aged for 7 d. Vitamin D3 increases calcium levels in
muscle which is associated with accelerated postmortem tenderization.
Increasing the rate of tenderization in this fashion should facilitate the
shipment of consistently tender beef to retail outlets even under feature
sale conditions. Case-ready products are leading the beef industry into
a new era of marketing. In order for beef to remain competitive at the
retail counter one must continue to develop ”consumer-friendly” items
that can be prepared with minimal time and effort. Another factor
critical to the beef industry’s future is the advent of on-line tenderness
characterization systems. Predicted carcass tenderness should facilitate
true value-based marketing and allow consumers to select the product
quality of their choice. Understanding factors which contribute to beef
quality and consistency and more importantly, learning how to control
these factors, will save the industry millions of dollars annually. As the
21 century arrives, beef producers, processors and retailers must strive
to provide consumers with a consistent, high-quality product if beef is
to maintain its viability as a protein supplier.

Key Words: Beef, Quality, Overview

RUMINANT NUTRITION/PASTURES AND FORAGES SYMPOSIUM
Designing Supplements for Grazing Beef Cattle

32 Designing supplementation programs for beef
cattle fed forage based diets. W. E. Kunkle*!, 1 University of
Florida.

Supplements are offered to cattle fed forage based diets to improve per-
formance and economic return. This review will focus on identifying the
limiting nutrients, sources of carbohydrates in energy supplements, feed
additives and feeding systems. The first step in designing a supplement
is to determine nutrients (protein, vitamins and minerals) that limit in-
take, digestibility and utilization of the forage energy. Although this
seems simplistic, grazing cattle select their diet and nutrient composi-
tion of consumed forage often is unknown. Blood urea nitrogen and fecal
analysis offer point-in-time indicators of protein-energy balance of the
diet. Energy supplements (balanced with protein, vitamins and miner-
als) are often needed to meet desired performance. Several experiments
indicate that when the sum of starch plus sugars in supplements are
offered above .4% of body weight, forage intake and digestibility are re-
duced. In this situation, choosing a highly digestible supplement low in
starch such as soybean hulls compared to a supplement high in starch
such as corn gives 15 to 30% better performance per unit of supplemental
TDN. Several antibiotics increase gain and efficiency of growing cattle
fed forage diets. Supplementing approved levels of ionophores or bam-
bermycins has improved gains .07 to .11 kg/day at a cost (wholesale)
of 2 to 3 cents/day. These antibiotics increase gains of growing cattle
similar to feeding an additional .45 kg of TDN/day. Adding these an-
tibiotics to supplements formulated for growing cattle usually improves
net return. Other antibiotics and feed additives that control diseases,
bloat, and parasites may increase net returns in selected situations. For-
mulating self-fed supplements that are consumed at desired amounts
reduces feeding costs but challenges for the nutritionist include varia-
tion in consumption across situations, variation in consumption amount
and frequency within the herd, and availability of reasonable cost intake
limiters that do not cause management or disease problems. Hand-fed
supplements offered at 1.5 kg/day or less usually give similar improve-
ments in performance when fed on alternate days compared to daily
feeding but less frequent feeding may result in reduced performance.

Key Words: Supplement, Antibiotics, Cattle

33 Designing mineral supplements for beef cattle.
L. W. Greene*, Texas A&M University System.

Mineral supplementation programs in the cow-calf/stocker industry

range from nothing or plain salt/sulfur blocks to highly formulated free-
choice mineral supplements containing organic and inorganic sources of
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minerals. The primary question is, ”Which of these will generate the
greatest return on investment by optimizing production efficiency and
maintaining cattle health?”. Many variables must be considered when
attempting to answer this question. In most cases, every production
system is different due to environment, forage type, animal genetics,
physiological state of production, etc., making it difficult to ”fine tune”
mineral supplements for the generic production system. However, to
prevent tremendous complexity in managing mineral supplementation
programs, average environments, forage mineral supplies, animal char-
acteristics and production levels must be used as a starting point. In
unique situations, formulations can be altered to account for variances
from the norm. However, care must be taken to avoid critical nega-
tive mineral to mineral interactions that are known to exist. It is not
uncommon to create a completely new problem when changing a min-
eral supplement program to fix an old problem. Choice of supplement
ingredients is also critical to ensure adequate mineral availability and
supplement weather-ability. In addition, the mineral supplement provid-
ing the best mixture of mineral salts to meet production needs is of little
value if consumption is not adequate. These issues and others will be
discussed with respect to current literature on mineral supplementation
programs for beef cattle.

Key Words: Mineral supplement, Beef cattle

34 Designing protein supplements. M. K. Petersen*,
C. R. Krehbiel, J. Sawyer, and R. Waterman, New Mexico State Uni-
versity, Las Cruces, NM USA.

Protein supplementation of grazing livestock is used to complement the
nutrient content of grazed vegetation. When effectively implemented,
economic improvements in gain and reproduction can be realized. Tim-
ing of supplement availability (within day, within week, or within sea-
son) can influence the outcome. The source and quantity of protein
can also modify the response by the animal. Nitrogen, protein, and/or
amino acids may be included into supplements to achieve various results.
The objectives may include an enhanced supply of ammonia or nitro-
gen containing growth factors to ruminal microbes, satisfying a protein
requirement of the animal, or to manipulate metabolism (metabolic hor-
mones or supply of intermediates). These goals must be met within the
context of management effective delivery systems and highly palatable
formulas. Protein supplements are designed first by the quantity of feed
which is acceptable to management. The quantity of ruminally degrad-
able intake protein is considered next to optimize ruminal function and
intake. Then, depending upon vegetation type, quantity, and animal

125



physiological state, the purpose of appropriate ruminally undegradable
intake protein (UIP) is considered. After the UIP sources and quan-
tity are determined, the carrier/energy sources are selected to achieve
the required amount of feedstuffs to serve as dilution agent, binder, and
space filler. The form of the supplement (e.g. small, standard, or large
pellets, blocks, molasses liquid or solidified and loose) will be dependant
upon feeding management intensity and the physical characteristics of
the selected feeds. Protein supplements should be designed with a spe-
cific purpose. This goal will dictate the amount and type of protein
used and the form supplied. Feeding management will determine the
frequency and timing of supplementation. The overall aim is to sup-
ply the most biologically potent mix of nutrients that will allow for the
provision of the least amount of supplement at the lowest cost while
successfully achieving production goals.

Key Words: protein supplementation, grazing ruminents

35 Dietary fats as reproductive nutraceuticals in
cattle. G. L. Williams* and R. L. Stanko, Texas A&M University
Agricultural Research Station, Beeville, TX, U. S. A.

Inadequate dietary energy intake and poor body condition are two of
the most pervasive factors influencing reproductive efficiency in cattle
production systems. Therefore, an important goal has been to discover
novel methods for enhancing reproductive performance in cattle that

are exposed to these conditions, often repeatedly. This review will ex-
amine dietary fat as a reproductive "nutraceutical”, including the roles
of fatty acid content and minimum effective intake. Although the con-
sumption of lipids by ruminants is limited under natural conditions,
their addition to formulated diets to increase caloric content or to pos-
itively modify diet physical characteristics is a long-standing practice.
More recently, fat supplements have been used in attempts to influ-
ence specific metabolic pathways, and ultimately, hormones that di-
rectly modulate reproductive processes. The basis for this approach
lies within an array of digestive, metabolic, and reproductive sequelae
that occur when cattle consume significant quantities of fat, particularly
fermentable fat. Evidence suggests that the consumption of polyun-
saturated plant oils can positively influence ovarian follicular growth,
luteal function, and postpartum reproductive performance, independent
of caloric effects. Mechanistically, these effects have been attributed to
a cascade of events that change rumen fermentation patterns, heighten
lipoprotein-cholesterol synthesis, increase secretion of ovarian steroids,
modify circulating concentrations of insulin and growth hormone (GH),
and enhance the synthesis or accumulation of insulin-like growth factor-
I (IGF-I) within the ovarian follicle. Both natural and manufactured
products that can be used to exploit these physiological concepts are
available commercially.

Key Words: Dietary Fat, Cattle, Reproduction

SHEEP SYMPOSIUM
Changing the Industry

36 Potential for hair sheep in the U.S. D. Notter*,
Virginia Polytechnic Institute and State University, Blacksburg.

The U.S. sheep industry must improve its competitiveness relative to
other meat and fiber sources within the U.S. and internationally. Cur-
rent opportunities to develop innovative programs include funding from
the National Sheep Industry Improvement Center and 4 yr of protection
from imports by the International Trade Commission. It is essential
that the sheep industry seize these opportunities to build a secure base
for future development. Production characteristics that currently limit
expansion of the sheep industry include high labor requirements, sus-
ceptibility to internal parasites, and low wool prices. These problems
could be reduced by development of ”easy-care”, wool-free sheep breeds
with greater parasite resistance, so long as these breeds were also able to
maintain satisfactory growth, reproduction, maternal ability, and car-
cass yield and quality. Hair sheep have many characteristics that are
desired in easy-care sheep types, including high fertility and prolificacy,
excellent lamb vigor, and substantial resistance to internal parasites.
Meat quality appears to range from very acceptable to excellent. These
animals are small, however; associated growth rates and optimal slaugh-
ter weights are low relative to those of other U.S. breeds. Little has been
reported about herding characteristics of hair sheep, and genetic con-
trol of fiber type (wool versus hair) is not well understood. Purebred
hair sheep may be useful in restaurant and specialty markets, but use of
hair sheep genetics in traditional markets will likely involve composite
breeds with 50 to 75% hair sheep genetics. Existing composite breeds
such as the Katahdin and Dorper may fill this role, but development
and evaluation of new composite types using other sources of hair sheep
genetics should also be considered. Potential for hair sheep is greatest in
the southeastern U.S. and the southern Corn Belt. Low cold tolerance
may limit their usefulness in colder regions, where hair sheep crosses,
which often have a partial wool coat in winter that is shed in summer,
may be preferred.

Key Words: Hair sheep, Composite breeds, Disease resistance

37 East Friesian germplasm: effect on milk produc-
tion, lamb growth, and lamb survival. D. L. Thomas*, Y. M.
Berger, and B. C. McKusick, University of Wisconsin-Madison.

The East Friesian (EF) breed originated in the Friesland area of Ger-
many. It generally is regarded as the highest milk-producing breed of
dairy sheep in the world. Average milk yields as high as 550 to 650
liters have been reported in northern Europe. It is medium to large in
body size with rams weighing 90 to 120 kg and ewes weighing 65 to 75
kg. The face and legs are white and free of wool, and a distinguish-
ing characteristic is a long, thin tail that is free of wool - a ”rat” tail.
They have a high prolificacy; generally over 2.0 lambs per ewe. The
first importation of EF genetics into the U.S. was in 1993 by the Uni-
versity of Wisconsin-Madison (UW), the University of Minnesota, and
a few private producers. It consisted of F1 EF ram lambs from B.C.,
Canada sired by one Swiss EF ram. There were later importations into
the U.S. of crossbred and purebred rams and ewes, embryos, and se-
men from Canada and Europe, so EF genetics are now readily available.
Early studies at UW compared the performance of progeny sired by EF
crossbred (1/2, 3/4 and 7/8 EF) and purebred Dorset (D) rams. EF-
cross lambs had greater birth, weaning, and postweaning weights than
D-cross lambs. When lambing at one and two years of age, EF-cross
ewes gave birth to and reared more lambs per ewe mated, had longer
lactation lengths, produced more milk, fat and protein, and had a lower
percentage of milk fat and protein than D-cross ewes. With the low
levels of EF genetics evaluated in this early study (mostly 25%, some
50%), it appears that EF-cross sheep are superior to D-cross sheep for
lamb and milk production in northwestern Wisconsin. The same may
not hold true for EF-cross sheep of over 50% EF genetics. Some stud-
ies conducted in the Mediterranean region found that sheep containing
more than 50% EF breeding had lower survival, lower lamb production,
and, in some cases, lower milk production than local breeds. It appeared
that the EF was not adapted to the high environmental temperatures
of the region and was more susceptible to some diseases; most notably,
pneumonia. Evaluations of high percentage and purebred EF sheep are
needed in North America.

Key Words: East Friesian, Dairy sheep

TECHNOLOGY FORUM

38 Evidence of quantitative trait loci affecting
growth and carcass composition traits in cattle segregating
the muscle hypertrophy locus. E. Casas*, S. D. Shackelford, J.
W. Keele, R. T. Stone, S. M. Kappes, and M. Koohmaraie, .

The locus causing muscle hypertrophy (mh) on chromosome 2 has been
previously assessed for growth and carcass traits. The objective was to
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identify other quantitative trait loci (QTL) in two families segregating
the mh allele. Two half-sib families were developed from a Belgian Blue
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x MARC III (n = 246) or a Piedmontese x Angus (n = 209) sire. Traits
analyzed were birth (BW; kg) and yearling weight (YW; kg); hot car-
cass weight (HCW; kg); fat depth (FD; cm); marbling score (MA); rib
eye area (REA; sz); estimated kidney, pelvic, and heart fat (KPH;
%); yield grade (YG); retail product yield (RP; %); and fat yield (FY;
%). Meat tenderness was measured as Warner-Bratzler shear force at 3
(WB3) and 14 (WB14) d postmortem. The effect of the mh locus on
these traits was removed using the phase information based on six mark-
ers flanking the mh locus. To identify putative regions harboring QTL
associated with retail product yield and fat, selective genotyping was
done on 92 animals from the extremes of the phenotypic distribution
from both families, using a total of 150 informative genetic markers.
Regions in which selective genotyping indicated the presence of QTL
were evaluated further by genotyping the entire population and addi-
tional markers. In the Belgian Blue cross family, a significant QTL (P
< .00005; expected number of false positives = .05) for BW and YW
was identified on chromosome 6 and suggestive QTL (P < .002; expected
number of false positives = 1) were identified for REA and HCW, and
for MA on chromosomes 17 and 27. In the Piedmontese cross family, a
suggestive QTL was identified for FD, RP, and YG on chromosome 5;
and for WB3 and WB14 on chromosome 29. Interactions suggesting the
presence of QTL were observed between the mh locus and chromosome
5 for WB14; and the mh locus with chromosome 14 for FD. Thus, other
loci influencing carcass traits have been detected in families segregating
the mh locus.

Key Words: Genetic Markers, QTL, Carcass Traits

39 Effects of electrical stimulation on tenderness,
color and quality attributes of beef longissimus muscle. D.
L. Roeber*, R. C. Cannell, K. E. Belk, J. D. Tatum, and G. C. Smith,
Colorado State University, Fort Collins, CO.

This study evaluated effects of four beef carcass electrical stimulation
(ES) treatments on carcass grade factors, muscle color, and subprimal
purge loss as well as cooked steak tenderness and weight loss. One side
per beef carcass was subjected to ES using one of four treatments; low
voltage - medium duration (LVMD), low voltage - long duration (LVLD),
high voltage - medium duration (HVMD) or high voltage - long dura-
tion (HVLD) and compared with the non-ES control side. Electrical
stimulation was achieved by inserting a positive electrode between the
latissimus dorsi adjacent to the second and third rib and a negative
electrode into the biceps femoris adjacent to the sacrum of beef sides.
One 2.54 cm thick longissimus steak was fabricated from each of 120
treated and 120 control matched carcass sides such that samples from 10
pairs of matched carcass sides were included to represent each of twelve
USDA Quality Grade (Select, low Choice, upper two-thirds Choice) by
ES treatment subclasses. Mean marbling scores for stimulated sides did
not differ (P > .05) from those for control sides within ES treatment
class. Mean values for CIE L*, a* and b* of lean color were higher (P
< .05) for HVLD treated sides than for control sides. When Warner-
Bratzler shear force (WBS) values for steaks were adjusted to a common
degree of doneness, WBS values were lower (P < .05) for ES treated sides
than for control sides in all four treatment classes. Within quality grade
subgroups, adjusted WBS values for Select beef were improved (P <
.05) only when the HVMD and HVLD treatments were utilized. When
adjusted WBS values for steaks from control carcass sides were greater
than 4.5 kg, treatment of matching carcass sides with LVMD, LVLD,
HVMD or HVLD reduced WBS to below 4.5 kg 50, 88, 60 and 75% of
the time, respectively. Mean values for cooked steak weight loss, ad-
justed to a common degree of doneness, did not differ by treatment and
mean purge loss in inside rounds only differed (P < .05) only when the
LVMD treatment was applied.

Key Words: Electrical Stimulation, Shear Force, Purge

40 Use of sperm rich or entire ejaculates for breed-
ing sows. J. D. McDonald*!, T. J. Safranski!, and S. L. Terlouw?,
LUniversity of Missouri-Columbia, 2 Premium Standard Farms, Prince-
ton, MO.

The bulk of reproduction research has focused on the female. Increased
value of individual boars and use of artificial insemination have height-
ened the need to fine tune semen collection and processing procedures.
This study was designed to determine whether the total fluid ejaculate
(TE) or sperm rich fraction only (SR) should be collected for maximum
reproductive performance. Semen collected from 425 individual terminal
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boars was used to mate to hybrid maternal sows with Landrace, Large
White and Duroc genetic background. Each boar was used randomly for
each treatment. Semen was evaluated and extended to a minimum of
3.2x108 viable cells per 85 mL in BTS, and was used within 48 hours of
collection. Semen was sent to 34 separate sow units. Every-other week,
the treatments that were sent to the farms were alternated, and only
sows mated Monday through Friday were included in the data set. Three
matings were performed at either 24 hour intervals (AM/AM/AM) or
24 and eight hour intervals (AM/AM/PM) depending on day of estrus
post-weaning from June 18 through August 20, 1998. The number of
matings for the TE and SR were 7,856 and 7,577, respectively. A model
including sow unit, treatment, week, sow unit x week (error term), par-
ity and previous lactation length was used to compare whether or not
sows farrowed (FARO), total number born (TNB), born alive (NBA),
stillborn (NSB) and mummies (MUMM). FARO varied among sow units
and parity, but there was no significant treatment effect. Parity, previ-
ous lactation length and sow unit each had significant effects on TNB
and NBA, but again there were no treatment differences (10.95+.073
vs 10.90+.073 for TNB, P=.38 and 10.22+.067 vs 10.19+.067 for NBA,
P=.54 for TE and SR, respectively). Similar relationships were seen for
NSB and MUMM, except that previous lactation length was no longer
significant. Use of either TE or SR resulted in similar sow reproductive
performance in this study. There may be an advantage to one type of
collection if semen is stored for longer periods of time prior to use.

Key Words: Semen fractions, Boar, Fertility

41 Absence of virus on pig embryos recovered from
gilts vaccinated with a modified-live PRRSV vaccine. B. A.
Didion*!, S. T. Finn!, M. Eisenhardt?, and J. Christopher-Hennings3,
1DEKALB Swine Breeders, Inc., DeKalb, IL, 2DEKALB Swine Breed-
ers, Inc., Plains, KS, 3South Dakota State University, Brookings, SD.

Porcine reproductive and respiratory syndrome virus (PRRSV) is a
pathogen threat to the swine industry. Porcine embryo transfer has
merit for reducing disease transmission risks (i.e. PRRSV) associated
with transportation of live animals. The objective of this study was to
examine the efficacy of surgical recovery of pig embryos from PRRSV
infected gilts towards generating a source of PRRSV-free germplasm.
Seven serologically PRRSV-negative prepuberal line gilts (180 days of
age) were relocated to an off-site facility and estrus was induced using
P.G. 600 (Day=0). Also on Day 0, gilts were bled and samples submitted
for PRRSV testing via reverse transcription polymerase chain reaction
(RT-PCR). On Day 4, all gilts were artificially inseminated once. A
portion (5 ml) of each insemination dose was frozen in liquid nitrogen
for PRRSV testing via RT-PCR. Also on Day 4, all gilts were vaccinated
intramuscularly with a single dose of PrimePac (Schering Plough). On
Day 8, all gilts underwent mid-ventral laparotomies. Serum, uterine flu-
ids and embryos were collected from each gilt for PRRSV testing via
RT-PCR. Uterine flushings from each horn were kept separate (14 sam-
ples collected) and tested for PRRSV via RT-PCR. Embryos isolated
from each horn were divided into two treatment groups towards testing
for PRRSV via RT-PCR: Group I embryos were washed with trypsin and
Group IT embryos were washed without trypsin (control). The RT-PCR
results for serum collected on Day 0 was negative for all seven gilts. All
semen samples tested negative for PRRSV. Day 8 serum samples were
collected on six of the seven gilts. Four of the six gilts tested positive
for PRRSV in serum. There was 1 of 14 uterine flush samples testing
positive for PRRSV. No embryos from Group I or II tested positive for
PRRSV. Results suggest that pig embryo recovery and transfer may be
a viable option for transporting germplasm with reduced health risks.

Key Words: Porcine, PRRSV, Embryo transfer

42 Estrous cycles in gilts with or without PG-600°
and boar exposure. D. F. Hentges and T. J. Safranski*, University
of Missouri-Columbia, MO.

A commercially available product, PG-600 (Intervet), containing PMSG
and hCG is available to stimulate puberty in gilts. Our objectives were
to determine whether the best induction and maintenance of estrous cy-
cles came from PG-600 alone or in conjunction with other stimuli. In
July, 109 gilts housed 16 to 21 per pasture lot were randomly allocated
to treatments in a 2 x 2 factorial arrangement. Treatments were pres-
ence or absence of PG-600 and boar exposure (BE) beginning at 165
d of age. Blood samples were collected weekly, starting the week prior
to initiation of treatments. Serum was assayed for progesterone (P4) to
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determine whether ovulation had occurred. Forty-seven gilts with initial
P4 concentations above two ng/ml and two injured gilts were removed.
The BE gilts were exposed to a mature boar 15 min daily with all gilts
receiving daily BE beginning 18 days after initial treatment. During the
56 d study 54 gilts were observed in estrus. Three gilts from each of the
BE and control treatments did not exhibit estrus and were not included
in the estrus data. Mean days to first estrus were reduced (P < .006)
with PG-600 vs no PG-600 (5.09 + 1.01 and 9.42 + 1.13, respectively).
Days to first estrus were no different (P > .05) for BE vs no BE (6.96
+ 1.09 and 7.54 + 1.06, respectively). The BE x PG-600 interaction
was not significant. PG-600 increased (P < .01) the number of gilts ex-
pressing estrus within six days of treatment. A second estrus was seen
within 18 to 23 days in 31 gilts that responded to initial treatments.
There were no significant differences among treatments; however, the
BE x PG-600 interaction approached significance (P < .09). Ninety-
two percent of gilts receiving only PG-600 had a normal estrous cycle;
whereas, only 67% of gilts receiving both PG-600 and BE had a normal
estrous cycle. In this experiment PG-600 was more effective at synchro-
nizing estrus when used alone. Future research is needed to optimize
timing for PG-600 and to confirm the effects of additional stimuli.

Key Words: Puberty, Gilt, PG-600

43 Boar sperm acrosomal status relative to fertility.
S. T. Finn* and B. A. Didion, DEKALB Swine Breeders, Inc., DeKalb
IL/USA.

Little information exists on the correlation between acrosome status and
boar fertility. The objective of this research was to evaluate the effect
of acrosomal integrity of boar spermatozoa on fertility. Twenty-seven
boars with varying levels of fertility were used in this study. Fertility
was measured as the percentage of sows bred (via artificial insemina-
tion) by each boar that farrowed. The mean farrow rate percentage
was 72. Two semen samples were collected from each boar with at
least a seven-day interval between collections. Motility (measured mi-
croscopically) and acrosome integrity were evaluated for each boar. For
acrosome staining, semen was diluted 1:1 with a sodium citrate solution
(29g/1). A smeared slide was made for each collection. The slides were
treated with methanol and allowed to air dry. The slides were treated
with FITC-labeled PSA (50 micrograms /ml) for 45 minutes. They were
rinsed with dH2O for 10 minutes and air-dried. The slides were then
examined at 400x magnification using an Olympus BH2 UV microscope
fitted with a FITC filter set. A total of 200 sperm were categorized
as acrosome-intact or acrosome-loss for each sample. Acrosome-intact
sperm fluoresced more intensely than acrosome-loss sperm. The mean
percent motility and mean percent acrosome-intact sperm was 92.8%
and 98%, respectively. The range of percent acrosome-intact sperm was
92% to 100%. No functional relationship existed (r=-0.2) between boar
fertility and acrosome status.

Key Words: Boar, Fertility, Acrosome

44  Factors associated with incidence of PG00 inter-
vention in weaned sows. C. J. Bracken*, W. R. Lamberson, and
T. J. Safranski, University of Missouri, Columbia, MO, USA.

During September of 1998, sows in a commercial herd were studied to de-
termine factors affecting time of ovulation after weaning (n = 146). This
group included a sub-population (n=31) that did not exhibit signs of es-
trus by d 7 post weaning and received PG600 intramuscularly. The first
objective of this study was to identify factors associated with delayed
estrus and intervention with PG600. A second objective was to charac-
terize factors contributing to variation in the estrus to ovulation interval
(EOI). The number and diameter of follicles present on both ovaries of
each sow at d 3 post weaning, and of each sow receiving PG600 on the
day of injection, were determined via transrectal ultrasound. Beginning
36 hours after the initial ultrasound (4.5 d after weaning), ovaries were
examined at 07:00 h and 16:00 h until ovulation was observed or d 6 post
injection. Time of ovulation was defined as the midpoint between the
last observation of a complete cohort of preovulatory follicles and the
first observation of the absence of ovarian follicles. Estrous detection
was conducted once daily using fence line boar contact. Parity, number
of pigs weaned, lactation length, predominant follicle size (small, 3-4
mm; medium, 5-6 mm; or large, >7 mm), total d 3 follicular volume,
back fat, and loin eye area were used as independent variables in anal-
yses of PG600 intervention. Increased parity (P<.05), backfat (P<.05),
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and d 3 follicular volume (P<.001) reduced the likelihood of PG600 in-
tervention. Only 9 of 90 sows with predominantly large follicles at d 3
post-weaning received PG600, while 17 of 26 sows with predominantly
medium and 3 of 6 sows with predominantly small follicles received the
drug (P<.001). Sows that received PG600 on average ovulated 15.82 h
before expressing estrus whereas sows not receiving PG600 expressed es-
trus 30.03 h before ovulation (P<.001). Using PG600 intervention may
affect EOI thus, influencing the appropriate time of insemination.

Key Words: PG600, estrus, ovulation

45 Who’s there? - Community analyses of bacteria
in swine feces and waste handling pits using PCR and pure
culture isolation. T. R. Whitehead*, R. L. Zeltwanger, and M. A.
Cotta, .

Storage of swine waste is associated with the production of a variety of
odorous compounds, including ammonia, organic acids and alcohols, and
sulfides. These odorous compounds can contribute to health problems
for swine facility workers and animals, as well as affect local populations.
Although the generation of these chemicals is the result of microbiolog-
ical activity, little is known about the types of microorganisms respon-
sible for their production. Microbial populations of pig feces and waste
storage pits were analyzed by conventional microbiological analyses and
16S rDNA sequence analyses. Fecal and waste storage pit samples were
collected from a local swine production facility. For pit samples, to-
tal colony counts on medium containing clarified swine slurry were 2-20
times higher than those obtained on rumen fluid medium. In contrast,
the highest counts for fecal samples were obtained on rumen fluid con-
taining medium. Samples were also plated onto media containing tetra-
cycline, erythromycin, or tylosin, and antibiotic resistant bacteria enu-
merated. Antibiotic resistant organisms were found in all samples, and
the level of resistance ranged from 4% erythromycin resistance in 6 ft pit
samples to 32% tylosin resistance in 3 ft pit samples. Randomly selected
colonies from the highest dilutions were isolated. Similarity analyses of
16S rDNA sequences derived from the bacteria indicated the presence
of primarily low G+C Gram-positive bacteria, such as Clostridium sp.,
Streptococcus sp., and Lactobacillus sp. in both pit and fecal samples.
Total DNA was also isolated from the fecal and pit samples. DNA se-
quence analyses of PCR amplified 16S rDNA genes were carried out to
identify predominant bacteria. Similarity analyses of the 16S sequences
indicated the presence of primarily low G+C Gram-positive bacteria,
such as Clostridium sp., Streptococcus sp., and Lactobacillus sp. in
both ecosystems. Many of the sequences were of unidentified microor-
ganisms. A variety of methanogenic archaebacteria were identified from
the pit DNA. A large number of unidentified sequences were also found.
These results indicate that the primary eubacteria identified in swine
feces and waste pits are low G+C, Gram-positive bacteria.

Key Words: swine, waste, bacteria

46 Mucosal competitive exclusion to reduce
salmonella in swine. D. E. Reeves*!, P. J. Fedorka-Cray2, J.
S. Bailey2, N. J. Stern2, N. A. Cox?, S. R. Lade|y2, and W. Pullen?,
LUniversity of Georgia, College of Veterinary Medicine, 2 USDA-ARS,
Russell Research Center.

In two separate trials, a mucosal competitive exclusion culture (MCES)
was studied for its effectiveness in reducing Salmonella in suckling pigs.
The MCES culture was derived from the cecum of a 6 week-old pig
known to be free of Salmonella. MCES was produced in large scale,
adjusted to approximately 10° CFU/ml, and frozen at -70°C until use.
In trial one (T1), pigs were given 5ml MCES by oral gavage within 6
hours post-farrowing (PF) and again at 24 hours PF. Control pigs were
given 5 ml sterile PBS by oral gavage at same time interval. At 48 hours
PF, pigs were inoculated intranasally with 1 ml of S. choleraesuis (10%
CFU/ml). In trial two (T2), all treatments were the same as T1, except
that the challenge dose of S. choleraesuis was increased to 10° CFU/ml.
Fecal samples were obtained from sows at weekly intervals prior to far-
rowing and from suckling pigs and sows at daily intervals after farrowing
for culture. At day 7 PF necropsy samples of tonsil, lung and lymph
nodes, liver, spleen, colon, cecum and ileocecal junction were obtained
aseptically from each pig and qualitatively cultured. A cecal fecal sam-
ple was quantitatively cultured. No clinical signs of salmonellosis were
apparent in either trial nor was S. choleraesuis recovered from fecal sam-
ples in either trial. In T1, 9.5% of the tissues were positive from the
MCES treated pigs versus 21% positive tissues from the control pigs.
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In T2, 28% of the tissues were positive from the MCES treated pigs
versus 51% from the control pigs. A slight (<1 log) quantitative dif-
ference in total numbers per cecum between treated and control groups
was observed. The increase in the number of positive tissues between
trials is attributed to the higher challenge dose given in T2. These data
confirm previous findings in which a >50% reduction in positive tissues
between treated and control pigs was observed. The continued observa-
tion in reduction of numbers of positive tissues indicates that the use of
MCES may be a practical solution for control of Salmonella. Additional
studies to determine the optimal time of administration and duration of
protection is warranted.

Key Words: competitive exclusion, salmonella, swine

47 Development of electronic nose technology as
a diagnostic tool in detection and differentiation of Es-
cherichia coli O157:H7. S. M. Younts*!, E. C. Alociljal, W. N.
Osburn?, S. Marquiel, and D. L. Grooms?2, L Michigan State University,
2 Large Animal Clinical Sciences, Michigan State University.

Cattle have been identified as a primary reservoir for Escherichia coli
O157:H7. Pre-harvest detection of pathogens using electronic nose tech-
nology would enhance efforts to reduce the risk of human exposure.
The objective of this research was to develop a neural network-based
gas sensing electronic nose to differentiate E. coli O157:H7 from non-
O157:H7 strains. In phase 1, computer controlled gas sensors were used
to monitor gas emissions from four isolates of E. coli O157:H7 and four
non-0O157:H7 E. coli isolates. A standard concentration of each isolate
was grown in 10ml of nutrient broth at 37°C for 16 hours with gas sam-
pling conducted every five minutes. Readings were continuously plot-
ted to generate gas signatures. Gas chromatography/mass spectrome-
try analysis was used to validate the gas signatures and verify the gas
composition. Standard growth curves were established through viable
plate counts to demonstrate the relationship between bacteria growth
and gas emissions. Detectable differences were observed between the gas
patterns of the E. coli O157:H7 and the non-O157:H7 isolates. Phase 2
involved the training and testing of the artificial neural network (ANN)
for interpretation of the gas signatures. Five signatures from each isolate
(n=40) were used as training vectors for the ANN. In the training pro-
cess the ANN was configured for pattern recognition, data classification,
and forecasting. A second data set was used in testing the ANN for rapid
identification and classification output. Analyzing the response of the
ANN, the sensitivity, specificity, and predictive value of the electronic
nose were calculated. Based on the ability to detect differences in the
gas patterns, this technology has a broad scope of potential applications
with promise as a diagnostic tool for pre-harvest pathogen detection in
cattle intended for human consumption.

Key Words: E. coli O157:H7, Electronic nose, Food Safety

48 Modeling the relation between energy intake and
protein and lipid deposition in growing pigs. J. van Milgen*,
N. Quiniou, and J. Noblet, INRA, Saint-Gilles, France.

A data analysis model is proposed where, for an animal of given BW and
genotype, the relation between protein deposition (PD) and ME intake
above maintenance (MEp) is curvilinear, so that PD intersects the ori-
gin and reaches its maximum at the maximum protein deposition rate
(PDmax). An increase of MEp beyond that required to attain PDmax
would not change PD. The MEp not used for protein synthesis can be
used for lipid deposition (LD). The relation between PD and LD on the
one hand and ME on the other hand can then be described as a func-
tion of the maintenance energy requirement (MEm), PDmax, the level
of ME required to attain PDmax (F; as a multiple of MEm), and the
energetic efficiencies of PD (k) and LD (k). Of these statistics, only
kp and ky were assumed to be independent of BW and genotype. Vari-
ation in PDmax was described as a Gompertz function (of age) whereas
variation in F was assumed to be a linear function of BW. Maintenance
energy requirement was expressed as a power function of BW. To ver-
ify the model, 145 nitrogen and energy (indirect calorimetry) balances
were obtained from 3 types of pigs (Large White castrates (LWc) and
Large White x Piétrain castrates (LPc) and males (LPm)) ranging in
BW between 45 and 100 kg and housed under thermoneutral condi-
tions. Animals were allotted to one of four energy levels ranging from
70 to 100% of ad libitum intake. The MEm was not different between
genotypes (850 kJ/kg BW-%°) whereas the k, and k; were .56 and .75,
respectively. The maximum values for PD were 174, 179, and 192 g/d
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for LWc (54 kg BW; 103 d), LPc (37 kg BW, 83 d) and LPm (77 kg BW;
109 d), respectively. In most ad libitum fed animals, PD was limited
by MEp and not by PDmax. In LPm, the difference between PD and
PDmax was small (less than 8%). In LWc¢ and LPc, PDmax started lim-
iting PD at approximately 130 d of age (80 kg). The F did not change
with BW for LPm (2.8 x MEm). For the other genotypes, it decreased
linearly from 4.6 at 40 kg to 2.0 at 100 kg of BW. Because PDmax
was a function of age, even some restrictively fed LWc were limited by
PDmax and not by energy intake. At a same BW, these animals are
older and therefore have a lower PDmax. Due to its nature, the model
allows estimation of PDmax even when energy is restricting PD.

Key Words: Growing Pigs, Energy, Model

49 Effect of supplemental vitamins and trace min-
erals on performance and carcass quality in finishing pigs.
M. S. Edmonds* and B. E. Arentson, Kent Feeds, Inc., Muscatine,
lowa.

Two trials with finishing pigs (PIC line 355 x Camborough 22) were
conducted to evaluate the effects of vitamin, trace mineral (VTM) dele-
tions on performance, economics, carcass quality, and tissue nutrient
levels. In trial 1, a 3 x 2 factorial (three VT M regimens, two stress reg-
imens) was conducted for 12 weeks with 252 pigs (mixed sex). Average
initial weight was 55 kg. The VTM regimens consisted of control (ad-
equate level of VTM throughout trial), VITM deleted for final 6 weeks
of trial and VTM deleted for entire 12 weeks of trial. The stress regi-
mens consisted of leaving half the treatments in their original location
or moving the other half of the treatments to a new pen location ev-
ery three weeks. There were three replications per treatment with 14
pigs per pen (.80 mz). Diets were medicated with bacitracin methylene
disalicylate. Overall, there were no significant (P > .05) treatment dif-
ferences for ADG, ADFI, G/F, cost per kg of gain, loin eye area, and
last rib backfat. However, there was a significant decrease (greater than
75%) in vitamin E content (loin muscle) from deleting vitamins for 6
and 12 weeks. In trial 2, a 3 x 2 factorial (three VTM regimens, sex)
was conducted for 12 weeks with 306 pigs. Average initial weight was
58 kg. The VTM regimens were identical to those used in trial 1. Each
treatment consisted of three replications of 17 pigs per pen (.66 m?) and
all diets were unmedicated. Overall, pigs fed diets without VITM for 12
weeks had reduced (P < .06) ADG and lower (P < .10) ADFI than those
fed the control diets. Compared to barrows, gilts had significantly lower
ADFI and improved (P < .05) G/F and fat-free lean index. Vitamin
E content (ham muscle) was markedly (P < .05) reduced (greater than
50%) when pigs were fed diets without VTM for 6 and 12 weeks com-
pared to those fed the control. Levels of copper in ham muscle were
reduced (P < .05) in barrows but not in gilts fed diets without VTM.
These data suggest that deleting VITM during the finishing stage re-
duces performance and markedly lowers the nutritional quality (vitamin
content) of pork.
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50 Efficacy of acidified sodium chlorite as a decon-
tamination treatment for pork tongues. H. N. Zerby*!, K. E.
Belk!, J. N. Sofos!, G. R. Schmidt!, N. Kotrola2?, M. L. Aldrich?, and
G. C. Smith!, *Colorado State University, Fort Collins, CO, 2Alcide
Corporation, Redmond, WA.

This study was conducted to evaluate decontamination on pork tongues
after they were treated with an acidified sodium chlorite, lactic acid or
trisodium phosphate solution. Acidified sodium chlorite (ASC) consit
of a combination of acid and sodium chlorite in an aqueous solution (in
this study acetic acid and 1200 ppm of sodium chlorite were used). Indi-
vidual pork tongues (n = 25) were immersed in solutions of ASC (22°C),
2% lactic acid (LA; 50°C), or 12% trisodium phosphate solution (TSP;
50°C) for 10 sec. Other pork tongues were sprayed with a solution of
2% LA (50°C) on each side for 10 sec at 35 psi. The effcetiveness of the
treatments was determined by analyzing pork tongue samples for aero-
bic plate counts (APC), total coliform counts (TCC) and Escherichia
coli counts (ECC). The APC, TCC and ECC from all treatments were
compared with counts obtained from untreated controls. The controls
had mean values (log CFU/g) for APC, TCC and ECC of 4.8 + .4, 2.6
+ 1.0 and 2.5 &+ 1.1, respectively. All decontamination treatments were
successful in reducing (P < .05) APC, TCC and ECC by a minimum
of 68, 98 and 98% of the absolute counts associated with the controls,
respectively. Spraying or immersing pork tongues in a 2% LA solution
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resulted in a 92% reduction in APC CFU/g compared to the controls,
which was more effective (P < .05) than was immersing pork tongues
in a 12% TSP which resulted in a 68% reduction. Reductions in mean
APC CFU/g due to immersion in ASC solution were similar to reduc-
tions obtained with LA. For TCC and ECC, all treatments were equally
(P > .05) effective, reducing counts by a minimum of 1.9 and 1.8 mean
log CFU/g, respectively. Overall the results indicated that immersion

of pork tongues in an ASC, LA and TSP or spraying the pork tongues
with LA were similarly effective in reducing microbial counts. Therefore,
all three treatments can be considered as an effective decontamination
intervention for reducing microbiological counts on pork tongues.

Key Words: Pork, Safety, Bacteria

BREEDING AND GENETICS

51 Power of detecting marker associated QTL ef-
fects in granddaughter design. Z. Zhang*!, R. J. Tempelman?,
I. L. Mao?, and D. B. Banks?, ! Cornell University, 2Michigan State
University.

Statistical power was examined for detecting the linkage of markers to
the QTL effect on a single trait. Granddaughter design populations were
simulated from a linear model with polygenic and QTL effects for each
of the combinations with respect to selection scheme, marker interval,
number of daughters, magnitude of QTL effect, and polygenic heritabil-
ity. The alternative schemes on the selection of sons are random, dis-
ruptive, truncation and stabilized. Fifty replicates were generated for
each population and were analyzed separately using restricted maximum
likelihood. Significantly greater power was generated under disruptive
selection scheme, than that from random selection, whereas truncation
and stabilizing selection generated less power than random selection.
Power of test using restricted maximum likelihood also was found to
be dependent on all other factors considered such that the power was
higher with more daughters per sire; smaller marker interval; greater
magnitude of QTL effect; and higher level of heritability.

Key Words: QTL, Marker, Power

52 Medium density comparative map of bovine
chromosome 25. E. Antoniou*!, D. Gallagher?, J. Taylor?, S.
Davis?, J. Womack?, and M. Grosz!, 1 USDA-ARS Fort Keogh Live-
stock And Range Research Laboratory, Miles City, MT, 2 Texas A&M
University, College Station, TX.

A complete and accurate comparative map of high resolution is necessary
for implementation of comparative positional candidate gene cloning.
Recent studies have shown complex situations where several interrupted
regions of a human chromosome are conserved on one bovine chromo-
some. This observed complexity underscores the difficulty in using hu-
man gene maps in a comparative positional candidate gene approach.
There is a crucial need for more detailed comparative maps. We de-
veloped a medium density comparative map of bovine chromosome 25
(BTA 25). A radiation hybrid panel containing 90 cell lines was used
to map nine genes and ten microsatellites. We isolated Bacterial Arti-
ficial Chromosomes containing these genes and eight of them were also
mapped by Fluorescence In Situ Hybridization. The map reveals three
segments of homology with human chromosomes 7 (HSA 7) and 16 (HSA
16). We describe a rearrangement in gene order on BTA 25 of the genes
on HSA 7 as well as a paracentric inversion. The breakpoints of synteny
conservation on HSA 7 are defined within less than 2 centimorgans. This
new comparative map should simplify the cloning of genes of interest on
BTA 25.

Key Words: Comparative Mapping, Cattle, Gene

53 Insight into the biology behind QTL affecting fat
deposition in swine. G. A. Rohrer*, USDA, ARS, U.S. Meat Animal
Research Center, Clay Center, NE.

In a previous study, three chromosomal regions which significantly af-
fected backfat thickness in a Meishan-White composite resource popula-
tion were reported. That study utilized data collected on more than 530
carcasses from backcross pigs (both Meishan and White composite sired
pigs were represented). The chromosomal regions detected were 1:136-
138, 7:40-60 and X:59-63 where the values are chromosome:relative po-
sition in ¢M. In the present study, phenotypic data for all of the animals
included in the previous study, along with littermates which were re-
tained for breeding (n=730 records), was analyzed. Traits studied were
ultrasonic backfat measurements (first rib, last rib and last lumbar verte-
bra) and weights of pigs at 14 and 26 wk of age. The statistical analyses
utilized a least-squares interval mapping procedure and F-ratios were
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converted to genome-wide significance levels. Fixed effects fitted were
breed composition, sex and season of birth for the unadjusted model
(UNA) and weight was included as a covariate in the adjusted model
(ADJ; backfat measures only). The 1:136-138 region affected all mea-
sures of backfat at 14 and 26 wk and was most significant in the UNA
model, as it also affected 14 and 26 wk weights. The 7:40-60 region was
significant for all backfat measures at 14 and 26 wk in the ADJ model,
and to a lesser degree for backfat at 26 wk in the UNA model. While
7:40-60 was not associated with 14 wk weights, it was associated with 26
wk weights. The X:59-63 affected all measures of backfat with similar
significance levels for the UNA and ADJ models, but did not affect live
weight. In summary, the 1:136-138 region affects backfat and weight at
an early age and this effect continues until market largely due to their
increased size, the 7:40-60 region affects backfat per unit of live weight
at early ages and then growth rate and backfat at 26 wk of age, while
the X:59-63 affects backfat at both ages independent of the weight of
the animal. The QTL at 1:136-138 is likely a gene which controls early
growth, where as the other two regions are more important in partition-
ing metabolic energy into fat vs lean.

Key Words: Swine, QTL, Backfat

54 Genotypic effects at the callipyge locus for meat
quality traits in lambs. B. A. Freking*, J. W. Keele, S. D. Shack-
elford, T. L. Wheeler, M. Koohmaraie, and K. A. Leymaster, .

A resource flock of 362 Fy lambs provided phenotypic and genotypic
data to estimate effects of four callipyge genotypes (NN, NC, CN, and
CC) on meat quality traits. The mutant allele is represented as C, the
normal allele(s) as N, and the paternal allele of a genotype is given first.
Lambs of each genotype born in 1994 and 1995 were serially slaugh-
tered in six groups at 3-wk intervals starting at 23 wk of age. Warner-
Bratzler shear force and subjective evaluation of marbling were collected
during both years from longissimus. Calpastatin activity was collected
on longissimus in 1994 and ELISA quantification of calpastatin protein
was obtained in 1995. Significant additive and paternal polar overdomi-
nance (PO) effects on meat quality traits were detected. The magnitude
of genotypic effects on shear force differed significantly between years;
however, additive (P < .01), PO (P < .001), and maternal dominance
(P < .01) effects adjusted for variation in carcass weight were detected
within each year. Shear force data adjusted to the mean slaughter age
or carcass weight indicated that the means and variances of CN and CC
genotypes were greater than values of NC and NN. Shear force values
were greatest for CN and were intermediate for CC. The difference be-
tween homozygous genotypes was supported by calpastatin activity data
with 2-df F tests of 3.66 (P < .05) and 11.84 (P < .001) at d 0 and d
7 postmortem, respectively. Corresponding values for the PO effect on
calpastatin activity were 53.80 (P < .001) and 87.43 (P < .001). Cal-
pastatin ELISA data exhibited a PO effect exclusively with a 2-df F test
of 57.63 (P < .001). Additive and PO effects on marbling had F tests
of 6.41 (P < .01) and 93.29 (P < .001), respectively. Further research
is needed to establish if selection targeted at changing the background
genome can ameliorate the negative effects of the C allele on tenderness
of the longissimus and maintain favorable muscle growth.

Key Words: Callipyge, Sheep, Meat Quality

55  Evaluation of paternal polar overdominance
based on all possible matings among callipyge (CLPG) geno-
types. K. A. Leymaster* and B. A. Freking, .

Paternal polar overdominance uniquely associates the CN genotype (C
represents the mutant CLPG allele and N the wild type allele, with the
paternal allele given first) with the callipyge muscle-hypertrophy phe-
notype and CC, NC, and NN genotypes with the normal phenotype of
sheep. This form of parental imprinting was originally proposed based
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on data recorded on progeny of five CLPG mating types (CC x NN, CN
x CN, CN x NN, NC x NN, and NN x CN, with the sire genotype given
first). We used a complete 4 x 4 mating design of CLPG genotypes to
evaluate the paternal polar overdominance model of gene action. Data
were recorded on 287 F3 lambs produced by 8 F5 sires and 152 F> dams
of Dorset-Romanov origin. Genotypic data from eight markers flank-
ing the previously determined CLPG interval were used to calculate
CLPG genotypic probabilities in the four-generation pedigree. Lambs
were slaughtered and leg muscling scores assigned to carcasses. Lambs
with scores less than 13 (13 = low prime) were considered of normal
phenotype, whereas lambs with scores greater than 13 were classified
as callipyge phenotype. Phenotypic classification was regressed on CN
probability to test the hypothesis of paternal polar overdominance. The
model accounted for 78% of the variation in phenotypic classification (P
< .0001). Residual analysis identified 15 observations associated with
96% of the error sum-of-squares. CN probabilities were intermediate
for 7 lambs due to recombinations between flanking markers or lack of
flanking marker information. Leg scores of 12 were assigned to 7 lambs
with CN probabilities greater than .997 and the remaining lamb received
a leg score of 14, but had a CN probability of less than .001; these re-
sults suggested errors in phenotypic classification. The 15 descrepancies
were associated with several mating types, roughly proportional to sire
and dam genotypic frequencies. The experiment failed to provide con-
clusive evidence against paternal polar overdominance as the model of
gene action at the CLPG locus.

Key Words: Callipyge, Sheep, Imprinting

56 Prediction of ovulation rate in cattle using ge-
netic markers. G. L. Bennett*, R. M. Thallman, S. M. Kappes, and
K. E. Gregory, USDA-ARS, U.S. Meat Animal Research Center, Clay
Center, NE.

To evaluate the use of genetic markers in breeding value prediction,
breeding values for heifer ovulation rate calculated using BLUP with
or without fixed covariates for expected inheritance of founding ani-
mal alleles at selected positions in the genome (FACOV) were compared
to subsequent measurements of ovulation rate. Expected inheritance
of founding animal alleles was determined from a multi-locus peeling
algorithm using marker genotypes. Averages of six ovulation rate mea-
surements made from 12 to 18 months of age were calculated for 426
heifers born in four calving seasons. Sixteen FACOV were selected for
the final analysis based on preliminary analyses using data collected
prior to the comparison data. These sixteen covariates consisted of five
founding animal alleles at one location on one chromosome, six at an-
other distant location on the same chromosome, and five on a second
chromosome. Including the 16 FACOV reduced the estimate of poly-
genic variance by 13%. Predictions were updated for the four calving
groups using only information collected prior to each calving group. The
regressions of observed ovulation rate on predicted breeding value were
not substantially or significantly different from the expected value of
1.0 either with (.93+.19) or without (.92+.21) FACOV. The proportion
of observed variation in ovulation accounted for by prediction was .052
with FACOV and .043 without FACOV. Without FACOV, predicted
breeding values of heifers were based only on the averages of their sire
and dam breeding values. Predicted breeding values using FACOV were
partitioned into parental average and deviation from parental average.
The deviation from parental average results from Mendelian sampling
of the selected founding animal alleles and accounted for 28% of the
variance accounted for by prediction with FACOV. Using marker in-
formation to track a small number of founding animal alleles increased
the accuracy of predicted breeding values by accounting for some within
family segregation.

Key Words: Marker Assisted Selection, Genetic Prediction, Cattle

57 Candidate gene analysis for loci affecting repro-
ductive traits in swine selected for litter size and ovulation
rate. R. C. Linville*, R. K. Johnson, and D. Pomp, .

A candidate gene approach was used to identify loci that influence ovu-
lation rate (OR). Two selection lines (IOL and COL) and a control line
(C) were used. IOL was obtained from a line previously selected on ovu-
lation rate and embryonic survival for 8 generations. COL and C were
derived from the previously randomly selected control line. Both IOL
and COL have undergone 8 additional generations of selection in which
stage 1 included all gilts from 50% of litters with greatest number of
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fully formed pigs (FF), and stage 2 included 50% of these gilts with the
greatest OR. Line C continued to be randomly selected. IOL and COL
differ in mean EBV by 6.1 ova and 4.1 FF, whereas COL and C differ by
2.2 ova and 2.2 FF. Animals from generation 7 were genotyped for retinol
binding protein 4 (RBP4, n=190) and epidermal growth factor (EGF,
n=189). Animals from generations 7 and 8 were genotyped for estro-
gen receptor (ESR, n=>523), prolactin receptor (PRLR, n=491), follicle
stimulating hormone beta subunit (FSHb , n=272), and prostaglandin-
endoperoxide synthase 2 (PTGS2, n= 513). Chi square analysis for
homogeneity of genotypic frequencies across lines was conducted in 3 X
3 contingency tables. Distributions for EGF, ESR, and RBP/ were not
significant. Genotype frequencies for PRLR, FSHb, and PTGS2 were
different among the lines (P<.005). Changes in gene frequencies (s.e.
adjusted for genetic drift) between IOL verses C and COL verses C are:
.33 + .29 and .15 + .27 for PRLR, .30 £+ .28 and .1 £ .26 for F'SHb, and
.16 + .22 and .09 £ .21 for PT'GS2. The average effect of gene substi-
tution for PRLR, FSHb, and PTGS2 on OR were calculated using the
MTDFREML program with an animal model including year and line as
fixed effects and number of favorable alleles in the genotype (0, 1, or
2) as the covariate. The favorable allele was defined as the one with
the highest frequency in the selection lines. Estimates of a were -.12 +
.46 (PRLR), .35 + .76 (F'SHb), and -.37 + .68 (PTGS2). Selecting for
PRLR, PTGS2 and FSHb may benefit genetic improvement for litter
size; however, additional studies to verify these results are needed.

Key Words: Candidate Gene, Ovulation Rate, Swine

58 The effect of estrogen receptor genotype, breed,
and parity on litter traits and reproductive tract traits in
swine. B. J. Isler*, K. M. Irvin, S. M. Neal, S. J. Moeller, M. E. Davis,
and D. L. Meeker, The Ohio State University, Columbus.

An association between the estrogen receptor (ESR) gene and reproduc-
tive components in swine has been evaluated. Two hundred twelve litter
records from females genotyped at the ESR locus were analyzed using a
model that included the effects of ESR genotype of dam, parity, farrow-
ing month, dam breed, sire breed, and significant two-way interactions.
Some litter traits displayed favorable, but not statistically significant
trends with respect to ESR genotype: litter weight born alive, litter
weight born, number of stillborn pigs, number of pigs at weaning, and
total litter weight at weaning. Reproductive tract data were also an-
alyzed for associations with ESR genotype. The ESR genotype of 36
Yorkshire, 28 Large White, and 42 crossbred females was determined
to be either AA (n=21), AB (n=69), or BB (n=16). Females of par-
ities 1 (n=46), 2 (n=41), and >3 (n=19) were included. All females
were mated to Hampshire boars and slaughtered at d 75 of gestation.
Measured reproductive tract traits were: ovulation rate, horn length,
number of fetuses, fetal weight, uterine weight, number of mummies,
fetal sex, fetal placement, fetal survival, and fetal space. Data were
analyzed using a model that included ESR genotype, breed, parity, and
significant two-way interactions. Uterine horn was also included in some
analyses. Fetal space and fetal number per horn were not significantly
different between animals of AA (58.3+3.84, 5.11+.30), AB (54.941.94,
5.57+.16), and BB (52.1+£5.47, 5.84+.34) genotype. Fetal space and
number of fetuses per horn were significantly (P=.01, P=.03) differ-
ent between animals of parity 1 (61.64+2.66, 5.214+.21), and parity >3
(45.61+5.84, 5.97+.32). Some traits displayed favorable, but not statis-
tically significant trends with respect to ESR genotype: fetal survival,
total uterine length, total fetal weight, total number of mummies, fe-
tuses per horn, horn length, and fetal space. The ESR gene is positively
associated with several litter and reproductive tract traits.

Key Words: Swine, Genetic Marker, Reproductive Traits

59 Evidence of QTL affecting reproduction in pigs.
J. P. Cassady*!, R. K. Johnson!, D. Pomp!, L. D. Van Vleck?, E. K.
Spiegel!, K. Gilson!, and G. Rohrer3, ! University of Nebraska, Lincoln,
2USDA, ARS, USMARC, Lincoln, NE., 3USDA, ARS, USMARC, Clay
Center, NE.

The objective was to identify chromosomal regions containing QTL af-
fecting reproduction in pigs. A three-generation resource population
was developed by crossing low indexing animals from a randomly se-
lected control line (C) with high indexing animals of a line selected for
increased index of ovulation rate and embryonic survival (I). Differences
between lines I and C at Generation 10 were 6.7 ova and 3.3 fetuses at 50
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d of gestation and 3.1 fully formed pigs and 1.6 live pigs at birth. Phe-
notypic data were collected in Fa females for ovulation rate (n = 428),
age at puberty (n = 295), litter size (n = 362) and number of teats (n
= 428). Litter size data included number of fully formed, live, stillborn,
and mummified pigs. Grandparents, F1, and Fo animals were genotyped
for 96 microsatellite markers distributed across all chromosomes except
9, 18, and X. A LOD score of 3 corresponds to genome wide suggestive
linkage (determined by the method of Lander and Kruglyak, Nature Ge-
netics, 11:241-247). Calculations of LOD scores were by least squares
including fixed effects of litter and replicate. Suggestive evidence was
previously reported for QTL influencing age at puberty on chromosome
8 (120 cM, LOD = 3.74) and for number of stillborns on chromosome
13 (104 cM, LOD = 4.04) using the USDA-MARC linkage map as ref-
erence. After further investigation suggestive evidence was found for a
QTL affecting number of stillborns on chromosome 10 (65 cM, LOD =
3.80). Evidence of a QTL affecting number of mummies on chromosome
5 was just below the suggestive level of significance (134 cM, LOD =
2.91). All traits for which QTL were detected are lowly to moderately
heritable and are expressed only in females. Response to selection for
these traits might be enhanced by marker-assisted selection (MAS). Age
at puberty is the most labor intensive trait to measure of those traits
and may benefit most from MAS.

Key Words: pigs, QTL, reproduction

60 Genetic and phenotypic relationships among
bull and heifer reproductive traits in a multibreed beef cat-
tle population. P. B. Mwansa*!, R. A. Kempl, D. H. Crews Jr.1, J.
P. Kastelic!, D. R. C. Bailey?, and G. H. Coulter!, ! Agriculture And
Agri-Food Canada, Lethbridge Research Centre, 2] acombe Research
Centre.

Genetic and phenotypic correlations among and between bull and heifer
reproductive traits in a multibreed (.25 Charolais, .25 Simmental, .44
Hereford/Angus, .06 Limousin) beef cattle population were estimated.
At about one year of age (365+44 d) yearling scrotal circumference
(YSC), tonometer score (YTON) and weight (YWT) measurements
were collected on 1547 bulls born from 1983 to 1994. Data on age at
puberty (AGEPH), estimated weight at puberty (ESTWT), Julian
birth date (JBD), birth weight (BWT) weaning weight (WWT), year-
ling weight (YWT), pre-weaning (ADG1) and post-weaning daily gain
(ADG2) on 1883 heifers born between 1987 and 1994 (inclusive) from
Brandon (Manitoba) and Manyberries (Alberta) were also available. All
traits were analyzed using a multi-trait animal model with age at time
of measurement included as a covariate for YSC, YWT and YTON.
Means and standard errors were 3243 cm, 381+50 kg, and 21+2 for
YSC, YWT and YTON, respectively. Heifer average BWT, WWT
and YWT were 37+5 kg, 225428 kg and 341+33 kg, respectively and
their ADG1 and ADG2 were 0.95+0.13 and 0.68+0.15 kg, respec-
tively. On average heifers reached puberty at 297+47 d weighing 293+42
kg. Direct heritabilities were 0.65, 0.35 and 0.17 for YSC, YWT and
YTON, respectively and 0.06, 0.36 and 0.27 for JBD, ESTWT and
AGEPH, respectively. YSC had a negative genetic correlation (rg=-
0.47) with YTON indicating that large YSC was associated with lower
YTON. YTON may aid in setting the lower and upper bounds of desir-
able scrotal size in beef cattle. Of all heifer traits studied, only JBD and
ESTWT were significantly (P<.05) related to AGEPH, with rg=-0.24
and rg=0.72, respectively. YSC showed a favorable genetic relationship
(rg=-0.28) with AGEPH suggesting that improvement in AGEPH can
be achieved as a correlated response to selection of bulls with above aver-
age YSC. The genetic and phenotypic correlations between YTON and
AGEPH were not different from zero (P>.05) suggesting that YTON
was not associated with age at first estrus.

Key Words: Scrotal circumference, Age at puberty, Reproduction

61 Genotype x environment interactions in Angus,
Brahman, and reciprocal-cross cows and their calves graz-
ing endophyte-infected tall fescue, common bermudagrass,
or both forages. M. A. Brown*!, A. H. Brown, Jr.2, W. G. Jackson?,
and J. R. Miesner®, 1USDA-ARS, Grazinglands Research Laboratory,
El Reno, OK, 2University of Arkansas, Fayetteville, 3USDA-ARS, Dale
Bumpers Small Farms Research Center, Booneville, AR.

Approximately 190 Angus (AA), Brahman (BB), and reciprocal-cross
cows (AxB and BxA) and their 434 calves born in 1995-1997 were used to
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evaluate the effect of forage environment on reproductive and prewean-
ing performance. Cows were managed on 16 ha pastures of either com-
mon bermudagrass (BG), endophyte-infected tall fescue (E+), or E+ in
the fall and spring and BG in the the summer (ROT) with all breed
types represented in each pasture. Stocking rates were approximately
1.25 hd/ha for BG and E+4 and an average of 1.25 hd/ha for ROT (ap-
proximately 2.5 hd/ha on BG in summer and 2.5 hd/ha on E+ in fall
and spring). Eight Polled Hereford bulls were used each breeding season
from 1994 to 1996 with a total of 13 different bulls used in the study.
Calves were born from late February through May, weighed at birth, and
tagged. Bull calves were castrated at birth by banding. Calves were
weaned at an average age of 205 d when full weights and hip heights
were taken. Creep-feeding was not practiced. Maternal heterosis in
205-d weight was larger on E+4 than BG (32.0 vs 20.4 kg, P<.10) with
maternal heterosis on ROT (29.2 kg) not significantly different from the
other two forages. Maternal heterosis in weaning hip height was similar
for E4+ and ROT (4.7 and 4.3 cm) and both exceeded (P<.01) BG (1.4
cm). Heterosis in calving percentage was larger (P<.05) on E+ (29.6%)
compared to BG and ROT (9.5 and 2.6%). Similarly, heterosis in 205-d
weight per cow exposed was larger (P<.01) on E+ (114.3 kg) than BG or
ROT (36.4 and 39.7 kg). Empirical reasons for these interactions might
be suggested by the larger effect of E4 on AA and their calves compared
to the other cow breed groups and their calves for calf performance and
the larger effect of E4+ on purebred cows compared to crossbreds for
reproductive performance. These data suggest a higher level of stability
in calf performance, comparing BG and E+, for the average of calves
from crossbred cows compared to the average of calves from purebred
cows. Similarly, these data suggest a higher level of stability in cow
reproductive performance across forages in crossbred cows compared to
purebred cows.

Key Words: Genotype x environment, Beef cattle, Forages

62  Analysis of litter size and piglet mortality using
a multivariate model with direct and maternal effects. M.
S. Lund*!, P. Luttinen?, L. Rydhmer3, M. Henryon!, and J. Jensen?,
L Danish Institute of Animal Sciences, 2 Finnish Animal Breeding Asso-
ciation, 3 Swedish University of Agricultural Sciences.

The objective of this study is to estimate (co)variances for direct and
maternal genetic effects in the litter size of pigs and mortality of piglets.
Only single-trait analyses have been reported in the literature for these
traits, though they are likely to be genetically correlated. Therefore,
to obtain a thorough understanding of the components involved in the
number of piglets weaned, multi-trait analyses will be carried out which
includes the total number of piglets born, mortality of piglets until birth,
and mortality of piglets from birth until three weeks of age. The analy-
sis will be performed on large purebred populations from Finnish herds,
with complete pedigree information. The dataset consists of records on
116 792 Landrace litters and 82 471 Yorkshire litters with sires from
Al-stations. The model will fit direct and maternal genetic effects for
each of the traits in the analysis.

Key Words: Litter size, Piglet mortality

63 Crossbreeding parameter estimates for growth
and litter traits in commercial rabbits. M. F. Medellin and S.
D. Lukefahr*, Texas A&M University-Kingsville.

Postweaning fryer and litter production traits were measured in 1,111
weanling rabbits from 185 litters born in 1997 in sub-tropical, semi-arid
south Texas. Genetic groups evaluated were Altex (A; a new commer-
cial sire breed) and New Zealand White (NZW; a traditional commercial
breed) purebreds and AxNZW and NZWxA reciprocal crossbreds. Traits
were individual weaning (28-d; WW) and market (70-d; MW) weights
and ADG. Litter traits were litter size weaned (LSW), 28 to 70 d to-
tal feed intake (LFI), feed efficiency (LFE), and survival rate (SR), and
within-litter uniformity for MW (CV). The least-squares model con-
sisted of fixed effects of sire breed, dam breed, season, and two- and
three-way interactions, and random effects of sire/sire breed, dam/dam
breed, litter/sire breed x dam breed (only for individual growth traits),
and residual error. In favor of A sires, breed additive estimates were
37.3+20 (P<.10) and 140437 g (P<.001) and 2.5+.6 g/d (P<.001)
for WW, MW, and ADG, respectively. The maternal breed effect (ob-
tained from NZW minus A performance of dams) did not influence WW
(49.4+34 g), but tended to affect (P<.10) MW and ADG (112+63 g and
1.59+.9 g/d). Individual heterosis was not important for WW (15.4+19
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g), but was significant for MW and ADG (81+34 g and 1.59+.5 g/d).
Crossbreeding parameters were not significant for all litter traits inves-
tigated. However, when LFI and LFE were adjusted linearly for LSW
(added to the above model), heterosis exhibited in crossbred litters sig-
nificantly increased LFI by 2,470 g, while the breed additive contribution
of A sires improved LFE by .26 units. Litter size at weaning was simi-
lar for A and NZW does (mean LSW was 6.14.3 kits). Season affected
(P<.05) all traits except CV. There was no relationship between breed-
type of fryer and season of weaning for SR (P>.05; overall postweaning
mortality was only 3.2%). A doe breed x season interaction was deteted
for MW (P<.05). Fryers reared by A compared to NZW does were
heavier by 176 g (P<.05) in the summer, whereas no differences existed
between doe breeds in the other seasons. Experimental results recom-
mend crossing of A bucks to NZW does to improve breeding efficiency
in the meat rabbit industry.

Key Words: Rabbits, Breeds, Heterosis

64 Comparison of carcass traits of Bos taurus = Bos
taurus, Bos indicus x Bos indicus and Bos taurus © Bos in-
dicus). A. P. Marquez*!, C. C. Vasquez2, A. C. Correal, H. C.
Hernindez3, and H. G. Gonzélez!, Universidad Auténoma de Baja
California, Instituto de Ciencias Agricolas, 2 Universidad Industrial de
Santander, Colombia, 3 Universidad Auténoma de Baja California Sur.

Evaluations of 511 carcasses of steers and heifers progeny from crosses
involving Charolais, Brahman, Brangus, Hereford and Angus inheritance
are persented. Traits evaluated included final weight, percentage of car-
cass yield chill, yield grade, dressing percentage and marbling score.
Separate analyses for each trait was analyzed by using SAS. The an-
alytical model included fixed main effects of sire breed, sex, slaugh-
ter group, dam breed and interaction of sire breed x dam. Random
nested components of sires within sire breed and dams within dam breed
and residual. A series of linear contrasts was used to test averages be-
tween specific breed combinations. Charolais crosses were the heaviest
(P<.05)(average of all Charolais crosses = 508.33 kg)for final weight
compared with progeny of other sire breed. Sex effects were highly sig-
nificant (P<.01) for all the traits. Sire breed effects were significant
for final weight, yield grade and dressing percentage. Sires nested as a
random components within sire breed were significant for final weight,
cold carcass percentage and yield grade. Dam breed effects were highly
significant (P<.01) for all traits. Dam breed effects nested within dam
breed were significant (P<.01) for cold carcass percentage, yield grade
and dressing percentage. Sire x dam interaction was highly significant
(P<.01) for final weight, cold carcass percentage and marbling score.

Key Words: Beef cattle, Carcass traits, Breed crosses

65 Breed, muscle quality and sensory characterisics
of pigs classified as high or low for glycolytic potential of
the loin muscle. R. S. Emnett*, S. J. Moeller, D. L. Meeker, K.
M. Irvin, and R. N. Goodwin2, 1 The Ohio State University, 2 National
Pork Producers Council.

The effect of Glycolytic Potential (GP) on pork quality traits was
analyzed for a population of 576 longissimus dorsi samples collected
from pigs entered in the 1998 National Barrow Show Progeny Test.
Berkshire (N=184), Chester White (N=99), Duroc (N=77), Hampshire
(N=22), Landrace (N=55), Poland China (N=24), Spot (N=15), York-
shire (N=69), Hampshire crossbred (N=16), Poland x Duroc F1 cross-
bred (N=8), and Tamworth x Hampshire crossbred (N=7) were repre-
sented in the test. Animals were classified as high glycolytic potential
(N=26) or low glycolytic potential (N=550) based on a GP threshold
of 160 pmoles lactate equivalents per gram for the population bimodal
distribution. Muscle quality and sensory traits were analyzed in a mixed
model analysis of SAS with fixed effects of day off test, breed and GP
status and a random sire(breed) effect. Partial correlation coefficients
were calculated among quality traits using the MANOVA statement in
SAS. Objective muscle quality traits measured included loin pH (pH),
water holding capacity (WHC) measured as the weight (mg) of exudate
absorbed on a filter paper, Instron tenderness (INS), percent cooking
loss (CL), and Minolta color (MIN). Sensory scores evaluated included
tenderness (TEN) and juiciness (JUC). The least squares means for high
and low GP pigs were 182.0 and 112.5 pmoles/g, respectively. High GP
pigs had significantly lower pH (5.38 vs 5.56), WHC (.054 vs .038) and
greater CL (23.6 vs 19.2) than low GP pigs. No statistical differences
were found between low and high GP pigs for INS, MIN, JUC or TEN.
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Breed was a significant source of variation for all traits evaluated. Berk-
shire and Chester White breeds exhibited significantly lower GP values
than all other breeds. Residual correlations between GP and pH, INS,
WHC, CL, and MIN were -.54, .12, .22, .25, and .29, respectively. The
results of this study agree with previous research indicating that high
GP values are associated with poorer WHC, lower pH and higher CL.
The breed differences in GP warrant future studies to determine the
relationship of GP with muscle quality and sensory traits.

Key Words: Swine, Muscle Quality, Glycolytic Potential

66 Estimation of genetic parameters for growth
traits in a dog guide population. S. K. Helmink*!, S. L.
Rodriguez—Zasl, R. D. Shanks!, and E. A. Leightonz, 1Universiify of
Illinois, Urbana, 2 The Seeing Eye, Inc., Morristown, NJ.

An optimum-sized dog guide weighs 18 to 32 kilograms and stands 53
to 64 centimeters at the withers when mature body size is attained.
Heritabilities and genetic correlations were estimated for birth weight,
42-day weight, mature weight, and mature height for 2334 German Shep-
herd Dogs (GSD) and 2028 Labrador Retrievers (LR) raised by The See-
ing Eye, Inc., Morristown, NJ from 1979 to 1997. Data included 5006
observations for GSD from 114 dams and 34 sires, and 4123 observa-
tions for LR from 90 dams and 30 sires. Derivative free REML software
was used to estimate (co)variance components with an animal model
incorporating all pedigree information available and fixed effects for sex
and birth year. Maternal effect and covariate of age when measurement
was taken were also considered. Heritabilities ranged from 0.16 £+ 0.07
to 0.51 £ 0.11 for GSD and 0.31 £ 0.11 to 0.44 + 0.08 for LR. The
maternal component was higher than the additive component for heri-
tability of birth weight. Heritability of mature weight was estimated as
0.49 4+ 0.07 for GSD and 0.44 £ 0.08 for LR. Mature height heritability
was estimated as 0.31 £ 0.08 for GSD and 0.44 £ 0.08 for LR. Ma-
ture height was most highly correlated with mature weight. Selection
for lighter dogs at maturity will yield a decrease in height at maturity,
and selection for taller dogs at maturity will yield an increase in mature
weight. The estimated genetic parameters will aid in the development of
breeding strategies to increase the probability of dogs attaining optimum
mature size.

Key Words: Body Weight, Height, Heritability

67 Differences in fresh and cooked ham muscles due
to breed and sex. R. N. Goodwin*!, R. K. Miller?, and E. P.
Berg3, ! National Pork Producers Council, 2 Texas A & M University,
3 University of Missouri.

Purebred barrows and gilts (787) representing the pure breeds of Berk-
shire, Chester White, Duroc, Hampshire, Landrace, Poland China, Spot,
and Yorkshire were evaluated. These pigs represented 103 sire families.
Pigs were entries in the 1996-1997 National Barrow Show Sire Progeny
Tests and slaughtered at the Quality Pork Processors commercial pack-
ing plant in Austin, MN. One ham per carcass was collected from the
plant fabrication line, packaged individually, and transported to the
Texas A&M University Meat Lab at College Station, TX. Hams were
separated into skin, bone, seam fat, subcutaneous fat, OUTSIDE ham
(biceps femoris and semitendinosus), KNUCKLE (quadriceps group),
INSIDE (semimembranosus), and other lean. Measures of ultimate ph
(RPH), drip loss (DRIP, %), Minolta reflectance (RREFL), and Hunter
color (RHUNT, L*) were taken from the fresh INSIDE, KNUCKLE, and
OUTSIDE. The INSIDE, KNUCKLE, and OUTSIDE were injected up
to 20% of green weight using a brine containing water, salt, sodium
tripolyphosphate, dextrose, sodium erythorbate, and sodium nitrite.
Ham muscles were tumbled for one hour after injection and allowed
12 hours at 4°C to equilibrate. Ham muscles were cooked to an inter-
nal temperature of 71°C. Measures of ph (CPH), Minolta reflectance
(CREFL), Hunter color (CHUNT, L*), cooking yield (COOKYLD,%),
and slicing yield (SLICEYLD,%) were taken on cooked muscles. Fresh
ham measures were evaluated with a mixed linear model including fixed
effects of BREED, SEX, BREED*SEX and slaughter date. Random ef-
fects were SIRE within BREED and DAM within BREED. Cooked ham
measures were evaluated using the fresh ham model with the additional
effect of brine injection amount. A REML algorithm was used to esti-
mate sire variances. Heritabilities were calculated as four times the sire
variance divides by total variance. BREED differences were found for
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all measures (P<.05). Heritabilities ranged from 0 (OUTSIDE DRIP)
to .28 (INSIDE RHUNT).

Key Words: Swine, Genetics, Pork Quality

68 The genetic relationship of ovine milk score with
range lamb weaning weight. G. D. Snowder*!, A. D. Knight!, C.
M. Bromley?, and L. D. Van Vleck?, 1USDA, ARS, U.S. Sheep Experi-
ment Station, 2 University of Nebraska, Lincoln, 3USDA, ARS, MARC,
Lincoln.

Range ewes are commonly evaluated for milking ability by producers as
to the ewe’s ability to rear lamb(s) under range conditions. The U.S.
Sheep Experiment Station has been subjectively scoring a ewe’s milking
ability (low, average, high)within 24 hrs of lambing for many years. The
objective of this study was to determine factors influencing milk score
and estimate genetic parameters between milk score and litter weight
weaned. Lambing records of Columbia (n=1731), Polypay (n=1129),
Rambouillet (n=1704), and Targhee (n=1638) individual ewes were eval-
uated. Only 1 to 10% of first parity ewes were scored as high milking
ability. However, 29 to 40% of second or greater parity ewes were eval-
uated as high milking ability. Some positive association may exist be-
tween body size (kg) and milk score especially at third parity or later in
all breeds. Ewes with high milk scores gave birth to significantly heav-
ier lambs in all breeds while ewes with low milk scores were associated
with significantly higher lamb death losses at birth. Heritability of milk
score and the genetic correlation of milk score with litter weight weaned
were determined by MTDFREML analyses within each breed. Heritabil-
ity estimates were moderate and similar among breeds (Columbia, .21;
Polypay, .26; Rambouillet, .21; Targhee, .23). The genetic correlations
between milk score and litter weight weaned were also moderate and
within a general range (Columbia, .51; Polypay, .44; Rambouillet, .46;
Targhee, .38). Conclusions include first parity milking performance may
not be a good indicator of future potential milking ability, milk score
may be a good selection trait for improving maternal ability, and it ap-
pears useful under commercial range conditions weaning at older ages
(120 d).

Key Words: Ewe, Milk, Heritability

69 Genetic comparison of top Holstein bulls and
their progeny in Hungary. A. Janosa*!, B. Baranyai?, and
J. Dohy!, 1Godollo University of Agricultural Sciences, 2 Agricultural
Biotechnology Center, Godollo.

Progeny-tested Hungarian Holstein-friesian sires have been examined.
The Hungarian Total Production Index (TPI)of 44 sires were compared
to their 282 sons’ TPI (i.e. 6.4 sons/sire)and to 16,435 granddaugh-
ters’ milk fat and protein production performance. The goal of the
present work was to determine if there were correlations between (1)
the sires’ TPI and their sons’ TPI and also (2)granddaughters’ fat and
protein production performance. The Hungarian Total Performance
Index was counted as follows: TPI=6*PTA Fat(kg)+14*PTA Protein
(kg)+80*PTA Final Score4+70*PTA Udder Score. Rank correlation be-
tween the indices was calculated by the method of Spearman. After
the analysis for rank-correlation (r), a weak correlation was found be-
tween the sires’ TPI and the sons’ average TPI (r=.424); the sires’ TPI
and granddaughters’ fat (r=.332) and protein (r=.341) production per-
formance. It can be concluded that however modern the selection of
the best sires is (BLUP), the weak correlations between TPI of sires
and the fat and protein production performance of their granddaugh-
ters show that progeny-testing of sires’ sons is indispensable. The ap-
plication of TPI does not improve production directly, but prevents the
constitutional degradation of the animals. Our other results of correla-
tion between sires’ TPI and granddaughters’ type final sore, udder score
and feet composit made with similar method, also reinforce this conclu-
sion. The correlations found are strong or middle strong and they are
.651,.568 and .579, respectively.

Key Words: Genetic Comparison, Production Index, Progeny-testing
70 Consequencaes of selection on mothering ability
and vitality on underlying mortality traits in pigs. E. F.

Knol*, Institute for Pig Genetics, The Netherlands.

In The Dalland genetic improvement program selection against piglet
mortality is based on EBV’s for mothering ability and piglet vitality.
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In two data sets the consequences of this approach were checked. Data
1 consists of around 10,000 litters of commercial offspring with a full
pedigree. Correlations of pedigree index of mothering ability with live-
and still- born and with the occurrence of aggression, overlaying and
splay legs were non-significant, while correlations with no. weaned were
0.04 (P=0.0001) and mothering ability 0.03 (P=0.0002). Pedigree index
for piglet vitality correlated in the expected directions with still- born
-0.03 (P=0.0017), no. weaned 0.04 (P=0.0002), mothering ability 0.04
(P=0.0001), overlaying -0.03 (P=0.0016) and the occurrence of splay
legs -0.03 (P=0.0068). Correlations with live born and aggression were
non-significant. Gestation length in pigs is highly heritable and cor-
related with aggression -0.03 (P=0.0001), overlaying -0.04 (P=0.0001)
and splay legs -0.07 (P=0.0001). In data 2 some 25,000 litters of pure
line sows were analysed, registration of piglet traits is more precise and
includes birth weight. Heritability estimates for mothering ability, ag-
gression, overlaying and occurrence of splay legs are resp. 0.07, 0.08, 0.04
and 0.08. Permanent environment estimates resp. 0.05, 0.31, 0.05 and
0.09. Genetic correlations (stde) of mothering ability with aggression,
overlaying and splay legs are resp. -0.13 (0.22), -0.33 (0.25) and -0.54
(0.18). It is concluded that selection on mothering ability and piglet
vitality will not necessarily reduce aggression, but will reduce piglet
mortality in general and more specific overlaying and the occurrence of
splay legs in both pure lines and the commercial hybrid.

Key Words: Piglet Mortality, Aggression, Splay Legs

71 Comparison of carcass traits from calves by An-
gus, Charolais, Salers, Piedmontese, Tarentaise and Here-
ford sires. D. C. Anderson*!, D. D. Kress?, D. L. Boss!, K. C.
Davis?, and D. W. Baileyl, 1 Northern Agricultural Research Center,
Havre, MT, 2Montana State University, Bozeman, MT.

Carcass traits were evaluated from 158 crossbred steers out of Here-
ford, Tarentaise and Tarentaise-Hereford cross dams mated to Angus
(AN), Charolais (CH), Salers (SA), Piedmontese (PD) and Tarentaise-
Hereford (TH) sires for 2 yr. Calves were weaned Oct. 1 and placed on
feed Nov. 15. Steers were serial slaughtered by time on feed with 1/2
each breed group fed 180-210 d and 1/2 fed 210-240 d. Ration included
barley grain, corn silage, chopped hay and protein supplement. Main
effects were year, sire breed (SB), sire/sire breed, and age of dam with
slaughter age as a covariate. Sire/sire breed was used as error term for
SB. ADG on feed was influenced by SB (P<.01) with AN and CH great-
est and PD lowest. Carcass traits evaluated were hot carcass weight
(HCW), yield grade (YG), ribeye area (RIB), marbling score (MARB),
kidney pelvic heart fat (KPH) and 12th rib fat thickness (FAT). Warner-
Bratzler shear force (WBS) data were collected for 1 yr on a 2.54 cm
thick steak taken at the 12th rib and aged 14 d. Least squares means
for SB were HCW (P<.05), 290, 300, 270, 282, 288 kg; YG (P<.01), 2.5,
1.9, 1.1, 1.9, 2.5; REA(P<.01), 76.0, 81.0, 88.2, 78.8, 73.0 cm?; MARB
(P<.01), 426, 400, 353, 365, 417; KPH (P<.01), 2.1, 1.9, 1.7, 1.9, 2.1%;
FAT (P<.01), 0.90, 0.58, 0.43, 0.61, 0.82 cm for AN, CH, PD, SA and
TH, respectively. WBS values were similar (P=.55) for SB. PD sires had
lightest HCW, largest REA, least MARB and FAT. CH sires had heav-
iest HCW and AN sires had highest MARB and most FAT. All breeds
when compared to AN needed more days on feed and heavier HCW to
increase MARB and to achieve a USDA choice quality grade.

Key Words: Beef Cattle, Crossbred, Carcass Traits

72  Partial DNA sequence and polymorphism for
porcine anti-miillerian hormone receptor. P. A. Dyas*, E. V.
Amargo, and B. A. Didion, .

The objective of this project was to identify DNA sequence for the
porcine anti-miillerian hormone receptor (AMHR) gene and evaluate
this gene for any polymorphisms within different genetic lines of swine.
Polymerase Chain Reaction (PCR) primers were designed based on a
conserved exon sequence in the AMHR gene from the human and rat.
These primers were used to amplify a fragment from porcine genomic
DNA. This fragment was cloned, sequenced and found to be 213 bp
in length. The entire sequence was submitted for a BLAST search to
identify homology. The results found this sequence to have 86% and
83% homology with human and rat AMHR sequence, respectively. This
213 bp fragment was labeled with digoxigenin (Roche Molecular Bio-
chemicals) and used as a probe in non-radioactive southern blots. Eight
micrograms of porcine genomic DNA was digested with a restriction
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enzyme and electrophoresed on a 1% agarose gel. Six different restric-
tion enzymes were evaluated for polymorphisms with the AMHR probe.
Allelic variation was identified using the restriction enzyme Hind III.
Two animals from each of seven different genetic lines were evaluated
for allelic variation. Two alleles were detected using the AMHR probe
in three of the seven genetic lines. Allele A was approximately 10 kilo-
bases in size, while allele B was approximately 7 kilobases in size. Next,
a single sire, two dams and the resulting two litters of offspring were
evaluated for this polymorphism in one genetic line. The same two al-
leles described above exhibited Mendelian inheritance. Further research
is required to identify the chromosomal location of the porcine AMHR
gene.

Key Words: Porcine, Anti-millerian hormone receptor, Polymorphism

73 Allelic frequencies of the porcine H-FABP gene
in two genetic lines. E. V. Amargo*, P. A. Dyas, and B. A. Didion,
DeKalb Swine Breeders, Inc., DeKalb, IL.

The porcine heart fatty acid-binding protein (H-FABP) gene has been
sequenced and localized to swine chromosome 6 and may have an as-
sociation with production traits such as intramuscular fat and backfat
(Gerbens et al., 1997; 1998). The objective of this project was to de-
termine allelic frequencies for three PCR-RFLPs of the H-FABP locus
in two genetic lines of pigs. The PCR-RFLPs were detected in ran-
dom selected Pietrain (N=220) and Duroc (N=69) genetic lines using
two primer sets for H-FABP (FAB1 and FAB3). The FAB1 primer set
yielded an 816 base pair (bp) PCR product. This product was digested
with Haelll and Mspl in two separate restriction enzyme reactions. The
FABS3 primer set yielded a 376 bp PCR product that was restriction en-
zyme digested with Hinfl. Each H-FABP polymorphism exhibited two
alleles. The digestion products were electrophoresed on a 3% agarose gel
for Haelll and HinfI. The digestion products of the Mspl site were elec-
trophoresed on a 2% agarose gel. The Haelll alleles comprised a 684 bp
product (allele D) and a 406/278 bp product (allele d). The MspI alleles
comprised a 814 bp product (allele a) and a 703/111 bp product (allele
A). The HinfT alleles comprised a 256 bp product (allele h) and a 197/59
bp product (allele H). The table below shows the allelic frequencies for
the Pietrain and Duroc lines. The data depicts heterozygosity existing
for the H-FABP gene in the two genetic lines. However, the Pietrain
line appears to be approaching fixation for allele A of the Mspl site.
Research is ongoing to evaluate whether the allelic frequencies associate
with percent intramuscular fat and backfat for these lines.

Line Mspl (%) Haelll (%) Hinfl (%)
Alleles A a D d H h

Pietrain 99.3 0.7 43.2 56.8 76.5 23.5

Duroc 72.4 276 65.9 34.1 779 22.1

Key Words: Porcine, Intramuscular fat, PCR-RFLP

74 Preliminary evaluation of pituitary responsive-
ness to GnRH as a tool to predict reproductive traits in
bulls. M. G. Thomas*!, J. A. Winder?, C. C. Rasor!, and D. M.
Hallford!, *New Mexico State University, Las Cruces, NM, 2Samuel
Roberts Noble Foundation, Ardmore, OK.

Development of physiological methodologies that can be incorporated
into current sire evaluation techniques could increase the accuracy of
sire selection. In this study, Forty-five Noble Line Composite bulls (1/3
Angus, 1/3 Brahman, 1/3 Gelbvieh) from 10 sires and reared in two
locations were used to evaluate the use of pituitary responsiveness to
GnRH as a tool to predict reproductive traits. Bulls averaging 232 +
3.5 d of age received a 60 pg i.v. injection of hGnRH to stimulate
pituitary secretion of LH. Blood was collected from each bull prior to
GnRH injection and thereafter at 30-min intervals for 90 min. Reproduc-
tive traits such as scrotal circumference were measured every 28 d and
age for scrotal circumference to equal 32 cm (AGE32) were determined
during a 112-d performance test. Pituitary responsiveness to GnRH
was evaluated for use in predicting reproductive traits using generalized
least-squares procedures. In the initial model, sire(location) was used
to predict reproductive traits with pituitary response to GnRH used as
co-variants. A tendency (P < .10) was observed for sire(location) to be a
significant source of variation within the model when predicting AGE32
(307 + 5.7 d, r? = .35). The model did not appear to be effective for
predicting scrotal circumference (r?> < .3) even though a correlation was
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detected between the LH response at 60 min (10.2 £ .4 ng/ml) and scro-
tal circumference at d 56 of the test (30.5 £ .5 cm; r = .31, P < .04).
Sire(location) appeared to be a significant (P < .05) source of variation
when the data were used to predict serum concentration of LH above
baseline 30 min after GnRH injection (9.4 + .6 ng/ml, r? = .38). These
data provide evidence to suggest that pituitary responsiveness to GnRH
may be useful in predicting reproductive traits in bulls and that this
response could be influenced by a sire.

Key Words: bulls, GnRH, sire

75 Reproductive performance of beef cows with di-
vergent genetic merit for milk production. D. S. Buchanan*,
0. Cobanoglu, R. P. Wettemann, J. Minick, and S. Rupert, Oklahoma
Agricultural Experiment Station, Stillwater, OK.

Milk production is an important component of calf weaning weight and
contributes to efficiency of production in cow-calf enterprises. It is ob-
tained at a cost to body condition which may affect cow reproduction.
The objective of this study was to evaluate the extent to which differ-
ences in genetic merit for milk production affects reproductive efficiency
in beef cattle. Crossbred cows sired by high and low Milk EPD sires
from Angus and Hereford (mean Milk EPD (kg) for High Angus (HA),
Low Angus (LA), High Hereford (HH) and Low Hereford (LH) were 8.7,
-6.1, 7.4, and -3.9, respectively) were compared in spring and fall calv-
ing seasons for calving interval, calving date and days to luteal activity.
Interval and date were evaluated over a seven year period with 1669 op-
portunities to calve in cows ranging in age at calving from two to eight
years. Cows that failed to calve during a calving season were switched
to the other season. Consecutive failures to calve caused the cow to
be removed from the herd. Days to luteal activity (determined as days
after calving until two consecutive weekly progesterone concentrations
exceeded 1ng/ml) was evaluated on 227 cows (ages four to eight years)
during a single year. The least squares model included breed, milk EPD
level, year, season, sex of calf, cow age and two factor interactions. Least
squares means for HA, LA, HH and LH for calving interval (with ob-
served significance level for group differences) were: 418.5, 416.4, 436.6
and 416.7 days, respectively (P>.2). Similarly, for calving date (days
following the initiation of the calving season) the means were 32.2, 27.9,
26.9 and 29.5 days, respectively (P>.2). In the same manner, means for
days to luteal activity were 56.2, 57.5, 57.6 and 55.5 days, respectively
(P>.2) These results provide little evidence that genetic differences in
milk production contribute to a loss in reproductive efficiency in this
environment (native range, body condition at calving app. 5.5 on a 1-
9 scale). Cattle producers should be able to use Milk EPDs to affect
calf performance without major concerns about the subsequent effect on
reproduction.

Key Words: Beef cattle, Milk production, Reproduction

76 Allelic frequencies for a leptin Sau3AI RFLP in
biologically diverse breeds of cattle in the southern United
States and Mexico. C. C. Rasor*!, M. G. Thomas!, H. C. Salazar?,
R. M. Enns?, H. M. Zhang?, R. L. Ax?, G. L. Williams?, R. D. Randel3,
R. L. Stanko?®, and J. Rios*, ! New Mexico State University, Las Cruces,
NM, 2University of Arizona, Tucson, AZ, 3 Texas Agricultural Exper-
iment Stations, Beeville, Kingsville and Overton, TX, 4University of
Chihuahua, Chihuahua, Mexico.

Leptin is a hormone that influences appetite and increases with adipos-
ity in rodents and humans. In 1997, Pomp and coworkers (J. Anim. Sci.
75:1427) identified a RFLP within PCR amplification products of the
bovine leptin gene using the restriction enzyme Sau3Al. Three genotypes
(i.e., AA, AB, BB) were reported in unrelated animals of various breeds.
High frequencies of the A allele were found in Bos taurus breeds; how-
ever, this allele was absent in the Brahman cattle that were evaluated
(n=4). These data led us to hypothesize that RFLPs within the leptin
gene may be indicators of metabolic or feed efficiency differences ob-
served in biologically diverse breeds of cattle. Frequencies of the Sau3Al
RFLP within PCR products of the leptin gene were then determined in
eight populations of beef cattle located in the southern United States
and northern Mexico. Frequencies of the A allele were .88 in Angus (n
= 25), .93 in Brahman (n = 7), .76 in Brangus (n = 44), 1.0 in Criollo (n
= 11), .97 in F; Braford (n = 18), 1.0 in Mashona (n = 6), .94 in Santa
Cruz (n = 33), and .96 in Santa Gertrudis (n = 25). Frequencies for
the AA, AB, and BB genotypes across these breeds of cattle were .82,
.16, and .02, respectively. The Brahman, Criollo, and Mashona cattle
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evaluated were unrelated. Angus and Brangus cattle were progeny from
4 and 3 sires, respectively. Santa Gertrudis and Santa Cruz cattle were
each the progeny of 10 sires. These Sau3AI RFLP data do not support
the hypothesis that RFLPs within the leptin gene may be indicators of
metabolic or feed efficiency differences observed in biologically diverse
breeds of cattle.

Key Words: cattle, leptin, Sau3Al

77 Estimation of variance components for teat num-
ber in swine using REML and Gibbs sampler. C. Lee* and
C. D. Wang, Hallym University, Chuncheon, Korea.

Variance components were estimated for teat number in a swine popu-
lation (N=16322). The data containted a variety of breeds: Landrace
(L, N=9898), Yorkshire (Y, N=1748), crossbred of Landrace and York-
shire (LY, N=1924), crossbred of Landrace, Yorkshire, and Chinese In-
digenous Min (LYM, N=2685), and Min pig (N=67). Analytical model
included breed and sex as fixed effects and additive genetic effect as
random effect. The restricted maximum likelihood (REML) and Gibbs
sampling were used for parameter estimation. The results indicated that
REML estimates of genetic and environmental variances were 1.03 and
.54. The heritability was .66. The maximum likelihood (ML) estimates
of breed effects were 13.82 (L), 14.42 (Y), 14.50 (LY), 14.52 (LYM), and
14.61 (M). Using Gibbs sampling, the posterior mean estimate (1.06) of
expected genetic variances was larger than that with REML, but that
(.51) of the environmental variance was smaller. However, the poste-
rior mean estimates for breed and sex effects did not differ from those
using ML. Bayesian analyses were also performed with flat prior for vari-
ance. The posterior mean estimates for variance components as well as
for fixed effects were not different from those with (RE)ML. While flat
prior is theoretically improper for variance components, empirically it
can be closely corresponding to REML estimates. Thus a prior close
to the flat prior is recommended for variance components in Bayesian
analyses.

Key Words: Teat Number, Genetic Parameters, Bayesian inference

78 Effects of recipient breed on birth and weaning
weight and wool follicle numbers of Merino lambs born by
embryo transfer. T. Wuliji*!, K. G. Dodds 2, R. N. Andrews?, J.
Aspinal?, and T. Harison?, 'E (Kika) de la Garza Institute For Goat
Research, Langston University, Langston, OK 73050, 2AgResearch, Pri-
vate Bag 50034, Mosgiel, New Zealand.

One hundred and eighty three embryos were collected from 29 donor
Merino ewes and transferred as either a single or twins into Merino
(MR), Coopworth (CR), and Romney (RR) recipient dams. A total of
130 lambs were weaned from these implants. A control group (MN) of
24 naturally conceived single and twin lambs were included for progeny
comparisons. Data were analyzed by GLM procedures. Birth weight
was 4.2, 4.4, 4.4, and 4.0 kg (SED .2) for MN, MR, CR, and RR, while
weaning weight was 25.6, 30.4, 27.6, and 28.9 kg (SED 1.1) respectively.
Follicle fiber area was measured 232, 243, 256, and 253 m? (SED 12) for
MN, MR, CR and RR at birth, and 218, 203, 216, and 207 m? (SED
16) at weaning, respectively. Follicle fiber diameter at birth was 16.7,
17.2, 17.7, and 17.6 m (SED .4) for MN, MR, CR, and RR, while fiber
diameter of wool samples at birth was similar for all groups (16.5 SED
.3 m). The range in wool fiber diameter was less at weaning (19.8 to
21.7%) than at birth (24.7 to 26%). Fiber curvature of MN at birth was
107, which was greater (P <.01) than for other groups (95 for MR, 96
for CR, and 96 for RR, respectively; SED 3.2). Follicle density was 121,
122, 118 and 114 (SED 10) per mm? for MN, MR, CR and RR groups
at birth, and 107, 114, 116, and 109 (SED 8) per mm? at weaning, re-
spectively; both variables were similar among treatments. Follicle fiber
diameter at weaning were 16.5, 15.9, 16.3, and 16.1 m (SED .6) for MN,
MR, CR, and RR, respectively, while corresponding wool fiber diameter
at weaning was 16.3, 16.1, 16.0, and 16.0 m (SED .4) at weaning. Lambs
of RR and CR were significantly heavier (P <.05) at weaning than those
of Merino (recipients or naturally bred) dams. These result suggest that
crossbred dams improve weaning weight of lambs born to embryo trans-
fers but do not effect wool follicle characteristics of Merinos.

Key Words: Merino, Embryo transfer, Follicle density
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79 Live weight, reproductive performance, and
wool characteristics in mixed age Romney ewes selected
for a single trait of fleece weight. T. Wuliji*!, K. G. Dodds?,
R. N. Andrews?, P. R. Turner?, and R. Wheeler?, 'E (Kika) de la
Garza Institute For Goat Research, Langston University, Langston, OK
73050, 2AgResearch, Private Bag 50034, Mosgiel, New Zealand.

Data were collected from 3525 mixed age Romney ewes over 11 years
of production, either fleece weight-selected (HF) or control (RC). Data
were statistically analyzed by least-squares analysis of variance. The
model included year, flock and age of ewe, with older ewe classes (6 and
above) combined. The HF ewes were (P < .001) heavier than RC for au-
tumn, winter, and spring weights. Greasy fleece weight and yield, clean
fleece weight and fiber diameter were 4.91 kg (SE .09), 79.2% (SE .3),
3.62 kg (SE .04), and 40.5 m (SE .2) for HF compared with 4.18 kg (SE
.10), 78.8% (SE .4), 3.05 kg (SE .06), and 39.7 m (SE .3) for RC ewes.
These differences were highly significant (P < .001) except for yield.
There was no difference in wool brightness (Y:61.3 vs 61.6; SED .2), but
yellowness (Y-Z: 5.4 vs 4.5; SED .2) was greater (P <.001) for HF ewes.
Significant (P < .01) differences existed between flocks in ovulation rate
(1.6 vs 1.5; SED .03), number of lambs born per ewe joined (1.8 vs 1.7;
SED .02), number of multiple births per ewe lambed (73 vs 67; SED
.02), and number of lambs weaned per lamb born (1.15 vs 1.12; SED
.01). These results indicate that a selection for fleece weight as a single
trait enhances fleece weight, live weight, ovulation rate, fiber diameter,
and fleece yellowness.

Key Words: Romney, Wool , Ovulation

80 Feedlot and carcass performance of Angus-,
Brangus-, Gelbvieh-, and Gelbray-sired steers. S. M.
DeRouen*!, T. D. Bidner?, and W. E. Wyatt3, 11 ouisiana State Uni-
versity Agricultural Center, Homer, 2 Baton Rouge, 3 Jeanerette.

Straightbred- and Brahman composite-sired progeny were evaluated for
feedlot performance and carcass traits. Angus (A), Brangus (BA), Gel-
bvieh (G), and Gelbray (GB) bulls were randomly mated to first-cross
Brahman-Hereford cows to produce spring- and fall-born steer calves
over two yr. Percent Brahman inheritance was 25% in A- (n=30)
and G- (n=23) sired steers and 44% in BA- (n=39) and GB- (n=25)
sired steers. Following weaning and a stockering program, steers were
shipped to a commercial feedlot and evaluated for feedlot and carcass
performance. Steers were group fed and slaughtered at an average fat
thickness (FT) of 10 mm. Analysis included sire breed and season as
fixed effects and random effects of year, year x sire breed, and sire (sire
breed) using PROC MIXED of SAS. Sire breed did not influence (P >
.25) feedlot gain (FADG), slaughter weight (SWT), hot carcass weight
(CWT), or Warner-Bratzler shear force (SF). Sire breed affected (P <
.05) longissimus muscle area (REA), FT, marbling score (MS), and yield
grade (YG). Overall least squares means for FADG, SWT, CWT, REA,
FT, MS, YG, and SF were 1.61 kg, 553 kg, 353 kg, 82 cm?, 10.3 mm,
484 (slight +), 2.80, and 4.94 kg, respectively. Angus-sired steers had
smaller (P < .05) REA and higher (P < .01) FT, MS, and YG than
G-sired steers. Brangus-sired steers had higher (P < .03) MS compared
to GB-sired steers. Steers with 25% Brahman inheritance had larger
(P < .01) REA than steers with 44% Brahman breeding. Though not
significant (P = .25), SF for A- and BA-sired steers were numerically
lower (.44 kg) compared to G- and GB-sired steers. These data suggest
that superior carcass quality was achieved with the use of Angus sires
and improved carcass cutability resulted with 25% Brahman inheritance
as well as with the use of Gelbvieh sires.

Key Words: Brahman, Feedlot, Carcass

81 Estimation of litter environmental and maternal
effects for performance test traits of Large White swine. Z.
B. Johnson*!, J. J. Chewning?, and R. A. Nugent, Il12, L University of
Arkansas, Fayetteville, 2The Pork Group, Rogers, AR.

The objective of this study was to investigate the importance of litter
environmental effects, maternal genetic effects and the covariance be-
tween additive genetic effects of the animal and maternal genetic effects
for performance test traits for a population of purebred Large White
swine. Boars were individually penned at approximately 100 d of age
and fed a corn-soybean meal diet that was 1.14% lysine, 19% protein
and 3,334 kcal/kg ME for approximately 77 d. Boars were weighed at
the beginning and end of the test and feed intake recorded. Backfat
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(BF; n = 7,716) and loin eye area (LEA; n = 7,712) were measured over
the 12th rib at the end of the test using B-Mode ultrasound equipment.
Daily feed intake (DFI), feed:gain ratio (FG) (n = 7,542), and ADG (n =
7,722) were calculated. Data were available for years 1990 to 1997. Four
models were examined using DFREML procedures. Model 1 included
only the additive genetic effect of the animal (d); Model 2 included d
and the common litter environmental effect; Model 3 included d, the
maternal genetic value (m), assumed to be uncorrelated with d, and
the common environmental effect; and Model 4 was the same as Model
3 but with d and m assumed to be correlated. Ratios of likelihoods were
used to compare models. Common litter environmental effects were im-
portant (P < .01) for all traits measured and explained from 13 to 27%
of the phenotypic variation. The maternal genetic value was important
(P < .05) for LEA, but had little effect on the estimation of heritability.
The correlation between m and d was a significant source of variation
(P < .05) for BF with an estimated correlation of -.59. In summary,
the common environmental litter effect was important for all traits in
this study and should probably be included in any estimation of genetic
parameters; however, both maternal effects and the correlation between
maternal and direct effects could be ignored for ADG, DFI, and FG.

Key Words: Pigs, Maternal Effects, Litter Effects

82 Comparison of performance of pigs from three
breed terminal and rotational crossbreeding systems:
Growth and survival rates. K. Nadarajah*, D. L. Kuhlers, S.
B. Jungst, M. R. Duffle, and J. A. Little, Auburn University, Auburn,
AL.

Growth performance and survival rates of pigs from a terminal and ro-
tational crossbreeding system involving Duroc (DD), Landrace (LL) and
Yorkshire (YY) breeds were evaluated at the Lower Coastal Experimen-
tal Station, Camden, AL. Terminal crossbred pigs were sired by five DD
boars selected from the top 20% of the Terminal Sire Index (TSI). Rota-
tional crossbred pigs were sired by ten boars (DD=4, LL=3 and YY=3)
selected from the top 20% of the Maternal Line Index (MLI). Matings
involved 151 dams that produced a total of 3876 pigs of four crossbred
types namely, DDrg; xYL (1858), DDasrr x YLD (624), LLasr x DYL
(657) and YY1 x LDY (737) that were compared for weights at birth,
21 and 56 d of age, average daily gain from 56 d of age to marketing
(ADG), days to reach 105 kg, ultrasonic backfat at 10th rib (only in bar-
rows) and survival rates at each of the respective weight periods. The
linear model used to analyze the growth and survival traits accounted
for fixed effects of contemporary group, parity, sex, crossbred types and
random effects of sire and dam within crossbred types, and residual er-
ror. Pig weights at birth, 21 and 56 d of age, ADG and days to reach
105 kg did not differ (P>.10) among crossbreed types. No significant
differences (P>.10) were found across crossbred types in barrows for ul-
trasonic backfat thickness at 10th rib recorded at 105 kg weight. The
terminal and rotational crossbreeding system had no significant effect
on progeny survival rates at birth, birth to 21 d and from 21 to 56 d of
age (P>.10). However, survival rate of pigs from 56 d of age to105 kg in
the DDasrrx YLD crossbred types was significantly different (P<.10)
from the crosses of MLI boars mated to DYL and LDY dams. Sex of pig
had a significant effect (P<.01) on all growth traits ( except ADG) and
on survival rates. Male pigs were slightly heavier at birth and 21d of
age and reached 105 kg weight about seven d earlier than gilts across all
crossbred types. Pigs from MLI-sired rotational crossbreeding system
performed as well as the TSI-sired pigs from terminal crossbreeding sys-
tem for growth traits. Lack of significant differences among the mating
systems was unexpected considering the selection criteria used to select
boars.

Key Words: Pigs, Growth, Terminal and rotational crossbreeding system

83 Milk production of crossbred daughters of high
and low milk EPD Angus and Hereford bulls. J. A. Minick*,
D. S. Buchanan, and S. D. Rupert, Oklahoma Agricultural Experiment
Station, Stillwater.

Milk production is a major factor in the weaning weight of calves which,
in turn, affects profitability of cow-calf enterprises. The objective of this
study was to determine how well milk EPD of Angus and Hereford sires
predicted milk production of crossbred daughters and subsequent calf
performance. Bulls were chosen from each breed (n=41) to represent
high or low milk EPDs. Mean EPDs in kg for high Angus (HA), low
Angus (LA), high Hereford (HH), and low Hereford (LH) were +8.7,
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-6.1, +7.4, and -3.9. Cows (n=273) calved in spring or fall from 1992-97
for a total of 660 records. Twenty-four hour milk production of the cows
was estimated by two weigh-suckle-weigh measurements at monthly in-
tervals. Cow weight and body condition score (BCS, 1-9) were obtained
at weaning. The least squares model included breed, milk EPD level,
sire of cow within breed and milk EPD level, year, season, cow age, calf
sire, sex, and all two- and three-way interactions. Means were obtained
for monthly milk production, birth and 205 day weight, and final cow
weight and BCS. The least squares means for 24 hour milk production,
in kg, for HA, LA, HH, and LH with p values for high versus low, across
breeds, were: period 1) 6.88, 5.87, 6.59, and 5.70 (p<.01); period 2) 7.20,
6.12, 6.92, and 5.74 (p<.01); period 3) 6.12, 5.11, 5.07, and 4.25 (p=.01);
period 4) 6.07, 4.92, 4.87, and 4.78 (p=.01); period 5) 4.80, 3.97, 4.15,
and 3.75 (p=.01); period 6) 4.70, 3.36, 3.18, and 2.96 (p<.01); period
7) 3.72, 2.53, 3.02, and 2.97 (p=0.05). Similarly, least squares means
for birth weight were 37.07, 37.85, 38.33, and 38.78 (p=.31); for 205 day
weight were 237.26, 218.23, 222.17, and 214.12 (p<.01); for final cow
weight were 482.40, 505.39, 509.49, and 511.65 (p=.11); and for final
cow BCS were 4.90, 5.25, 5.09, and 5.20 (p<.01). Daughters of high
milk EPD sires produced more milk and weaned heavier calves than
those of low milk EPD sires. However, it is at the expense of body con-
dition. Producers can use milk EPDs with confidence to influence calf
weight.

Key Words: Beef Cattle, Milk EPD, Growth

84 Evaluation of carcass traits of Duroc pigs from
a line selected on an index of ultrasound backfat thickness
and predicted feed conversion. D. L. Kuhlers*, K. Nadarajah, S.
B. Jungst, B. L. Anderson, and B. E. Gamble, Auburn University, AL.

Production of lean meat at minimum feed cost is the goal of swine pro-
ducers. However, feed intake (FI) and feed conversion ratio (FCR) per-
formance data and EPDs usually are not readily available. Desirable
genetic correlations exist between FCR with growth rate and backfat
thickness. In the present study,a line of Duroc pigs was selected (S)
for 6 generations on an index of EBVs for decreased backfat thickness
(BF) and improved predicted FCR. A contemporary randomly selected
control (C) line was maintained. The 1,574 pigs, sired by 80 boars and
out of 194 dams were performance tested for 168-day weight (W) and
real-time (Aloka 500V) 10th-rib BF adjusted to 105 kg. The EBVs
were obtained from a multiple trait mixed animal model using industry
accepted genetic parameters. Each generation (except the base), one
barrow per litter from both lines were individually fed to obtain FI and
FCR data. Differences between the lines (S - C) for the live animal
traits of BF, FCR, and W in the 6th generation were -.71 cm, -.23, and
5.4 kg, respectively. All barrows from the base through the 5th genera-
tion were slaughtered to obtain carcass length (LEN), 10th rib backfat
thickness (BF10), loin eye area (LEA), percentage trimmed lean cuts
(LEAN), and subjective color (COLOR; 1 = pale, 5 = dark) and mar-
bling (MARB; 1 = practically devoid, 5 = moderately abundant) scores.
A total of 204 carcasses were evaluated. Data were analyzed using the
Mixed procedure of SAS with a model that included the fixed effects
of line-generation (LG) and a covariate on hot carcass weight, and the
random effect of sires within LG. Differences in LEN between the lines
(S - C) were -.1, -.3, and 2.6 cm in generations 3, 4, and 5, respectively.
For LEA, the (S - C ) line differences were 3.6, 3.6, and 4.7 cm?, for
BF10, (S - C) line differences were -1.25, -1.13, and -1.24 c¢m, and for
LEAN, (S - C) line differences were 3.4, 3.2, and 5.5% in generations
3, 4, and 5, respectively. The (S - C) line differences for the subjective
meat quality traits of COLOR were .05, .00, and -.11, and for MARB,
(S - C) line differences were -.48, -.98, and -.35, in generations 3, 4, and
5, respectively. Index selection for lean efficiency resulted in desirable
changes in carcass LEA, LEAN, and BF10, but undesirable changes in
COLOR and MARB.

Key Words: Pigs, Selection, Carcass Composition

85 Use of milk EPDs to predict differences in milk
production of range beef cows. S. D. Rupert*, D. S. Buchanan,
and J. A. Minick, Oklahoma Agricultural Experiment Station, Stillwa-
ter, OK.

Milk production is an important variable affecting calf weaning weight
and overall success of any cow-calf enterprise. This study was designed
to evaluate the effect of milk EPDs of Angus and Hereford sires on milk
production of crossbred daughters. Bulls (n=35) were chosen from each
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breed to represent high or low milk EPDs. Mean EPDs in kg for high
Angus (HA), low Angus (LA), high Hereford (HH), and low Hereford
(LH) were +8.7, -6.1, +7.4, and -3.9 respectively. The daughters were
between 5 and 9 years old during this study. Milk production of cows
(n=105) was evaluated via the weigh-suckle-weigh (WSW) method. A
sample of these cows (n=48) were milked mechanically (MM) during
the same lactation. Both techniques were used to generate 24 h milk
production estimates. Least squares means were generated for the four
Breed x Level interactions and the two Levels for each of seven WSW
and four MM procedures that were equally spaced throughout the lac-
tation. Least squares means, in kg, from MM for HA, LA, HH, and LH
with p values for high versus low were: period 1) 5.76, 4.36, 6.01, and
3.94 (p<.01); period 2) 3.72, 3.22, 3.91, and 3.01 (p<.05); period 3)
3.97, 3.35, 4.19, and 2.46 (p<.01); period 4) 1.27, 1.18, 1.69, and 0.63
(p<.05). Likewise, least squares means, in kg, from WSW for HA, LA,
HH, and LH with p values for high versus low were: period 1) 3.70, 3.49,
3.66, and 3.09 (p=.13); period 2) 2.96, 1.97, 2.48, and 1.66 (p<.01); pe-
riod 3) 3.16, 2.15, 2.55, and 2.66 (p=.08); period 4) 2.41, 1.71, 1.95, and
1.98 (p=.36); period 5) 2.24, 1.76, 1.78, and 1.29 (p=.09); period 6) 1.78,
1.41, 2.65, and 0.92 (p=.01); period 7) 1.89, 2.0, 0.74, and 1.21 (p=.44).
In addition, WSW and MM totals were highly correlated (r=.82). These
results demonstrate that high milk EPD bulls sired daughters that pro-
duced more milk. The high correlation between WSW and MM should
increase the confidence of that conclusion. Milk EPDs can be used with
confidence to influence milk production.

Key Words: Beef Cattle, Milk EPD, Milk Production

86 Sire variation for carcass traits of purebred
Brahman steers. T. Smith*!, D. E. Franke!, T. D. Bidner!, G.
Whipple-VanPatter?, and H. D. Chapman', ! Louisiana State University
Agricultural Center, Baton Rouge, LA, 2 Nebraska Central Community
College, Hastings, NE.

Purebred Brahman steers (n=169) sired by 25 Gray and 7 Red Brah-
man bulls were evaluated for postweaning growth and carcass traits.
Spring-born paternal half-sib male calves were purchased from private
producers at weaning, backgrounded, and grazed on ryegrass for 150
d. Following grazing, the steers were shipped to a commercial feedlot
in south Texas for feeding. Steers were slaughtered in groups of about
45 head when they reached an approximate average endpoint weight of
530 kg and 1 cm backfat. All carcasses were subjected to high voltage
electrical stimulation during slaughter. After a 24 hr chill, carcasses
were ribbed, data collected and a longissimus muscle sample taken for
calpastatin assay (CALP). Traits available for study included slaughter
weight (SWT), hot carcass weight (HCW), ribeye area (REA), backfat
measured at the 12" rib (BF), and marbling (MB). Two 2.54 cm steaks
were removed from the large end of the strip loin and randomly selected
for aging in vacuum bags for seven and 14 d. Steaks were then cooked
to an internal temperature of 70°C and core samples measuring 1.27
cm were taken for shear force determination (SF7 and SF14). A mixed
model containing color and slaughter age as fixed variables and sire:color
as a random variable was used to analyze the data. BLUP estimates of
sire breeding value were obtained for all traits. Overall least squares
means for SWT, HCW, REA, BF, MB, CALP, SF7, and SF14 were 528
+ 3 kg, 315 & 2 kg, 84 + .6 cm?, .81 £ .02 cm, 363 £ 5, 5.1 & .08, 4.8
+ .09 kg, and 3.9 4 .07 kg respectively. Gray Brahman steers had heav-
ier hot carcass weight, greater backfat, more marbling, less calpastatin,
and were more tender at 14 d of aging when compared to Red Brahman
steers (P < .05). For Gray Brahman sires, BLUP for EBV ranged from
-142.5 to 116.9 kg for SWT, -40.9 to 51.3 kg for HCW, -6.7 to 10.3 for
MB, -.2 to .3 cm for BF, -8.1 to 6.3 sq cm for REA, -.6 to .9 for CALP,
-.3 to .3 kg for SF7 and -.2 to .1 kg for SF14. For Red Brahman sires,
BLUP for EBV ranged from -49.9 to 38.1 kg for SWT, -25.9 to 31.8 kg
for HCW, -6.0 to 6.3 for MB, -.2 to .2 cm for BF, -7.6 to 9.6 sq cm for
REA, -1.2 to 0.9 for CALP, -.2 to .2 kg for SF7, and -.1 to .1 kg for
SF14. These results suggest useful differences among Brahman sires for
several carcass traits.

Key Words: Cattle, Brahman, Carcass Traits, Estimated Breeding Value
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87 Genetic polymorphism of milk protein in Chi-
nese black and white dairy cattle. J. Luo*, H. Qiu, S. H. Wang,
and J. W. Li, School of Animal Science and Veterinary Medicine, North-
western Agricultural University, China.

This study was to investigate the characteristics of genetic markers of
principal milk proteins of Chinese Black and White Dairy Cattle, a
main milk-producing dairy breed in China. Morning milk samples of
747 cows (farm 1, n=328; farm 2, n=419) were collected from two farms
in Shaanxi province, China. Milk protein variants at asi-casein (CN),
B-CN, k-CN, and g-lactoglobulin (LG) loci were identified using isoelec-
tric focusing electrophoresis. Three phenotypes of as1-CN, xk-CN, and
B-LG and six phenotypes of 3-CN were detected. The gene frequency
of two herds was similar (P > .05), therefore pooled data were used
for calculation. The allelic frequency at each milk protein locus was
as follows: as1-CN B, 0.85, as1-CN C, 0.15; 8-CN A', 0.40, B-CN A2,
0.52, 3-CN B, 0.08; k-CN A, 0.61, xk-CN B, 0.39; 8-LG A, 0.43, 5-LG B,
0.57. The dominant allele of locus mentioned above was B, A%, A and B
respectively. Linkage relation of milk protein loci were analyzed using
the Chi-square test and the sequential probability test with the data of
dam-daughter pairs. There were significant linkages among three casein
loci (P < .05). A genetic linkage existed between a31-CN and 3-CN, and
a1 -CN and x-CN (P < .01), but there was no linkage between 8-LG
and x-CN and the casein complex (P > .05). The results of this study
should be useful in marker assistant selection for any association with
milk protein properties, however, the selection of specific milk protein
genotype may be affected by linkage relationships among milk protein
loci.

Key Words: Chinese Black and White dairy cattle, Milk Protein, Poly-
morphism

88 Development of a heterogeneous mixed linear
model with maternal genetic effects for multiple trait case.
E.-C. Lin*! and P. J. Berger?, ! Pig Research Institute Taiwan, Chunan,
Miaoli, Taiwan, R.O.C., %2lowa State University, Ames, lowa.

A heterogeneous mixed linear model for multiple traits was developed
for a model with fixed effects, direct genetic random effects, uncorre-
lated random effects and residual. There are two assumptions about the
genetic correlation in this model: one is perfect correlation (equal to 1)
between heterogeneous groups within trait; the other is treating the cor-
relation between heterogeneous groups across traits as a function of ge-
netic variances and covariances in each heterogeneous group within and
across traits. The heterogeneous mixed linear model is implemented by
adjusting the direct genetic effects and corresponding incidence matrices
with matrices of eigenvalues and eigenvectors of the genetic (co)variance
matrix. Following the same assumptions and implementation, maternal
genetic effects can be considered as another trait in the direct genetic
(co)variance matrix. The same assumptions as described above for the
genetic correlation are also satisfied in a model with both direct and ma-
ternal genetic effects. The genetic (co)variance matrices of direct (Gg)
and maternal (G,,) genetic effects need to be combined as one (Ggm )
when the mixed linear model equations are implemented. Generating
eigenvalues and eigenvectors of the G,,, matrix is the same as a model
without maternal genetic effect, but with twice the number of rows and
columns. Traits affected by maternal genetic effects can be evaluated
together by the model when heterogeneous (co)variances exist, such as
in international genetic evaluation and genetic evaluation for progeny
of Al sires raised across herds. The number of (co)variances that need
to be known are reduced greatly due to these assumptions about the
genetic correlation.

Key Words: Heterogeneous (co)variance, Mixed linear model, Maternal
genetic effect

89 Comparison of the reliability of genetic evalu-
ations from an organized progeny test and a field level
performance recording program. N. Caron* and R. A. Kemp,
Lethbridge Research Centre.

Calf performance records collected by two different recording programs
were used to compare the reliability of their genetic evaluations (EPD).
Records on 3,393 crossbred calves sired by 74 sires were available from
Conception to Consumer (CtoC), an organized progeny test program,
while records on 154,411 calves sired by 6,872 sires were used from the
Charolais Herd Analysis and Records Management (CHARM), a field
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level recording program. All sires were purebred Charolais. Multiple-
trait evaluations were run independently using a sire model for the CtoC
records and an animal model with the CHARM data. Traits evaluated
were birth weight (BW), weaning weight (WW) and postweaning gain
(PG). Edits, adjustment factors and genetic parameters were similar to
the ones used in the North American (NA) evaluation. From birth to
yearling, there was a decline of 17.5% in the number of records on CtoC
in comparison to 45.0% on CHARM. Only 71.5% of sires on CHARM
had PG records submitted on their progeny in comparison to all sires on
CtoC. Correlations between sire EPDs from CtoC or CHARM with NA
were satisfactory ranging from .72 to .85. Lower correlations between
sire EPDs from CtoC and CHARM were obtained: .62 for BW, .40 for
WW and .46 for PG. This situation was explained by the low number of
progeny records for some sires on CHARM. An organized progeny test
such as CtoC allows to obtain fairly accurate EPDs with a minimum
of records while a field recording program like CHARM allows to test a
large number of sires in an inexpensive way. An organized progeny test
can be especially helpful for traits difficult to collect such as carcass and
feed intake traits.

Key Words: Beef cattle, Genetic evaluation, Reliability

90 Effects associated with the Bos indicus growth
hormone receptor haplotype in Bos taurus cattle. C. S.
Hale*, W. O. Herring, G. S. Johnson, H. Shibuya, M. C. Lucy, D. B.
Lubahn, and D. H. Keisler, University of Missouri, Columbia, Missouri.

We previously reported a length polymorphism in a TG-repeat mi-
crosatellite 90 base pairs upstream from the start site in the bovine
growth hormone receptor gene. An 11-TG-repeat allele is enriched in
Bos indicus (Zebu) cattle, but rare in the Bos taurus (Taurine) breeds
in which 16 to 20-TG-repeat alleles predominate. Tightly linked to this
polymorphism are other sequence differences such as a 1.2 kb retro-
poson 0.5 kb upstream from the start site in the Taurine haplotype
which is absent in the Zebu haplotype, as well as single base substi-
tutions in exons 5, 6, 7, and 10. The purpose of this study was to
compare growth and carcass traits between Angus steers that were ho-
mozygous for the Taurine growth hormone receptor haplotype (n = 42)
to their half-siblings that had one copy of the Zebu haplotype (n =
33). Animals were genotyped with respect to the TG-repeat using a mi-
crosatellite assay. A series of single trait analyses were then performed
on 75 steer progeny of four purebred Angus sires that contained one
growth hormone receptor haplotype commonly found in Taurine cattle
and one haplotype commonly found in Zebu cattle. Contrasts between
the Taurine and Zebu haplotypes were estimated using MTDFREML.
The model included fixed effects of contemporary group, age of dam,
haplotype within sire, and a random animal effect. No interaction was
detected between sire and haplotype so this term was replaced with hap-
lotype. Contrasts (Taurine - Zebu) were considered significant (P < .05)
if the absolute value of the contrast was at least twice the standard er-
ror. Contrasts were significant for weaning weight (18 + 6 kg), carcass
weight (13 + 6.2 kg), and marbling score (-.4 £ .2), while no significant
differences were detected for birth weight (-.5 + .8 kg), fat thickness
(.01 & .1 cm), or ribeye area (.3 & 1.7 cm?). This polymorphism may
have potential for use in a marker assisted selection program.

Key Words: Growth Hormone Receptor, Cattle, Microsatellite

91 Mixed model estimates of genetic effects for beef
cattle birth and weaning traits. D. E. Franke*, Louisiana State
University Agricultural Center.

Considerable variation exists among cattle breeds for traits of economic
importance. Breed differences are important genetic resources that can
be used to exploit complimentarity and heterosis. Data from two-,
three-, and four-breed rotational crossbreeding systems involving Angus
(A), Brahman (B), Charolais (C) and Hereford (H) breeds and straight-
bred controls over four generations were used to estimate breed additive
and dominant genetic effects. Traits were birth weight (BWT), daily
gain from birth to weaning (ADG), weaning weight adjusted to 205 d
(WWT), calf age at weaning (WAGE) and weaning weight per cow ex-
posed (WWTCE). A linear mixed regression model was used to partition
genetic effects. Brahman, C and H direct and maternal additive effects
were computed as deviations from A. For BWT, the direct additive ef-
fects of B, C and H were 5.8 £+ 1.3, 9.8 £ 1.0 and 2.9 + 1.0 kg greater
than A, and the maternal additive effect of B was 7.1 & 1.2 kg less than
A. Direct dominant effects of A-B, C-B and H-B combinations were
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larger than for non-B combinations. For ADG, the direct additive effect
of C (.095 £+ .020 kg/d) and the maternal additive effects of B (.084 +
.023 kg/d), C (.065 + .018 kg/d) and H (-.087 + .017 kg/d) were dif-
ferent from A. Direct dominant effects for combinations including B for
ADG were larger than for non-B combinations. Charolais and H direct
additive effects for WWT (29.3 + 4.6 and 9.6 + 4.5 kg, respectively)
were larger than A whereas the maternal additive effect of H was less
than A (-18.6 + 3.8 kg). Direct dominant genetic effects for WWT were
larger for breed combinations including B. Genetic effects for WWTCE
were large and variable, and had large SE. For these breeds, results
confirm the relative advantage of C for growth, the relative disadvan-
tage of H for maternal ability and the larger dominant effects for breed
combinations including B for growth traits.

Key Words: Beef Cattle, Preweaning Traits, Genetic Effects

92  Verification of a quantitative trait locus for dairy
form in two families of Holsteins. T. S. Sonstegard*!, C. P.
Van Tasselll, M. S. Ashwelll, W. M. Garrett!, and S. M. Kappes?,
LARS-USDA Beltsville Agricultural Research Center, Beltsville, MD,
2 ARS-USDA Meat Animal Research Center, Clay Center, NE.

Preliminary analysis of variance for quantitative trait loci affecting con-
formation traits using the grandaughter design and eight large US Hol-
stein grandsire families revealed a strong association in two families be-
tween the predicted transmitting abilities for dairy form and marker
genotypes for bovine chromosome 27 (BTA27). Results from Family 8
(79 sons) indicated an association (P = 0.000021) with a microsatellite
marker located near the telomere of bovine chromosome 27 (BTA27).
An association (P = 0.00001) was also detected in Family 2 (165 sons)
with a microsatellite marker located approximately 20 ¢cM from the cen-
tromere of BTA27. Interval analysis performed with additional BTA27
marker genotypes generated from Family 8 yielded a genome wide sig-
nificant test score for dairy form QTL near the telomere of BTA27.
Interval analysis of Family 2 is in progress. Genes found in the genomic
fragments of conserved synteny between human chromosomes 4 and 8
and BTA27 are being used to develop additional informative markers to
refine the QTL interval and identify potential candidate genes for dairy
form. Even though the phenotypic scores for dairy form are based upon
femininity, conditioning and dairyness; we hypothesize that this QTL is
associated with fat metabolism. This hypothesis is supported by iden-
tification of similarly located QTL found in other cattle populations for
marbling, milk fat yield, and milk fat percentage.

Key Words: quantitative trait loci, mapping, cattle

93 Repeatability estimates of objective measure-
ments on the rear legs of dairy cows. P. O. Boisot*, S.
Rodriguez-Zas, and R. D. Shanks, University of lllinois, Urbana-
Champaign, IL.

Feet and legs contribute to the longevity and profitability of dairy cows.
Heritability of subjective measures of feet and legs are low, but selec-
tion should not ignore feet and legs because the low heritability esti-
mates may be a function of inaccuracy of subjective linear scores. The
objective of our research was to estimate the repeatability of different
objective measurements on the rear legs of dairy cows in order to de-
velop a method that could potentially replace subjective linear scores.
Between September and November 1998, fourteen measurements, among
dewclaw, hip, hock, pinbone, thurl and ground, were taken on 102 cows
from the University of Illinois dairy farm. Measurements were combined
to define triangles and therefore angles among points of interest. Three
evaluators participated in the experiment and on a given day two sets
of measurement were taken by two evaluators. Seventy-three of the 102
cows were measured twice at a 1 to 4 week interval. The data collec-
tion resulted in 352 observations. Cows were separated into two groups
based on breed size : 74 big cows and 28 small cows. Size, evaluator,
and time were fixed effects and cow, interactions of cow by evaluator and
cow by time were random effects included in the model. Repeatabilities
were computed from the ANOVA table obtained by the glm procedure
in SAS using the formula : repeatability=variance between cows /(vari-
ance between cows + mean square error). The linear model explained
over 80% of the variation for each variable. Repeatability estimates of
the measurements ranged from 0.64 to 0.90. The highest estimates were
obtained for measurements between hip, pinbone, hock or thurl with
the ground and the lowest estimates involved either the hock or thurl.
Repeatability estimates of angles were much lower ranging from 0.20 to
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0.50. The variation in natural standing position of the cow hampered the
accuracy of the objective measurements. Low estimates of repeatability
suggest that this method is not sufficiently reliable to replace subjective
linear scores for feet and legs.

Key Words: Objective Measurement, Rear Leg, Repeatability

94  Multivariate Bayesian analysis of Gaussian,
right censored Gaussian, ordered categorical, and binary
traits using Gibbs sampling. |. R. Korsgaard!, M. S. Lund*!, D.
Sorensen!, D. Gianola2, P. Madsen!, and J. Jensen!, 1 Danish Institute
of Agricultural Sciences, 2 University of Wisconsin-Madison.

A fully Bayesian analysis using Gibbs sampling and data augmenta-
tion in a multivariate model of Gaussian, right censored and grouped
Gaussian traits is outlined. The grouped Gaussian traits are either or-
dered categorical traits (with more than two categories) or binary traits,
where the grouping is determined via thresholds on the underlying Gaus-
sian scale, the liability scale. Allowances are made for unequal mod-
els, unknown covariance matrices and missing data. Having outlined
the theory, strategies for implementation are reviewed. These include
joint sampling of the location parameters; efficient sampling from the
fully conditional posterior distribution of augmented data, a multivari-
ate truncated normal distribution; and sampling from the conditional
inverse Wishart distribution, the fully conditional posterior distribution
of the residual covariance matrix between traits.

Key Words: Multivariate analysis, Categorical traits, Right censored
Gaussian traits

95 Maternal and direct genetic relationships be-
tween weaning weight and traits derived from the Brody
growth curve in Angus cattle. M. Kaps*, W. O. Herring, and
W. R. Lamberson, University of Missouri-Columbia, Columbia, MO.

Direct and maternal genetic and environmental variances and covari-
ances and associated genetic parameters were estimated for weaning
weight, and growth and maturing traits derived from the Brody growth
curve. Data consisted of field records of weight measurements of 3,044
Angus cows, and 29,943 weaning weight records of both sexes. Growth
traits included weights, and growth rates at 365- and 550-d, respectively.
Maturing traits included the age of animals when they reach 65% of ma-
ture weight, and relative growth rates, and degrees of maturity at 365-
and 550-d, respectively. Variance and covariance components were esti-
mated by REML from a set of two-trait animal models including wean-
ing weight paired with a growth or maturing trait. Weaning and cow
contemporary groups were defined as fixed effects. Random effects for
weaning weight included direct genetic, maternal genetic, and perma-
nent environmental effects. For growth and maturing traits only direct
genetic effects were defined as random effects. Heritability estimates
for growth traits ranged from .46 to .52, and for maturing traits they
ranged from .31 to .34. Direct genetic and maternal genetic correla-
tion estimates were -.05 and .55 between weaning weight and degrees
of maturity at 365- and 550-d, respectively. Direct genetic correlation
estimates ranged from .04 to .06, and maternal-direct genetic correla-
tion estimates ranged from -.50 to -.56 for weaning weight with the age
when animals reached 65% of mature weight and relative growth rates.
Since maternal genetic weaning weight reflects an animal’s milk produc-
ing ability, these estimates indicate that higher genetic capacity for milk
production was related to higher body mass and degrees of maturity be-
tween 365- and 550-d of age, but was negatively related to absolute and
relative growth rates in that life stage.

Key Words: Beef Cattle, Maternal Genetic Correlation, Growth Curve

96 Genetic parameter estimation of growth and lac-
tation curve components in Polled Hereford cattle. J. B.
Glaze, Jr.¥! and R. R. Schalles?, ! University of Vermont Extension,
White River Junction, VT, 2 Kansas State University, Manhattan, KS.

Genetic parameters for growth and lactation curve components were
estimated from weight and milk production records of Polled Hereford
cows born from 1967 to 1979. These data were the result of a project
at Kansas State University, in which selection was based on individual
feed conversion. Cows that had complete monthly weight records from
age five to ten, were used to estimate mature weight. Average weight
over the five year period was considered to be mature weight. Monthly
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cow weights were also used to fit a growth curve. The three parameter
function, W; = A + B(1 - e’kt), where W; = weight at time t, A =
weight at time zero, B = gain from time zero to infinity, K = function
of the rate of growth, and t = time, provided a means to describe the
growth and development of the cattle in this study. During the final
three years of the study, 205-day milk production was measured using
the weigh-suckle-weigh technique. Milk production data were used to fit
the lactation curve Y, = n/(ae*™), where n = week of lactation, Y =
24-hour milk yield, e = base of the natural logarithm, and a and k = pa-
rameters that define the shape of the curve. A multiple-trait, derivative-
free, restricted maximum likelihood (MTDFREML) procedure was used
to analyze the data generated in this study. A full animal model was
used to calculate the genetic and phenotypic (co)variances. In the anal-
yses of mature weight, age of cow was included as a fixed effect. Year
of milking and age at milking were the fixed effects used during the
analyses of milk production. The heritabilities of the lactation curve
components K and A were found to be .15 and .40, respectively. The
genetic correlation between these lactation curve components was -.78.
Growth curve components A, B, and K had heritabilities of .35, .72, and
.46, respectively, suggesting that selection for weight, gain, and rate of
maturity can be effective. The genetic correlation between growth curve
components A and B (ry = .42) was positive, which is similar to reported
genetic correlations between birth weight and mature weight. The ge-
netic correlations between growth curve parameters A and K (rg = -.34)
and B and K (ry = -.74) were negative. The negative association be-
tween B and K suggest that animals maturing fastest have less weight
at maturity.

Key Words: Growth curve, Lactation curve, Genetic parameters

97 Estimation of genetic parameters for mature
weight in Hereford cattle. J. M. Rumph*l, R. M. Koch?!, K.
E. Gregory?, L. V. Cundiff?, and L. D. Van Vleck?, !University of
Nebraska, Lincoln, 23 USDA-ARS, USMARC, 2Clay Center, 3Lincoln,
NE.

Genetic parameters for mature weight in Hereford cattle were calcu-
lated using 8285 records from 2517 cows in a control line and three lines
selected for weaning weight, yearling weight, and an index of yearling
weight and muscle score over 22 years. Data included cow age (Ag), year
(Yr), line (L), pregnancy status (bred vs. open, Pg), birth and method
of rearing code of the parity (BMR), and calf disposal code (DSP).
Weights were taken each year on three to nine year old cows at three
times: brand clipping (generally prior to calving, BC), before breeding
(BB), and palpation for pregnancy checking (PP). Heritabilities were
estimated with REML using a univariate animal model with Ag x Yr x
L, Pg x L, BMR x L, and DSP x L as fixed effects and direct genetic,
maternal genetic, permanent environmental, and residual as random ef-
fects. The analyses for BC and BB weights also included the interval
between calving date and weigh date as a linear and quadratic covariate.
Estimates of direct h? (and SE) were .48 (.04), .46 (.04), and .43 (.05),
of maternal h? were .02 (.02), .02 (.02), and .00 (.03), and of fraction of
permanent environmental variance (c?) were .24 (.03), .29 (.03), and .33
(.04) for BC, BB, and PP weights respectively when covariance between
direct and maternal effects was forced to be zero. When covariance be-
tween direct and maternal effects was in the model, direct h? were .61
(.08), .59 (.07), and .54 (.09), maternal h? were .05 (.03), .05 (.03), and
.04 (.04), and c2 were .17 (.05), .21 (.05), and .27 (.06) for the same
weights. Correlations between direct and maternal genetic effects in the
latter model were -.46 (.16), -.47 (.15), and -.48 (.21). Direct h? is large
enough to consider mature weight in breeding programs to optimize eco-
nomic response to selection. Surprisingly, maternal genetic effects seem
to be negatively correlated with direct genetic effects for mature weight
although variance due to maternal effects is not large.

Key Words: Heritability, Growth, Beef Cattle

98 Estimates of genetic parameters and genetic
trends for reproductive traits in Botucatu rabbits selected
for litter and growth performance traits. A. S. A. M. T.
Moura*, A. R. C. Costa, and R. Polastre, Faculdade de Medicina Vet-
erindria e Zootecnia, UNESP, Botucatu SP, Brazil.

Genetic parameters and genetic trends were estimated for number of
services per parturition (NS), and parturition interval (PI) in rabbits
of a local strain in Botucatu, Southeast Brazil. Individual selection
according to a multiple-trait index was practiced over a 2.6-yr period.
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Two litter (number weaned, and litter weaning weight), and two indi-
vidual performance traits (30-d weaning weight, and 70-d weight) were
included in the index. Contemporary breeding stock were approximately
120 does and 15 bucks. Parturition-mating interval was 10 to 15 d. Mat-
ing pairs were randomly formed and mating between close relatives was
allowed. Ventral palpation was performed 10 d after mating to deter-
mine pregnancy. Doe culling criteria included three consecutive concep-
tion failures. A square root transformation of NS was adopted. Data on
2,162 parturitions and 1,630 PI produced by 551 does were fitted to an
animal model to estimate variance components and breeding values for
NS and PI. The bivariate model included the random effects of animal
and permanent environment, the fixed effects of parity and parturition
date, and the covariate of doe inbreeding coefficient. Overall means of
NS and PI were 1.123 &£ .005 services and 49.5 + .4 d, respectively. Doe
inbreeding coefficient averaged .059 £ .001, ranging from zero to .33. Es-
timates of direct heritability and permanent environment effect for NS
and PI were .03 and .03, and .02 and .04, respectively. The estimated
genetic correlation between the two traits was .73. Estimates of direct
genetic trends per year for NS and PI were -.0037 &+ .0003 services (P
< .001) and -.200 £ .030 d (P < .01), respectively. Both reproduction
traits showed discrete but favorable genetic change with selection for
litter and individual performance traits.

Key Words: Genetic trends, Rabbits, Reproduction

99 Genetic and environmental weaning weight pa-
rameter estimates across and within Hereford populations
in three countries. J. K. Bertrand*, D. de Mattos, and |. Misztal,
University of Georgia, Athens.

Original data consisting of 487,661, 102,986 and 2,322,722 weaning wt
records from the Hereford Associations of Canada (CA), Uruguay (UY)
and the US were available for analysis to obtain genetic and environmen-
tal parameters within and across the three populations. Ten samples
containing between 12,000 and 57,000 records were obtained by ran-
domly selecting herds with greater than 500 records. An animal model
that contained maternal effects and an EM-REML algorithm was used
to estimate (co)variances. Pooled estimated phenotypic variances were
617.0, 630.0 and 579.9 kg? for CA, UY and US, respectively. Pooled
direct genetic, maternal genetic, permanent environment and error vari-
ances, expressed as a percentage of the phenotypic variance, were 20, 16,
21 and 49% for CA, 23, 18, 16 and 53% for UY and 24, 16, 16 and 52%
for US. Pooled direct-maternal covariances were negative and were 8,
10 and 6% of the phenotypic variance for CA, UY and US, respectively.
To investigate the possibility of genotype by environment interactions
across countries, pair-wise data sets (CA-UY, CA-US, UY-US) were cre-
ated by randomly sampling herds that had greater than 500 records and
that also had progeny or grandprogeny from sires used across all three
countries. For comparison purposes, regions within the US were defined,
Upper Plains (UP), Cornbelt (CB), South (S) and Gulf Coast (GC) and
pair-wise analyses were also conducted (UP-CB vs S-GC, UP vs CB,
S vs GC). A multiple-trait animal model that considered weaning wt
a different trait in each environment was fit to the data in each pair-
wise analysis, utilizing an EM-REML algorithm. Direct and maternal
(in parentheses) estimated genetic correlations for CA-UY, CA-US, US-
UY, UP-CB vs S-GC, UP vs CB and S vs GC were .88 (.84), .86 (.82),
.90 (.85),.88 (.87), .88 (.84), .87 (.85), respectively. Results of these
analyses strongly suggest that genetic and environmental (co)variances
are such that these three populations could be considered as one single
population for the purposes of genetic evaluation.

Key Words: Across Country Genetic Parameter Estimates, Beef Weaning
Wt, Hereford

100 Heritabilities and genetic correlations for male
scrotal circumference and female reproductive and growth
traits, in Canchim cattle. M. M. Alencar*!, A. M. Silva2, A.
R. Freitas!, R. T. Barbosal, and L. A. Correal, ! EMBRAPA-Centro
de Pesquisa de Pecudria do Sudeste/Sao Carlos, SP/Brazil, 2 Graduate
student/UNESP, Jaboticabal, SP/Brazil (Bolsista da FAPESP).

The objective of this study was to estimate heritabilities of and genetic
correlations among male scrotal circumference (SC12; 857 observations)
at 12 months of age, and female body weights at first (BWFC; 927 ob-
servations) and second (BWSC; 769 observations) calvings, age at first
(AFC; 1466 observations) and second (ASC; 1136 observations) calvings,
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adult weight (AW; 956 observations), and mature weight (A; 486 obser-
vations) and maturation rate (k; 486 observations) obtained using the
Von Bertalanffy model, for Canchim (5/8 Charolais + 3/8 Zebu) cat-
tle. The restricted maximum likelihood method with an animal model
that included the fixed effects of contemporary groups (year-season of
birth for SC12, AFC, ASC, A and k, and year-season of calving for
BWFC, BWSC and AW) and the random effects of animals, was used
to estimate the variance and covariance components. The heritability
estimates, obtained by univariate analyses, were equal to: 0.30 (SC12),
0.38 (parameter A), 0.35 (parameter k), 0.12 (AFC), 0.33 (BWFC), 0.04
(ASC), 0.39 (BWSC), and 0.38 (AW). The genetic and phenotipic cor-
relations between the parameters A and k were equal to -0.74 and -0.75,
respectively. The genetic correlations, obtained by bivariate analyses,
among SC12 and the female traits were: -0.24 (parameter A), 0.27 (pa-
rameter k), -0.47 (AFC), 0.09 (BWFC), -0.67 (ASC), 0.07 (BWSC), and
-0.17 (AW). These results indicate that male scrotal circumference, and
female weights (BWFC, BWSC and AW) and growth curve parameters
A and k have enough additive genetic variation to respond to mass se-
lection. Selection to increase SC12 should result in desirable correlated
responses in AFC, ASC and k, without any considerable change in fe-
male adult body weights. Thus, SC12 is a good selection criterion to
increase reproductive efficiency of the herd studied.

Key Words: Beef cattle, Growth and reproductive traits, Gentic param-
eters

101 Interactions between genotype, environment
and disease affect breeding against susceptibility for a pro-
duction disease. K. H. de Greef* and L. L. G. Janss, ID-DLO
Lelystad NL.

There is concern that the increase in growth potential of broilers in-
creases susceptibility and incidence of ascites (a metabolic disease re-
lated to a too high oxygen demand). Opportunities for breeding against
ascites were studied in 2000 cold housed broilers by assessing genetic
parameters of many ascites and production related traits. The most
striking and relevant result in this was the sign of the observed genetic
relation between body weight and ascites. It was contradictory (-.31) to
the generally assumed positive relation. Below, this contradiction is un-
raveled and the importance of recognising such underlying mechanisms
for breeding against production diseases is stressed.

The observed negative ry is to be considered particular for the disease
inducing (cold) environment. It can be explained through three interfer-
encing genetic, environmental and GxE effects: - ascites susceptibility is
only expressed in a challenging environment (simple G*E) - faster grow-
ing animals have a higher ascites susceptibility (genetic effect) - when
ascites actually occurs, body weight is depressed (environmental effect
triggerd by a genetic liability) So the animals that were expected to be
the heaviest ones ended below average due to ascites, resulting in the
reversed genetic correlation.

This explanation was substantiated in two ways. First, regression of
ascites on actual weights resulted in a negative regression, whereas re-
gression of ascites on the breeding values (based on mid-parent values
for growth in a 'normal’ environment) showed a positive relation. Sec-
ondly, analysing the non-diseased part of the population resulted in the
expected positive ry between ascites and body weight (.21).

For the specific case, it can be stated that for an effective breeding
program aiming at reducing ascites, there is not a unique testing en-
vironment that produces all correct genetic parameters. An important
generalised implication is that ry’s between interrelated traits may be
very dependent on the environment. Unraveling the interferencing (sim-
ple) operating mechanisms may prevent breeders from being unsuccess-
ful caused by using irrelevant genetic parameters.

Key Words: Breeding, Disease, Genotype - environment interaction

102 Effect of sire by year interaction on estimates of
genetic parameters from a selection experiment with Here-
ford cattle. L. D. Van Vleck*!, J. Dodenhoff?, and R. M. Koch?,
1USDA-ARS, USMARC, Lincoln, NE, 2 University of Nebraska, Lincoln,
NE.

Estimates of genetic correlation between direct and maternal effects for
early weights of beef cattle often are negative. Several reasons have
been proposed. Studies of field records have shown that including sire
by year interaction and grandmaternal effects improve the model and
change the estimate of the direct-maternal genetic covariance. This
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analysis involved 9,968 progeny records from a long-term selection pro-
gram (1960-1985) in Hereford cattle. Data from three selection lines
and a control line were combined. Traits were birth (BW) and weaning
(WW) weights, pre-weaning gain (WG), post-weaning gain (YG), and
muscle score (MS). The most complete models included fixed effects of
sex-line, sex-year, and age of dam-line and random direct, maternal, and
grandmaternal genetic, maternal and grandmaternal permanent envi-
ronmental and either sire by year-sex or sire by year interaction effects.
For BW, grandmaternal and sire interaction effects were not impor-
tant. For WG and WW, including grandmaternal effects was important
and increased maternal heritability with no change in direct-maternal
(d-m) correlation. Sire by year interaction accounted for .01 of vari-
ance and had little effect on estimates of genetic parameters. For YG,
grandmaternal model reduced the magnitude of negative d-m correla-
tion although maternal heritability was only .03. Further addition of
sire interaction effects resulted in slightly positive d-m correlation. The
best model included grandmaternal and sire by year by sex interaction
effects. For MS, a maternal effects model was significantly better than
a direct effects model (small negative d-m correlation). Sire by sex-year
accounted for .01 of variance and did not affect other parameter esti-
mates. Grandmaternal and sire interaction effects were not important.
These data did not show any effect of sire by year interaction on esti-
mates of direct-maternal genetic correlation or maternal heritability for
weaning weight or pre-weaning gain.

Key Words: Beef Cattle, Growth, Selection

103 Effects of sporidesmin on mouse lines diver-
gently selected for response to toxins in endophyte-infected
fescue. W. D. Hohenboken*!, J. L. Robertson!, D. J. Blodgett®, C. A.
Morris?, and N. R. Towers?, 1Virginia Polytechnic Institute and State
University, 2 AgResearch, Ruakura Animal Research Centre, Hamilton,
New Zealand.

For eight generations, mouse lines were selected for smaller (Resistant
= R) or larger (Susceptible = S) growth reduction from endophyte-
infected fescue seed (EIFS) in the diet. After five generations of relaxed
selection, this experiment was conducted to determine whether R and S
lines differed in response to the mycotoxin, sporidesmin (Spd). At 8 wk
of age, R and S mice which had never consumed EIFS were randomly
assigned (six or seven per line x sex x dose subclass) to receive DMSO
carrier or 10, 20, 30 or 40 mg/kg Spd by oral gavage. Livers and kidneys
were collected for histological examination at death or euthanasia 13 d
post-treatment. At all ages, S mice were significantly heavier than R
mice. Mice that succumbed to 40 mg/kg Spd died sooner than mice dy-
ing from 30 mg/kg (62 vs. 124 h; P = .02), but there was no line or line
x dose interaction effect. Within those mice, liver weight as a proportion
of body weight was not influenced by line, dose or their interaction. The
R mice were more resistant to Spd than S mice; LD50 values differed by
a factor of 1.35 (23.6 versus 31.8 mg/kg for S and R mice, respectively;
P < .05). Treatment with Spd caused dose related liver and kidney
lesions in both lines. Infarcts of hepatic lobules and fibrosing cholan-
gitis in livers of mice dosed at 30 and 40 mg/kg were less severe in R
than in S mice. In both lines, foci of acute tubular necrosis and tubular
basophilia (indicative of tubular regeneration) were seen in the kidneys
of mice receiving 30 and 40 mg/kg Spd, with no clear-cut protection
against these lesions in the R line. In mice, bi-directional selection for
weight gain response to EIFS resulted in a favorable correlated change in
resistance to a chemically unrelated toxin. It may be possible to select
within livestock populations for broad-spectrum resistance to toxins.

Key Words: Mice, Genetic resistance, Toxins

104 Breeding objectives for niche markets and pro-
duction efficiency. A. M. Edwards* and J. W. Wilton, University of
Guelph.

Twenty-five breeding objectives corresponding to twenty-four niche mar-
kets and production efficiency were derived for both a large and medium
frame beef population in integrated production systems. Objectives
were compared to determine whether cattle within a population or herd
should be bred to match a particular niche market or production effi-
ciency. Niche markets were identified for two optimum carcass weights,
two carcass weight pricing structures, three optimum marbling levels,
and two ribeye area pricing structures. Correlations between two breed-
ing objectives were calculated as rrijr; = a’iCaj/[(a’iCai)(a’jCaj)]l/z

142

where a; is a vector of economic values corresponding to breeding ob-
jective T; in the medium frame herd, a; is a vector of economic values
corresponding to objective T; in the large frame herd, and C represents
the variance-covariance matrix of objective traits. Correlations between
breeding objectives for medium frame niche markets and the large frame
production efficiency objective were 0.99. Correlations between produc-
tion efficiency in the medium frame herd and large frame niche markets
ranged from 0.88 to 0.97. Correlated response of the objective traits in
the medium frame herd included an increase in all carcass traits accom-
panied by an increase in herd feed costs, resulting in an average change
in profit of $11.00 per head. Objective trait responses in the large frame
herd included a minimal increase in carcass traits and a decrease in all
herd costs with the exception of feedlot feed costs, resulting in an aver-
age change in profit per head of $12.50. Correlations between objectives
implied that breeding for efficiency in a large frame herd was similar to
breeding for niche markets in a medium frame herd. Changes in profit
and objective trait responses implied that breeding toward production
efficiency in a large frame herd may result in more rapid changes in
profit than breeding for niche markets in a medium frame population.
Therefore, to maximize change in profit in integrated production sys-
tems, large frame populations should be bred for production efficiency
and medium frame herds for niche markets.

Key Words: Breeding objective, Selection, Beef

105 Selection of bulls for cryopreservation of semen
for the conservation of Kerry Cattle. R. K. Splan*! and E.
P. Cunningham2, 1University of Nebraska, Lincoln, 2Trinity College,
Dublin 2, Ireland.

The objective of this study was to examine levels of inbreeding of the
Irish Kerry Cattle population over time, and to devise a strategy to se-
lect bulls as semen storage candidates for future use in conservation of
the breed. Kerry Cattle are an endangered, dual-purpose breed, and one
of the last remaining indigenous breeds in Ireland. The Irish population
now consists of less than 700 breeding females and 50 males currently
available for either live cover or artificial insemination. Pedigree records
on 17,114 individuals registered with the Irish Kerry Cattle Herd Book
from 1890 to 1998 were used to estimate current and historical levels of
inbreeding. The current level of inbreeding in the breed is about 14%
. After review of several methods of measuring genetic diversity among
individuals, a strategy to select bulls for cryopreservation of semen was
developed. Average genetic relationship between each bull and all other
members of the breeding population will be calculated and bulls with
minimal values proposed as semen storage candidates. To generate a
list of proposed matings to produce potential bull calves with maximal
genetic diversity, specific matings between all individual bulls and cows
in the breeding population will be ranked on average genetic relation-
ship between their resulting potential progeny and a random sample of
contemporary breeding animals. Implementation of these methods will
aid in maximizing genetic diversity of the threatened Irish Kerry Cattle
population.

Key Words: Inbreeding, Genetic Diversity, Breed Conservation

106 Effects of including rear leg defects on finish-
ing trait EBV’s of Yorkshire gilts. J. J. Chewning* and C. N.
Fitzgerald, Pork Group, Tyson Foods Inc, Rogers AR.

The purpose of this study was to investigate the effects of accounting
for rear leg defects (RLD) on genetic parameters and EBV’s in a closed
population of Yorkshire gilts. All gilts born on three farms from 1992
to 1998 were individually identified at birth and weighed at 100 d of
age (W100, n=36,505). Fifty nine percent (n=21,548) were tested for
an additional 77 d and data collected were gain on test (GAIN), ultra-
sonic backfat thickness (P2) and RLD score. Gilts were selected for 77
d testing using a combination of maternal and grow finish indices. Gilts
were given 1.2 M2 per head and ad libitum access to a 1.14% Lysine,
19% CP and 3344 ME/KG corn-soy diet. Gilts were visually scored for
being sickle-hocked, cow-hocked and post-legged using a scale of 0 to
3 (0=absent through 3=non-functional). Scores were summed and one
was added to avoid zeros. Frequencies of RLD scores were 6069, 6359,
5858, 2515, 604, 129 and 14 for scores 1 to 7, respectively and none
scored 8-10. Phenotypic weights at the end of the test were similar for
all RLD scores, whereas P2’s were 16.4, 16.4 16.2 15.7 15.2, 13.6 and
14.9 mm for RLD scores 1 to 7, respectively. Genetic parameters were
estimated using a multiple trait animal model (38161 animals in A™')

Journal of Animal Science, Vol. 77, Supplement 1



using MTDFREML with and without inclusion of RLD score as a trait.
Heritabilities were .37, .37, .53 and .21 for W100, GAIN, P2 and RLD
score, respectively. Genetic correlations were moderate between W100,
GAIN and P2 (.37 to .45), low between W100 and GAIN and RLD score
(.07 and .04), and -.25 between P2 and RLD score. Spearman correlation
coefficients between P2 EBV’s calculated with and without RLD scores
were .92, .86, .86, .84, .83, .82 and .84 for gilts with RLD scores of 1 to
7, respectively. These data suggest inclusion of RLD score into selection
programs may allow better estimation of P2 EBV’s, particularly for gilts
with higher RLD scores.

Key Words: Swine, Leg Defects, BLUP

107 Carcass expected progeny differences using
real-time ultrasound measures from yearling Angus bulls.
D. E. Wilson*, G. H. Rouse, C. L. Hays, V. R. Amin, and A. Hassen,
lowa State University, Ames, IA/USA.

The objectives of this research were to determine genetic parameter es-
timates for real-time ultrasound (RTU) measured composition traits on
yearling Angus bulls and to compare sire expected progeny differences
(EPD) based upon RTU measured traits to those based upon carcass
measured traits of steer progeny. The RTU measures in this study were
from 4,222 yearling bulls. The bulls came from 88 contemporary groups
as defined by herd and scan date. There were 497 sires represented in
the data. RTU images were collected by technicians participating in
a two-year research project at Iowa State University (ISU) and funded
by the American Angus Association (AAA). ISU image-interpretation
technicians made all RTU measurements at the ISU centralized ultra-
sound processing laboratory from images received from field RTU tech-
nicians. The measures included rump fat thickness (RFAT), 12-13th
rib fat thickness (FAT), ribeye area (REA), and percentage intramus-
cular fat (%IMF). Measures were adjusted to a 365-d age end point.
Genetic parameter estimates were made using restricted maximum like-
lihood procedures. The genetic prediction model was a multiple-trait
sire model with sire and maternal grandsire additive genetic relation-
ships. Carcass EPD used for comparison came from the 1998 Fall AAA
Sire Evaluation Report. The h? estimates for RFAT, FAT, REA and
%IMF were .52, .44, .39 and .42, respectively. Genetic correlation es-
timates for RFAT-FAT, FAT-%IMF, REA-%IMF and REA-FAT were
.82, .17, -.12, and .23, respectively. Of the 497 sires with RTU-based
EPD, 193 also had carcass-based EPD. Comparisons were made between
EPD from the two sources of data using sire rank correlations. In gen-
eral, as RTU-based EPD accuracy levels increased, rank correlations
increased between RTU-EPD and the carcass-EPD. For RTU-EPD ac-
curacy levels of .8 and higher, the rank correlations were .83, .91 and .84
for Marbling Score-%IMF, REA, and 12-13th rib fat thickness. There
was no minimum accuracy assigned to the carcass EPD used in these
rank correlations. These results would indicate that breeders could use
EPD based upon RTU measures from yearling bulls to predict the same
genetic differences observed from steer progeny carcass measures.

Key Words: Beef cattle, Composition, Ultrasound

108 Evaluation of maternal performance for cross-
bred cows sired by Tuli, Senepol, Brahman, Angus or Here-
ford sires. J. F. Baker*, R. C. Vann, and L. Varnadoe, University of
Georgia Coastal Plain Station, Tifton, GA, USA.

Birth (n=388) and weaning (n=358) records for calves from seven types
of crossbred cows were used to evaluate maternal performance of the
dams. The cow breed types were: 1/2 Brahman (Bn) 1/2 British (Bt)
(BnBt) , 1/2 Senepol (Sn) 1/2 Bt (SnBt), 1/2 Tuli (Tu) 1/2 Bt (TuBt),
3/4 Bt 1/4 Bn(BC) ,1/2 Sn 1/4 Bn 1/4 Bt (SBB), 1/2 Tu 1/4 Bn 1/4
Bt (TBB), and Bt cross. British was either Polled Hereford or Angus.
Heifers were mated to either Hereford, Angus or Limousin bulls to calve
at 2 yr of age with calves born in January through early March. Weights
of calves at birth, in late March, and at weaning, cannon bone length
at birth, hip height at weaning and ADG from March to weaning were
analyzed to evaluate maternal performance for the seven types of dam.
Data were analyzed with a model that included fixed effects of cow breed
type, cow age, sire breed of calf, year, and calf sex. Weaning weight and
height models included age at weaning as a covariate, March weight used
age in March as a covariate, and the birth traits used Julian day as a
covariate. Cow breed type was a significant source of variation for all
six traits evaluated. Calves from BnBt cows were heavier (P < .01) in
March (83 £+ 2 kg) and at weaning (240 £ 4 kg) than calves from SnBt
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(70 &+ 4, 212 £ 8 kg) and TuBt (70 £ 3, 211 + 5 kg) dams. In March the
calves from BC and SBB dams were similar but heavier (P< .05) than
calves from TBB dams (78 £+ 2, 79+ 3, 70 + 3 kg, respectively) but at
weaning SBB calves were heavier (P < .05) than calves from BC and
TBB dams (235 + 8, 214 + 4, 215 + 5 kg, respectively). In summary,
important differences were measured for maternal performance for birth
and weaning traits in cow types adapted to the hot, humid Southern
U.S.

Key Words: Breeds, Weaning weight, Maternal performance

109 Responses in ovulation rate and litter size to
two-stage selection in swine. A. Ruiz-Flores*!, J. P. Cassadyl,
and R. K. Johnson!, L University of Nebraska, Lincoln.

The objectives were to estimate genetic parameters for ovulation rate
(OR) and fully formed pigs (FF), and to quantify responses to 2-stage
selection. Three lines were used. Line IOL was derived from a line pre-
viously selected for an index to increase OR and embryonic survival.
It had greater OR (4.22 ova) and FF (1.94 pigs) at generation 0 than
line C, its control line. Line COL originated from line C. Lines IOL
and COL underwent 8 generations of 2-stage selection. In stage 1 all
gilts from the 50% of the litters with greatest FF were retained and OR
was measured in them. Approximately 50% of these gilts were selected
for OR in stage 2. The gilts selected for OR were mated to boars se-
lected from the upper one third of the litters for FF and the two-stage
selection was repeated in their progeny. Line C was maintained with
random selection. Each line had 40-45 litters by 15 sires per generation.
Ovulation rate was measured by laparotomy 11 days after second estrus.
The hypothesis was that after selection for OR, FF was a measure of
uterine capacity (UC) as selected gilts were expected to have OR that
exceeded UC. Phenotypic data on first parity gilts for OR (n=1742) and
FF (n=974) were analyzed. The MTDFREML program with an animal
model including random effect of animal and fixed effect of generation
was used. Differences between lines within generation were calculated
using linear contrasts of EBV for OR and FF. Heritability estimates
were .42 and .18 for OR and FF, respectively, and the genetic correla-
tion was .51. At generation 8 differences in EBV for OR and FF between
IOL and C were 6.10 ova and 4.10 pigs; differences between COL and C
were 2.24 ova and 2.23 pigs; and differences between IOL and COL were
3.92 ova and 1.88 pigs. The 2-stage selection procedure was effective
in improving OR and UC. All the increase in OR was realized as an
increase in FF in line COL. Number of fully formed pigs increased more
than OR in line IOL presumably because UC was limiting litter size in
generation 0.

Key Words: Litter Size, Pigs, Two-stage Selection

110 Effects of selection for below average birth
weight and high yearling weight or for high yearling weight
on characteristics of Line 1 Hereford females. M. D. MacNeil*
and J. J. Urick, USDA Agricultural Research Service, Miles City, MT.

Simultaneous selection for low birth weight and high yearling weight
has been advocated to improve efficiency of beef production. T'wo sub-
lines of Line 1 Hereford cattle were established by selection either for
below average birth weight and high yearling weight (YB) or for high
yearling weight alone (YW). Direct effects on birth weight and yearling
weight diverged between sublines with approximately four generations
of selection. The objective of this study was to estimate genetic trends
for traits of the cows. A three parameter growth curve [W = A(1 -
B*exp(-K*age))] was fitted to age(d)-weight (W) data from cows sur-
viving past 4.5 years of age (n=738). The resulting parameter estimates
were analyzed simultaneously with birth weight and yearling weight us-
ing multiple trait restricted maximum likelihood methods. To estimate
maternal additive effects on gain from birth to weaning (MILK) the two-
trait model previously used to analyze birth weight and yearling weight
was transformed to the equivalent three-trait model with birth weight,
gain from birth to weaning and gain from weaning to yearling as depen-
dent variables. Heritability estimates were: 0.32, 0.27, 0.10, and 0.20
for A, B, K, and MILK, respectively. Genetic correlations with direct
effects on birth weight were: 0.34, -0.11, and 0.55, with direct effects on
yearling weight were: 0.65, -0.17, and 0.11 for A, B, and K, respectively.
Genetic trends (per generation)for YB and YW were: A (kg)8.0 + .2
and 10.1 £+ .2; B (x1000) -1.34 £ .07 and -1.16 + .07; K (x1000) -14.3 +
.1 and 4.3 £ .1; and MILK (kg) 1.25 £ .05 and 1.89 =+ .05, respectively.
Beef cows resulting from simultaneous selection for below average birth
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weight and increased yearling weight had different growth curves and
reduced genetic trend in maternal gain from birth to weaning relative
to cows resulting from selection for increased yearling weight.

Key Words: Selection, Growth curve, Beef cattle

111 Evaluation of Simmental sires for daughters’
length of productive life. B. E. Cunningham*!, R. L. Quaas?,
and E. J. Pollak?, ! American Simmental Association, Bozeman, MT,
2 Cornell University, Ithaca, NY.

An analysis of length of productive life (LPL) was conducted using
25,512 Simmental cows from 22 herds representing 1,647 Simmental
sires. LPL was the number of days from first calving to the day the cow
disappeared from the herd. Records were censored if the cow changed
herds or produced a calf in 1998. The data were analyzed using the Sur-
vival Kit V3.0 (Ducrocq and Sélkner, 1994; Ducrocq and Sélkner, 1998)
for proportional hazard models. The baseline hazard function was as-
sumed to follow a Weibull distribution. Management groups (M) were
formed using herd-season-year subclasses. Four models were evaluated
to describe LPL. Model 1 had Year (Y), Percent Simmental (PS), M,
and Sire (S). Model 2 used Y, PS, M, S, and calving ease score (CE) of
the cow’s first calf. Model 3 had Y, PS, M, S, and the cow’s predicted
producing ability (PPA) for calf weaning weight. Model 4 used all ef-
fects. The S and M effects were random with normal and log-gamma
distributions, respectively. The estimated o2 gwere .035, .017, .036, and
.016 for models 1, 2, 3,and 4, respectively. The yas estimates were 3.10,
3.01, 2.86, and 2.74 for models 1, 2, 3, and 4, respectively. Using the
predicted S hazard values, simple correlations were .99 between models
1 and 2, .90 between models 1 and 3, and .89 between models 1 and 4.
The use of CE scores reduced the variation among sires but had little
effect upon sire rank. The use of PPA did not reduce variation among
sires but caused some changes in sire rank.

Key Words: Beef Cattle, Genetic Evaluation, Survival Analysis

112 Comparison of threshold and linear models for
calving difficulty in beef cattle. R. Ramirez-Valverde*, |. Misztal,
and J. K. Bertrand, University of Georgia, Athens, Georgia.

The purpose of this study was to compare several sire-maternal grandsire
(SM) and animal (AM) models for calving difficulty (CD). The models
were: univariate threshold (T) and linear (L) models for CD, and bivari-
ate threshold-linear (TL) and linear-linear (LL) models for CD and birth
weight (BW). Data obtained from the American Gelbvieh Association
included 84,420 first-parity records with both CD and BW available.
Additionally 95,038 pedigree records were available. CD scores were
distributed as 73.4% in the first category (no assistance), 18.7% in sec-
ond, 6.3% in third, and 1.6% in fourth. Effects included in AM were
fixed sex-age of dam, random herd-year-season, and random animal di-
rect and maternal. Effects included in SM were fixed sex-age of dam,
random herd-year-season, and random sire and maternal grandsire. Ge-
netic parameters and thresholds were obtained from an earlier study.
Data splitting techniques were used to compare the predictive ability
of the models defined through correlation between estimated breeding
values (BV) from two samples, with one half of CD records discarded
randomly in the first sample and the remained CD records discarded
in the second sample. Reported correlations are average of two repli-
cates for direct effects of 6,954 sires only. For SM, the correlations were
.45, .46, .86, and .90 for L, T, LL and LT, respectively. For AM, the
correlations were .50, .57, .86, and .91, respectively. In all cases, the cor-
relations for T were better than for L and for LT were higher or equal
than LL. Differences in correlations between the linear and threshold
models were larger with AM than with SM. The correlations for the
bivariate models were much higher than for the univariate models, and
differences in correlations between SM and AM were larger for univari-
ate than for multivariate models. Animal threshold-linear model is the
model of choice for genetic evaluation of calving difficulty.

Key Words: Threshold model, calving difficulty, beef cattle
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113  Analysis of herd life in a four-breed diallel in
beef cattle. V. E. Vega-Murillo*!, S. D. Kachman!, L. V. Cundiff?,
and L. D. Van Vleck3, 1University of Nebraska, Lincoln , 2:3USDA,
ARS, USMARC , 2Clay Center, 3Lincoln, NE.

Survival analysis was used to investigate herd life of 537 females pro-
duced in 1973 and 1974 in a four breed diallel design including Red Poll
(RP), Brown Swiss (BS), Hereford (H) and Angus (A) breeds. Data
were collected at the U.S. Meat Animal Research Center, and included
records of cows from 57 sires (15 H, 16 A, 15 RP, and 11 BS). A Weibull
regression model was used to explain the effect of the breed combina-
tion on herd life measured by the number of days from the beginning of
the first breeding season of the cow to her termination from the herd.
Model included fixed effects of breed combination, and year of birth of
the cow, with sire within breed of sire as a random effect. Significance of
the explanatory variables was tested using a likelihood ratio test. The
effect of breed combination was significant (P < .05). The change in log
likelihood associated with the year of birth was small compared with
that of other effects. The estimate for the scale parameter was 0.81 +
0.04, indicating a baseline hazard function which decreases over time.
Solutions for fixed effects indicated a higher probability of being culled
for purebred than for crossbred cows (P < .01). Heterosis was favorable
for F1 Angus-Brown Swiss and F1 Hereford-Brown Swiss crosses (P <
.01 and P < .05, respectively). The risk ratios for the breed combina-
tions were 1.2, 1.5, 0.8, 0.9, 0.6, 1.6, 0.7, 0.5, 0.9, 0.5, 1.2, 0.9, 0.8, 0.9,
0.7, and 1.0 for RP, RPxBS, RPxH, RpxA, BSxRP, BS, BSxH, BSxA,
HxRP, HxBS, H, HxA, AxRP, AxBS, AxH, and A, respectively. Brown
Swiss crosses were superior to A and H breeds. The significant breed
group differences in herd life indicate that purebred cows have a higher
risk of leaving the herd than crossbred cows.

Key Words: Survival Analysis, Heterosis, Risk Ratios

114 TIterative bootstrap bias correction of
(co)variance components from a bivariate linear-threshold
sire model. P. J. Gates*!, K. Johansson!, C. Moreno?, and J.
Jensen3, 1Swedish Unversity of Agricultural Sciences, Uppsala, Swe-
den, 2Universidad de Zaragosa, Zaragosa, Spain, 3 Danish Institute of
Animal Science, Foulum, Denmark.

The iterative bootstrap bias correction (Kuk, 1995) was applied to
(co)variance component estimates from the mode of the joint posterior
distribution of both location and dispersion parameters from a bivari-
ate linear-threshold sire model. The data were generated as a Monte
Carlo simulation with 30 replicates. Each replicate consisted of 6450
observations that were made in one of 60 contemporary groups. Each
contemporary group contained offspring from 30 dams mated to 3 ”herd
sires” and 10 dams mated to 2 ”reference sires”. Thus, every ”herd sire”
had 30 progeny in only one contemporary group, whereas the ”reference
sires” could have progeny in between 1 and 10 contemporary groups.
Three traits were simulated: a continuous trait 1 (h2:‘25) and bino-
mial traits 2 (h?=.10, 15% incidence) and 3(h?, 5% incidence). The
genetic and environmental correlations between all trait combinations
were simulated to be .50 and .20, respectively. Combinations of trait 1
and trait 2, and trait 1 and trait 3 were analyzed with bivariate linear-
threshold models that fitted effects of contemporary group and sire for
both traits. All of the (co)variance component estimates from the joint
mode were extremely biased. 150 rounds of iterative bootstrap bias cor-
rection were applied to the joint mode estimates of sire and residual
(co)variances. Each bias correction round was based on only one boot-
strap resample. Point estimates for each of the (co)variance components
were taken to be their mean over the last 30 iterations and were used
to calculate heritabilities, as well as genetic and environmental correla-
tions for each replicate. Averaged over 30 replicates, the absolute bias
for the heritabilities, as well as for the genetic and environmental cor-
relations between trait 1 and 2 were small (<.02). The average biases
for the genetic and environmental correlations between trait 1 and trait
3 were large, -.116 and .048, respectively. The results indicate that bias
corrected (co)variance components from a linear-threshold model are es-
sentially unbiased, as long as the incidence and heritability are not too
low. This is unfortunate, since low incidences and heritabilities are a
common source of bias when variance components are estimated with
threshold models.

Key Words: Variance components, Threshold models, Bias
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115 Incidence of severe welfare problem in horses
arriving at slaughter. T. Grandin*!, K. McGee!, and J. Lanier?,

Colorado State University, Ft. Collins, CO USA.

Sixty-three trailer loads of horses (1,008) arriving at two slaughter plants
in Texas were observed in July and August of 1998 for incidence of
welfare problems. Forty-two percent of the horses were transported on
double-decks, 9% on straight single-deck semi-trailers and 49% on goose-
necks. The average number of horses on each load was: double-decks 28,
single-deck straight trailers 22, and goosenecks 11. The maximum num-
ber transported on each type of trailer was: double-decks 45, single-deck
straight trailers 25, and goosenecks 22. Ninety-two percent of the horses
arrived in good condition while 1.5% were not fit for travel. Seventy-
eight horses (7.7%) had severe welfare problems. Sixty horses (6%) out
of the 78 horses had conditions caused by owner neglect or abuse and
1.8% (18 horses) had transport and marketing injuries severe enough
to be rated a severe welfare problem. Origin problems were signifi-
cantly greater than transport problems (p<.001). Examples of origin
welfare problems were: loaded with a broken leg, emaciated, foundered,
race horses with bowed tendons, and horses that were too weak to be
transported. Fighting was a major cause of injuries during transport
and marketing. Thirteen percent of the carcasses had bruises caused
by bites or kicks. Bites or kicks caused fifty-one percent of all carcass
bruises. Loads from dealers who picked up horses from more than one
auction had more external injuries and carcass bruises than direct loads
(p<.001). The authors make the following recommendations: 1) Edu-
cate horse owners that they are responsible for horse welfare. 2) Seg-
regate aggressive mares and geldings. 3) A lack of federally inspected
slaughter facilities will increase the number of horses that will die from
neglect, or are diverted to Mexico or to non-inspected facilities in the
United States.

Key Words: Welfare, Slaughter, Transportation

116 Differences among olfactometry labs for ambi-
ent air measurement of pork production odors. C. L. Teng-
man*, D. J. Uthe, and R. N. Goodwin, National Pork Producers Coun-
cil.

Public scrutiny and regulation of modern livestock production facilities
is increasing. Many complaints associated with hog production facilities
have been based upon odors. All livestock industries are currently fac-
ing regulations or potential regulations with regard to air quality and/or
odor. The National Pork Board, through the National Pork Producers
Council, developed the Odor Solutions Initiative (OSI) in 1997, a pro-
gram dedicated to odor measurement and odor control research. A total
of 20 farms in 5 states (MN, IA, MO, NC, UT) were part of two moni-
toring projects. Project one in MN, IA, MO, and NC in the fall of 1997
and project two in Utah in May, 1998. Ambient air temperatures ranges
for the three mid-west states, NC, and UT were -0.5-13°C, 9-19°C, and
2-16°C. Olfactometry air samples were collected in 10-liter tedlar bags
using 10-liter Supelco vacuum pumps for odor unit (OU) evaluation.
The tedlar bags were filled by collecting air over 1 minute intervals ev-
ery 8 minutes, or for 10 minutes continuously. Samples were taken at
distances (DISTANCE) of 1.5m, 30m, and 76m from the manure storage
for project one. Project two consisted of sampling locations (LOC) at
the lagoon cover, lagoon berm, in the barn and others (Bliss hood, vent

tubes). All sample bags were shipped overnight for evaluation within 24
hours of collection. Four independent olfactometry labs (OL) evaluated
bag samples for OU. A statistical model with fixed effects of FARM,
OL, and DISTANCE from source was used to evaluate project one data.
Odor unit differences were found among FARM, OL, and DISTANCE
in project one (P<0.05). A statistical model with fixed effects of OL,
LOC, LOC by OL interaction, and air temperature was used to eval-
uate project two data. Project two showed no OL or air temperature
differences in OU (P>0.05). Odor unit differences and standard errors
in project two are shown in the table.

Location OouU

Covered lagoon 12976° + 914
In hog barn 56° £+ 873
on lagoon berm 187° £ 901
Other sample 3376° + 619

@%:¢ Means with the same superscript are not statistically different (P
< .05).

Key Words: odor, olfactometry, swine

117 Simulated greenhouse gas emissions from beef
and dairy systems. H. W. Phetteplace*, D. E. Johnson, and A. F.
Seidl, Colorado State University, Fort Collins, CO.

Inventory assessment and mitigation strategies for greenhouse gas
(GHG) emissions from all sources including the livestock industry are
expectations of the Kyoto protocol. Greenhouse gases of concern in
animal agriculture are methane (CHy), nitrous oxide (N20) and car-
bon dioxide (CO2). A computer model was developed simulating beef
(cow-calf, stocker, feeder) and dairy production systems at several US
locations. Inputs include the animal’s production stage, body weight,
age, amount of milk or meat it produced and the amount and type of
feed it consumed (including how the feed is processed and fed). Simu-
lated herds were structured on a 100-head basis, into 15 to 25 classes,
based on physiological or production stage. On a per unit product basis,
the cow-calf segment produced 520 g of enteric CHy /kg weaned weight,
the stockers and feeders produced 270 and 80 g CHy/kg body weight
gain, respectively, and dairy cattle produced 20 g enteric CHy /kg milk.
Manure CHy was estimated to be 11 g/kg weaned weight for the cow-calf
system, 6 and 1 g/kg weight gain for the stockers and feeders, respec-
tively and 2 g/kg milk for dairy cattle. Nitrous oxide production was 31
g/kg weaned weight for cow-calf, 15 and 7 g/kg weight gain for stockers
and feeders, respectively, and 4 g/kg milk for dairy cattle. Carbon diox-
ide emissions were estimated to be 403 g/kg weaned weight for cow-calf,
68 and 57 g/kg gain for stockers and feeders, respectively, and 32 g/kg
milk for the dairy systems. The total global warming potential (GWP)
was 21 kg/kg weaned weight for cow-calf herds in both Virginia and
Wisconsin. Total GWP was 12 verses 8 kg/kg weight gain for stockers
in Virginia and Wisconsin, respectively. The total GWP for feeder cattle
was 3 versus 4 kg/kg weight gain for Iowa and Texas, respectively. The
simulated dairy system produced a total GWP of 1 and 2 kg/kg milk
for California and Wisconsin, respectively. Current GHG inventories
and imposed mitigation strategies can be evaluated with this model.

Key Words: Greenhouse gases, Computer model, Ruminants
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118 Influence of sow gestation diet on piglet behav-
ior. K. A. Scott*!, M. Shea-Moore?, and J. Morrow-Tesch3, ! Purdue
University, West Lafayette, 2 USDA-ARS, West Lafayette, 3 USDA-ARS,
Lubbock.

Although cognition is generally believed to develop postnatally, recent
research has demonstrated that learning in some species occurs prior to
birth. Studies have demonstrated that stimuli presented in the fetal en-
vironment can influence future preferences and aversions. The purpose
of this study was to preliminarily assess how dietary odors and flavors
fed to gestating sows affect odor and feed preferences of piglets after
birth. The volatile compounds in onion and garlic are thought to pass
to the amniotic fluid of mammalian species and were thus used in the
study. Using a randomized complete block design, sows were assigned
to 1 of 3 treatment diets, garlic, onion, or control (n=4/treatment),
for the last 2 weeks of gestation. Due to the volatile nature of the
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odor compounds being used, it was necessary to confound treatment
with location. At farrowing, 5 piglets from each litter were tested in
a Y-maze for odor preferences prior to first nursing. Preference was
quantified using behavioral analysis software. Sow diet did not signif-
icantly affect odor preference of piglets tested in the Y-maze. To test
the long-term influence of prenatal exposure to odors and flavors, naive
piglets from each treatment were weaned into individual pens and pre-
sented with both onion and garlic feed for 4 days post-weaning. Daily
feed consumption was measured and data were log transformed to con-
trol for heterogeneous variability. Data were analyzed using a mixed
model analysis with weaning weight as a covariate. Piglets from sows
fed an onion diet consumed significantly more garlic feed on day 3 (2.4
+/- 0.16 log grams garlic, 2.1 +/- 0.16 log grams onion, P= .05) and
day 4 (2.5 +/- 0.14 log grams garlic, 1.9 +/- 0.14 log grams onion, P<
.001). It appears that the sows’ onion diet may have created an aversion
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to onion feed, resulting in increased garlic feed intake. Although these
results are preliminary, they do suggest that piglets are capable of per-
ceiving and remembering olfactory and gustatory cues presented in their
prenatal environment, affecting postnatal behavior. By adding volatile
compounds to diets during gestation, it may be possible to increase feed
consumption and reduce stress at weaning.

Key Words: Cognition, Behavior, Pig

119 Restricting feed intake of feedlot steers during
summer. S. M. Holt*1, T. L. Mader?, J. B. Gaughan!, R. T. Cowan3,
and A. T. Lisle*, ! School of Veterinary Science and Animal Production,
University of Queensland, Australia, 2 University of Nebraska, Concord,
USA, 3Australian Tropical Dairy Institute, University of Queensland,
Australia, *School of Land and Food, University of Queensland, Aus-
tralia.

Eighty-four Bos taurus steers, initial BW 386 + 3.7kg were used in
a randomised complete block experiment (BW as block) to investigate
the effects of level and duration of restricted feeding during summer on
tympanic temperature and growth rate. Steers were randomly assigned
to one of 12 pens (7 head/pen). Dietary treatments (Trt) consisted
of 1) Corn Gluten Feed based (CGF) ration restricted to 75% of ad-
libitum for 21d; 2) CGF ration restricted to 87.5% of ad-libitum for
21d; 3) CGF ration ad-libitum; 4) CGF ration restricted to 75% of
ad-libitum for 42d; 5) CGF ration restricted to 87.5% of ad-libitum
for 42d; 6) Dry Rolled Corn (DRC) based ration ad-libitum (control).
Daily DMI for Trt 3 and 6 was predicted from NRC (1996) recommen-
dations. Trt 1, 2, 4 and 5 were adjusted every 7 days accordingly from
the predicted intakes. BW was obtained at the start of the study and
then every 21d. Tympanic temperatures (T¢) of 2 to 3 steers per treat-
ment were recorded throughout the study. Climatic data (ambient tem-
perature and relative humidity) were recorded hourly and days were
partitioned into 3 categories; 1)Thermoneutral (TNL) mean THI=73;
2)Moderate (MOD) mean THI=78.5 and 3)Hot (HOT) mean THI=82.
T was lowest (P<.05) for Trt 2. Mean T; for Trt 1 to 6 were 39.18 °C,
39.15°C, 39.33°C, 39.26°C, 39.20° C and 39.24°C, respectively. Dur-
ing TNL, T; was lowest (P<.05) for Trt 6, while for MOD Trtl was
lowest (P<.05) and Trt 2 was lowest (P<.05)for HOT. Although there
was no difference (P>.05) in ADG, steers fed Trt 5 obtained the highest
ADG. There appears to be some benefits in restricted feeding of cattle
during the summer such as lower T;. However, the amount and dura-
tion of the restriction, along with composition of rations needs further
investigation.®®°°0°° cire

Key Words: Environmental Stress, Tympanic Temperature, Restricted
Feeding

120 Effects of diet quality and milk flavor on post-
weaning behavior of piglets. J. M. Gardner*, T. M. Widowski,
and C. F. M. de Lange, Department of Animal & Poultry Science,
University of Guelph, Ontario, Canada.

Early weaning of pigs can lead to an increase in belly-nosing and other
oral-nasal (o-n) behavior patterns. Since these behavior patterns re-
semble massaging the udder and sucking, they may be associated with
hunger or feeding. The objectives of this study were to determine any
effect of the establishment of feeding or the presence of milk in the diet
on o-n behavior (nosing, chewing or sucking other pigs) of pigs weaned
at 14-18 days. During the first 2 weeks post-weaning, pigs were fed di-
ets differing in quality and flavor. Six replicates of 8 pigs per replicate
(n=192) were fed 1 of 4 diets: 1) high quality, high in milk products; 2)
high quality, no milk products; 3) poor quality, no milk products; 4) diet
2 sprayed with milk replacer 5 times daily. After 2 weeks the pigs were
fed a standard nursery diet. Feed intake was measured daily for week 1
and weekly for week 2. Behavior was recorded every 5 min during two
4h periods on days 2-7, 10, 14, 17, and 21 post-weaning. Diet quality
but not the presence of milk influenced ADFI and ADG during week 1.
ADFI (P<.05) and ADG (P<.05) of pigs on diet 3 were less than those
of pigs on the other diets. During week 2, ADFI was the same for all
diets (P>.05). Although diet did affect ADFI and ADG during week 1,
there were no effects on any behavior pattern recorded, including time
spent at the feeder (P>.10). Belly-nosing was low (0.99£0.07%) and
was rarely observed before week 2. Overall, the pigs spent 4.234+0.17%
of their time engaged in o-n behavior and 7.364+0.18% at the feeder.
During week 1, o-n behavior appeared to be inversely related to the
time spent at the feeder. On day 1, pigs spent 3.22+0.81% of time at
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the feeder and 5.151+0.81% engaged in o-n behavior. From days 2-4,
time at the feeder increased to over 7% while o-n behavior decreased to
3%. During week 2 both time at the feeder and o-n behavior increased
for pigs on all diets. The establishment of feeding and the presence of
milk in the diet had no effect on piglet-directed behavior during the first
3 weeks post-weaning.

Key Words: Pigs, Diet, Post-weaning behavior

121 Preliminary study of dairy cow response to er-
gotized barley during heat stress. H. Al-Tamimi*!, D. Spiers!,
J. Spain!, G. Rottinghaus', N. Hill2, D. Chatman!, J. Underwood?,
and M. Ellerseick!, University of Missouri-Columbia, 2University of
Georgia.

Limited information is available about the effect of dietary ergot on
dairy cow performance during summer months. A field experiment was
carried out to determine the combined effects of summer heat and er-
gotism on thermal status and performance of lactating Holstein cows
(Average BW = 588 + 28 kg). Animals in two treatment groups (n =5
per group) ingested either a control diet (E-) or a diet containing barley
seeds (E+) infected with the fungus Claviceps purpurea (10ug ergot/kg
BW/day) for 10 d, preceded by a 5-d period of feeding on a control diet.
Measurements included daily dry matter intake (DMI), milk production
(morning and afternoon) and hourly air temperature (Ta). Thermal
status was evaluated 4 times daily using measurements of respiration
rate (RR), rump temperature (Tr), tail-skin temperature (Tt), and rec-
tal temperature (Tre). Moreover, every other-day milk samples were
analyzed for lysergic acid content using a developed ELISA procedure.
Although RR, Tr, Tt and Tre were numerically higher in E4+ compared
to E-, the differences were insignificant (P > .05). Correlations between
RR, Tr, Tt and Tre with Ta were significant (P = .0001) in both groups.
None of the milk contained lysergic acid as a result of E4 treatment.
Results of this study show that short-term heat stress of lactating dairy
cows ingesting ergot at 10 ug/kg BW/day does not result in a significant
shift in thermal status or productivity. Additional studies are needed
to determine the ergot-induced thresholds for a shift in dairy cow per-
formance.

Key Words: cattle, ergot, heat

122 Biological markers of cattle response to heat
stress on endophyte-infected tall fescue. D. E. Spiers*!, J.
Lakritz!, P. A. Eichen!, G. E. Rottinghausl, H. Al-Tamimi!, J. R.
Dodam!, and J. Underwood?!, I University of Missouri.

A summer field study was conducted to correlate changes in thermal
status with biochemical indices of homeostasis for cattle grazing on
endophyte-infected tall fescue (EIF), with the ultimate goal being the
identification of markers for these stress conditions. Simmental heifers
(n=12; average initial weight = 431 kg) were placed on EIF pastures (er-
govaline level = ~200 ppb) and monitored from early June, when daily
ambient temperature (Ta) fell below 10°C, through late July, when Ta
rose above 35°C. All measurements were made 3 times per week, with
daily determinations during morning (0800-0900h) and afternoon (1500-
1600h) periods to cover the extremes in ambient conditions. Animals
remained exposed to sun during sample periods to ensure collection of
values representative of the field environment. Measurements of res-
piration rate (RR), rectal (Tre), and skin temperatures were made on
resting animals under these conditions. In addition, there were determi-
nations of standard ambient conditions, with blood and tissue samples
collected to identify biochemical markers of animal strain. Average daily
gain during this period was .48 kg. The best indicator of thermal strain
was skin temperature, which was linearly related to Ta (r22.70). A
polynomial relationship existed between Ta and both RR and Tre, with
r?>.59 and .48, respectively. A number of blood parameters exhibited
significant (P<.01) morning versus afternoon differences, and changes
over time with the increase in heat stress and continuous exposure to
EIF. These included red blood cell count, hematocrit, and serum lev-
els of glucose, chloride, potassium, and bilirubin. Whole blood and
liver-reduced glutathione (GSH) was highest during the first week of
exposure, and returned to baseline thereafter. Blood levels of GSH in
morning and afternoon samples were not significantly different (P>.05).
Further analyses are needed to determine which markers reliably iden-
tify animal sensitivity to heat stress and endophyte-infected tall fescue
in the field environment.

Key Words: cattle, endophyte, heat stress
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123 A chronic rat model of performance and ther-
moregulatory responses to endophyte-infected tall fescue
diet. P. A. Eichen*, D. E. Spiers, G. Rottinghaus, and K. Fritsche,
University of Missouri - Columbia.

Fescue toxicosis is a serious problem in cattle grazing endophyte-infected
tall fescue (EIF). In previous studies, acute injection of rats with er-
govaline, one of the toxins in EIF, showed body temperature changes
similar to those seen in cattle fed EIF. Feeding EIF to rats allows de-
velopment of a more accurate chronic model. Twelve 50 day-old, male
rats were implanted with transmitters (Mini-Mitter, Sunriver, OR) to
continuously monitor core body temperature (Tc) and activity. Rats
were housed at thermoneutrality (TN; 21°C) and fed a diet containing
endophyte-free fescue seed (EFF). After two weeks equilibration, rats
were randomly assigned to either EIF or EFF diets and maintained at
TN for one week. They were then exposed to heat stress (HS; 31°C) for
23 days, followed by one week recovery at TN (RTN). Body weight and
feed intake were measured daily. Rats receiving EIF showed decreased
feed intake (P<.0001) and weight gains (P<.0001) immediately upon
introduction of EIF diet. During HS, EIF- and EFF-fed rats showed
parallel decreases in feed intake (P<.002). Average daily Tc was simi-
lar for both groups during initial TN (ITN) period, but was higher for
EIF- compared to EFF-fed rats during HS (P<.0001) and lower dur-
ing RTN (P<.0001) periods. Daily maximum Tc was higher in EIF-fed
rats during ITN and HS periods (P<.0007), but was not different from
EFF-fed rats during RTN. Daily minimum Tc was lower in EIF- com-
pared to EFF-fed rats during all three phases of treatment (P<.02).
Average daily activity levels were not different during ITN and HS pe-
riods, but were lower for EIF- compared to EFF-fed rats during RTN
(P<.02). The primary shifts in activity were a lower daily maximum
level in EIF-fed rats during RTN and HS periods (P<.04), and a lower
daily minimum level in EIF-fed rats during HS (P<.02). The rat model
of chronic response to EIF contains many of the same responses noted
in cattle, and at the same time allows for detailed analyses of shifts in
thermoregulatory ability and activity.

Key Words: rats, fescue toxicosis, heat stress

124  Cattle hair whorl position and temperament in
auction houses. J. L. Lanier*, T. Grandin, R. D. Green, D. Avery,
and K. Mcgee, Colorado State University, Ft. Collins, CO/USA.

The relationship between hair whorl position and temperament was
assessed for 1,636 beef type (Bos taurus, Bos indicus), dairy breeds
and their crosses. A secondary objective was to quantify typical hair
whorl location in cattle. Whorl classification was: lateral position (left,
right, or middle) and height (high=above eye level, middle=at eye level,
low=below eye level). A four point ring score was used to determine
individual temperament. One equaled calm, and four equaled a highly
excited animal. Animals with ring scores of 3 and 4 were further rated
as whether they exhibited signs of fight or flight. Analysis on effect of
breed, was only between Bos taurus beef (n=1233) and Holstein dairy
cattle (n=350). Ten percent of cattle surveyed had no facial hair whorl.
Animals with higher ring scores had higher whorl positions (P<.01). A
single spiral hair whorl was found in 86% of the animals. Middle-middle
whorl placement was found in 47% of the cattle. Cattle with low whorls
were the most likely to have more whorls off of the centerline (P<.01).
Abnormally shaped whorls were associated more often with low whorls
(P<.01) and whorls located off of the centerline (P<.01). Female cattle
had more abnormal whorls than male cattle (P=.01). Beef type animals
had more abnormal whorls than Holsteins (P<.01) who were calmer
than beef type cattle (P<.01) in the ring. Differences between ring score
and gender (P<.01) and ring score and hair whorl height (P=.01) were
found. Ring scores tend to be higher for females and animals with high
hair whorls as compared to bulls and steers and cattle with low or middle
hair whorls, respectively. Results of this study support research on the
association between hair whorls and temperament. Facial hair whorls
in cattle may be a useful management tool in assessing which animals
may become fearful in novel environments such as feedlots, auctions and
slaughter houses.

Key Words: Cattle, Hair whorl, Temperament

Journal of Animal Science, Vol. 77, Supplement 1

125 The welfare status of adult sows: A compari-
son of physiological and productive indicators in different
housing conditions. G. A. Maria*! and M. C. Aceal, 1University
of Zaragoza (Spain).

Dry adult sows (n=96) were placed in three housing systems: an out-
door paddock (G1, n=33), indoor small group pens (G2, n=32), and
neck tethered in partial stalls (G3, n=31) and were assessed using phys-
iological and productive traits related to welfare status. Physiological
traits included the plasma concentrations of cortisol (C) pig major acute
phase protein (pig-MAP), haptoglobin (HAP), creatinine kinase (CK)
and the polymorph:lymphocyte ratio (PM). Productive traits included
age at first insemination (A), % of repeated inseminations (R), number
of piglets born alive per sow per year (NA), number of piglet weaned per
sow per year (NW) and a global cycle index (GC). Least squares analysis
was used to evaluate the significance and magnitude of the fixed effect
housing system (G1, G2 and G3) on productive and physiological traits.
The NA for each group was 27.88 + .90 (G1), 26.11 &+ .85 (G2) and 26.06
+ .99 (G3) while NW was 22.08 £+ .83 (G1), 23.65 £ .78 (G2) and 22.73
+ .87 (G3). No significant differences between groups were observed
for the main productive traits, with the exception of A (G1:219 +3.6,
G2:209 £3.4 and G3:208 +3.7) and R (G1:11.04 £2.3, G2:4.7 £2.2 and
G3:8.4 £2.4). The housing system had a significant effect on all physi-
ological traits analysed. C values (ng/ml) for each group were: 23 £2.5
(G1), 20 £2.4 (G2)and 33 £2.3 (G3). CK values (U/I) were: 2115 +615
(G1), 3137 £594 (G2) and 3286 +£605 (G3). Mean plasma concentra-
tion (mg/ml) for HAP and pig-MAP for G1, G2 and G3, respectively,
were: 1.99 £+.09, 1.67 £.08 and 1.59 £1.7 (HAP), and 1.7 £.17, 1.29
+.16 and 1.31 +.16 (pig-MAP). The PM ratio for each group was 1.64
+.14 (G1), 1.54 £.13(G2) and 1.18 +.14 (G3). According to the results
of C, CK and PM, the lowest welfare status was indoors but, following
pig-MAP or HAP data, we find that welfare status was lower outdoors.
On the other hand, according to the productive data, the three systems
seem to provide good welfare situation. Correlation coefficients between
productive and physiological welfare indicators were not significant.

Key Words: Pig, Welfare, Housing System

126 Behavioral and physiological responses to
transportation stress in three genetic lines of pigs. C. S.
Busse* and M. M. Shea-Moore, USDA-ARS Livestock Behavior Re-
search Unit.

In pigs, there are genetic lines selected for rapid muscle growth (lean
gain) that display elevated levels of fear and anxiety during handling.
Producers are reporting handling problems with these pigs selected for
lean gain. The objectives of this study were to determine if selected
genetic lines of pigs respond differently to transportation stress. Us-
ing a randomized complete block design, market-weight pigs from three
distinct genetic lines were used (high-lean-gain (HLG), n=14; moderate-
lean-gain (MLG), n=11; low-lean-gain (LLG), n=12). Baseline sali-
vary samples were collected for cortisol analysis two weeks prior to
transportation. Pigs were mixed within each genetic line and loaded
into one of three pens in a livestock trailer, with a maximum of 5
pigs/treatment/pen. Pigs were then transported for 2 h over a vari-
ety of road and speed conditions and videotaped for behavioral anal-
ysis during transport. This was repeated 3 times until all pigs from
each genotype were tested. The frequency of aggressive behavior in
different genetic lines of pigs was significantly different (X2,=6.063,
X2_05(2):5.991, P<.05). HLG pigs were more aggressive (17 occur-
rences) than LLG pigs (6 occurrences) (P<.05), although MLG pigs
were no different from either LLG or HLG treatments. Salivary sam-
ples were collected post-transportation prior to unloading, and after
unloading. The data were analyzed using a mixed model analysis and
heterogeneous variances were corrected using a log transformation. As
others have found, cortisol was significantly increased after transporta-
tion in all genotypes (P<.05). However, there were no differences among
treatments. Physically moving pigs from the trailer to a holding pen in
the abattoir significantly elevated (P<.0001) cortisol levels within all
treatment groups. In conclusion, these results indicate that an animal’s
behavior, in addition to multiple physiological measurements is neces-
sary to truly understand the whole animal response to transportation
stress.

Key Words: Genotype, Aggression, Cortisol
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127 The development of indices of welfare for beef
cattle in feedlots. S. C. Wilson*!, L. R. Fell?, and D. P. Collins?,
1 Texas Tech University, Lubbock, 2NSW Agriculture, N.S.W. Australia.

This study was instigated to develop a set of welfare indices for beef
cattle in the feedlot environment. Firstly, ethical frameworks for the
study were examined then a model for assessing welfare was determined.
In this model cattle were considered to have reduced welfare if they
were under a significant state of distress which includes entering a pre-
pathological state. This is characterized by physiological changes such as
elevated hypothalamic-adrenal-axis (HPA) activity in conjunction with
depressed immune function. Matched groups of cattle were placed in
three environments: (1) pasture, (2) a feedlot with a stocking density of
12.0 m?/head plus a firm dry feedlot pad and (3) a feedlot with a stock-
ing density of 6.0 m2/head and a wet and muddy feedlot pad. Two trials
were conducted (N= 14/ treatment, 42 d duration). Behavioral observa-
tions (scan samples, 10 min intervals) were conducted on all treatments.
Results showed that with regard to the HPA axis there was a higher (P
<.05) relative adrenal mass in both feedlot groups (4.78 & 0.15 and 4.76
+ 0.14 g/kgpwt, mean + SE for environments 2 and 3) compared to the
pasture group (4.36 £ 0.11 g/kgpwt). But out of 20 immune variables
tested, only two: serum IgA, and the gamma delta T-lymphocyte WC1,
showed decreased activity in the feedlot groups in comparison to the
pasture group. It was concluded that although there may have been a
potential disruption of epithelial/mucosal immunity this was still insuf-
ficient evidence to state that the total immune system was depressed
and thus that pre-pathological states existed in the feedlot treatments.
Behavioral observations were conducted primarily to ascertain if there
are behavioral correlates to pre-pathological states. Ultimately this was
not possible. However, the data provides information on pasture and
feedlot cattle with regard to the following: frequencies and circadian
patterns of agonistic and affiliative behaviors, spatial relationships, and
time budgets and circadian patterns of lying, standing and feeding be-
haviors.

Key Words: Cattle, Pre-pathological States, Behavior

128 Altering feeding times for feedlot cattle re-
duced dust-generating behaviors. F. M. Mitloehner*!, J. L.
Morrow-Tesch?, J. W. Dailey?, and J. J. McGlone!, ! Texas Tech Uni-
versity, Lubbock, 2USDA-ARS, Lubbock, TX.

The objective of this study was to reduce the dust generation in a com-
mercial feedlot by understanding and managing dust-generating behav-
iors of feeder cattle. It was hypothesized, that through changes in feed-
ing management practices, cattle activity patterns that result in high
quantities of dust may be redirected towards feeding and ruminating
behavior which generate significantly less dust. Treatments were either
the (1) conventional feeding at sunrise, 10 AM and noon (CON) or (2)
feeding at sunrise, noon, and just before sunset (ALT). A mobile behav-
ior lab was used to observe and quantify behaviors (feeding, ruminat-
ing, locomotion, agonistic and bulling) of 1,123 crossbred steers in four
pens at a commercial Texas feedlot. Dust data loggers (DustTrak, TSI,
MN) measured particulate matter counts (particle size <2.5um) each
15-min over the entire summer season (June-September 1998). Simulta-
neously, the ambient temperature, humidity, wind speed and direction,
precipitation, air pressure and solar radiation were measured with a
weather station (Gempler, Austria). Multiple linear stepwise regression
analysis determined that weather parameters explained only 18% of the
variation in dust levels (R? = 0.18, P<.001). High dust levels were
observed around sunset. When cattle were ALT they were engaged in
dust-generating behaviors 20.6% of the time compared to 69.0% in the
control pens (P<.01). Unlike CON steers, steers fed at sunset ate, were
waiting to eat or ruminated (8% vs. 32.6%, P<.01) during the sunset
period. This change in behaviors had a positive effect on the dust levels.
The EPA threshold for dust with a particle size <2.5um is 0.065 mg/mB.
Over a period of 10 days, the 24-hr dust average in pens where cattle
experienced ALT was 0.044 mg/m?® vs. 0.61 mg/m® for CON. Chang-
ing the feeding regime of cattle to ALT redirected the cattle away from
dust-generating behaviors thereby reducing aerial dust concentrations
below EPA allowable limits.

Key Words: Cattle, Behavior, Dust
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129 Effects of water misting and shade on heat
stress in feedlot cattle. F. M. Mitloehner*!, J. L. Morrow-Tesch?,
J. W. Dailey?, and J. J. McGlonel, 1 Texas Tech University, Lubbock,
2USDA-ARS, Lubbock.

A total of 32 Charolais cross feeder cattle were used to assess the im-
pact of heat stress on behavior, physiology, and production during late
summer 1998. The objective was to determine the effects of the pro-
vision of shade and (or) water misting to minimize heat stress. For
behavior measures the model was a split split plot. Treatments were:
(1) shade and misting (SHMI), (2) only shade (SHAD), (3) only mist-
ing (MIST), and (4) no shading or misting (CONT). Two heifers were
housed per pen. Maximum ambient temperature during late August
was 324+4°C and humidity 62+8%. Behavior was continuously video
recorded over 3d. Walking, standing, lying, feeding, drinking (main
plot) and the location where these behaviors were performed (shaded
or misted area) were measured and analyzed on a daily and hourly ba-
sis. Rectal temperatures, respiration rates as well as average daily gain
were measured. Heifers in CONT spent more time lying down than the
treated animals (SHMI=4.044+.24, SHAD=3.53+.24, MIST=3.68+.24,
CONT= 4.98+.29, P<.01). Cattle in CONT (1.374.37) spent less time
(P<.01) standing than SHAD (3.15+.31) and MIST (2.68+.31) cattle.
Standing behavior in SHMI (2.274.31) was not different from SHAD
or MIST. Misting lowered (P<.001) rectal temperature and misting
and shade combined showed an additive effect of lowering respiratory
rates in heifers (SHMI=30.0+3.3, SHAD=33.0£2.8, MIST=37.3+.3.2,
CONT=46.71+3.3, P<.05). Average daily gains between the four treat-
ments did not differ significantly. The guide for the care and use of
agricultural animals in research and teaching identifies a requirement
for cooling for beef cattle during heat. Our results indicate that cattle
without shade or misting have a physiological stress response to heat
(increased RR and rectal temperature) and alter their behavior as a re-
sult. MIST and SHAD appear to be equivalent solutions to reducing
heat stress and their effects are largely additive.

Key Words: Cattle, Heat Stress, Shade

130 Shade-seeking behavior of cow-calf pairs in a
moderate climate. T. M. Widowski*!, ! Department of Animal &
Poultry Science, University of Guelph, Ontario Canada.

In moderate climates, there is some concern that the benefits of provid-
ing beef cattle shade on pasture may not outweigh the associated costs.
Congregating in shade can result in manure accumulation and reduced
pasture fertility. There is also a perception among some producers that
providing shade may reduce the time that cattle spend grazing. The
objectives of this study were to compare the activities and locations of
cattle provided Shade (S) and No Shade (NS) in the climatic conditions
of southern Ontario. Three beef cow-calf pairs were held on each of 12
fields (N=72). Each field was divided into 8 rotationally grazed pad-
docks with a central lane-way leading to a water trough. On half of
the fields, a structure providing 80% shade was located in the lane-way.
Cattle were observed during 6-h periods (distributed between 0800 and
1700 H) on each of 24 days from May-July 1998. At 10-min intervals,
the numbers of cows and calves in shade, near the structure but not in
shade, near the water trough, out on pasture (but not grazing) and graz-
ing were recorded. During observation periods, means and (ranges) were
26.5°C (16.8-40.7°C) for air temperature, 59.2% (25.6-91.4%) for rela-
tive humidity, and 35.3°C (24.1-49.9°C) for black globe temperature.
Overall, S cows spent (mean+SEM) 18.0£1.4% of time in shade. Cows
without shade spent more time at the water trough (NS 19.8+1.6% vs
S 13.2£1.0%, P<.05) and more time on pasture (NS 36.8+1.3% vs S
23.0+1.3%, P<.05). Time spent grazing was the same for both treat-
ments (NS 43.2£1.0% vs S 42.6+£1.0%, P>.10). Calf behavior was simi-
lar to that of cows except that calves spent more time near the structure
(10.1£1.0%) and less time grazing (16.84£0.9%). Black globe humidity
index significantly affected time spent in shade (P<.05) and time spent
at the water trough (P<.05). These data indicate that cattle without
shade spend significantly more time congregating at the water trough
on hot days. Although cattle with shade spend less time on pasture
overall, this does not result in reduced grazing time.

Key Words: Shade, Cattle, Behavior
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131 Reducing negative effects of weaning on behav-
ior and growth in beef calves. J. E. Harris* and E. O. Price,

One-hundred Angus/Hereford-cross calves were randomly assigned to
five treatments to determine the effect of different weaning techniques
on the behavior and subsequent growth of beef calves. These treatments
were: 1) fenceline separation from dams - on pasture; 2) total separa-
tion from dams - on pasture; 3) total separation from dams - feedlot
for one week - preconditioned to hay; 4) total separation from dams -
feedlot for one week - not preconditioned to hay; 5) non-weaned controls
- on pasture. Calves totally separated from dams on pasture were more
active (walking) than calves in the other four treatments (P<0.05) and
spent less time grazing than the other calves on pasture (P<0.05) in
the three days following weaning. Totally separated calves on pasture
vocalized at more than twice the rate of fenceline calves on the day of
weaning. Fenceline calves were more active than non-weaned control
calves (P<0.05) but did not differ in time spent grazing. For the first
two days after weaning, calves in the fenceline treatment spent the ma-
jority of their time within 3 meters of the fence separating them from
their dams. Thereafter, they were found at greater distances (P<0.001).
Cumulative post-weaning weight gains for calves in the fenceline contact
treatment were similar to weight gains of the non-weaned control calves
for the first three weeks after weaning. Calves in the fenceline treatment
exhibited greater cumulative weight gains than totally separated calves
for four weeks after weaning (P<0.05). At the conclusion of the study
(10 wks) the cumulative weight gain of the fenceline calves continued to
be greater than that of the non-preconditioned feedlot calves (P<0.05).
Other weaned treatments did not differ. It was concluded that providing
fenceline contact between beef calves and cows at weaning reduces the
negative effects of weaning on calf behavior and growth rate.

Key Words: Beef Calves, Weaning, Cattle Behavior

132  Aversion learning techniques to evaluate dairy
cow handling practices. E. A. Pajor*!, J. Rushen?, and A.
M. de Passillé2,  Department of Animal Sciences, Purdue University,
West Lafayette, IN, % Agriculture and Agri-Food Canada, Lennoxville,
Canada.

Fear of humans is a major source of stress for cows and can have a neg-
ative effect on milk production. Much of the cows’ fear is thought to
result from certain forms of handling which are aversive. The objective
of our research was to determine if an aversion corridor could be used to
determine which handling practices dairy cattle find most aversive. In
an aversion corridor experiment the animal must learn the relationship
between walking down the corridor and the treatment received at the
end of the corridor. If the treatment is aversive the animal is expected
to take more time and require more force to reach the end of the corridor
than if the treatment was neutral or positive. In the first experiment,
54 cows were randomly assigned to 4 different treatments (hit/shout,
brushing, control, and food). Cows were walked down a corridor and
treatments applied when they reached the end. Treatments (2 min in
duration), were applied 12 times, 3 times a day over 4 d. The time
and force required for cows to walk down the corridor were measured.
Cows on the hit/shout treatment took more time and required more
force to walk through the race than cows on the other treatments (all
comparisons, P < 0.001). In addition, brushed cows took longer to move
through the race then cows given food (P < 0.05). In a second corridor
experiment, 60 cows were randomly assigned to 5 different treatments
(electric prod, shouting, hitting, tail twist, and control). Treatments (1
min in duration), were applied 9 times, 3 times a day over 3 d. Cows
on the shout and electric prod treatments took more time and required
more force to walk down the corridor then cows on the control treatment
(all comparisons, P< 0.05). Aversion learning techniques show promise
as an effective method to determine what handling practices cows find
most aversive.

Key Words: Cow, Handling, Learning

133  Sensitivity to sudden intermittent sounds and
movements is related to excitability in cattle. J. L. Lanier*,
T. Grandin, R. D. Green, D. Avery, and K. McGee, Colorado State
University.

Casual observations indicated that some cattle are sensitive to sudden
movement or intermittent sound. Six commercial livestock auctions in
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two states and 1,636 cattle were observed, to assess the relationship be-
tween breed, gender, and temperament score, on the response to sudden
intermittent visual, touch, and sound stimuli. A four point ring score
was used to score each animal while it was in the ring. The scores used
were 1. Stands still or walks, no head, tail or ear movement, head in
non-alert position. 2. Walks, some head, tail or ear movement, alert
head position. 3. Runs, displays aggression, erratic head, tail and ear
movement, alert head position. 4. Hits fence, people or partitions. Ani-
mals were observed for flinches, startle responses or orientation towards
sudden intermittent sounds, motions, and tactile stimulation such as
being touched with a cane or plastic paddle. The cattle observed were
mostly Bos taurus beef breeds, and Holstein dairy cattle. Holsteins were
more sound sensitive (p=.02) and touch sensitive (p<.01) than beef cat-
tle. Sensitivity to sudden intermittent stimuli increased as ring score
(excitability) increased. Cattle with a ring score of one were the least
sensitive to sudden intermittent movement and sound, while those with
a ring score of four were the most sensitive (p<.01). This same relation-
ship was observed for touch stimuli, but was not statistically significant.
Motion sensitive cattle were more likely to score a temperament rating
of three or four than non-sensitive cattle (p<.01). Steers and heifers
were more motion sensitive than the older bulls and cows (p=.03). Beef
cattle urinated (p<.01) and defecated (p<.01) more often in the ring
than did dairy cattle. Reactivity to sudden intermittent stimuli may be
an indicator of an excitable temperament.

Key Words: Cattle, Temperament, Start response

134  Effect of animal density and trough placement
on drinking behavior and dehydration in slaughter horses.
A. E. Gibbs*! and T. H. Friend!, ! Texas A & M University, College
Station, TX/USA.

The effects of density of horses and trough placement on latency to drink
and the amount of time spent drinking water on-board a semi-trailer
were determined. Three experiments using 19, 20, and 24 slaughter-type
horses, ranging in body condition scores from 2 to 6, were conducted in
hot weather. The horses were deprived of access to feed and water for 4
h prior to and for 8 h during transportation. Transport in a commercial
16-m long, single-deck, open-topped semi-trailer commenced at 1200 h
and lasted until 2000 h, followed by a 1 h watering period. In Exp. 1 and
2, the trailer was divided into four 2.4 x 3.6 m compartments into each
of which two steel water troughs (25 x 90 cm)were hooked on the inside
of the trailer during the watering period. Each compartment contained
4 to 6 horses. The troughs were placed along one side of the trailer in
Exp. 1 and placed on opposite corners of each compartment in Exp. 2.
In Exp. 3, the trailer was divided into two 2.4 x 7.2 m compartments
each containing 12 horses. T'wo troughs were staggered on the opposite
walls of each compartment (four troughs per compartment). Three of
the 19 horses were blocked from drinking in Exp. 1, 5 of the 20 horses
were blocked from drinking in Exp. 2, and all of the horses drank in
Exp. 3. All horses that drank took their first drink within 15 min of wa-
ter entering the troughs in Exp. 1 and 2 and within 25 min for Exp. 3.
Total serum protein, Na, and Cl were not significantly different between
Exp. 1 and 2 (P>.52) or between densities (P>.16). Total serum pro-
tein and electrolytes indicated that the horses that did drink were not
dehydrated following the water period. The larger compartment (2.4 x
7.2 m) and group size (12 horses) used in Exp. 3 provided adequate
maneuvering room so that all of the horses could get access to the water
when the water troughs were placed on both sides of a compartment at
the rate of 0.8 m of trough per 2.4 m of wall.

Key Words: Horse, Transportation, Dehydration

135 Effects of density on displacement, falls, in-
juries, and orientation during horse transportation. M. N.
Collins*, F. D. Jousan, S. C. Chen, and T. H. Friend, Texas A & M
University, College Station, Texas/USA.

Three groups of slaughter-type horses, totaling 30 mares and 29 geld-
ings, were used to determine density effects on displacement (distance
moved during a stop), falls, injuries, and orientation using a single-deck,
open-topped commercial semi-trailer. Each horse was assigned to one
of two treatments: high density (1.28 m? per horse with 14 horses) or
low density (2.23 m? per horse with 8 horses). Both treatments oc-
curred sequentially on the same day (treatment order was alternated
each trial), using the middle 2.44 x 7.32 m compartment of a large semi-
tractor trailer. The horses were transported for two laps around a 7.28
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km course, averaging 25 min and 36 sec £+ 89 sec. Each lap consisted
of two 60° turns, four 90° turns, two 120° turns, one 180° turn, 6 hard
brakes, and 6 rapid accelerations. Displacement, falls, and orientation
were recorded for each horse using overhead video cameras. Average
displacement between the two densities was not different (P=.47). The
average number of horses that fell in the high density treatment (5.67)
was greater than the low density treatment (1.33), P<.05. The aver-
age number of horses with injuries was greater in the high density (9)
than the low density (2.3) treatment, P<.01. The average severity score
for injuries for the high density horses was 1.77 and for the low den-
sity horses was .92. There was not a difference between the average
percentage of time spent facing forward (15.74%) and facing backward
(13.80%) for all horses, P=.38. The average percentage of time spent
facing forwards and backwards did not differ between the high and low
densities (P>.80). High stocking density did not affect time spent in
various orientations but did increase the incidence of falls and injuries.

Key Words: Transportation, Horse, Density

136  Artificial selection for sexual performance in
rams. C. J. Bench*, E. O. Price, M. R. Dally, and R. E. Borgwardt,
University of California, Davis.

Ninety-two ram lambs born either to sires selected for high or low sex-
ual performance were evaluated for their sexual behaviors at 8 mo of
age when individually exposed in 5 x 5 m pens to four estrous ewes
for 30 minutes in four weekly tests. Different ewes were used each week.
Number of mounts and successful matings were recorded. Fourteen of 17
high performing ram lambs were sired by high-performing sires whereas
22 of 37 low performing ram lambs were sired by low-performing sires.
These proportions were significantly different (P<0.01). Sons of high
performing sires exhibited more ejaculations than sons of low perform-
ing sires in 30-min test sessions (mean +/- SE = 3.27 +/- 0.17 and 2.82
+/- 0.13, respectively; P<0.04). Likewise, sons of high performing sires
exhibited more mounts without ejaculation than sons of low performing
sires (15.44 +/- 1.7 and 10.42 + /- 0.95, respectively; P<0.02). Groups
did not differ in efficiency (mounts per ejaculation). It was concluded
that a significant response to artificial selection for sexual performance
in rams can be attained in a single generation.
Key Words: Rams, Sexual performance, Selection

137 Evaluation of aggression, antler growth and
testis function in yearling Fallow bucks with zeranol
implants or GnRH immunization. S. M. Webb*!, D. A.
Neuendorffl, A. W. Lewis!, T. E. Adams2, and R. D. Randel!, ! Texas
Agricultural Experiment Station, Overton, 2University of California,
Davis.

The objective was to examine alternative methods to alter the behavior
of yearling market Fallow bucks. Harvest season for the Fallow deer
producer coincides with the Fall breeding season. The Fallow bucks be-
come very aggressive during rut, causing considerable bruising, death,
and injuries to each other, as well as posing a threat to handlers. Seven-
teen yearling fallow bucks (BW=26.93+5.2 kg) were randomly assigned
to three treatment groups: control (C; n=6), immunized (I; n=6), and
zeranol (Z; n=>5). The I bucks received 1 mg of GnRH-KLH (keyhole
limpet hemocyanin) emulsified in equal volumes of saline and Freund’s
complete adjuvant on d 1. A secondary (booster) immunization of 0.5
mg of emulsified GnRH-KLH was administered on d 175. The Z bucks
were implanted with 12 mg zeranol on days 1, 112, and 224. Body
weights were recorded and blood samples taken on d 1 and at 28 d
intervals. Antler length and weight were recorded and hard antlers re-
moved on Aug. 13 (d 204). Aggression was evaluated within treatment
for head bunts, head pushes, fights, and avoidance during 10-minute
video observation sessions. As previously reported, body weights and
ADG were not affected (P>.10) by treatment and antler length and
weight were reduced (P<.001) in Z. Plasma testosterone was lower dur-
ing the early rut (P<.08), mid rut (P<.01) and higher at the end of
the rut (P<.04) for the I group compared with C and Z. Plasma testos-
terone was affected by treatment (P<.05), day (P<.01), and a treatment
by day interaction (P<.04). Aggression and plasma testosterone were
correlated in the I group when looking at head bunts (P<.01;r2:.99),
head pushes (P<.03;r?=.88), and fights (P<.04;r?=.83), but were not
correlated in C and Z. As previously reported, scrotal circumference
(P<.02),testicle length and width measurements (P<.05) and paired
testes volume (P<.01) were reduced in I compared with C and Z. The
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use of zeranol suppressed antler development and early aggression, while
GnRH immunization dramatically suppressed testicular development
and aggression in 50% of the treated animals.

Key Words: GnRH Immunization, Zeranol, Fallow Deer

138 Segregated early weaning affects behavior and
adrenal responses in pigs. Y. Yuan*, D. Charles, M. Tauchi, and
A. J. Zanella, Michigan State University, East Lasing, MI.

Segregated early weaning (SEW) system which consists of early maternal
separation and transportation of the newly weaned piglets to a separate
site has been widely adopted in North America. Behavioral and adrenal
responses were monitored in SEW and control pigs in two studies. Pigs
were weaned between 9 and 13 d of age (SEW1, n=23), or kept with the
sows (control, n=24). Behavior was observed on the weaning day (d 0),
and on d 1, 2 and 3 post-weaning (PW). Urine samples were collected
pre-weaning and ond 1, 3 and 5 PW. Pigs were weaned between 9 and 12
d of age (SEW2, n=24) or between 20 and 23 d of age (CW, n=23), and
were videoed daily for a week PW, then weekly up to 8 weeks of age. Pigs
were mixed and transported for 20 min at 10 weeks of age. Pre and post-
transportation saliva samples were collected. The outcome and duration
of fights were recorded for 3 d after mixing. Cortisol was measured using
RIA. Data were analyzed using ANOVA and contingency table. Results
are expressed as mean+SE. SEW1 pigs showed higher levels of vocaliza-
tion (freq/min, P<0.01) than control pigs on d 0 (1.83£0.58 vs. 0£0.57)
and 1 (7.4440.58 vs. 04+0.57) PW. They spent less time lying on d 1 AM
than control pigs (% of time, 20.46+5.50 vs. 53.96+5.38, P<0.01). Uri-
nary cortisol/creatinine ratio (nmol/mmol) was higher (P<0.02) on d 1
(221.45414.87 vs. 74.05+16.43) and 3 (102.43+14.87 vs. 71.62+12.73)
PW in SEW1 pigs than in control animals. SEW2 pigs showed a higher
frequency of belly-nosing (freq/hour, P<0.04) than CW pigs in both
weeks 5 (2.37£0.23 vs.1.564+0.24) and 7 (1.91£0.23 vs. 1.2340.24) of
age. Transportation caused a 7-fold increase in salivary cortisol, but
there were no differences between treatments. SEW2 pigs showed higher
proportion of fights with no clear outcome (n=821, 44.57% vs. 32.18%,
P<0.04) and tended to fight longer than CW pigs (sec, 34.174+4.98 vs.
22.98+6.44, P<0.08). The increased vocalization rate, performance of
belly-nosing, and sustained high levels of urinary cortisol in SEW piglets
demonstrates that the procedure is stressful. Our data also indicated
that SEW compromise the ability of piglets to establish a stable social
hierarchy later in life.

Key Words: Segregated Early Weaning, Behavior, Cortisol

139 Impact of environmental temperature on the
neonatal pig’s response to an endotoxin challenge. J. A.
Carroll*!, R. L. Matteri®, C. J. Dyer!, L. A. Beausang?, and M. E.
Zannelli2, 1Agricultural Research Service - USDA, University of Mis-
souri, Columbia 65211, 2Endogen, Inc., Woburn, MA 01801.

Our objective was to evaluate possible interactions between environ-
mental temperature (ET) and the neonatal pig’s ability to cope with
an endotoxin challenge. Twenty-eight male pigs (24 hr old) were placed
in environmentally controlled chambers maintained at 18°C or 34°C
(n=14/ET). Rectal temperatures (RT) were measured at 15 min inter-
vals for a 3-hr period following an i.p. injection of saline (Cont; n=7/ET)
or lipopolysacchride (LPS; 150 ug/kg; n=7/ET). All pigs were humanely
sacrificed following the 3-hr challenge period for tissue and blood collec-
tion. There was a TIME X ET X TRT interaction (P< .0001) for RT
such that LPS pigs exposed to 18°C experienced a period of hypother-
mia while RT for LPS pigs at 34°C did not differ from that of Cont pigs
at 34°C. There was also an ET X TRT interaction (P= .014) for body
weight (BWT) change such that LPS pigs maintained at 18°C lost the
most BWT during the 3-hr period. At sacrifice, serum concentration of
ACTH tended to be greater (P= .094) in pigs maintained at 18°C, but
was not affected by LPS treatment (P> .89). However, there was an ET
X TRT interaction (P= .0013) for serum cortisol (CS) such that LPS
pigs maintained at 18°C had a greater increase in serum CS at sacri-
fice as compared to LPS pigs at 34°C. Serum concentration of prolactin
(PRL) was reduced (P< .017) in pigs maintained at 18°C as compared
to pigs maintained at 34°C, however there was no effect (P> .14) of LPS
on serum PRL. There tended (P< .098) to be an ET X TRT interaction
such that LPS increased serum PRL at 18°C but had no effect on serum
PRL at 34°C. There was an ET X TRT interaction (P< .016) for serum
tumor-necrosis factor alpha (TNF') such that LPS increased serum TNF
at sacrifice in pigs maintained at 18°C, but had no effect on serum TNF
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in pigs maintained at 34°C. These results provide evidence that acute
exposure to a cold ET can significantly compromise a neonatal pig’s
ability to cope with an endotoxin challenge, and suggest a possible role
for PRL in the neonatal pig’s immune response.

Key Words: Neonatal Pig, Tumor-Necrosis Factor Alpha, Environmental
Temperature

140 Behavior and environmental impact of outdoor
gestating sows: effect of cold weather and grass burning. H.
A. Rachuonyo*!, J. L. Morrow-Tesch?, J. G. Gentry!, D. L. Anderson?,
S. C. Wilson!, J. W. Dailey2, H. T. Bird!, and J. J. McGlone!, ! Texas
Tech University, 2USDA-ARS, Lubbock, TX.

The objectives of this study were to evaluate relationships among be-
havior of outdoor-kept PIC sows, changes in soil nutrients and per-
cent ground cover and to determine if burning a pasture (Old World
bluestem) prior to occupation has any effects on these relationships.
Seven pregnant sows were assigned at random to one of four replicated
paddocks (1 acre each) per treatment (control or burned). Behavior
(rooting, wallowing, standing, lying down) of each sow was recorded at
10-minute intervals for a 24 h period (averaged for each hour) on a cold
(mean of -5.3°C) and warmer (mean of 4.6°C) day. Soil samples were
collected with a soil auger at a 0 to 15 cm depth on days 0 and 30 of
the trial. Soil samples were extracted and assayed for nitrate by spec-
trophotometer. Ground cover was estimated visually on day 0, 30 and
60. Behavior measures were analyzed as a split-split plot over days and
hours within days. Ground cover data and soil nitrate levels were ana-
lyzed as a split plot with two treatments, three areas (hub, middle and
outside) within each paddock and two sample times (0 and 30 days).
More sows (P<.05) spent time rooting on the cold than on the warmer
day. On the warmer day, wallowing activity was greater (P<.05) than
on cold. Other behaviors were not different between day nor between
treatments. Ground cover decreased (P<.05) over time (0.1 - 0.27% per
day) but was not different between burned and grass paddocks. Root-
ing hole numbers (0.18 per day) and sizes (55 cm? per day) increased
(P<.05) with time but did not differ between treatments. Soil nitrate
levels were lower (P<.05) for grass than burned paddocks but were not
different among areas or over time. These results indicate how long it
might take a given number of sows to alter ground cover, how sow be-
havior changes with weather conditions and that burning increases soil
nitrate levels.

Key Words: Pig, Behavior, Soil

141 Behavior and performance of lactating New-
sham sows and piglets reared indoors or outdoors. A. K.
Johnson*!, J. L. Morrow-Tesch?, S. C. Wilson!, H. Rachuonyo!, J.
G. Gentry!, and J. J. McGlone!, 1 Pork Industry Institute, Texas Tech
University, Lubbock, 2USDA-ARS, Lubbock, TX.

A total of 125 lactating sows and their litters were used to determine
the effects of intensive indoor and intensive outdoor production sys-
tems on sow and litter productivity and behavior. All sows were New-
sham genotypes of contemporary age and fed a completely balanced
corn-soy diet. Outdoor sows were heavier at farrowing (212.94+.75 and
204.7+.81kg) and lighter at weaning (164.743.4 and 171.1+2.15kg) than
indoor sows (P<.05). Outdoor sows lost more (P<.05) weight during
lactation than indoor sows (32.94+.8 and 28.31+.9kg). While weaning
weight per piglet and numbers weaned per litter were similar between
environments, outdoor sows weaned litters with a lighter (P<.05) total
litter weaning weight than indoor sows (49.44+1.2 and 56.3+1.3kg). Be-
havior data were collected by live observation on 30 sows and litters,
using a 5-min scan sample over a 4-h period in the afternoon (1400
to 1800 h). Outdoor lactating sows (n=16) were more (P<.01) ac-
tive than indoor (n=14) lactating sows (30.6+3.6 and 11.5+4.0% of
time observed). Outdoor sows spent less (P<.01) time drinking than
indoor-housed sows (1.0£.5 and 4.94.6% of time observed). Outdoor
sows spent less (P<.05) time nursing than indoor sows (28.84+3.4 and
42.613.8% of time observed). The interval between nursing bouts was
higher (P=.01) for outdoor sows than for indoor sows (42.6+£1.9 and
32.8+2.2 min). The variation in nursing interval (nursing interval stan-
dard deviation) was greater (P<.05) for outdoor litters than for in-
door litters (12.7+1.3 and 5.24+1.5 min). Piglets spent less time lying
when housed outdoors than indoors (60.2£2.5 and 72.8+£2.8%). Out-
door piglets also spent more (P<.01) time not in contact with the sow
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than indoor piglets (63+3.7 and 39.24+4.1%). In conclusion, outdoor-
kept Newsham sows lost more weight during lactation, weaned lighter
litters, and both sow and piglets were more active and nursed in a less
synchronized manner than indoor-housed sows.

Key Words: Pigs, Behavior, Housing-system

142 Dust and microbe levels from indoor and out-
door pig units. J. L. Morrow-Tesch*!, F. M. Mitloehner?, J. W.
Dailey!, S. C. Wilson?, and J. J. McGlone?, 1 USDA-ARS, Lubbock,
TX, 2 Texas Tech University, Lubbock, TX.

The EPA clean air act sets specific levels of acceptability for particu-
late matter (PM) in the air, at PM 2.5 um that level is .065 mg/m?.
Objectives of this study were to measure dust levels and microbiological
contaminants on dust from pig units. A wheat field and a building at
Texas Tech University were controls. Treatment sites were an indoor and
outdoor gestation unit, and an indoor and outdoor farrowing unit. Dust
was measured for two 24 hr periods at each site using dust meters (Dust
Trak, TSI, MN). Bacterial and fungal counts were determined by tak-
ing 5 min samples with a six-stage Anderson Sampler (Anderson, GA).
Plates containing media favorable to either bacterial or fungal growth
were incubated 48 hr and colonies were counted. The experiment was a
repeated measure design. Dust levels were higher (P < .001) on d 2 ex-
cept in the indoor farrowing unit. Dust levels at the gestation units also
increased (P < .001) on d 2 but were similar (P > .05) between indoor
and outdoor units (mean indoor .006 vs .049, and outdoor .004 vs .052,
SE = .0007, mg/m® for d 1 and 2). The outdoor farrowing pasture had
a higher (P < .001) number of fungal colonies compared to all other en-
vironments (mean = 122.6, SE = 6.19 total counts). Most fungi were at
stages 3 through 6 corresponding to PM between 3.3 and .65 um. Total
bacterial counts did not differ (P > .05) among environments. During
d 2 several sites (indoor farrowing, indoor and outdoor gestation) sam-
pled approached the EPA limit (at PM 2.5 um) for dust, including both
the control sites. The outdoor farrowing pastures had the lowest dust
levels for both days. Fungi are known allergens and have potential to
be carried into the respiratory tract of both animals and humans on
dust particles, especially at PM 4 pum or less. Our results indicate that
methods of reducing particulate matter on certain days are needed in
west Texas to enhance animal and worker health and well-being within
indoor and outdoor pig production units.

Key Words: Swine, Well-being, Health

143  Pork quality of hogs finished on slats and deep-
bedding. J. G. Gentry*, M. F. Miller, and J. J. McGlone, Texas Tech
University, Lubbock, TX.

Current swine production practices often have a negative impact on con-
sumer perception. Pork products from hogs raised under a sustainable
environment may be more desirable to consumers than products from
hogs raised in confinement. A group of hogs finished on deep-bedding
(n=1765 pigs from 11 truckloads) were compared to a group of hogs
finished on slatted flooring (n=1053 pigs from 8 truckloads) for carcass
characteristics and meat quality. From these two groups, forty pork
loins were purchased and evaluated on the following measures: Warner-
Bratzler shear force (WBS), sensory taste panel scores, percent fat and
percent moisture. Taste panel scores ranged from 1-8 for all categories
except off-flavor (1= least desirable and 8= most desirable). Off-flavor
scores range from 1 to 5 (1= no off-flavor and 5= extreme off-flavor).
Least-squares means for yard dead (number of head per truckload) were
0.87 for the slatted group and 0.002 for the deep-bedded group (P<.05).
In addition, carcasses from the deep-bedded group had a trim loss (per-
centage trim events per truckload of pigs) of 5.8% compared to 14.9%
for the group finished on slats. WBS values (kg) were 3.64 and 2.94
for the hogs finished on slats and deep-bedding, respectively (P<.001).
Deep-bedded hogs had higher taste panel scores for tenderness, juici-
ness, flavor intensity and overall mouthfeel. No significant differences
were found in percent fat, percent moisture, off-flavor and pork flavor.
Pork from hogs finished on deep-bedding was more tender, more juicy
and more flavorful. These preliminary results indicate that hogs fin-
ished on deep-bedding had an advantage in pork quality and had less
trim loss. However, since these hogs were not slaughtered on the same
day, a plant/day effect may exist. Further studies are needed to clarify
and extend these findings.

Key Words: Pork Quality, Housing Systems, Animal Welfare
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144 Geographic distribution and economic impact
of equine infectious anemia in Louisiana. M. Murphey*!, G.
Kennedy!, and W. Green!, 1 Louisiana Tech University.

Equine infectious anemia (EIA) is a viral, contagious disease of horses,
mules, and donkeys. Prevention or control of the disease is by testing,
quarantine, and destruction of infected animals. Louisiana has histor-
ically reported a high incidence of infected animals. Data of infected
animal was collected with cooperation from the Louisiana Department
of Agriculture and Forestry from the Equine Infectious Anemia Test
Program. Data collected included animals tested from January 1994
through June 1998. Location was verified for 673 of the 735 infected an-
imals. In order to determine an estimated economic impact a detailed
survey was sent to owners of infected animals between January 1, 1995
and June 30, 1998. The survey requested information related to the
use of the animal, method of disposal and an estimated dollar value of
each animal pre and post infection. Results indicated that a majority
of the infected animals were horses (93%) and that infections tended to
be geographic in nature with the highest incidences being in mares and
geldings and along the coastal regions of Louisiana. It was further dis-
covered that the estimated impact of EIA to the Louisiana Agriculture
Industry was approximately 5.7 million dollars between January 1995
and June 1998.

Key Words: Equine, Louisiana, Economics

145 Survey of consumption and attitude for goat
products. A. C. Murry*1, S. Turner!, M. Nelson?, and S. Gelaye?,
L The University of Georgia, ?Fort Valley State University.

The demand for goat products or goat services has increased over the
last decade. The various products produced from goats, which include
meat, milk and fiber are crucial to the growth of the goat industry.
Investigation into the demand for these and other products is neces-
sary in order to develop marketing strategies to expand demand. The
purpose of this study was to investigate socioeconomic variables that
can be used by marketers of various goat products to segment their
markets. Demographic and socioeconomic variables were hypothesized
to influence and explain goat product purchases and attitudes. The
independent variables used in this study were age, gender, income, ed-
ucation, and race. The dependent variables used were consumption or
use of any goat product, consumption or use of goat milk, and attitude
toward goat products. A random telephone survey of Georgia residents
was conducted in the fall of 1997 by the Survey Research Center at The
University of Georgia. Of the 402 Georgia residents surveyed, 151 had
consumed or used goat products, and of those 151, 63 had consumed or
used goat milk. For goat product consumption, gender, education, and
race were influential variables, however, only education was significant
(P< 0.10). Caucasian women with higher education levels were more
likely to have consumed or used goat products. For goat milk consump-
tion, the only identifying segment variable was education, with higher
education levels being a negative influence. Also, attitude towards using
goat products was influenced by age, gender, and education levels, with
positive attitude more likely for older women with higher education lev-
els. The percentage of positive attitudes towards using goat products
was 31.0%. Positive attitudes were more likely from lower income, more
educated persons. Results indicate that goat products consumption in
general were influenced only by education levels and positive attitudes
towards goat products were more likely for older women with higher
education levels.

Key Words: Goat Products, Attitudes, Consumption

146 Exposing and evaluating pork producers accep-
tance to distance education medias. S DeCamp*!, B Richert!,
W Singleton!, N Vines', and G Slipher?, !Purdue University, West
Lafayette, IN, 2Indiana Pork Producers Association, Indianapolis, IN.

A booth was developed by Purdue University and the Indiana Pork Pro-
ducers Association for the 1999 Indiana Pork Conference to introduce
pork producers to a variety of distance educational medias. The booth
provided producers a hands-on interaction with eight different media
types on display, which included: CD-ROM (CD), self-study manuals
(SSM), video (V), multi-media kits (MMK), video conferencing (VC),
chat rooms (CHAT), e-mail (EM), and the World Wide Web (WWW). A
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survey was developed to help determine producer’s previous use of dis-
tance education and what they will try as a result of further exposure
to different distance educational medias. After producers explored the
booth they had the opportunity to enter a drawing by completing the
11 question survey, 38 surveys were collected. Chi-square analysis and
Cochran-Mantel-Haenszel statistics were used to determine associations
and differences. The greatest amount of previous exposure was with
video compared to the other medias (p<.05). After exposure, producers
were willing to try a majority of the medias except CHAT and MMK
(p<.06; p<.004, respectively). Producers previously exposed to one
type of media are more likely to try different media (eg. previously used
EM will try WWW,; p<.01). Producers exposed to a media are more
willing to continue to try that media in future situations (p<.04). Pro-
ducers feel that their questions will be answered adequately by distance
education (p<.001). However, live face-to-face with Purdue University
Specialists was the preferred way to receive educational training over
distance education (p<.001). Producers also indicated that distance ed-
ucation will be the future mode for information access (p<.001). These
results display a justification for using distance education in extension
programming and indicate that while distance education is not the pre-
ferred delivery method, it is an acceptable form of information transfer.

Key Words: Distance education, Pigs, Extension

147 Effective use of educational fair exhibits to in-
crease the agricultural literacy of the general public. M. J.
Wylie*!, R. Schwinn?, and D. A. Cashman?®, *University of Wisconsin
- Madison, ? Maryland Cooperative Extension, 3 Maryland State Fair.

The general public is becoming less and less familiar with agriculture.
Fairs attract a large percentage of the general population and are ex-
cellent sites for educational exhibits. An interactive exhibit can not
only increase agricultural literacy, it can also serve to educate the peo-
ple staffing the exhibit as to the perceptions of the general public re-
garding animals and agriculture in general. Today’s society is a sound
byte world and traditional methods of catching people’s attention and
educating them are often no longer effective. The fair-going public is
a moving audience that is being bombarded with advertisements and
information throughout their fair experience. An educational exhibit
needs to be focused, easy to view, have a clear message, and offer more
detailed resources if the public desires them. Teacher packets are an ex-
cellent supplement and prove to be extremely popular. They can also be
followed up with an evaluation instrument to determine if and how ed-
ucational material was utilized. Themes can create a fresh exhibit each
year to attract previous fair-goers. Attention-getting and educational
exhibit materials will be displayed in this poster presentation. Exam-
ples from the New York State Fair and the Maryland State Fair will be
used. If distributing information, it is important to provide quality ed-
ucational information with proper credits. A balance between cute and
straight information needs to exist. Hands-on experiences offer the most
impact. Creating an effective educational exhibit takes some planning
time, but the benefits are well worth the effort.

Key Words: Agricultural Literacy, Fair Education, Animal Exhibits

148 The Virginia cow-calf management course:
teaching basic beef production to producers by a diverse
combination of media. J. B. Hall*, B. R. McKinnon, S. P. Greiner,
and W. D. Whittier, Virginia Tech, Blacksburg, VA.

Producers often lack the basic knowledge or skills to adopt traditional as
well as new technologies. We developed the Virginia Cow-Calf Manage-
ment Course that combined at-home learning with hands-on workshops.
The objective of this course was to improve production practices of be-
ginning to mid-level producers. The course was offered from October
to March including 5 all-day workshops. Workshops were held simulta-
neously in 4 locations. Participants recieved written materials about 2
wk before each workshop and had access to materials via the internet.
Producers could interact with one another and instructors through an
on-line discussion group. Producers were surveyed at the beginning and
end of the class to characterize initial knowledge and assess changes as
a result of the course. Producers (n=191) from 35 VA counties and 3
other states enrolled. Participants averaged 46.7 + 1.2 yr of age with
11.8 + 1.3 yr cattle experience. Most producers (61%) had off-farm
jobs. Average farm size was 150-200 acres with 50-99 cows. Initially,
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only 35% of producers body condition scored (BCS) cows, and few (27%)
grouped cattle by nutritional needs. Average calving season was 90-120
d with only 14% of the calves from AI. Breeding soundness exams were
performed on 44% of operations. By the end of the course, some basic
practices had improved. Most producers (85%) used BCS and improved
herd nutrition (55.9%). Other improvements included use of EPD, ren-
ovated working facilities and enhanced reproductive management. Pro-
ducer ratings (1=poor; 5=excellent) averaged 4.9, 4.8 and 4.7 for overall
course, written materials and hands-on workshops, respectively. Ques-
tions and answers (n=71) were posted on-line with each read an average
of 52 times. We conclude that this combination of at-home, hands-on
and internet instruction is effective for improving production practices
in cow-calf operations.

Key Words: Beef Cattle, Producer Education, Internet

149 Beef 509: A partnership educational program.
J. F. Grimes*, S. L. Boyles, T. B. Turner, and J. W. Yates, The Ohio
State University, Columbus, Ohio.

Beef 509 was a three-day cooperative educational effort of Ohio State
University Extension, The Ohio State University Department of Ani-
mal Sciences, and the Ohio Beef Council. This program was designed
to provide participants with in-depth education on market cattle eval-
uation, grading, carcass fabrication, and industry issues. Funding for
the Beef 509 program was provided by OSU Extension, the Ohio Beef
Council and participant registration fees. The first session of Beef 509
was held in January 1997. To date, six sessions have been held with 171
individuals participating. Individuals participating in the program rep-
resented a wide variety of interests including cow-calf, stockers, feedlot,
packing, restaurants, breed associations, veterinarians, education, and
Extension. Instruction is provided through a combination of classroom
lecture, the use of live animals, and hands-on training in carcass fabri-
cation. Estimates on carcass measurements and values are made on live
animals by each individual. Participants are then divided into teams
to process the carcasses. Muscle, fat, and bone are weighed and priced
to determine final carcass value. Comparing live animal estimates to
actual carcass values has proven to be an effective teaching tool. Evalu-
ations have been conducted at the conclusion of each of the six Beef 509
sessions. Participants have given the program an overall rating of 8.68
(out of a possible 10). 100 percent of the respondents indicated that
they would recommend attending Beef 509 to other industry members.
88.1 percent of the survey respondents felt they would make different
business decisions than they would have if they had not attended Beef
509. When asked if they learned new information about issues facing
the cattle industry during Beef 509, 127 individuals responded yes, 27
stated somewhat, and 4 marked no. In terms of the length of the pro-
gram, 10.7 percent of the surveys indicated the program was too short
while 8.1 percent felt the program was too long. 96.2 percent of the re-
sponses felt that the days of the week for the program were satisfactory.
Additional evaluations have been conducted to monitor any attitude or
behavioral changes.

Key Words: Beef, Teaching, Carcass

150 Centralized ultrasound processing to evaluate
beef cattle for carcass merit. G. H. Rouse*!, D. E. Wilson?,
C. L. Hays!, V. R. Amin!, A. T. Hassen!, S. P. Greiner?, and J.
Crouch3, llowa State University, Ames, IA, 2Virginia Tech, Blacks-
burg, VA, 3 American Angus Association, St. Joseph, MO.

Advances in real-time ultrasound technology and accuracy of composi-
tional and quality evaluation using this technology will give beef cattle
breeders a faster and less expensive means to improve carcass merit. In
1998, Iowa State University (ISU) and the American Angus Association
(AAA) began a two year research project to utilize centralized process-
ing to transfer this technology to seedstock producers. The objectives of
this project were 1) provide the seedstock industry with timely, accurate
and unbiased measurements for fat thickness, ribeye area and % IMF
(marbling), 2) assist breed associations in the accurate assembly of data
required to generate adjustment factors and EPD for carcass merit from
ultrasound measures, 3) provide education, training and operational as-
sistance for ultrasound technicians working with breeders. During 1998,
the Centralized Ultrasound Processing (CUP) laboratory processed im-
ages on 6,224 yearling bulls, 1,194 replacement heifers and 542 feedlot
steers, using the following protocol: a) The breeder notifies the breed as-
sociation of intentions to scan a contemporary group of animals, b) The
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breed association sends the breeder a barn sheet including information
on the contemporary group, c) The breeder selects a technician from an
approved list, d) The technician scans the cattle and submits the images
to CUP for processing, e) The processing results are forwarded to the
breed association by CUP for adding adjustment factors and computing
within contemporary group ratios, f) The breed association sends the
final results to the breeder, g) The breed association also includes the
data into their national database for future calculation of carcass EPD,
h) Questions by the breeder after receiving the final results can be di-
rected to the technician or back to CUP. Following the two year research
project, this technology utilizing the CUP protocol will be transferred
to a commercial entity. Currently, three breeds - Angus, Simmental and
Limousin are participating in centralized processing.

Key Words: Ultrasound, Beef Cattle, Carcass

151 Development of models for prediction of per-
cent intramuscular fat in live cattle. A. Hassen*, D. E. Wilson,
G. H. Rouse, C. L. Hays, and V. R. Amin, lowa State university, Ames,
1A, USA.

In the present study a total of 500 steers were used to develop models
for prediction of percentage of intramuscular fat (%IMF) values in live
beef cattle. Prior to slaughter, steers were scanned across the 12th and
13th rib using an Aloka 500V machine and Classic scanner 200. Four
images were collected per individual steer using each machine. After
slaughter, a cross-sectional slice of the longissimus dorsi muscle from
the 12th rib facing was used for chemical extraction to determine ac-
tual %IMF. Texture analysis software was used by two technicians to
define image parameters which included Fourier, histogram, and tex-
ture parameters. These parameters were used as independent variables
in the development of %IMF prediction models. A total of four pre-
diction models per machine were developed. These included, models
developed without transformation of actual %IMF values (model-I), log
transformation of actual %IMF (model-II), ridge regression (model-III)
and principal components regression (model-IV). The results indicated
that Fourier parameters played an important role in the prediction of
%IMF (P < .05). Model R? and root mean square error (RMSE) of
Aloka models I, II, IIT and IV were, .72, .84%; .72, .86%; .69, .91%;
and .71, .86%; respectively. The corresponding R? and RMSE value of
Classic models I, 1T, II1, and IV were .68, .87%; .70, .85%; .64, .94%; and
.65, .91%; respectively. All models were validated based on an indepen-
dent data set from 71 feedlot steers. The overall mean bias, standard
error of prediction, and rank correlation coefficient across the four Clas-
sic models were, .67%, .81%, and .91, respectively. For Aloka models
the corresponding values were .42%, .84%, and .88, respectively. Both
Aloka and Classic equipment can be used to accurately predict %IMF in
live cattle. Further improvement in the accuracy of prediction could be
achieved through increasing the development data set and the variation
in %IMF of cattle used.

Key Words: Beef Cattle, Ultrasound, Intramuscular fat

152 Feedlot performance and carcass characteristics
that affect feedlot net return. S. R. McPeake*, T. R. Troxel, M.
S. Gadberry, W. T. Wallace, and G. V. Davis, University of Arkansas
Cooperative Extension Service.

The objective of this study was to determine the carcass and perfor-
mance traits that affected feedlot net return. A total of 365 steers from
the Arkansas Steer Feedout Program were used in this study. Stepwise
regression analysis was conducted by year (1996 and 1997) with net re-
turn (NR) serving as a dependent variable. Average daily gain (ADG),
dressing percent (DP) and quality grade (QG) were the top three indi-
cators (R? = .84) of NR in the 1996 steers (n = 137), while feed cost of
gain (FCQG), (QG) and medicine cost (MC) were the top three indicators
(R? = .69) of NR in the 1997 steers (n = 228). Least square means for
ADG, DP, QG and NR from steers that ranked in the top 25% for NR
in 1996 were 1.58 kg/day, 64.9%, 3.7 (4 = choice and 3 = select) and
$194.88, respectively, while least squares means for steers that ranked
in the bottom 25% for NR in 1996 were 1.10 kg/day, 63.6%, 2.9 (2 =
standard) and $10.91, respectively. Least squares means for FCG, QG,
MC and NR from steers that ranked in the top 25% for NR in 1997 were
$1.05/kg, 3.5, $2.19 and $61.06 , respectively, while least square means
for steers in the bottom 25% for NR in 1997 were $1.53/kg, 2.2, $18.92
and $ -183.41 respectively. Choice steers had higher (P < .05) average
NR (1996 and 1997) than steers that graded select, standard or were
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dark cutters. Least square means for NR were $76.82, $28.85, $ -44.15
and $ -162.64 among choice, select, standard and dark cutter steers,
respectively. Regardless of year, DP, QG and MC were important indi-
cators of NR. Steers that fit the following breed criteria (no more than
25% Brahman, 50% or less Exotic and 50% or more English breeding)
had smaller (P < .05) ribeye areas and had higher (P < .05) percent
choice, ADG, backfat and yield grades than steers that did not fit the
breed criteria. Steers that fit the breed criteria had higher numerical
net returns than steers that did not fit the breed criteria, but the differ-
ences were not significant. Although breed type affected NR, individual
feedlot performance and carcass characteristics were more important in-
dicators of NR.

Key Words: Beef Cattle, Net Return, Carcass Data

153 Effects of calving season and weaning age
on bioeconomic efficiency in range beef cattle. M. H.
Makarechian*1, Hang Pangl, and J. A. Basarab?, 1Depart'ment of
AFNS, University of Alberta, 2Alberta Agriculture, Food and Rural
Development.

A dynamic simulation model named ”Alberta Beef Production Sim-
ulation System” which contains herd inventory,nutrient requirements,
forage production and economic submodels was used to compare bioe-
conomic efficiency of spring and fall calvings and different weaning
ages(220,200,180,160 and 140d). Comparisons were made assuming a
mature cow weight of 550kg and a peak milk yield of 8.2kg/d. The
first day of calving season was assumed as March 28 and September
8 for spring and fall calving respectively. Bioeconomic efficiency was
measured as the net return per cow(total return-total cost). The total
dry matter intake and feed cost per year were higher in the fall calv-
ing cows,as calves born in the fall were exposed to severe cold weather
longer than spring born calves in Alberta,resulting in higher demand
for maintenance energy. Bioeconomic efficiency improved as weaning
age increased from 140 to 220d in both calving seasons. For weaning
ages of 200d or less,spring calving was more efficient than fall calving.
However,at weaning age of 220d,fall calving was more efficient, primarily
due to the higher market prices of fall born calves. The results indicated
that the interaction of calving season and weaning age was an important
factor affecting bioeconomic efficiency of calf production in Alberta.

Key Words: Beef calf, Calving season, Weaning age

154 Trace mineral fortification of winter supple-
ment is an effective means of addressing trace mineral de-
ficiency in spring-calving beef cows. J. D. Arthington*! and L.
R. Corah?, ! University of Florida Range Cattle Research and Education
Center, Ona, 2 Certified Angus Beef, Manhattan, KS.

When balancing free-choice mineral, a uniform, daily consumption level
is assumed. Due to many influencing factors, this desired intake level
is rarely achieved on a continuous basis. The following evaluation was
conducted with a Kansas commercial cattlemen experiencing difficulty
with mineral consumption. An initial trace mineral evaluation was con-
ducted via tissue mineral analyses of liver biopsy collections. The anal-
ysis revealed substantial copper deficiency (liver Cu < 50 ppm) in 7
of 12 animals tested. Action was taken to increase the amount of Cu
sulfate included in the free-choice mineral to a final Cu concentration
of 3.50%. Following 81 d of fortified-mineral supplementation, another
trace mineral evaluation was conducted. Again, liver Cu concentrations
were well below the adequate level in 9 of 11 animals tested (adequate
defined as > 75 ppm liver Cu). The reason for the continued deficiency
was contributed to the failure of cows to consume adequate free-choice
mineral. In attempt to better ensure mineral intake, Cu sulfate was
added to the cow’s daily supplement of alfalfa range cubes. Cows were
offered 1.82 kg of range cubes containing .10% Cu sulfate. A final trace
mineral evaluation was conducted after cows were offered Cu sulfate-
fortified range cubes for 90 days prior to spring calving. These results
revealed adequate copper stores in all 10 cows tested. Mean liver cop-
per concentration + stnd. dev., minimum, maximum, and median liver
copper concentrations for the three sampling periods were 90.9 £+ 84.3,
4.9, 263.0, and 34.2, 42.4 £+ 31.7, 7.8, 112.0, and 31.0, and 314.7 + 66.0,
236.0, 447.0, and 320.0, for initial, intermediate, and final samplings, re-
spectively. The increase in liver copper concentration can be attributed
to the daily consumption of Cu in the range cube. By removing the
variability of free-choice mineral intake, adequate stores of tissue cop-
per were achieved prior to the calving and breeding season, a time when
quality trace mineral nutrition is most critical.

Key Words: Copper, Mineral, Cow
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155 Expression of peroxisome proliferator-activated
receptor gamma (PPAR~) in porcine white blood cells
(WBCQC). M. T. Leininger*, C. P. Portocarrero, and K. L. Houseknecht,
Purdue University, West Lafayette, IN.

PPAR~y is a key regulator of adipocyte differentiation and is involved
in the transcriptional regulation of multiple adipocyte genes. Drugs
which activate PPAR~y have potent anti-diabetic effects. We previously
cloned the porcine PPAR~y gene and reported high level expression in
adipose tissue. Recently, in vitro evidence suggests that PPAR~y may
regulate macrophage function. The aim of this work was to determine
if PPAR~ is expressed in porcine WBC, which isoform(s) are expressed,
and the effect of an acute endotoxin challenge on PPAR~y expression in
porcine WBC. Mononuclear cells were isolated from control pigs, total
cell lysates were prepared and analyzed by Western blotting using antis-
era which measures total PPAR~y, but does not distinguish between the
41 and 2 isoforms (PAN- PPAR~; Affinity Bioreagents, Inc., Golden
CO). Additionally, samples were analyzed using antisera specific to the
~2 isoform (Affinity Bioreagents). Total PPARy was detected in WBC
but at lower abundance than in adipose tissue. In contrast, there was
no detectable 72 signal in white blood cells compared to a robust sig-
nal in adipose tissue, indicating that the v1 isoform predominates. To
determine the effects of immune challenge on PPAR~y expression, cas-
trate male pigs (n=4) were fitted with jugular catheters and treated
with saline (Control) and lipopolysaccharide (LPS: 25mg/kg BW). Fol-
lowing each injection, blood samples were collected hourly for 10 hr and
white blood cells isolated. At 10 hr post-injection, an adipose tissue
biopsy was obtained. PPARy mRNA expression in adipose tissue was
not altered by LPS treatment (P>0.05). However, PPAR~1 protein ex-
pression in WBC undergoes dynamic change with endotoxin challenge
(repeated measures ANOVA, P<0.05). By 1 hr post-challenge, expres-
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sion was increased 2-fold over basal, was maximal by 4 hr post LPS
(3.22 £.8 fold) and was normalized to control by 8 hr post-challenge.
These changes in PPAR~1 expression are consistent with reports that
PPAR~ expression is up-regulated during the conversion from monocyte
to macrophage in response to immune challenge in vitro. This is the first
evidence of dynamic changes in PPAR~y expression in WBC in vivo in
any species, and suggests that PPAR~y may play an important role in
the immune response in the pig.

Key Words: Adipose tissue, Inflammation, Immunity

156 Characterization of the porcine Lhx3 pituitary
transcription factor. S. J. Rhodes*, J. Blanton Jr., J. L. Bridwell,
A. L. McCutchan, B. C. Meier, and G. E. Parker, Indiana University-
Purdue University at Indianapolis, Indianapolis, IN.

The anterior pituitary gland contains five cell types that are character-
ized by the trophic hormones that they secrete. Recent studies have
identified transcription factors that regulate development of the gland
in mice and humans. Pit-1 is a POU homeodomain factor that is re-
quired for the function of the somatotrope, lactotrope and thyrotrope
cell lineages. Other regulatory proteins appear to control early pituitary
development. These include the LIM homeodomain transcription factor
Lhx3/P-Lim. Mice lacking Lhx3 do not develop the anterior and inter-
mediate lobes of the pituitary, indicating that Lhx3 is essential for pi-
tuitary organogenesis. To understand the events that regulate pituitary
development in swine with the goal of deciphering the pathways that
regulate growth and reproductive fitness, we have cloned complemen-
tary DNA clones encoding porcine Lhx3 (pLhx3). The pLhx3 protein

Journal of Animal Science, Vol. 77, Supplement 1



sequence exhibits strong similarity to murine Lhx3 within the amino-
terminal LIM domains and the DNA-binding homeodomain, but is less
conserved outside these motifs. Northern analysis demonstrated that the
pLhx3 gene produces a rare 2.2 kb transcript in the adult swine pituitary.
Assay of gene expression during porcine embryogenesis revealed that the
pLhx3 gene displays a biphasic expression pattern. Expression vectors
for pLhx3 activated porcine alpha-glycoprotein promoter luciferase re-
porter genes in transfection assays. Recombinant pLhx3 protein specif-
ically bound to a target site within the porcine alpha-glycoprotein gene
promoter in gelshift assays. Porcine Lhx3 expression vectors induced
transcription from prolactin enhancer/promoter reporter genes in syn-
ergy with Pit-1. pLhx3 protein specifically interacted with Pit-1 and
the LIM domain-binding protein NLI in solution binding assays. Green
fluorescent protein/confocal microscopy studies demonstrated that Lhx3
is a nuclear protein. Our results suggest general conservation of Lhx3
function. Supported by a grant from the NRICGP/USDA to S.R.

Key Words: Transcription, Pituitary, Trophic hormone

157 Chronic in vitro porcine leptin treatment alters
porcine adipocyte metabolism. T. G. Ramsay' and X. Yan*2,
LUSDA-ARS, Beltsville, MD , 2 Pennington Biomedical Research Cen-
ter, Baton Rouge, LA.

Leptin has numerous metabolic effects on peripheral tissues. However,
it is unclear as to whether many of these effects are due to direct ac-
tions of leptin or perhaps due to indirect actions through intermediary
molecules. This study was performed to determine whether leptin has
acute (direct) or chronic (indirect) effects on adipocyte metabolism. Pri-
mary cultures derived from neonatal porcine adipocyte tissue were used
to perform this experiment. The stromal vascular cell fraction of the
adipose tissue was isolated by collagenase digestion, filtration and sub-
sequent centrifugation. These SV cells were seeded on 25 cm? tissue
culture flasks and permitted to proliferate to confluency in 10% FBS
in DMEM/F12 (50:50). Cultures were then induced to differentiate us-
ing 2% FBS + 10 mM IBMX + 1 uM Dexamethasone for 48 hours.
This medium was then replaced with 5% pig serum + 1 uM insulin to
permit the adipocytes to fill with lipid. After 7 days of lipid filling,
adipocytes were washed free of this medium, incubated overnight in
serum free medium and then replaced with test medium. Test medium
contained 0-1000 ng/ml recombinant porcine leptin and 2% pig serum.
Cultures were incubated with these leptin containing media for either
4 hours (acute) or 120 hours (chronic) exposure. At the end of incu-
bation, cultures were harvested for analysis of glucose metabolism +
insulin (10 nM), LPL activity and lipolytic response to isoproteronol (1
uM). Acute leptin treatment had no effect on the evaluated metabolic
parameters. Chronic leptin treatment reduced lipogenesis by 35% in
the presence of insulin (n = 5; p<.01). Heparin releasable LPL activity
was unaffected by leptin treatment in the absence or presence of in-
sulin. Lipolysis was elevated by 23% when insulin was also included in
the lipolytic medium (n = 5; P<.05). These data suggest that porcine
leptin functions through indirect mechanisms to alter porcine adipocyte
metabolism as chronic stimulation was necessary to identify an effect of
porcine leptin. (This research was funded by a grant from USDA-NRI)

Key Words: Leptin, Adipocyte, Metabolism

158 Quantification of satellite cell populations us-
ing fluorescent immunocytochemistry. N. T. Mesires* and M.
E. Doumit, Michigan State University, East Lansing.

Postnatal muscle hypertrophy is associated with increased muscle DNA
content. To understand the mechanisms of muscle growth it is crucial to
quantify populations of proliferating and differentiating satellite cells.
Our objective was to develop an in wvitro immunocytochemical stain-
ing method to quantify populations of proliferating and differentiating
satellite cells in growing pigs. Satellite cells were isolated from a 46kg
barrow and an 80kg barrow. Cells were seeded and allowed to attach
to fibronectin coated coverslips for 48 hours. Cultures were washed of
cellular debris with phosphate buffered saline (PBS) and stained with
5.1H11, an antibody against a cell surface protein expressed in myogenic
cells. Following 5.1H11 staining, cultures were fixed in 1% formalin and
absolute methanol (-20°C), blocked with 2% goat serum in PBS, and
stained for myogenin, a marker of differentiation, using an anti-myogenin
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antibody (F5D). Parallel cultures were also fixed and stained for prolif-
erating cell nuclear antigen (PCNA) using an anti-PCNA (PC10) anti-
body. Detection of bound antibodies was accomplished using an anti-
mouse [gG with fluorescein isothiocyanate conjugate. All cultures were
counterstained with Hoechst 33258 for detection of total nuclei. Stain-
ing treatments for each barrow were done in triplicate and analyzed
via fluorescent microscopy. Total nuclei, as well as 5.1H11, PCNA, and
myogenin positive cells were counted from 25 random fields. Eighty five
percent of cells isolated from the 46kg barrow were satellite cells (5.1H11
positive) while 81% of cells isolated from the 80kg barrow were satel-
lite cells. Ninety one percent of the cells from the 46kg barrow were
proliferating (PCNA positive) while 79% of cells from the 80kg barrow
were PCNA positive. No myogenin positive cells were detected in either
culture. These data indicate that a high percentage of cells in initial
isolates are satellite cells, most of which are in a proliferative state.
This method will be useful for determining the changes in satellite cell
proliferative activity associated with different muscle growth rates.

Key Words: Satellite cell, Differentiation, Proliferation

159 Prolactin inhibition by bromocriptine de-
creases mammary gland development in pregnant gilts. C.
Farmer*!, D. Petitclerc!, and M. Sorensen?, 1Agriculture and Agri-
Food Canada, Lennoxville Research Centre, Canada, 2Danish Institute
of Agricultural Sciences, Foulum Research Centre, Denmark.

This project was undertaken to determine the extent of prolactin in-
volvement in mammogenesis in gilts. Twenty-eight pregnant gilts were
assigned as controls (CTL; n=15) or received 10 mg of bromocriptine
orally thrice daily (bromo; n=13) from d 70 to 110 of gestation. Jugu-
lar blood samples were collected on d 70 of gestation before the onset
of bromocriptine administration and every 8 days thereafter, and were
assayed for prolactin, IGF-I and progesterone. Gilts were slaughtered
on d 110 of gestation and fetuses were counted and weighed. One row
of mammary glands was used for dissection of parenchymal and extra-
parenchymal tissues, and for determination of DNA, RNA, dry matter,
protein and fat contents. Tissue from the other row was used for mea-
sures of prolactin receptor number and affinity. Concentrations of pro-
lactin were drastically reduced throughout the bromocriptine treatment
period (P<.001) whereas there was no overall treatment effect on proges-
terone and IGF-I levels (P>.1). Total weight and extraparenchymal tis-
sue weight of the mammary glands were unaffected by treatment (P>.1)
but weight of parenchymal tissue (1011 vs 581 g, SEM=110), total DNA
(3.2 vs 1.7 g, SEM=.37) and total RNA (3.1 vs 1.5 g, SEM=.4) de-
creased (P<.01) with bromocriptine treatment. Percentages of fat (67.3
vs 77.2, SEM=2.5) and dry matter (39.9 vs 45.6, SEM=1.3) in parenchy-
mal tissue increased with bromocriptine treatment (P<.01) while that
of protein (33.5 vs 25.4, SEM=2.1) decreased (P<.01). Both number
of prolactin receptors (204.5 vs 125.3 fmol/mg protein, SEM=14.1) and
receptor affinity (.67 vs .39 ng/mL, SEM=.04) in parenchymal tissue de-
creased with bromocriptine treatment (P<.001). Average fetal weight
was lower in gilts receiving bromocriptine when compared to control
gilts (1.25 vs 1.13 g, SEM=.04, P=.05) while fetal number did not differ
(P>.1). These results clearly demonstrate that prolactin is essential for
normal mammary gland development and can affect fetal growth during
the last third of gestation in gilts.

Key Words: Sows, Prolactin, Mammary Gland Development

160 Effect of prepubertal feeding regimen on repro-
ductive performance of gilts. J. Klindt*, R. K. Christenson, and
J. T. Yen, USDA-ARS U.S. Meat Animal Research Center, Clay Center,
NE.

Efficient development of gilts such that they conceive early and continue
to produce offspring is a primary objective of swine production. Herein,
we investigated different prepubertal feeding regimens on reproductive
performance of gilts. At 13 wk of age white crossbred gilts were penned
individually and assigned to treatments: AL, ad libitum access to feed
from 13 to 25 wk of age (n = 63); C, ad libitum access to feed from
13 wk of age until 100 kg BW and then 90% of ad libitum until 25 wk
of age (n = 64); and R, 74% of ad libitum from 13 to 25 wk of age.
Feed was formulated to primarily restrict energy intake. The study was
replicated in two seasons. At 25 wk of age gilts were moved to group
pens, fed ad libitum and estrous detection initiated and continued for 7
wk. Gilts were mated at first estrus and those recycling were remated.
Post-mating gilts were fed 1.5 x maintenance in gestation stalls until
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35 to 45 d of gestation. At that time gilts were moved to pens (5/pen)
where they were fed at approximately 1.5 x maintenance until 105 to 110
d of gestation when they were slaughtered or moved to farrowing crates
(term). Average feed consumed (kg) from 13 wk of age to removal or
term by all gilts assigned was 445 + 11 by AL, 477 + 11 by C, and 404 +
11 by R (P < .01). Percentage of gilts reaching term and age at term (d)
were 64 and 317 + 2 in AL, 81 and 321 £ 2 in C, and 69 and 317 &+ 2 in
R (P < .08 and P < .13, respectively). For all gilts pig production/gilt
was 6.8 £ .7 in AL, 8.1 £ .7 in C, and 6.9 £ .7 in R (P < .24) and
efficiency (pigs/kg feed) was .0139 £ .0014 in AL, .0163 £ .0014 in C,
and .0157 £+ .0014 in R (P < .45). No. of pigs produced and efficiency
in gilts reaching term were 10.5 + .5 and .0214 + .0011 in Al, 9.7 +
.4 and .0192 £+ .0009 in C, and 9.7 + .5 and .0223 £+ .0011 in R (P <
.36 and P < .08, respectively). These results indicate restricted feeding
of gilts during prepubertal development may increase the efficiency of
swine production without negative impact on reproduction from mating
to term.

Key Words: Gilts, Puberty, Growth

161 Postnatal growth of offspring in response to so-
matotropin treatment of sows during early gestation. G.
Kuhn, C. Rehfeldt, and K. Ender*, Research Institute for Biology of
Farm Animals, Dummerstorf, Germany.

This experiment was undertaken to determine the influence of soma-
totropin (pST)-treatment of pregnant sows on the development of off-
spring during postnatal growth. Seven gilts received daily i.m. injections
of 6 mg pST from day 10 to 27 followed by decreasing doses down to
0 mg pST from day 28 to 37 after artificial insemination (pST-group).
Seven sows received a placebo (control). Three neonates of the highest
(HW), of the middle (MW), and of the lowest (LW) birth weight from
each litter were dissected into meat, fat cover, bones, skin, and internal
organs. Subsequently, several tissues were analyzed to determine the
composition of water, protein, lipid, and ash. The remaining piglets of
the litters were allocated to three birth weight classes by the help of
frequency distribution (low, middle, high) and reared up to 182 days of
age on average. After slaughter, carcass composition and meat quality
of the pigs were examined. All data were statistically analyzed using
proc GLM. At birth the LW- and MW-piglets from treated sows were
somewhat heavier in comparison to the corresponding piglets from un-
treated sows (by 11 and 4 %, respectively; NS). The body composition of
the piglets was slightly influenced by pST-treatment. The percentages
of meat and internal organs were increased whereas the percentages of
fat cover and bones were decreased. Water percentage in meat and in
adipose tissue were reduced whereas protein percentage was elevated.
The total protein percentage in LW-piglets from treated sows was 1.56
% higher (P< 0.05) compared to corresponding controls. Live weight
development up to slaughter was not clearly affected by pST. However,
there were indications of slower growth up to 14 days of age followed
by growth compensation up to 28 days of age. Thereafter, the influ-
ence of pST on live weight development differed slightly between pigs
from different birth weight classes. Total daily gain was the same for
pST- and control pigs on average. Carcass quality of slaughtered pigs
was not clearly affected by pST-treatment of their mothers. PST-pigs
of lower birth weight tended to exhibit higher carcass meat percentage
in comparison to corresponding controls.

Key Words: Somatotropin, Growth, Pig

162 Effects of weaning on somatotrophic gene ex-
pression and circulating levels of growth hormone (GH),
insulin-like growth factor-1 (IGF-1), and IGF-2. R. L.
Matteri*1, C. J. Dyer!, K. J. Touchette?, J. A. Carroll!, and G. L.
Allee?, 1 Animal Physiology Research Unit, Agricultural Research Ser-
vice, USDA, Columbia, MO, 2 University of Missouri, Columbia, MO.

‘Weaning the piglet results in a well-characterized reduction in growth,
increase in GH secretion, and a reduction in circulating levels of IGF-1
and IGF-2. The objective of this study was to evaluate postweaning
changes in the secretion of these hormones and the expression of genes
involved with their production. At 14 d of age, piglets were either cross-
fostered to a sow (S, n = 8) or weaned onto phase 1 diets containing
0 (NP, n = 8) or 7% (SDP, n = 8) spray-dried plasma. Animals were
sacrificed after 4 d for blood and tissue collection. Weight gain over
this 4-d period was significantly greater in S, compared to NP and SDP
groups (1.3 +/- .09, .11 +/- .06, and .07 +/- .04 kg, respectively; P
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< .001). Respective gains over the last day of the study were .23 +/-
.05, .05 4/- .03, and .29 +/- .04 kg (P < .001). Serum GH concentra-
tions at sacrifice were higher in NP and SDP, compared to S piglets (P
< .001). Conversely IGF-1 and IGF-2 concentrations were equivalently
lower in NP and SDP, compared to S piglets (P < .001). The level of
pituitary GH mRNA did not differ among groups (P = .3). Levels of
IGF-1 and IGF-2 mRNA were equivalent among groups in liver, muscle
(1. dorsi), and fat tissue; however, a tendency was noted for lower liver
IGF-1 mRNA in S piglets (P = .09). Liver IGFBP-3 mRNA also was
unaffected by treatments (P = .4). A strong tendency for lower liver
GH receptor mRNA was noted in S piglets (P = .06); however, muscle
GH receptor mRNA was equivalent among groups (P = .7). The results
indicate that the abundances of specific mRNAs in the present tissues
are not the immediate determining factors of circulating GH and IGF
levels. The high rate of gain between d 3 and 4 in the SDP piglets is
not accompanied by a normalization of GH or IGF secretion, suggest-
ing a significant lag time between recoveries of postweaning gain and
somatotrophic axis function.

Key Words: Piglet, Insulin-like Growth Factors, Growth

163 Effects of weaning on gene expression of neu-
roendocrine regulators of feed intake. C. J. Dyer*!, K. J.
Touchette?, J. A. Carroll}, G. L. Allee?, and R. L. Matteri!, *Animal
Physiology Unit, Agricultural Research Service, USDA,Columbia, MO,
2University of Missouri, Columbia, MO.

One of the greatest challenges in swine nutrition is to decrease the post-
weaning lag by stimulating feed intake and growth. Spray-dried plasma
(SDP) is often added to phase 1 diets to attempt to stimulate appetite
during this lag. The current study was designed to investigate changes in
gene expression (messenger ribonucleic acid, mRNA) of neuroendocrine
appetite regulators during weaning. Young pigs (14 d, 4.69+0.13kg)
were either crossfostered to a sow (SOW, n=8), weaned and fed a phase
1 diet containing no SDP (NP, n=8), or weaned and fed a diet contain-
ing 7% SDP (SDP, n=8). Animals were sacrificed 4 d after weaning
(or crossfostering) for tissue collection. Gene expression was compared
between treatments using initial (pre-weaning) body weight as a covari-
ate. Expression of neuropeptide Y (NPY), a potent stimulator of feed
intake, was equivalently decreased (P=0.011) in SDP and NP pigs com-
pared to SOW pigs. There were no treatment effects seen on adipose
leptin, or hypothalamic leptin receptor, orexin (ORX), orexin receptor
type 2 (Orec2), or insulin-like growth factor 1 (IGF-1) gene expression.
Correlation analysis revealed significant (P<0.001) correlations between
initial body weight and hypothalamic ORX, Orec2, NPY, and IGF-1
expression (R=0.664, 0.759, 0.791, and 0.697, respectively) across treat-
ments. Interestingly, no such pattern was observed for adipose leptin
or hypothalamic leptin receptor expression. Expression of Orec2 mRNA
was strongly correlated to ORX expression across treatments (R=0.690,
P=0.0002). This study provides not only the first report of endogenous
orexin mRNA expression in a livestock species, but gives new insight
into the neurochemical impact of weaning.

Key Words: Piglet, Appetite, Weaning

164 Biological effects of dietary porcine plasma pro-
tein on growth performance, small intestinal mass and mor-
phology, and plasma urea levels in early-weaned pigs. R.
Jiang, X. Chang, B. Stoll, M. Fan, and D. G. Burrin*, USDA/ARS
Children’s Nutrition Research Center, Baylor College of Medicine.

We quantified the effects of diets containing porcine plasma protein on
growth, small intestinal mass, mucosal morphology and plasma urea of
early-weaned pigs. Ninety-six pigs (14 d old; 4 kg body weight (BW))
were assigned in groups of 32 to three dietary treatments; (control diet-
ad libitum (C), plasma protein diet-ad libitum (P), and plasma protein,
pair-fed to C (PFP)). Pigs (N=8 per treatment) were killed after 2, 4,
8 or 16 d of feeding. Over 16 d, daily food intake and weight gain in
the P group were 30% and 43%, respectively, greater (P < 0.05) than C
pigs; weight gain was similar in C and PFP groups. Intestinal masses in
all three groups were similar at 2, 4, and 8 d. By 16 d the jejunal (JEJ)
and ileal (ILE) protein and DNA masses (mg/kg BW) in both the P and
PFP groups were lower than in C (P<0.05). Dietary plasma protein did
not affect either crypt depth or villus height in the JEJ. Among dietary
groups, ratios of 4 h in vivo crypt labeling (%total cells) with BrdU in
the JEJ were 23%, 39%, 35%, and 36% at 2, 4, 8, and 16 d, but were not
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affected by dietary plasma protein. Plasma urea concentrations were de-
creased by 40% and 42% in P and in PFP group (P < 0.05) during the 16
d of dietary plasma protein treatment, respectively. Regardless of food
intake, pigs receiving plasma protein had lower relative small intestinal
protein and DNA masses. Decreased plasma urea concentrations suggest
that dietary plasma may reduce amino acid catabolism.

Key Words: Protein, Urea, Porcine

165 Enhanced carcass composition in IGF-I trans-
genic barrows and gilts. V. G. Pursel*!, A. D. Mitchell!, K.
D. Wells!, R. J. Wall}, M. E. Coleman?, and R. J. Schwartz?,
LUSDA, ARS, Beltsville, MD, 2 GeneMedicine, Inc., The Woodlands,
TX, 3Baylor College of Medicine, Houston, TX.

The objective of this research was to determine whether directing expres-
sion of IGF-I specifically to striated muscle would enhance lean muscle
growth in barrows and gilts. Although growth hormone is considered the
primary growth-promoting hormone in mammals, many of its effects are
thought to be mediated by insulin-like growth factor-I (IGF-I). Trans-
genic pigs were produced with a fusion gene composed of avian skeletal
a-actin regulatory sequences and the cDNA encoding IGF-I. A founder
transgenic boar (hybrid dam line) was mated to seven non-transgenic
gilts from two hybrid sire lines to produce G1 transgenic and sibling
control progeny. After weaning, pigs were provided feed ad libitum un-
til they reached 120 kg body weight. At 90 and 120 kg body weight 13
transgenic and 24 sibling control pigs were anesthetized and scanned by
dual-energy x-ray absorptiometry (DXA) to estimate body composition.
At 90 and 120 kg the transgenic pigs had more lean and less fat than
sibling control pigs (P<.05 at each weight). The day after the last live
DXA scan all pigs were killed, the right half of each carcass was scanned
by DXA after one day of chilling, and the loin eye area and back fat
measurements taken. In comparison to sibling controls, transgenic gilts
and barrows, respecively, had a larger LEA (29.4 and 31.4%, P<.001),
more carcass lean (10.1 and 11.4%, P<.01), less carcass fat (20.1 and
22.0%, P<.01), and less average backfat (15.1 and 30.0%, P<.01). Av-
erage daily gain was similar for transgenic and control pigs. Based on
these results we conclude that enhancing IGF-I specifically in skeletal
muscle had a positive effect on carcass composition of terminal cross
market swine.

Key Words: Swine, Transgenic, IGF-I

166 Porcine (pST) somatotropin administration in-
creases protein balance by promoting protein conservation
in fasted swine. R. C. Vann*!, H. V. Nguyen!, J. M. Vargas!, P. J.
Reeds!, N. C. Steele?, and T. A. Davis!, "USDA/ARS Children’s Nu-
trition Center, Houston, TX, 2USDA-ARS Growth Biology Laboratory,
Beltsville, MD.

Fasting lowers protein synthesis and increases degradation, thus it is
important to conserve protein when feed is not available. The objective
of this study was to determine the effect of pST on whole body pro-
tein turnover in fasted, young swine. Previously, Vann et al. (1998)
reported pST promotes growth by lowering both protein degradation
and amino acid oxidation in young, fed swine. Groups of six pair-
fed, weight matched (15 kg), growing barrows were treated with pST
(150pg/kg/d) or diluent for 7 d and fasted overnight. The animals were
then maintained with a 4 h somatostatin and replacement insulin (20
ng/kg %® /min) infusion. Insulin concentrations were 5uU/ml and fast-
ing glucose and amino acid levels were maintained by infusion. Whole-
body protein turnover and leucine (Leu) oxidation were determined with
primed, continuous infusion of [1—13C] Leu and **C-bicarbonate. pST-
treated pigs had increased protein synthesis (+17%; P < .05), and lower
Leu oxidation (-47%; P < .001) resulting in an increased protein balance
(47%; P < .01) compared to the control pigs. The results indicate that
the effect of pST on fed state Leu oxidation survives fasting and that
pST blocks the reduction in protein synthesis that occurs with fasting.
We conclude that pST promotes maximum efficiency via minimizing
protein loss in fasting, and maximizing protein gain in the fed state.
Supported by USDA NRI 96-35206-3657

Key Words: Swine, pST, Insulin

Journal of Animal Science, Vol. 77, Supplement 1

167 Metabolic responses to short-term bST admin-
istration in milk-fed bull calves between birth and 100
days of age. J. M. Smith*!, M. C. Diaz!, M. E. Van Amburgh?,
M. C. Lucy?, and D. E. Bauman!, ! Cornell University, 2 University of
Missouri-Columbia.

Fifty-four Holstein bull calves underwent a single short-term bovine
somatotropin (bST) challenge to evaluate the functional coordination
of the somatotropic axis. Calves were injected with a reconstituted
daily injectable bST formulation (Monsanto) at 120 pug/kg BW subcu-
taneously for three consecutive days and were slaughtered the day after
the third injection. Calves were fed a 30% crude protein: 20% fat milk
replacer (Milk Specialties) from birth to slaughter at either 65 kg, 85
kg, or 105 kg BW (18 calves at each weight). Calves were fed to achieve
one of three target rates of gain, 500 g/d (TRT 1), 950 g/d (TRT 2),
or 1400 g/d (TRT 3), to their respective slaughter points (6 calves per
TRT to each slaughter weight). Calves reached 65 kg BW at an average
of 42.5, 25.7, or 26.8 days of age after growing 610, 1060, or 1050 g/d,
respectively. Calves weighing 85 kg at slaughter were 69.5, 40.0, or 35.3
days old, on average, having gained 625, 1100, or 1300 g/d, respectively.
Calves slaughtered at 105 kg BW were 98.2, 65.3 or 51.7 days of age
with ADG of 620, 960, or 1250 g/d, respectively. Least square means
of plasma IGF-1 concentrations measured by RIA after glycyl-glycine
extraction of samples collected immediately prior to challenge and 14 h
after the third bST injection (post-challenge) are presented in the fol-
lowing table. Post-challenge IGF-1 concentrations were higher (p<.009)
than pre-challenge levels in all calves.

Liver tissue from each of these calves and from six calves slaughtered at
one day of age was analyzed by ribonuclease protection assay (RPA) for
mRNA specific for IGF-1 and the liver-specific growth hormone recep-
tor, GHR1A. Low levels of IGF-1 mRNA were present in day-old calves
and remained low in calves grown at the lowest rate of gain. IGF-1 and
GHR1A mRNA increased in calves grown at the highest two rates of
gain. GHR1A mRNA was present in day-old calves.

IGF-1 (ng/ml)

BW (kg) Time TRT 1 TRT 2 TRT 3
65 pre 129 256 193
post 276 481 545
85 pre 144 211 264
post 269 498 532
105 pre 164 265 346
post 334 518 506

Key Words: Somatotropic axis, Insulin-like growth factor-1, Calves

168 Responsiveness to growth hormone-releasing
hormone (GHRH) challenge: A physiological predictor of
average daily gain in beef bulls. E. E. Connor*, S. M. Barao,
and G. E. Dahl, University of Maryland, College Park.

The relationship between serum growth hormone (GH) concentration,
after GHRH-stimulated release, and subsequent weight gain in weanling
black Angus bulls (n = 38) was evaluated. Bulls averaged 272 d (SD
= 29) of age when challenged with 1.5 and 4.5 ug/100 kg BW bovine
GHRH (1 - 30) analog (i.v.) following a 19-h fasting period. All bulls
were challenged with one of 2 doses of GHRH on consecutive days and
dose was randomized by day. Two h prior to each GHRH challenge, all
bulls received a ”clearance” dose of 4.5 ug/100 kg BW bovine GHRH
(1 - 30) analog to reduce variation in subsequent response to GHRH
challenge. Blood was collected via jugular venipuncture at 0 and 10
min relative to each injection of GHRH for serum GH determination by
RIA. Pearson’s ranked correlation revealed responses from the two 4.5
ng GHRH/100 kg BW clearance doses were consistent within animal
over time (r = .38; P = .03). The relationships between GH response to
each challenge dose of GHRH versus ADG during a 112-d growth perfor-
mance test were evaluated using simple linear regression. A positive re-
lationship (r2 = .18; P = .007) was demonstrated between GH response
to the 1.5 pug GHRH/100 kg BW challenge versus ADG. Response to the
4.5 pg GHRH/100 kg BW challenge tended to be positively related to
subsequent weight gain (r2 = .08; P = .09). The relationship between
response to GHRH challenge and carcass composition at d 112 of the
growth performance test will be evaluated. Results of this study suggest
that GH response to GHRH challenge is a useful tool for identifying beef
bulls superior for growth.

Key Words: Beef cattle, Growth, GHRH
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169 Effects of varying degrees of muscularity and
muscular hypertrophy in Hereford, Limousin, and Pied-
montese F2 crossbred calves on traits measured through
weaning. R. E. Short*, M. D. Grosz, M. D. MacNeil, E. E. Grings,
and R. A. Bellows, USDA-ARS, Ft. Keogh LARRL, Miles City, MT.

Breeds that are similar in mature weight but differ in muscularity, espe-
cially with breeds that express muscular hypertrophy (double muscling),
may affect production traits. Hereford (normal muscling, H), Limousin
(moderate muscling, L), and Piedmontese (muscular hypertrophy, P)
sires (20 to 25 per breed) were bred to crossbred cows at random to
produce F1 calves. F1 progeny were inter se mated within sire breed
to produce F2 calves. P-cross F2 calves were genotyped for the G-A
transition mutation at the myostatin locus characteristic of P, and their
genotypes were classified on the basis of having 0 (Pg), 1 (P1), or 2 (P2)
copies of the mutant allele (mhP). Sires and dams of P-cross F2 calves
were assumed to be P1, and H- and L-cross calves were assumed to have
Po genotypes. Included in the ANOV model were breed, sex, year, age
of dam (first calf heifers, F or cows, C), and selected 2-way interactions
for birth wt, kg (BWT, SD=5.0), calving difficulty score (CD, SD=.72,
1 = no CD to 4 = caesarean section, abnormal presentations omitted),
% with CD > 1 (%CD, SD=34), and weaning wt, kg (WWT, SD=24).
‘We conclude that differences in muscularity affected BWT with both the
L and P3 genotypes increasing BWT. WWT was lowest in P but was
not affected by the mhP allele. CD and %CD in F were decreased in Pg
but were dramatically increased by the addition of the mhP allele. In C
there were no effects of genotype on CD or %CD. Breeding schemes for
optimal use of the mhP allele could use P; dams mated to Py as F and
to Py as C.

Genotype means Genotype comparison
Trait H L Po P, P, HL HPy LPy, PoP; PgPy P 1P,

BWT 356 38.2 35.7 36.9 39.1 - + _ P B
CD-F 1.63 1.57 1.26 1.91 2.32 - - - 1 ¥ _
CD-C 1.05 1.03 1.02 .99 1.11 - - - - _ _
%CD-F 35.9 31.1 12.8 43.0 54.8 - - " ¥ _
%CD-C 1.7 2.6 .8 -1 9.1 - - = - - -
WWT 183 188 178 176 169 - - t - _ _
n 221 206 48 118 36

P < .1.

Key Words: Cattle, Muscularity, Preweaning Traits

170 The influence of body weight and marbling
EPD on the relationship of intramuscular fat content and
body composition. K. W. Bruns*, R. H. Pritchard, and D. L. Boggs,
South Dakota State University, Brookings.

Angus steers of known parentage were used in a two year study (n=40
year 1, n=45 year 2) to evaluate the relationship between intramuscu-
lar fat content and carcass characteristics of non-implanted steers with
varying EPD for marbling. Steers were sorted by paternal grand-sire
EPD for marbling (MEPD) into high marbling (HM) and low marbling
(LM) groups. Average marbling EPD in year 1 were +.21 + .10 for HM
and -.19 £+ .04 for LM and year 2 were +.28 £ .08 for HM and -.02
+ .19 for LM. All steers were fed a corn based 90 percent concentrate
diet. Steers were randomly allocated into 5 harvest groups. Data were
analyzed as a completely random design with a factorial arrangement
of treatments (Year, MEPD and Harvest group). Harvest group hot
carcass weights (HCW) were 208 + 15, 246 + 23, 296 + 19, 353 £ 25,
and 381 + 28 kg. MEPD did not affect (P>.10) backfat, longissimus
muscle area, yield grade, or marbling score. HM and LM treatments
had similar (P>.10) HWC and 12" rib lipid content for harvest groups
1,2,3 and 4. HM steers in harvest group 5 had heavier HCW (393 vs.
368 kg; P<.05) and a greater amount of 12¢” rib lipid content (9.0 vs
7.7%; P<.10). Harvest group affected the level and extent of marbling
(P<.01). There was not a Harvest group x MEPD group interaction in-
dicating no differences occurred in the pattern of marbling development
due to marbling EPD. Carcasses expressed Small degrees of marbling
between the HCW of 246 and 296 kg (harvest group 2 and 3). These
data indicate that EPD for marbling of parental grand-sires was not
indicative of differences in the onset or the rate of development of mar-
bling. Greater differences in MEPD may be needed to recognize these
differences.

Key Words: Marbling, Serial slaughter, Body composition
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171 DNA binding site requirements for Lhx3-
mediated gene activation. J. L. Bridwell*, A. L. McCutchan, J.
R. Price, K. W. Sloop, and S. J. Rhodes, Indiana University-Purdue
University at Indianapolis, Indianapolis, IN.

Cell-specific gene expression is temporally and spatially regulated by the
coordinated actions of transcription factors that activate or repress the
transcriptional activity of target genes. Lhx3 is a LIM-Homeodomain
transcription factor expressed early in development in the brain and
Rathke’s pouch, the structure that forms the anterior and intermediate
lobes of the adult pituitary. This protein plays a role in the develop-
ment of certain subpopulations of motorneurons and is critical in the
establishment and differentiation of four of the five hormone-secreting
cell types of the anterior pituitary including, the growth hormone, pro-
lactin, thyroid stimulating hormone and luteinizing/follicle stimulating
hormone cells. Knockout mice lacking a functional Lhx3 protein die
at birth with no anterior/intermediate pituitary development. Since
little is known about the transcriptional mechanism of this develop-
mentally important protein, site-selection methods employing gelshift
analysis and polymerase chain reaction (PCR) using degenerate oligonu-
cleotides were used to identify the preferred target sequence for porcine
and murine Lhx3. Results of this study show that Lhx3 binds to an
A/T-rich DNA sequence and that the LIM domains of the protein regu-
late binding affinity to the DNA, but not specificity. This binding site is
capable of conferring Lhx3-dependent transcription to heterologous pro-
moters in transfection assays. Both full-length Lhx3 and LIM-deleted
Lhx3 are capable of bending target DNA. We are currently using these
results to investigate potential Lhx3 target genes in the pituitary and
brain. Supported by the NRICGP/USDA and the NSF.

Key Words: Transcription, Pituitary, Trophic hormones

172 Cross-species conservation of protein structure
and function of the LIM homeodomain transcription fac-
tor Lhx3. K. W. Sloop*, J. L. Bridwell, B. C. Meier, G. E. Parker,
and S. J. Rhodes, Indiana University-Purdue University at Indianapolis,
Indianapolis, IN.

Lhx3/P-Lim is a LIM homeodomain transcription factor critical to ante-
rior pituitary organogenesis and motor neuron pathfinding in vertebrate
development. This factor contains two cysteine-rich zinc finger-like LIM
motifs in the amino-terminus that mediate protein-protein interactions
and a DNA-binding homeodomain in the carboxyl-terminus. The ob-
jective of this study was to compare conservation of protein structure
and function between the human, porcine, and murine Lhx3/P-Lim. Pi-
tuitary complementary DNA (cDNA) bacteriophage libraries screened
with radiolabelled probes and 5° RACE (Rapid Amplification of cDNA
Ends) were used to identify Lhx3/P-Lim ¢cDNAs. Electrophorectic mo-
bility shift assays (EMSA) and in vitro luciferase reporter assays were
used to assess DNA binding and promoter activation specificity. DNA
sequence analysis of the human, porcine, and murine Lhx3/P-Lim re-
vealed high conservation in the LIM and homeodomains, but low simi-
larity outside of these regions. In addition, DNA binding and activation
of pituitary hormone reporter genes was similar among the three fac-
tors. We conclude that the functional domains of the Lhx3/P-Lim tran-
scription factor are structurally and functionally conserved throughout
evolution. Supported by a grant from the NRICGP/USDA to S.R.

Key Words: Transcription, Pituitary, Trophic hormones

173 Mono-ADP-ribosylation in skeletal muscle cell
cultures and modification of intermediate filaments in vitro.
T. W. Huiatt*, W. Tong, J. Yuan, D. J. Graves, and R. M. Robson,
lowa State University, Ames.

Mono-ADP-ribosylation is a covalent protein modification of proteins
involving transfer of ADP-ribose from NAD to a protein by an ADP-
ribosyl transferase (ADPRT). Arginine-specific ADPRTs have been
identified in many tissues including skeletal muscle. We showed pre-
viously that inhibitors of the arginine-specific ADPRT inhibited differ-
entiation of chick muscle cells in culture and that the muscle intermedi-
ate filament (IF) protein desmin is a substrate for the purified enzyme,
suggesting that this modification has important functions in skeletal
muscle. To further examine the role of ADPRT in muscle differentia-
tion, cultures of the mouse skeletal muscle cell line C2C12 were treated
with an antisense oligonucleotide to inhibit expression of the enzyme.
A 22 base-pair phosphothioate-modified oligo complementary to the re-
gion of the mouse arginine-specific ADPRT message that included the
start codon was synthesized. Oligo was added to C2C12 cultures at a
concentration of 1.5 uM either 1 d prior to or at the time the medium
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was changed from proliferation medium (20% fetal calf serum) to differ-
entiation medium (4% horse serum). Antisense treatment reduced AD-
PRT expression more than 50% in comparison to controls treated with
random oligo and concomitantly inhibited differentiation to the same
extent, as measured by creatine kinase activity. These results suggest
that ADPRT has an essential role in regulation of muscle differentiation.
In addition, the effect of ADP-ribosylation on the properties of purified
desmin was further characterized. We established previously that ADP-
ribosylated desmin is incapable of assembling into IFs in vitro. In this
study, we demonstrated that treatment of assembled desmin IFs with
ADPRT resulted in disassembly, and that modified desmin does not
coassemble with unmodifed desmin. Further, stepwise enzyme cleavage
of the ADP-ribose moiety attached to desmin was used to characterize
chemical features of the ADP-ribose moiety necessary to inhibit assem-
bly. These results provide additional information to suggest that ADP-
ribosylation could regulate desmin assembly in muscle cells, and thus,
ADPRT may be involved in regulation of both differentiation and IF
assembly/disassembly in muscle. (Supported by USDA NRICGP Grant
96-35206-3857).

Key Words: skeletal muscle, ADP-ribosylation, myogenesis

174 Changes in serum and muscle myostatin pro-
teins in response to weight restriction and compensatory
growth. S. Q. Ji, R. L. Godat*, G. M. Willis, G. R. Frank, S. G.
Cornelius, and M. E. Spurlock, Purina Mills, Inc., Gray Summit, MO.

The objective of this study was to determine if there are changes in myo-
statin expression and tissue protein in conjunction with compensatory
growth in pigs. Forty eight pigs were assigned to 4 dietary treatments
at approximately 14.5 kg BW. For the duration of the study (31 d),
one group of pigs was allowed ad libitum (AL) intake and an alterna-
tive group allowed only that level of intake estimated for maintenance
of BW (MNT). The third group was allowed maintenance intake for 21
d and ad libitum intake for the remaining 10 d (MNT-AL) whereas the
fourth group was allowed ad libitum intake and switched to maintenance
intake (AL-MNT). At the conclusion of the study, blood samples were
obtained and all pigs were killed for collection of longissimus and semi-
tendinosus muscle samples. Immunoreactive myostatin protein in serum
and muscle extracts was quantified on a relative basis by immunoblot-
ting procedures. For the initial 21 d, pigs consuming maintenance intake
gained less than 50 g. Also, BW change in pigs allowed maintenance in-
take in the final 10 d was less than 50 g. Growth rate was 14.1% greater
(P<.01) in the MNT-AL pigs than in the AL group over the final 10 d. In
longissimus muscle extracts, 3 immunoreactive myostatin bands were de-
tected (approximately 35, 45 and 90 kDa) consistent with the monomer
and dimer of the 45 kDa (unprocessed) protein and the amino terminal
of the processed protein. Abundance of the 90 kDa protein was about
21% higher (P<.01) in the MNT group than in other groups. In serum,
only the 45 kDa protein was detected and was higher in concentration
(17%, P<.05) in pigs consuming maintenance intake during the final 10
d (i.e., AL-MNT and MNT groups). Myostatin mRNA (per unit of 18S
rRNA) tended to be lower (P<.10) in pigs that had intake restricted for
all or part of the study vs. the AL group. Furthermore, deep red semi-
tendinosus muscle contained less (P<.05) myostatin mRNA than white
semitendinosus or longissimus muscle. The data reported herein provide
the first evidence of the presence of the unprocessed myostatin protein
in the blood of pigs and of the processed and unprocessed proteins in
muscle extracts. The data also indicate that greater concentrations of
myostatin protein in muscle and serum may be associated with restricted
weight gain.

Key Words: Pig, Myostatin, Blood

175 Regulation of PPAR but not leptin gene ex-
pression by dietary fatty acid supplementation. M. E.
Spurlock*!, K. L. Houseknecht?, C. P. Portocarrero?, S. G. Cornelius?!,
and G. M. Willis!, 1 Purina Mills, Inc., 2 Purdue University.

Leptin and PPAR~ are adipocyte genes which are important in the reg-
ulation of appetite (leptin) adipogenesis (PPAR7y) and whole-body en-
ergy homeostasis (both). To determine the effect(s) of dietary fatty
acids on expression of these genes, adipose tissue was obtained from
control pigs that were a part of a larger study designed to evaluate the
effect of dietary fat source on immunological response criteria. The ex-
periment reported herein utilized 48 pigs (progeny of Pig Improvement
Company [PIC] Camborough females mated to Line 63 males) from four
treatment groups (n = 12). The pigs were confined in individual pens
in an environmentally regulated building for the duration of the study
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(84 d). Corn-soybean meal diets (growing and finishing phases) con-
tained no added fat (NO), or 10% beef tallow (BT), safflower oil (SO)
or fish oil (FO). Feed and water were provided on an ad libitum basis.
At the completion of the study, blood samples were obtained by jugular
venipuncture for serum recovery, and the pigs were then killed by exsan-
guination following mechanical stunning. Subcutaneous adipose tissue
was collected immediately and frozen in liquid nitrogen. The abundance
of leptin, PPAR~1, and PPAR~y2 mRNA was quantified relative to 18S
rRNA using ribonuclease protection assays. Overall, ADG was not im-
proved (P>.05) by adding fat but pigs fed the FO diet had lower (P<.05)
ADG than pigs fed either BT or SO. Gain:feed was improved (P<.05)
21% by adding fat with a corresponding reduction (P<.05) in feed in-
take. Neither leptin nor PPARy1 mRNA abundance was responsive to
added fat (P>.15). However, the abundance of PPARy2 mRNA was
increased 4-fold by SO compared to the NO diet. These data implicate
caloric intake, but not dietary fatty acids per se in the regulation of
leptin gene expression in swine. Furthermore, they provide a potential
mechanism by which dietary fatty acids may stimulate adipogenesis via
up-regulation of PPAR~y.

Key Words: Pig, leptin, fatty acids

176  Analysis of leptin and leptin receptor mRNA
expression in the sheep placenta. R. A. Ehrhardt*, A. W. Bell,
and Y. R. Boisclair, Cornell University, Ithaca, NY.

Leptin and its receptor have been shown to be expressed in the placentae
of humans and murines. Historically, the sheep has been an important
model for investigations during pregnancy. The objective of the present
work was to determine whether the sheep might serve as a good model
for investigations of leptin biology during pregnancy. Placentomes were
obtained from multiparous Finn x Dorset ewes at d 85, 110 and 140
post coitus (PC). Poly A RNA (5 pug) obtained from these placentae
was subjected to Northern analysis and probed with a partial cDNA
corresponding to exon 2 of the sheep leptin gene. This probe was la-
beled to high specific activity using a polymerase chain reaction (PCR)
based method. No detectable signal for sheep leptin was found in any of
these placental samples using this high specific activity probe and pro-
longed autoradiographic exposure (14 d). A sheep leptin receptor cDNA
was generated by reverse transcriptase-polymerase chain reaction (RT-
PCR) of total RNA obtained from sheep hypothalamus. This cDNA
was used to design a ribonuclease protection assay (RPA) capable of
detecting simultaneously the long isoform and short isoforms of the lep-
tin receptor. Only the signal for the short isoforms of the receptor was
detected in total RNA (30 pg) of placentae at d 85, 110 and 140 PC
by RPA. Next, specific expression of the long isoform was assayed by
RT-PCR of total RNA (30 cycles) using oligonucleotide primers specific
for the intracellular domain of the sheep leptin receptor. Expression of
the long isoform in the sheep placenta was evident at d 85, 110 and
140 PC. These data suggest that the sheep differs from other mammals
examined in that leptin mRNA expression in the placenta is very low or
perhaps absent from mid to late pregnancy based on our inability to de-
tect it with the methods employed. These results also suggest that the
short isoforms of the leptin receptor are the most abundant in the sheep
placenta from mid to late pregnancy. However, the long form of the
leptin receptor was readily detectable by RT-PCR in the sheep placenta
at all stages of pregnancy examined. As current evidence indicates that
the long isoform is the most competent in leptin signaling, these results
suggest that the sheep placenta may be a target for leptin action.

Key Words: Leptin, Placenta, Sheep

177  Glucocorticoid receptor (GR) mRNA expres-
sion in porcine fetal liver and placenta. H. G. Klemcke*, J. L.
Vallet, and R. K. Christenson, USDA, ARS, U.S. Meat Animal Research
Center, Clay Center, Nebraska.

The glucocorticoid cortisol is present within porcine fetuses or their
uterine environment throughout gestation. If cortisol is to influence
fetal development, then GR must be present. The current study was
conducted to determine the presence of fetal GR mRNA in fetal liver
and placentae and to examine effects of breed and uterine environment.
Porcine fetuses were obtained on days (d) 24, 30, and 40 of gestation
from each of 3 treatments: intact (INT), unilaterally hysterectomized-
ovariectomized white crossbred (UHO), and intact Meishan (ME) gilts
(n = 5-6/treatment/day). A 436-bp cDNA was produced using reverse
transcription and polymerase chain reaction procedures with pig liver
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total RNA and primers complementary to porcine GR. The cDNA was
cloned into a PCR II vector and sequenced. Northern hybridization
analyses were conducted using 30 pg of total RNA. Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) mRNA expression was measured
to adjust for lane loading differences. Relative concentrations of GR
mRNA were reported as arbitrary units after analysis of covariance us-
ing GAPDH as a covariate. Embryonic liver steady state GR mRNA
expression did not vary among treatments but was highest (P < 0.01)
on d 24 (15402 £ 849 vs 12150 + 737 vs 12246 £+ 777; d 24, d 30, and
d 40, respectively). Placental GR mRNA was lower (P = 0.03) in UHO
fetuses on d 24 (14540 + 1027) compared with INT fetuses (17646 =+
1149). ME placental GR mRNA increased (P < 0.01) between d 30
(13393 + 1158) and d 40 (18703 + 1141) and on d 40 was greater (P =
0.02) in ME than in white crossbred fetuses (14843 &+ 1477). These data
indicate the presence of GR mRNA in porcine fetal tissues during early
gestation and provide strong evidence for an involvement of cortisol in
porcine fetal development.

Key Words: Pig, Fetus, Glucocorticoid Receptor

178 Pharmacokinetics of pig beta-adrenergic recep-
tors. T. Naile*, H. Cao, W. Liang, and S. E. Mills, Purdue University,
W.Lafayette, IN.

Beta-Adrenergic receptors (BAR) from pig adipose and muscle tissue
are activated fully by only a few SAR ligands and exhibit only partial
activation to the common drugs used in animal growth trials. Partial
agonist-responses are not related to ligand binding, but rather to in-
complete BAR activation. To determine if the high degree of selection is
inherent in the BAR protein, cloned pig B1AR and 32AR expressed in
Chinese hamster ovary cells were used in adenylyl cyclase (AC) induc-
tion studies. CHO cells were grown to confluence, ruptured in hypotonic
saline, and total cell membranes isolated by centrifugation. Membranes
were incubated for 10 min at 37° in the presence of various ligands
and cAMP determined by RIA. For the S81AR, results were consistent
with data from pig tissue. Maximum rates of AC activation were com-
pared with 1074 M ligand. Isoproterenol (ISO), epinephrine, and nore-
pinephrine exhibited similar efficacies (P>.05). None of the other 16
ligands tested exceeded 40% of the ISO response. Of the ligands used
in pig growth studies, L-644,969 was the most efficacious (22%), fol-
lowed by cimaterol, ractopamine, clenbuterol, and salbutamol (5-15% of
ISO). Results for the 82AR differed from the S1AR. Relative maximal-
responses were greater for several ligands. In particular, L-644,969 (62%
of ISO), salbutamol (36%), ractopamine (28%) and clenbuterol (10%)
showed increased efficacy towards the 82AR. For both the 81AR and
B2AR, potency for activation of AC (ECs() were highly associated with
binding affinity (r?>.9). Data support our hypothesis that pig BAR are
highly selective to the ligands which activate AC and that selection is in-
herent to the BAR protein. The S1AR exhibited greater selectivity than
the B2AR, however, the 32AR clone had nearly a 4-fold greater receptor
density than the 81AR, which may have contributed to the greater re-
sponses. The B1AR is the predominant AR in pig adipose and muscle
tissue and an attenuated response at this receptor may account for the
apparent resistance of pig adipose tissue to growth modification by most
tested ligands in vitro and in vivo.

Key Words: pig, beta-adrenergic receptor, adenylyl cyclase

179 IGF-I expression levels in striated and cardiac
muscle of IGF-I transgenic swine. K. Maruyama*, V. G. Pursel,
K. D. Wells, and A. D. Mitchell, USDA, ARS, Beltsville, Maryland.

The objective of this study was to evaluate IGF-I expression among
muscles from 9 lines of transgenic (TG) pigs. Founder TG pigs carrying
a fusion gene composed of avian skeletal « -actin regulatory elements
and a ¢cDNA encoding hIGF-I were mated to non-TG pigs to produce
G1 TG and non-TG progeny. At 120 kg, TG pigs and control pigs were
killed to collect cardiac (H)and skeletal muscles (SM): Gastrocnemius
(GC), Gluteus medius (GM), Longissimus dorsi (LD), Semitendinosus
(ST), and Serratus ventralis (SV) for total RNA. IGF-I mRNA was only
found in 6 of 9 TG lines, and one line had several indistinct bands in-
stead of a single band. Further evaluations were confined to 17 progeny
from five TG lines. In Northern Blot, IGF-I mRNA was probed with
hIGF-I ¢cDNA and quantitated by chemifluorescence intensity. IGF-I
mRNA abundance was then normalized for 3 -tubulin mRNA for com-
parison. The mean and S.E. of IGF-I mRNA in H, GC, GM, LD, ST and
SV were 3.7+.72, 3.24.97, 5.1£1.33, 1.44.37, and 1.84.48, respectively.
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Interaction of line X muscle was significant (P<.05). In Line 4, IGF-I
mRNA was more abundant in H than in SM (P<.05) and IGF-I mRNA
in LD was more abundant than in GC, ST, and SV (P<.05). In Line
9, IGF-I mRNA was more abundant in LD than other muscles (P<.05).
IGF-I expression in H and SM muscle was similar for TG males and
females. Loin eye area (LEA) was 4.6 cm? higher for TG pigs than for
non-TG siblings (P<.05), but the increased LEA among TG pigs was
not correlated with the abundance of IGF-I mRNA of the LD (r=0.46).
The findings suggest the level of IGF-I expression was adequate in all
five lines for maximum muscle stimulation by this growth factor.

Key Words: Swine, Transgenic, IGF-I

180 Intramuscular injection of DNA encoding IGF-
I increases IGF binding protein-2 expression in pigs. R. S.
R. Everett, D. E. Gerrard, and A. L. Grant*, Purdue University, West
Lafayette, IN.

To characterize the role of IGF-I and its interaction with IGF-binding
proteins in vivo, we have been investigating a direct DNA injection ap-
proach for obtaining production of IGF-I in porcine skeletal muscle. Ob-
jectives of the present study were to determine if intramuscular injection
of DNA encoding IGF-I results in recombinant IGF-I production, and
to determine effects of local IGF-I production on IGF binding protein-2
expression in porcine skeletal muscle. To distinguish exogenous IGF-I
from endogenous IGF-I, a plasmid DNA vector was designed to express
recombinant IGF-I with an 11-amino acid epitope tag (T7 tag) driven by
a constitutive CMV promoter (TIGF-I). This construct results in pro-
duction of biologically-active recombinant IGF-I in muscle cell cultures.
Each longissimus muscle of six 7-d old suckling pigs was injected with
TIGF-I DNA at two sites (100 pg/site). A third site was injected with
vehicle only (negative control). At d10 of age, two of the injected pigs
were euthanized for muscle collection, two pigs were weaned, and two
pigs remained with the sow. At d11 of age, the remaining four pigs were
euthanized. Muscle samples from injection sites were sectioned and im-
munoreactive TIGF-I was localized to myofibers of DNA-injected mus-
cle. Amounts of TIGF-I in muscle homogenates were quantified by west-
ern blotting and ELISA. TIGF-I, expressed per 10 pug muscle protein,
was .39, .35, and .2 ng, in d10 suckling, d11 suckling, and d11 weaned
pigs, respectively (P<.01). Relative amounts of IGF binding protein-2
and binding protein-2 mRNA were determined by ligand and northern
blotting. At d10, IGF binding protein-2 and mRNA were at least 6.7-
fold and 1.6-fold greater, respectively, in muscle expressing TIGF-I than
in negative controls. Weaning blunted (P<.01) the TIGF-I induction of
IGF binding protein-2. We conclude that direct DNA injections can
be used for production of a biologically-active recombinant IGF-I, and
that increased production of IGF-I results in increased production of
IGF binding protein-2.

Key Words: IGF-I, IGF binding protein, Muscle

181 Nutritional regulation of the genes encoding
the sheep acid labile subunit and other components of the
circulating IGF system in sheep. R. P. Rhoads*, A. W. Bell, P.
L. Greenwood, and Y. R. Boisclair, Cornell University, Ithaca, NY.

In sheep, the perinatal period is associated with maturation of the en-
docrine arm of the insulin-like growth factor (IGF) system, which is
characterized by two developmental events. First, concentrations of cir-
culating IGF-I increase rapidly after birth and become responsive to
changes in nutrition and growth hormone (GH) status. Second, the
liver initiates synthesis of a serum protein called the acid labile sub-
unit (ALS). ALS promotes the endocrine actions of IGF-I and -II by
extending their half-lives in circulation. This action of ALS is a conse-
quence of its ability to recruit IGF-I or -II and IGF-binding protein-3
(IGFBP-3) to a complex of 150 kDa. In this study, we examined the
effect of nutrition on the hepatic expression of the sheep ALS gene and
other genes encoding important components of the circulating IGF sys-
tem during late fetal and neonatal life. To study the effect of nutrition
during fetal life, livers were obtained from normal or growth retarded
lambs ( 50% of normal size, P< 0.05) at 130 d of gestation (n=8) and at
birth (n=7). Growth retardation is the result of placental insufficiency
and represents chronic fetal undernutrition. At 130 d of fetal life and
at birth, chronic undernutrition caused lower expression of the ALS and
IGF-I genes (P< 0.05). Fetal undernutrition also decreased the levels of
IGFBP-3 mRNA at birth (P< 0.05), but did not affect expression of the
IGFBP-2 gene at either times. To study the effect of nutrition in early
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postnatal life, lambs (n=18) were fed a milk replacer to sustain gains of
150 or 337 g/d. Hepatic gene expression was analyzed between day 12
and 38 after birth. The high plane of nutrition increased the expression
of the ALS and IGF-I genes and decreased the expression of the IGFBP-
2 gene (P< 0.05). Expression of the IGFBP-3 gene was identical across
treatments. In summary, expression of the sheep ALS gene is modulated
by nutrition in late fetal and in early postnatal life. These results are
consistent with the hypothesis that changes in circulating ALS may be
partly responsible for the effects of nutrition on circulating IGF-I.

182 Somatotropin inhibits sensitivity and respon-
siveness to the antilipolytic effect of insulin in adipose tis-
sue from growing, but not neonatal pigs. Y. X. Wang*, S. K.
Fried, and P. A. Schoknecht, Rutgers University, New Brunswick, NJ.

We previously demonstrated that somatotropin (ST) antagonizes the
stimulatory effect of insulin on lipogenesis in adipose tissue of both
neonatal and growing pigs. The purpose of this study was to deter-
mine if ST also influences the antilipolytic effect of insulin. Subscapular
adipose tissue fragments from five neonatal (3.2 + 0.2 kg, 7-d of age)
and five growing (15.4 4+ 0.7 kg, 62.4 £ 0.5-d of age) crossbred pigs were
cultured without or with ST (4.5 nM) for 24h. Isolated adipocytes were
then prepared from cultured adipose tissue and acutely incubated for
2h with varying concentrations of insulin (0, 10, 25, 40, 400 pM) and
8-Br-cAMP (1 mM) to stimulate lipolysis. To minimize variability, all
incubations contained the adenosine analog (PIA, 20 nM) and adeno-
sine deaminase to remove endogenous adenosine. Glycerol accumulation
in the medium was used as an index of lipolysis. In both age groups,
culture with ST significantly increased 8-br-cAMP-stimulated lipolysis.
In growing pigs, insulin significantly inhibited lipolysis, but the max-
imal effect was greater in controls (decreased by 79 £ 5% (C) vs 58
+ 1% (ST); p < 0.01). Culture with ST also decreased sensitivity to
insulin (rightward shift in dose-response curve). ED5o was significantly
increased from 12 &+ 3 to 40 = 3 pM (p < 0.01) by culture with ST.
In contrast, in neonatal pigs, culture of adipose tissue with ST did not
affect responsiveness or sensitivity to the antilipolytic effect of insulin
(maximal decreased by 66 £ 2% (C) vs 68 & 3% (ST); EDso: 9 £ 1
pM (C) vs 12 £ 2 pM (ST)). Taken together with our previous results,
ST increases basal and cAMP-stimulated lipolysis in adipose tissue of
both neonatal and growing pigs. However, in contrast to growing pigs,
ST does not affect sensitivity and responsiveness to insulin’s antilipoly-
tic effect in neonatal pigs. Thus, the mechanism by which ST leads to
lower lipid deposition differs in neonatal and growing pigs.

Key Words: Somatotropin, Insulin, Lipolysis

183 Increased insulin-like growth factor-1 concen-
trations following injection or implantation of a human
growth hormone-releasing factor (GRF) analog in growing
pigs. P. Dubreuil*! and P. Brazeau?, ! Faculty of Veterinary Medicine,
2Notre-Dame Hospital, Univ. of Montreal, Montreal, Quebec, Canada.

Previously, hexenoyl trans 3 human (h) GRF(1-44)NH2 (TH9507) has
been shown to be 80 times more potent than the hGRF(1-44)NH2
(hGRF) on ST release. To evaluate TH9507 on IGF-1 increment, 16 bar-
rows (43.9+4.9 kg) were injected sc BID for 6 consecutive days with ei-
ther 3.0 or 30.0 ug/kg/injection. IGF-1 concentrations on days 0,2,4,6,7,
and 8 reached 178, 244, 281, 307, 249, 218 ng/mL; SEM = 18 and 166,
254, 318, 342, 293, 229 ng/mL; SEM = 17 for 3 and 30 ug/kg doses,
respectively. All values were significantly different than day 0 at the
exception of day 8 at the 3.0 ug/kg dose. Secondly, 64 barrows (40.6
+ 2.6 kg) were allotted in 8 treatment groups: 1) control; 2) hGRF
(30 pg/kg sc SID) injected for 6 consecutive days; groups 3-8 were im-
planted sc (3 mm) with hGRF; 3) 1x7.5 mg; 4) 2x7.5 mg; 5) 4x7.5 mg;
6) 2x15 mg; and TH9507: 7) 1x7.5 mg; 8) 2x7.5 mg. Sera were obtained
on days 0,1,2,3,4,5,6,8,10,12,14,16 for IGF-1 determination and hGRF
was assayed from d 0 to 8. GRF AUCs were 1824, 2817, 2190, 1936,
2984, 2412, 3087, 4835 pg/mL/d; SEM = 224 and IGF-1 AUCs were
3606, 3989, 4197, 4587, 3987, 4022, 6041, 6367 ng/mL/d; SEM = 210
for groups 1 to 8, respectively. The injection of either 3.0 or 30.0 pug/kg
of TH9507 over 6 consecutive days produced increases of 72% and 106%
of IGF-1 concentrations, respectively. The 3.0 pug/kg dose produced an
increase in IGF-1 similar to the 30 pug dose as previously reported on
ST release. When hGRF was compared to TH9507, the immunoreactive
GRF was significantly increased only after TH9507 implantation which
also produced significant increases in IGF-1 AUCs over 16 days. Com-
pared to control, one and 2 implants of TH9507 produced daily increases
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of IGF-1 during 8 and 16 days, respectively and hGRF did not produce
any significant increase . These data indicate that this analog is more
potent than hGRF in increasing IGF-1. Sponsored by Theratechnologies
Inc. Montreal, QC, Canada.

Key Words: GRF, IGF-1, Pig

184 The interaction of recombinant bovine soma-
totropin (rbST) and cottonseeds in the diet on perfor-
mance, plasma hormone concentration and muscle fatty
acids composition in Holstein-Friesian male calves. Z.
Holzer*!, Y. Aharoni!, A. Brosh!, A. Orlov!, and D. Sklan?, LARO, In-
stitute of Animal Science, Newe Yaar Research Center, Israel, 2 Faculty
of Agriculture, The Hebrew University, Rehovot, Israel.

In a former study (Holzer et al., 1999, JAS, in press) we have found a
trend toward an increase in polyunsaturated fatty acids (PUFA) in rbST
treated animals. The objective of the present study was to assess the in-
teraction between rbST treatment and a diet containing delinted whole
cottonseeds (CS), rich in PUFA, on performance, plasma hormone con-
centration and muscle fatty acids composition in Holstein-Friesian male
calves. Fifty-six male calves, about 223 d old with an average weight
of 276 kg at the start of the experiment, were assigned at random, in
an a 2x2 factorial design (n=14), with two levels of rbST (0; rbST) and
two diets (with and without 9.5% CS). The diets contained about 2.7
Mcal/kg DM, metabolizable energy, and 13.4% crude protein. The rbST
treated and the control animals received injections of 500 mg Posilac®7
and placebo every 14 d. The experiment lasted 170 d and the animals
were slaughetered at an average weight of 486 kg. There were no signifi-
cant interactions between rbST and CS treatments, as for performance.
The plasma concentrations of GH and IGF-1 was higher (P<.001) in
the rbST treated animals. There was a highly significant (P<.001) in-
teraction between rbST and CS as for urea-N concentration in blood
( rbST, CS animals had 23% less urea in blood than the CS fed and
rbST untreated animals). Concentration of C16:0 was decreased and of
C16:1 was increased by rbST in the muscle of the CS fed calves. These
interactions were highly significant (P<.001). rbST decreased the C18:1
(P<.05), and increased the C18:2 (P<.05), C18:3 (by 87% but NS), and
C20:4 by 18% (NS). The results of the present study indicated the pos-
sibility of manipulating the muscle fatty acid composition by combining
rbST treatment with a diet containing PUFA.

Key Words: Male Calves, Bovine Somatotropin, Cottonseeds

185 Effect of Posilac® and Revalor”-S alone and in
combination on soft tissue composition and rate of soft tis-
sue gain in feedlot steers. T. C. Bramble*!, R. A. Roeder?, B. C.
Peterson?, M. J. Roeder?, and G. T. Schelling?, ! Texas Tech Univer-
sity, 2 University of Idaho.

This study evaluated soft tissue carcass composition and rate of soft
tissue gain in 18 Angus crossbred steers averaging 345 kg treated with
Posilac® and Revalor®—S, alone and in combination, in a 120-d feed-
lot trial. In a completely randomized design treatments were: 1) CON
(Control); 2) POS (Posilac® 320-mg recombinant bovine somatotropin
s.c. injection/14 d); 3) REV (Revalor®—S, 120-mg trenbolone acetate
and 24-mg estradiol 17-3 implant); and 4) POS+REV. The left side
of the carcass was seperated into the chuck, rib, round, loin, brisket,
foreshank, flank, plate, and KPH fat. Individual cuts were weighed and
separated into lean tissue, fat, and bone. All soft tissue was ground
through a .64-cm plate followed by a .32-cm plate and analyzed for pro-
tein, ether-extractable fat, and moisture. Selected treatment effects are
summarized below.
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Treatment

POS+

Ttem CON  POS REV REV  Prob. SE

Carcass

Composition

Protein, % 14.98% 16.09°  16.25° 16.36% * .37

Fat, % 30.43% 27.33%  25.92° 24.21°  * 1.58
Moisture, % 54.59° 56.58"  57.83% 59.430  ** 1.29
Rate of

gain

Protein, (g/d) 99.67¢ 112.08%® 122.35° 117.43% * 7.73
Fat, (g/d) 209.12% 180.80%° 181.90%°  159.39% ** 15.56
Moisture, (g/d) 318.88% 352.80%" 384.65° 396.53" ** 18.88

@5 Means within a row with different superscripts differ at *P < .10,
**P < .05. Carcass protein was increased 7.4, 8.7, and 9.2% while
carcass fat was concomitantly reduced 10.2, 14.8, and 20.3% by POS,
REV, and POS+REV, respectively as compared to CON. Furthermore,
REV increased the rate of protein deposition 22.8%, while POS+REV
decreased fat deposition 23.7% when compared with CON. These data
demonstrate the anabolic and catabolic effects of Posilac® and Revalor®-
S when used alone and in combination on protein deposition and fat
reduction in feedlot steers

Key Words: Steers, Growth, Somatotropin

186 Growth performance and carcass characteris-
tics of feedlot steers fed MGA.W. M. Moseley*, D. M. Meeuwse,
J. F. Boucher, K. J. Dame, and J. W. Lauderdale, Pharmacia & Upjohn
Animal Health.

Growth and carcass performance response was examined in finishing
steers fed 0, 0.1, 0.2 and 0.4 mg MGA /head/day. Cross bred steers
averaging 665-925 lbs were assigned to 5 replicates of 4 pens/replicate,
~2170-200 head/pen. Pen weights were collected on Day 0, 56 and 7 days
prior to slaughter (=130 days on feed). ADG was 3.98, 4.08, 3.97 and
4.02 lbs/day and FE was 5.90, 5.80. 5.86, and 5.81 in steers receiving
0, 0.1, 0.2, and 0.4 mg MGA /head/day. Only 0.1 mg MGA dose group
had statistically significantly higher gains (2.4%, P=0.008) than controls
whilst 0.2 and 0.4 mg MGA dose groups were not different. Small im-
provements in FE for 0.1 (1.7%, P=0.031) and 0.4 (1%, P=0.048) MGA
dose groups were statistically better compared to controls whilst 0.2 mg
MGA dose was not different. No significant differences were detected be-
tween controls and MGA treatment groups for quality grade, marbling
scores, yield grades, back fat thickness, hot carcass weights, dressing %,
and rib eye area. Incidence of dark cutter carcasses and bullers ranged
from 0.34% to 0.61% and 1.11% to 0.44%, respectively, for treatment
groups. In conclusion, MGA fed to finishing steers produced small im-
provements in growth performance at 1 mg MGA /head/day but none of
the doses produced improvements in carcass quality or yield grade mea-
surements. No evidence of a detrimental effect on performance or carcass
characteristics was detected in steers fed 0.1 to 0.4 mg MGA /head daily
during the finishing period.

Key Words: MGA, Steer, Growth

187 Effect of endotoxin (LPS) challenge on thyroid
hormone status in cattle: effect of diet and somatotropin
(bST) treatment. S. Kahl*!, T. H. Elsasser!, T. S. Rumsey!, and
R. Hoffman2, 1USDA, Agricultural Research Service, Beltsville, MD,
2Monsanto Co., St. Louis, MO.

Thyroid status is compromised in a variety of acute and chronic non-
thyroidal illnesses. Our objective was to determine the effect of graded
levels of LPS challenge (0, .2, 1.0, 3.0 ug/kg BW, i.v. bolus, E. coli
055:B5) on plasma thyroxine (T4) and triiodothyronine (T3) concen-
trations and on hepatic 5’-deiodinase activity (5'D). We also studied
the modifications of these responses by recombinant bST treatment (.1
mg/kg BW, i.m. daily for 11 d) and diet (all-concentrate [C] vs 60%
forage [F]; 5 wk of adjusted intake to gain 1.25 kg BW/d). Four heifers
and 28 steers (Angus X Hereford, 243 £+ 4 kg) were assigned in a fac-
torial arrangement in two replications to treatments consisting of +/-
bST (n = 16), C/F diet (n = 16), and LPS dose (n = 8). Treatment
with bST was switched between the replications. Saline or LPS were
injected through the jugular vein and blood samples were collected at
0, 3, 6, 12, 24, and 48 h relative to injection. Liver biopsy samples were
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obtained 8 h after LPS injection. All LPS doses decreased (P < .01)
plasma T4 and T3 at 6, 12, and 24 h: negative response, measured as
area under the time X concentration curve (AUC), increased with LPS
dose fitting a linear relationship with the LPS dose for Ty (r2 = 0.996,
P < .05) and with the log of LPS dose for T3z (r? = 0.999, P < .05).
At all LPS doses, plasma T4 response (negative AUC) was less in C-fed
than in F-fed animals (-155 vs -343 ng/mL x h, SEM = 40, P < .01).
The bST treatment did not affect plasma T4 and T3 concentrations and
response to LPS. Hepatic 5D activity (nmol I~ x h™! x mg protein™1)
was increased by bST treatment (2.02 vs 1.36, SEM = .12, P < .01),
was greater in F-fed than in C-fed animals (1.90 vs 1.49, P < .05) but
was not affected by LPS challenge. Results suggest that the reduction in
plasma T4 and T3 in the early phase of acute response to LPS is related
to reduced thyroid secretion which could be modified by diet but not by
bST treatment.

Key Words: Thyroid hormone, Endotoxin, Somatotropin

188 Effect of selection for weight on body compo-
sition and carcass characteristics of Bos indicus and Bos
taurus. R. F. Nardon!, A. A. M. Sampaio?, A. G. Razook!, L.
0. Tedeschi*3, L. A. Figueiredo!, C. Boin*, and M. L. P. Limal,
Linstituto de Zootecnia, Nova Odessa, Brazil, 2 FCAV-UNESP, Jabot-
icabal, Brazil, 3 Cornell University, Ithaca, NY, *ESALQ-USP, Piraci-
caba, Brazil.

This work evaluated the growth performance, and body and carcass
composition of 144 animals of three Bos indicus breeds (selected Nelore
- NeS, Guzera - GuS, and control Nelore - NeC) and one Bos taurus
(Caracu - CaS) in order to verify the effect of genetic selection on weight
at 378 days of age (P378). These animals were born at Estagao Exper-
imental de Zootecnia de Sertaozinho, SP, Brazil. The sampling was
based on the average of P378 for each herd. The diet was composed
of corn silage (45%, DM) and concentrate (55%, DM). The slaughter
periods were performed at 88, 173, and 266 days of feedlot. At that
time, animals had 16.1 4+ 0.8, 19 4+ 0.9, and 22 4+ 1.1 months of age,
weighing 385 4+ 33, 464 + 33, and 547 + 53 kg respectively. NeS animals
had higher (P<.05) carcass weight (289.3 vs 259.3 kg) and half carcass
edible meat (98.4 vs 88.7 kg) than NeC, respectively. However, NeS and
NeC had similar (P>.05) half carcass trimmed tissues (19.8 vs 18.1 kg).
Also, NeS had higher (P<.05) carcass weight and half carcass edible
meat than GuS (268.4 kg and 90.8 kg), but identical (P>.05) half car-
cass trimmed tissues than GuS (18.0 kg). In contrast to NeC and GusS,
Cas$ had similar (P>.05) carcass weight (280.8 kg) and half carcass edi-
ble meat (97 kg) to NeS, but lower (P<.05) half carcass trimmed tissues
(16.5 kg) than NeS. Regarding the empty body weight comparisons, NeS
had higher (P<.05) carcass edible meat percentage and hindquarter ed-
ible meat percentage than GuS and CaS (46.0, 44.1, and 44.6%; 20.7,
19.6, and 19.7%) respectively, but was similar (P>.05) to NeC (46.0 and
20.8%). CaS showed lower (P<.05) shear force (3.55 kg) than NeS, GuS
and NeC, which had similar (P>0.05) shear force (4.58, 4.65 and 4.73
kg, respectively).

Key Words: Body composition, Carcass characteristics, Bos indicus

189 Adipocyte cellularity in Korean Native Cattle.
C. B. Choi*!, S. K. Hong2, H. C. Kim?2, K. J. Na?, and S. H. Lee?,
L Department of Animal Science, Yeungnam University, Gyeongsan, Ko-
rea, 2National Livestock Research Institute, Suweon, Korea.

One hundred and twenty (120) Korean Native Cattle (steers) were used
to investigate changes in adipocyte cellularity during various physiolog-
ical stages. Experimental animals were castrated at five months of age
and assigned to the experiment at six months of age after a month accli-
mation period. Contents of crude protein and total digestible nutrients
in concentrate were 15% and 70%, 12% and 71%, and 11% and 72%
during the growing period, fattening period, and finishing period, re-
spectively. Concentrates and rice straw, as a sole roughage source, were
fed ad libitum during the entire experimental period. Starting from
six months of age, eight to ten animals were sacrificed at two month
intervals until termination of the experiment at 30 months of age. Adi-
pose tissue from perirenal, mesenteric, subcutaneous, and intramuscu-
lar fat depots was fixed in osmium-collidine buffer and measured for
adipocyte diameter, area, and volume using a Coulter Counter. Perire-
nal fat showed the fastest adipocyte growth and reached maximum di-
ameter (210pum) at about 24 months of age. Adipocyte cellularity de-
termined by diameter, area, and volume was in the order of perirenal>
subcutaneous> mesenteric> intramuscular fat depot at the same phys-
iological stage. Extension of the feeding period beyond 24 months did
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not affect adipocyte cellularity in any fat depot except intramuscular fat
in which adipocytes kept growing until 30 months of age. Visually, intra-
muscular fat started to accumulate at about 10 months of age. However,
dissection of fatty mass for cellularity determination was impossible un-
til the animals reached 14 months of age. The results indicate that
there might be at least three - 12, 18 and 24 months of age - important
threshold-like physiological stages in Korean Native Cattle for accumu-
lation of triglycerides in adipocytes. In conclusion, the current study
provides basic information about adipocyte growth in Korean Native
Cattle. The data could be used to manipulate nutrient content in the
diet of beef cattle, in relation to fat accumulation in various fat depots
and body growth, at different physiological stages.

Key Words: Adipocyte, Cellularity, Beef cattle

190 Effect of a nutritionally-directed compensatory
growth regimen on growth potential and lactational per-
formance of beef heifers. W. W. Poland*!, K. A. Ringwall!, R. D.
Danielson?, J. W. Schroeder?, and C. S. Park?, 1 North Dakota State
University, Dickinson,, 2Fargo, ND.

A nutritionally-regulated and time-dependent compensatory growth reg-
imen during the hormone-sensitive growth phase prior to first parturi-
tion can effect mammary development and subsequent lactational per-
formance. The objective of this study was to determine the effect of
a stair-step nutrition program imposed during the pubertal phase on
growth performance and lactation potential of beef heifers. Ninety-six
beef heifers (285 + 17.8 kg; 6.2 £ .38 body condition score [BCS]; ap-
proximately 305 d of age) were blocked by weight and assigned to either
a control (CON) or stair-step compensatory nutrition (SSCN) regimen.
Heifers assigned to CON were fed a diet balanced to meet the nutrient
requirements of heifers gaining .68 kg/d for 20 wk. Heifers assigned to
SSCN were fed an energy restricted diet for 10 wk. ME of the energy
restricted diet was similar to CON, however, DMI was restricted to 60%
of that of the CON. CP was increased in the restricted diet to allow sim-
ilar daily intakes between dietary treatments. Following the restricted
phase, SSCN heifers were given ad libitum access to a high energy diet
(130% ME and 100% CP of CON) for 10 wk. Subsequently, all heifers
were managed as CON through breeding. ADG (.56 vs .07 kg/d; P =
.04), BCS (6.0 vs 5.2; P = .03) and growth efficiency (gain x 100/DMI;
8.4 vs 1.7%; P = .08) were reduced in the SSCN group during the en-
ergy restricted phase. Conversely, ADG (.84 vs 1.57 kg/d; P = .01),
BCS (6.2 vs 6.7; P = .03) and growth efficiency (11.4 vs 17.4%; P =
.01) were improved by SSCN during the high energy phase. DMI (7.4
vs 9.1 kg/d) was increased by SSCN during the later phase. Over the
entire feeding period, ADG (.70 vs .82 kg/d; P = .16) and DMI (7.1
vs 6.7 kg/d; P = .14) were not affected by dietary regimen. However,
growth efficiency (10.0 vs 12.0%; P = .07) and heifer conception rate
during the breeding season (75.0 vs 89.6%; P = .06) were improved by
the SSCN regimen. These results indicate that beef heifers raised on a
stair-step nutrition and feeding regimen during puberty had improved
growth performance.

Key Words: Beef Heifers, Compensatory Growth, Growth Performance

191 Effects of increased feed intake in early gesta-
tion on sow farrowing performance and offspring carcass
characteristics. R. E. Musser*!, S. S. Dritz!, M. T. Tokach?!, D. L.
Davis!, R. D. Goodband?, J. L. Nelssen!, M. Heintz2, and J. BaumanZ2,
1 Kansas State University, Manhattan, 2Global Ventures, Pipestone,
MN.

Three hundred and ninety-four sows (PIC C15) were used to determine
the effects of increased feed intake during two stages of fetal develop-
ment on farrowing performance and offspring carcass characteristics.
Sows were fed either 3.62 kg/d of a gestation diet (.65% lysine, .9% Ca,
and .8% P) for one of three periods, d 10 to 30, d 30 to 50, or d 10 to 50
of gestation or 1.81 kg/d (control). Increased feed intake did not affect
the number of pigs born alive, stillborn, or mummified per litter. No
differences were observed (P > .10) in litter birth weight. Sows fed 3.62
kg/d of complete diet from d 10 to 30 of gestation tended to have off-
spring with numerically heavier hot carcass weight (84.9 vs 83.8 kg; P =
.16) compared to offspring from sows fed 1.81 kg/d of feed during gesta-
tion. Sows fed 3.62 kg/d of feed from d 30 to 50 produced offspring with
greater backfat (15.8 vs 14.8 mm; P < .01) and decreased percentage
lean (55.9 vs 56.6%; P < .01) than those from sows fed 3.62 kg/d from
d 10 to 30 or control sows. No differences were observed in subsequent
performance; however, sows fed 3.62 kg/d from d 10 to 50 had a longer
weaning to estrus interval. Sows fed added feed from either d 30 to 50

Journal of Animal Science, Vol. 77, Supplement 1

or d 10 to 50 of gestation had greater plasma free IGF-I concentrations
(P < .01) on d 50 compared to sows fed either 1.81 kg/d or added feed
from d 10 to 30 of gestation. In conclusion, increased feed intake from
d 10 to 50 of gestation had no affect on farrowing performance of sows.
Offspring from sows fed high feed intake from d 30 to 50 of gestation had
increased backfat and decreased percentage lean than control offspring;
while offspring from sows that fed increased feed from d 10 to 30 tended
to have heavier carcasses compared to controls. Effects observed in the
carcass characteristics are inconsistent with previous findings thus more
research is needed to determine mechanisms involved.

Key Words: Gestation, Feed Intake, Offspring

192  Alterations in in vivo whole-body insulin resis-
tance according to physiological state in Karakul ewes. R.
M. Slepetis*, R. A. Ehrhardt, S. S. Block, Y. R. Boisclair, and A. W.
Bell, Cornell University, Ithaca, NY.

Pregnancy and lactation have been shown to increase insulin resistance
on a whole-body basis and in major insulin responsive tissues in many
animal models. The time course of this phenomenon has not been stud-
ied in vivo in domestic ruminants throughout the reproduction-lactation
cycle. The objective of the present study was to examine alterations in
whole-body insulin resistance in vivo in the fat tailed sheep (Karakul
breed) before mating (non pregnant, non lactating), and during mid
pregnancy (d 50-60 post coitus [PC]), late pregnancy (d 125-135 PC)
and early lactation (d 15-22 post parturition). The same multiparous
ewes (n==8) were studied at each period. Blood samples were obtained
periodically for approx. 2 h pre-injection, then a single injection of in-
sulin was given 1.V. (300 I.U./kg body weight) and serial blood samples
were taken via a jugular catheter for 3 h post-injection (time 0). The
difference in plasma glucose concentrations at time 0 and at the nadir
in plasma glucose post injection (A glucose) was used as an index of
whole-body insulin resistance. A glucose decreased between pre-mating
(44.1 mg/dL) and mid pregnancy (38.6 mg/dL) (P<0.05) and was fur-
ther decreased (32.4 mg/dL) in late pregnancy (P<0.05). A glucose
did not change between late pregnancy and early lactation. These data
indicate that pregnancy associated insulin resistance increases progres-
sively during pregnancy and remains enhanced during early lactation in
the fat tailed ewe. These data lay the groundwork for future studies
aimed at understanding the regulation of insulin resistance and energy
balance during these physiological states. The fat tailed sheep, in par-
ticular, provides a good model to study sequential physiological changes
in adipose tissue metabolism and gene expression.

Key Words: Karakul Sheep, Insulin, Glucose

193  Effect of zinc deficiency on thyroid hormone ac-
tion in the rat. K. K. Guda*, H. C. Freake, and S. A. Zinn, University
of Connecticut, Storrs.

Both zinc and thyroid hormone influence growth and development by
poorly understood mechanisms. Since the thyroid hormone receptor is
thought to be a zinc protein, we sought to determine whether the effects
of zinc deficiency were mediated in part by impaired thyroid hormone
function. Four week old male Sprague-Dawley rats (n=45) were ran-
domly assigned to treatment in a 3X3 factorial design with main effects
of Zn status (Zn-deficient (Zn-D), pair-fed (PF) and control (CON) Zn-
sufficient feed) and thyroid status( Hypo-, Eu- and Hyper-thyroid). Rats
were made Zn-deficient by feeding a Zn-deficient diet (Dyets Inc. Bethle-
hem, PA). Food intake of Zn-D rats was recorded daily and PF animals
were given this amount of food the next day, corrected for metabolic
body weight. Hypothyroidism was induced by inclusion of .025% me-
thimazole in the drinking water and hyperthyroidism by daily injection
with T3 (15 ug/100g BW i.p). Rats averaged 107+3g BW at the start
of the experiment and gained 43, 81 and 166g over the 25 days of the
experiment in Zn-D, PF and CON groups respectively. Within a feed
group, the hypo rats gained less weight (p<.05) than the eu and hyper-
thyroid rats. Daily feed intake by the Zn-D group was 61% of the feed
consumed by the CON group and within each feed group hypo rats had
reduced (p<.05)feed intake compared with eu and hyper-thyroid rats.
White adipose tissue was reduced (p<.05)as a percent of BW in hypo
and Zn-D rats. Heart weight was increased (p<.05)in hyperthyroid rats,
in all dietary groups. Serum Zn concentrations were 10.7, 32.8 and 30.9
pM in the Zn-D, PF and CON groups, respectively. S14 mRNA, a well-
described sequence known to be responsive to thyroid hormone in liver,
was measured as an index of thyroid hormone action in liver. While S14
expression was responsive to thyroid hormone status, this response did
not differ between the three dietary groups. Thus, Zn deficiency and
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hypothyroidism reduced feed intake, growth rate and white adipose tis-

sue mass. However Zn status did not influence thyroid hormone action
on S14 gene expression in liver.

Key Words: Rats, Zinc, Thyroid Hormones

MEAT SCIENCE AND MUSCLE BIOLOGY

194 The influence of ageing and type of muscle on
lysosomal proteinases degradation. F. Nicastro*, Universita di
Bari, Dipartimento di Produzione Animale, Bari, Italy.

Post-mortem storage or ageing of meat has long been regarded as es-
sential to the production of tender meat. With the increasing consumer
emphasis on quality rather than quantity, the importance of this process
in meat production is greater than ever before. Activity of lysosomal
proteases is an important factor contributing to post-mortem changes
in muscle, including increased tenderness. The purpose of our contri-
bution is to evaluate the role of one catheptic enzyme, cathepsin D,
in post-mortem proteolysis in the longissimus thoracis (LT) and in the
semimembranosus (SM) muscles from 24 lambs at 24h and 7 days age-
ing after the slaughter. A part from each muscle (20g) was minced and
homogeneized in 3 vol of the lysing buffer (50 mM sodium citrate buffer,
1mM EDTA and 0.2% Triton X-100 (vol/vol), pH adjusted to 5.0 with
acetic acid). Haemoglobin was used as substrate at the 0.6 final con-
centration (in % w/v). All samples and blank assayed in quadruplicate,
were incubated at 45°C for 1h and the enzyme activity was defined as
the increase in absorbance at 280 nm and 700 nm for hour at 45°C and
pH 3.7. The value of cathepsin D was expressed in terms of tyrosine
equivalents from a tyrosine standard curve, and reach the maximum
value in the SM muscle at both 24h and 7 days of ageing. In the same
muscle (SM) the results of the specific activity ( 17,02 vs 14,19 ug of
tyrosine/g protein/h at 45°C) and total activity (ug of tyrosine/g mus-
cle/H at 45°C) of cathepsin D are lower in lambs ageing 7 days after
slaughter. These results show one more time the different response of
the muscles to the myofibrillar degradation. Anyhow the two muscles
are not completely aged to the time tested, in order to optimise the
storage duration to evaluate the meat tenderness.

Key Words: Lamb, Muscle, Cathepsin D

1 Purification and characterization of a cysteine
myosin-degrading protease. W.-C. Lai*, R. H. McCusker, and J.
E. Novakofski, University of lllinois at Urbana-Champaign.

Myosin is the major muscle protein accounting for almost 30% of pro-
tein in an adult muscle. However, the protease system responsible for
myosin degradation has not yet been clearly described. Although most
cellular proteins are degraded by proteasomes, evidence indicates that
proteasome activity is not rate limiting for myosin degradation. How-
ever, a neutral cysteine protease is capable of degrading native myosin II.
The myosin-degrading protease was purified from porcine skeletal mus-
cle. After a 35% ammonium sulfate cut, the protease was concentrated
with 55% ammonium sulfate. It was further purified by four chromato-
graphic steps using Phenyl-Sepharose, SP-Sepharose, Q-Sepharose, and
Casein-Affinity whereby activity eluted with H20, 0.3 M NaCl, 0.3 M
NaCl, and 5 mM EGTA, respectively. The purified myosin-degrading
protease hydrolyzed native chicken myosin II at 50°C in the presence
of 0.4 M NaCl. The protease also digested denatured casein at 37°C
in 0.15 M NaCl. Proteolytic activity was inhibited by a cysteine pro-
tease inhibitor (E-64), but not affected by serine protease inhibitors
(3,4-dichloroisocoumarin, AEBSF, benzamidine, TLCK, and TPCK), or
an aspartic protease inhibitor, (pepstatin). While similar to calpain I
in requiring pmolar of Ca2t for activity, the myosin-degrading-protease
preparation did not react with antiserum to calpain I. Chicken myosin
was degraded into limited fragments (Mr of 150,000-140,000, 90,000-
80,000, and 30,000). The protease preferred charged amino acids in the
P1 position. This report describes a novel protease which is a likely
candidate for regulating myosin turnover.

Key Words: Myosin, Cysteine proteases, Calpain

196 The role of the muscle specific calpain p94 in
intermuscular variation in tenderness in the sheep. M. llian*
and R. Bickerstaffe, Lincoln University, Canterbury, New Zealand.

Tenderisation of different muscles during postmortem storage at 4°C in
an individual animal is variable. The biochemical basis underlying in-
termuscular variations in tenderness is not fully understood. The mech-
anism of meat tenderisation is under investigation by many labs world
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wide. Proteolysis of key cytoskeletal proteins is responsible for improve-
ment in meat tenderness during ageing. There has been considerable
debate about the specific proteases responsible for meat tenderisation.
Available evidence indicates that the majority of postmortem tenderi-
sation is mediated by the calpains. However, calpains in skeletal muscle
comprise the ubiquitous calpain I and calpain II active at puM and mM
Ca’t concentrations respectively and the muscle specific calpain p94.
Current literature on the role of calpains in meat tenderisation applies
to the ubiquitous calpains as it is these that are accessible for assaying
enzyme activity. No research has been published on the role of p94 in
meat tenderisation. The objective of our study was to further investi-
gate the biochemical basis for intermuscular variation in tenderness by
studying the role of p94 in this process using a molecular approach. An
S1 nuclease protection assay was developed and validated to determine
p94 mRNA levels in sheep skeletal muscle. Six lambs were used. Mus-
cles studied were; Longissumus dorsi and Semimembranosus as type
IIA and Psoas major and Semitendeneosus as IIB fibre type. Our re-
sults show that the relative rate of tenderisation is fibre type dependent.
A possible determinant of meat tenderness is the muscle specific calpain
p94 as shown by a strong correlation (r= 0.71, P<0.05) between the
relative rate of tenderisation and the p94 mRNA level across all muscles
studied.

Key Words: Tenderness, Calpain p94, Fiber type

197 Immunochemical study of the calpain system in
porcine longissimus muscle with high and low shear force
values. T. Parrl, P. L. Sensky*!, G. P. Scothern!, R. G. Bardsley!,
P. J. Buttery!, J. D. Wood?, and C. Warkup?, ! University of Notting-
ham, Nottingham, U.K., 2University of Bristol, Bristol, U.K., 3Meat
and Livestock Commission, Milton Keynes, U.K.

Immunochemical methods have been developed to test whether differ-
ences in calpains and calpastatin could underlie the variable shear force
values (SF) encountered in commercially-produced pig carcasses. Molec-
ular recombinant technology was used to generate fusion proteins and
specific antisera to porcine p- and m-calpain large subunit and cal-
pastatin for quantitative immunoblotting. Samples (5 g) were taken
2 h postmortem from the last rib region of 112 animals at a commer-
cial abattoir and snap-frozen in liquid nitrogen. Chops from the same
muscle were conditioned for 8 d at 2°C, at which point SF measure-
ments were used to identify 12 tough (SF = 6.71 + .28 kg, mean +
SEM) and 12 tender (SF = 3.87 £ .11 kg) carcasses for calpain anal-
ysis. Whole muscle homogenates or cytosolic extracts prepared from 2
h samples were subjected to 8% SDS-PAGE and immunoblotting. Ex-
tracts were screened using p- and m-calpain and calpastatin antisera
and homogenates probed for calpastatin. Immunoreactivity was visu-
alized by enhanced chemiluminescence and quantified by densitometry.
Characteristic 80 kDa p- and m-calpain bands but no autolysed forms
were detected, and their electrophoretic mobilities and intensities were
the same in high and low SF groups. Both extracts and homogenates
showed a dominant 135 kDa calpastatin band which had the same mo-
bility in both groups, but whose intensity correlated positively with SF
(P < .05). The electrophoretic mobility data suggest that variable SF in
porcine longissimus cannot be attributed to expression of different iso-
forms, autolysis, or splice variants of u- and m-calpain and calpastatin.
However, the intensity of the 135 kDa calpastatin band in 2 h samples
correlates positively with SF, suggesting that the natural abundance of
this factor could influence pork quality.

Key Words: Calpain, Calpastatin, Meat Quality

198 Changes in porcine skeletal muscle calpastatin
expression induced by a single dose of a $2-agonist. T. Parr!,
P. L. Sensky*!, C. Warkup?, R. G. Bardsley!, and P. J. Buttery!,
LUniversity of Nottingham, Nottingham, U.K., 2Meat and Livestock
Commission, Milton Keynes, U.K.

The effects of short-term dietary administration of the [2-adrenergic

agonist clenbuterol on the calpain proteinase inhibitor calpastatin in
skeletal muscle was investigated in Large White-type pigs. Animals
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were trained to eat their daily diet within a 1 h feeding period. Six-
teen h before slaughter 6 control (C) pigs were given the standard diet
whilst 5 received the same diet supplemented with .4 mg kg~! body
weight clenbuterol (B). Samples of longissimus were taken within 10
mins of slaughter and snap frozen in liquid nitrogen. pHys did not dif-
fer significantly between groups although all clenbuterol-treated animals
exhibited signs of DFD on the basis of pH, > 5.9. Calpastatin activ-
ity in extracts was significantly higher (P < .05) in the treated animals
(C, 23.2 &+ 1.3 (mean + SEM); B, 29.0 + 1.5 x 107 fluorescence units
kg_l). Extractable and whole muscle calpastatin protein levels were
determined on western blots, using an anti-calpastatin antibody raised
against a recombinant protein containing inhibitory domains 3 and 4.
The extractable (C, .509 £ .191; B, 1.04 £ .12 Abs units ugt protein)
and whole muscle (C, 52.5 £ 8.75; B, 87.5 &+ 20.8 Abs units mg~?! tissue)
calpastatin was higher in treated animals but this was only significant
for the extracted calpastatin (P < .01). A cDNA probe complementary
to a region encoding domains 3 and 4 was used to probe N-blots of 20
pg total RNA from the two groups. Multiple transcripts were detected
but bands at 5.4 and 2.8 kb predominated. After reprobing the blots
with an actin ¢cDNA, the ratios of the 5.4 kb/actin (C, 2.27 + .28; B,
4.09 £+ .72) and the 2.8 kb/actin intensities (C, 1.24 £+ .12; B, 2.15 +
.32) increased significantly in treated pigs (P < .05 for both bands).
These results suggest a single dose of B2-agonist is sufficient to induce
calpastatin expression detectable at transcriptional level 16 h later.

Key Words: Calpastatin, Skeletal Muscle, beta-Agonist

199 Effects of genetic type and production system
on carcass traits of beef steers. A. H. Brown, Jr*, Z. B. Johnson,
M. A. Brown, E. L. Oxford, P. K. Camfield, and L. Y. Rakes, University
of Arkansas, Fayetteville.

Steers (n=335) of known genetic backgrounds from four fundamentally
different genetic types were subjected to two production systems to
study differences in carcass traits. Genetic types were large frame-
late maturing, intermediate frame-intermediate maturing, intermediate
frame-early maturing, and small frame-early maturing. Five calves from
each genetic type were assigned to one of two production systems in each
year of a 9-year study. Twenty-five steers were removed from the study
because of accident or illness. System I included management on for-
age from weaning to slaughter at approximately 20 mo of age, while
system II included management in the feedlot from weaning to slaugh-
ter at approximately 14 mo of age. Data collected were preslaughter
shrunk body weight (SBW); hot carcass weight (HCW); chilled carcass
weight (CCW); dressing percentage (DRESS); fat thickness at the 12th
and 13th rib interface (FAT); percentage kidney, pelvic, and heart fat
(KPH); longissimus muscle area (LMA); marbling score (MARB); qual-
ity grade (QG); and yield grade (YG). Data were pooled across years
and analyzed by least-squares ANOVA with unequal subclass numbers.
Included in the model were the dependent variables of carcass traits and
the independent variables of year, genetic type, production system, 2-
and 3-way interactions, and residual error. Within each production sys-
tem steer age was included as a covariate. Year and genetic type were
significant for all carcass traits. System was a significant source of varia-
tion for SBW (P<.10), but not for carcass traits. The genetic type x sys-
tem interaction was significant for SBW, HCW, CCW, MARB (P<.05),
FAT, and YG (P<.01), but was nonsignificant for DRESS, KPH, LMA,
and QG. Carcass differences in measures of fatness were greater and
more attainable in the feedlot based system which are important using
current methods of evaluation. These data could aid producers in the
match of beef genetic type to the production system most suitable for
the efficient use of resources.

Key Words: Genetic Types, Production Systems, Carcass Traits

200 Effect of supplemental vitamin E in the diet of
finishing steers on meat color stability after 1, 3, 5 and
7 days postmortem. J. F. Calderon-Cortes*!, F. Figueroa S.1,
A. Plascencia J.1, N. F. Gonzalez M.2, H. Gonzalez R.2, and R. A.
Zinn3, 1 University of Baja California, Mexicali, B.C., Mexico, 2 Centro
de Investigacion en Alimentacion y Desarrollo, A.C., Hermosillo, Son.,
Mexico, 3 University of California, El Centro, CA, USA.

Forty eight crossbred finishing beef steers (368+1.5 Kg) were used in a
completely randomized block design experiment to evaluate the effects
of four levels (0, 500, 800 and 1,200 IU/d)of vitamin E (DL a-tocopheryl
acetate) supplementation in the diet for the last 38 days of feeding on
meat brightness and color stability after 1,3, 5 and 7 days postmortem.

Journal of Animal Science, Vol. 77, Supplement 1

Chilled Longisimuss dorsi muscle samples (500 g) were taken 12 h after
slaughter, polyurethane and plastic wrapped, maintained in marked-like
refrigerated conditions (£4°C), and meat visual characteristics evalu-
ated for 7 days. Muscle brightness (L#) and color indexes ax and bx
were carried out in a Hunterlab D25M optical sensor, Restom, Virginia,
USA. There were no significant differences (P<.10) between the levels of
vitamin E supplementation on meat brightness (L#) or on color indexes
a*x and bx. However there was a tendency, not due to vitamin E, on all
treatments to show more brightness of the meat from three days post-
mortem than at one day after, which was probably due to postmortem
muscle water liberation. There was a slight but significant increase in
meat color index bx with 1,200 IU/d from day three postmortem. It is
concluded that vitamin E at the levels studied here did not show any
benefit on meat color stability postmortem.

Vitamin E supplementation on diet, IU/d.

Time
postmortem, d 0 500 800 1,200 C.V.
Meat brightness index (Lx)

1 27.6%¢ 27.5¢  27.3%¢ 2659 7.5

3 30.7%%  30.4%%¢ 30.09%? 30.4%? 6.5

5 31.1%¢ 31.19%¢ 30.4%¢ 31.2%¢ 7.4

7 31.0°F 31.3¢f 30.6%f 31.1%F 6.5
Meat color index (ax)

1 13.8%¢ 14.4%¢  14.1°¢  12.7°¢ 13.3

3 13.02¢ 11.7%¢  11.8%¢ 13299 194

5 12.5%¢ 11.9%¢  11.9%%¢ 12.9°° 17.1

7 12.5%F 12.0F 11.9°%F 12.8%F 146
Meat color index (bx)

1 7.8%¢  8.0%¢  7.79%¢  7.5Y¢ 120

2 8.52¢ 7924 7gad ggid 123

5 8.4%¢ 819 .19  8.4%° 122

7 g.5¢f 83ef go2df 849 100

2®Means within columns with different letter are significantly different
(P<.05).

cdefMeans within rows with the same letter are not significantly differ-
ent (P>.10).

Key Words: Finishing steers, Meat color stability, Vitamin E

201 Effects of graded levels of potato by-products
in barley and corn-based beef feedlot diets I. Feedlot per-
formance, carcass characteristics, meat composition and
appearance. M. L. Nelson*, J. R. Busboom, J. D. Cronrath, L.
Falen, and A. Blankenbaker, 1 Washington State University, Pullman.

To measure effects of diet on feedlot performance, carcass characteris-
tics and beef appearance, one hundred forty-four crossbred beef steers
(333 kg) were allotted within weight block (3) to a randomized complete
block design with a 2 x 3 factorial arrangement of dietary treatments.
Main effects were grain (barley or corn) and level of potato by-product
(PB) (0, 10 or 20% of diet PM). Steers were fed diets containing 83%
concentrate (grain plus PB), 10% supplement and 7% alfalfa on a DM
basis for an average of 130d. Level of PB quadratically affected (P <
.10) DM intake and gain such that steers fed 10% PB ate more and
gained faster. Corn-fed steers were more (P < .05) efficient (5.8 vs. 6.3
kg DM/kg gain) and had more (P < .05) kidney, pelvic and heart fat
(2.2 vs. 2.0%) than barley-fed steers. A grain by PB interaction was
detected (P < .10) for marbling score where it was minimized in bar-
ley diets (small 0) but maximized in corn diet (small 30) at 10% PB.
Diet did not affect beef firmness or beef color score. Barley-fed beef had
whiter fat (P < .05) than corn-fed beef (2.6 vs. 2.9 on an F scale), how-
ever, fat luster score was not affected by diet. Overall, differences were
small and probably not biologically important. These results indicate
minimal effects of diet on beef appearance and carcass characteristics,
meat composition and appearance.

Key Words: Growth performance, Carcass characteristics, Beef appear-
ance
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202  Effects of graded levels of potato by-product in
barley and corn based beef feedlot diets. II. Palatability.
J. R. Busboom*!, M. L. Nelson?!, L. E. Jeremiah?, S. K. Duckett3, J.
D. Cronrath!, and L. Falen?, 1Washing1:0n State University, Pullman,
2 Agriculture and Agrifood Canada, Lacombe, AB, 3 University of Idaho,
Moscow.

The objective of this study was to evaluate the effects of barley- or
corn-based diets containing 0, 10 or 20% potato by-product DM (PB)
on Warner Bratzler shear force and palatability of beef. One hundred
forty-four crossbred beef steers (333 kg) were allotted within weight
block (3) to a randomized complete block design with a 2 x 3 factorial
arrangement of dietary treatments. Steers were fed diets containing 83%
concentrate (grain plus PB), 10% supplement and 7% alfalfa (DM basis)
for an average of 130d. Longissimus muscle were evaluated by a pro-
fessional flavor/texture profile panel, a ten member trained laboratory
panel and by consumer panels. Diet did not affect (P > .05) Warner
Bratzler shear force or trained laboratory panel tenderness, juiciness
and flavor intensity scores. However, flavor intensity scores tended (P
< .10) to decrease linearly from 6.2 to 6.0 to 5.8 £ .15 as PB increased.
The flavor/texture profile panel scores indicated that beef from steers
fed 10 or 20% PB had lower incidences of inappropriate aromatics and
after tastes, which may have a slightly beneficial affect on beef flavor,
but flavor amplitude was not affected by level of PB. Feeding a corn-
based diet as opposed to barley-based diet produced a more appropriate
well balanced, and well blended beef flavor and texture, but the mag-
nitude of the differences were small, and the flavor and texture of both
barley- and corn-fed beef were well within the acceptable range. More-
over, consumer panel scores for tenderness, juiciness, flavor and overall
acceptability were not affected by diet. Thus, the few statistically sig-
nificant differences that were observed among diets were probably of
limited practical importance in palatability of beef.

Key Words: Beef palatability, Potato by-products, Grain

203 Compositional analysis of beef 6-12 rib sections
by dual-energy x-ray absorptiometry. A. D. Mitchell*, T. S.
Rumsey, M. B. Solomon, and S. Fritsche, USDA, Agricultural Research
Service, Beltsville, MD.

Dual-energy x-ray absorptiometry (DXA) was used as a non-invasive
method to measure composition of 6-12 rib sections obtained from the
carcasses of 75 Charolais steers. Carcass weights ranged from 171.6 to
385.5 kg. The weights of the rib sections ranged from 6.15 to 14.93
kg. Each rib section was scanned twice by DXA (Lunar, DPXL), once
in the pediatric-medium (PM) mode and once in the adult-detail (AD)
mode. After scanning, each rib section was dissected into fat, lean, and
bone. The dissected soft tissue (fat plus lean) was analyzed chemically
for lipid, protein, and water content. DXA lean values were corrected
for amount of bone (less BMC, bone mineral content). There was no
difference in the amount of fat measured by DXA-PM (2430 g), DXA-
AD (2522 g) or dissection (2239 g) (P > 0.05). Likewise, there was no
difference in the percentage fat in the soft tissue measured by DXA-
PM (23.41%), DXA-AD (24.15%) or by solvent extraction (24.01%) (P
> 0.05). However DXA-PM measurements of both total and percent-
age fat were more highly correlated (r) with the dissection (0.962) and
chemical (0.915) values than were the DXA-AD measurements (0.765
and 0.138). The lower correlation for the DXA-AD measurements was
attributed to inconsistencies in measuring the lighter weight ribs. The
DXA-AD measurement of lean tissue (5635 g) was less (P < 0.05) than
DXA-PM (6136 g), but neither DXA measurement was different (P >
0.05) from the dissected lean weight (5923 g). The DXA-PM measure-
ment of percentage lean was significantly correlated (P < 0.05) with
the soft tissue percentage protein by chemical analysis (r = 0.728), soft
tissue percentage water (r = 0.954) and the carcass yield grade (r =
0.737). These results are consistent with a previous DXA measurement
of beef 9-10-11 rib sections and suggest that the DXA-PM scan may be
useful for evaluating beef carcass yield and composition.

Key Words: Beef, Carcass Composition, Dual-Energy X-ray Absorptiom-
etry
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204 Breed effects on cholesterol and fatty acids in
longissimus muscle of Hereford, Limousin, and Piedmon-
tese F2 crossbred cattle at slaughter. D. C. Rule*!, R. E.
Short2, M. D. Grosz?, and M. D. MacNeil?, ! University of Wy, Laramie,
2USDA,ARS, Miles City, MT.

Meat from cattle breeds that differ in muscularity and(or)express mus-
cular hypertrophy (double muscling) may differ in muscle lipid composi-
tion. Hereford (normal muscling, H), Limousin (moderate muscling, L),
and Piedmontese (muscular hypertrohy, P) sires (20-25 per breed) were
bred to crossbred cows at random to produce F1 calves. F1 progeny
were inter se mated within sire breed to produce F2 calves that were
weaned at 6 mo of age and placed on a growing diet until 341 kg for
females and 386 kg for males. Calves were then fed a finishing diet for
either 90 or 132 d and slaughtered. P cross calves were genotyped for
the G-A transition mutation at the myostatin locus characteristic of P,
and their genotypes were classified on the basis of having 0 (Py), 1 (P1),
or 2 (P2) copies of the mutant allele (mhP). One 2.5-cm cross section
of longissimus (LD) from the 12-13 rib was sampled from H (n=12), L
(n=12), Po (n=19), P; (n=13), and P2 (n=12). Visible intramuscular
fat was separated from lean tissue. Fat was analyzed fresh, and lean
was freeze-dried, finely ground, and homogenized. Both tissues were
analyzed for cholesterol content and fatty acid composition by capillary
column GLC. LD cholesterol (mg/100 g) was greater (P = .01) for Py
(67.1) than for Pg, L, and H (58.5, 60.6, and 59.2, respectively) and in-
termediate for Py (62.4). Fat tissue cholesterol was numerically highest
for P2 (137.1 mg/100 g), but not different (P = .23) than the others
(range 105.6-125.8). For LD fatty acids P had the lowest (P < .01)
16:0 (21.2%) and 18:1 (32.7%), whereas P2 had higher (P < .01) 18:0
(13.3%) than Py or Pg, but not H or L. P had the highest (P < .01)
18:2 (11.7%), 18:3 (.7%), and 20:4 (5.6%). In fat, P> had higher (P <
.01) 18:0 (17.2%) and 18:2 (2.3%). Po_2 had greater (P = .02) 18:3
than H or L. We conclude P2 contain greater LD cholesterol, and asso-
ciated fatty acids reflect this change by containing greater proportions
of unsaturated fatty acids.

Key Words: Cattle, Muscularity, Muscle Lipids

205 Deposition of energy and nutrients in the car-
cass during growth and meat quality of different cattle
breeds. B. Ender*!, H. J. Papstein?, G. Nuernberg?, M. Gabel®,
and K. Ender?, University of Rostock, Agricultural Faculty, D-18051
Rostock, Germany, 2 Research Institute for the Biology of Farm Ani-
mals, D-18196 Dummerstorf, Germany.

It was the objective of this study to determine the effects of selection
on dynamic development of tissue and nutrients during the course of
growth and on meat quality. For this purpose bulls from the follow-
ing breeds were selected: German Angus (GA), Galloway (Ga), German
Holstein (GH), and White—blue Belgian (WBB) with muscular hyper-
trophy. The recording of the substantial components of the value of the
carcass was carried out during the growth period from birth to the age
of 24 months, using the method of serial slaughterings of different age
groups which was then followed by an analysis of the carcass. In or-
der to indicate the dynamic development of tissue and nutrients during
the course of growth, a time—dependent growth function was applied.
White—blue Belgians show very high protein contents and very low fat
contents. The content of protein is not high enough to attain an energy
content in total that is comparable to the other breeds. The edible part
of the carcass of these bulls contains almost 50% less energy. The ratio
of protein to water in the edible parts of the carcass (weight of meat and
fat), calculated at a standard live weight of 600 kg, is 1 : 0,2 with WBB
and 1: 1,2 with Ga and therefore shows a wider range than with GA (1
: 1,2) and GH (1 : 1,1). Selection did not have an impact on the ratio
of protein to water which is 1 : 3,4—3,7. This ratio remained constant
during growth. However, the ratio of fat to water varies strongly, de-
pending on the direction of selection and the animals’ weight. Selection
did have an impact on the size of the rib—eye area and the intramus-
cular content of fat. WBB showed the palest meat. The intramuscular
content of fat increased with age, the M. longissimus being the muscle
with the highest fat content. The meat quality is causally related to
the different chemical components of the carcass due to selection; it also
depends on a multitude of other features, however.

Key Words: Growth, Meat Quality, Cattle
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206 Effects of antioxidant and antimicrobial addi-
tion to ground beef and lamb on microbial growth, lipid
oxidation and color. S. L. Cuvala*, S. K. Duckett, G. T. Pritchard,
and J. G. Andrae, University of Idaho, Moscow.

The objective of this study was to determine the effect of adding an
antioxidant and/or antimicrobial to ground beef (GB) and ground lamb
(GL) on microbial growth, lipid oxidation, and color over four d of stor-
age at 4°C. Replicate samples of freshly ground lamb and beef were
divided into four, 400 g batches. The four batches were treated with
nothing (CON), ascorbic acid (AA; .05% v/w), chlortetracycline (CTC;
.0001% v/w), or a combination of AA and CTC (COMB). Ground sam-
ples were placed on styrofoam trays, over-wrapped with oxygen per-
meable film, and stored under fluorescent lights at 4°C for 4 d. Total
aerobic plate counts (APC), lipid oxidation (TBARS), pH, and discol-
oration were determined on all samples at d 0, 1, 2, and 4. Data were
analyzed by the repeated measure analysis of the General Linear Model
of SAS with ground meat type, antimicrobial, antioxidant, and time as
main effects with all interactions tested. Ground meat type and AA did
not alter (P > .05) APC. Aerobic plate counts were lower (P < .05)
at d 4 for CTC treated ground meat. In GL, AA treatment did not
influence (P > .05) TBARS. In GB, however, AA treatment reduced (P
< .05) TBARS at 0, 1, 2, and 4 d. Meat pH values were higher (P <
.05) in GL than GB. Antioxidant or CTC treatment did not alter (P
> .05) pH values over time. Discoloration scores were higher (P < .05)
for CON and CTC than AA and COMB at 1, 2, and 4 d; however, GB
values were higher (P < .05) than GL for CON and CTC. At d 0, 1,
and 2, discoloration scores were similar (P > .05) for AA and COMB in
both GB and GL. At d 4, GB had higher (P < .05) discoloration scores
than GL for AA treatment but were similar (P > .05) for the COMB
treatment. Scores for AA in both GB and GL were higher (P < .05)
than COMB. As expected, CTC addition to ground meat reduced APC
and AA addition reduced discoloration scores and lipid oxidation. How-
ever, the effect of AA treatment on lipid oxidation was only observed in
ground beef. The combination of CTC and AA resulted in lower discol-
oration scores than AA at d 4 or CTC at d 1, 2, and 4. Overall, AA
treatment alone maintained color in the ground meat samples for 4 d
of refrigerated storage but APC exceeded spoilage levels (> 107) unless
CTC was also included.

Key Words: Beef, Lamb, Bacteria

207 Effect of chilling on fresh pork quality. S. Ohene-
Adjei*l, M. Ellis, F. K. McKeith, and J. E. Cannon, 1University of
Hlinois at Urbana-Champaign, 2 Dekalb Swine Breeders Inc.

A study was conducted to characterize the effect of chilling rate on fresh
pork quality. A 2x3x3 factorial design (two chilling conditions, three
genotypes and three sites within the muscle) was utilized. Pigs (Durocs,
n=24), between 90-120kg, were genotyped for the halothane gene and
allocated to three classifications: normal (n=7), carriers (n=10) and
reactors (n=7). The pigs were slaughtered on four separate days after
resting overnight. Intact sides were randomly allocated to accelerated
(AC: -30°C for 150 min then 4°C for 22-23hr) or conventional (CC:
4°C for 24 hr) chill conditions. Muscle samples were obtained from in-
ner (I), mid (M) and outer (O) sites of the Semimembranosus (SM)
and the Biceps femoris (BF). The Longissimus (LD)and the Gluteus
medius (GM) were also evaluated. Color (L* a* and b*) was evaluated
using a Hunter colorimeter at 24hrs postmortem. Drip loss and ultimate
pH were evaluated 48hr postmortem. AC resulted in a reduced L* for
the LD muscle and the SM. In addition, the a* was increased in the
LD and GM and AC reduced drip loss in the GM. Genotype had no
consistent effect on effect on fresh pork quality attributes. Site within
muscles had variable effects on quality. The inner portion of the SM
had the highest L*, however, in the BF the outer section had the high-
est L* and the mid portion had the lowest L* and the highest drip loss.
Results from this study suggest that AC can have some positive effects
on the quality attributes of the loin but its effects were limited in the
hams. Halothane status had no consistent effect on quality, however,
site within the muscle had variable on quality attributes.

Key Words: Chilling, Pork, Quality
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208 Influence of two dietary fat sources and en-
ergy levels on lipogenic activity in tissues of pigs. G. Bee*!
and C. Wenk?, 1Swiss Federal Research Station for Animal Produc-
tion, Posieux, Switzerland, 2Institute of Animal Science ETH-Zurich,
Switzerland.

Fat deposition rate and fatty acid profile are affected by factors such as
dietary energy levels and fat sources. The aim of the study was to deter-
mine the relationship between high and low digestible energy levels (9.4
vs. 14.5 MJ DE/kg) and either tallow or soybean oil supplementation
(5%) on lipogenic activities and fatty acid profile of the subcutaneous
adipose tissue and liver in finishing pigs. 20 Large White pigs were al-
located into four dietary groups and fed the diets ad libitum from 30
kg up to slaughter at 106 kg live weight. The lipid content and fatty
acid composition of the tissues were determined and glucose-6-phosphate
dehydrogenase (G6PDH), malic enzyme (ME) and fatty acid synthase
(FAS) activity were measured. Lipid deposition rate of animals fed the
low energy diets was lowered regardless of fat supplementation. Unlike
lipid deposition, fatty acid profile was influenced by both dietary factors.
Pigs fed the low energy diet supplemented with soybean oil exhibited
the lowest level of saturated (P<.001), monounsaturated (P<.001) and
the highest level of polyenic fatty acids in the adipose tissue. The op-
posite occurred for the pigs fed the high energy diet supplemented with
beef tallow. The fatty acid profile of the adipose tissue of animals fed
the other two diets were intermediate. Independent of treatments, li-
pogenic activities were up to 10 times higher in the adipose tissue than
in the liver. In the latter, GEGPDH activity was higher (P<.05) due to
high energy diet, whereas the activity of ME and FAS were not affected.
Animals fed the high energy diet either supplemented with tallow or soy-
bean oil exhibited higher ME activity (P<.04) in the backfat, without
any effect on G6PDH activity. In contrast, dietary fat sources affected
the FAS activity, with lower activity (P<.04) exhibited in the backfat
of animals fed the soybean oil diets. The results suggest that FAS ac-
tivity is downregulated by the high level of dietary polyenic acids from
soybean oil, whereas ME activity by the low energy supply.

Key Words: pig, adipose tissue, lipogenesis

209 Interaction of halothane and Rendement
Napole genotypes on carcass and meat quality character-
istics of pigs. D. N. Hamilton*, K. D. Miller, D. F. Parrett, F. K.
McKeith, and M. Ellis, University of lllinois, Urbana, IL/USA.

The objective of this study was to determine the effects of halothane and
Rendement Napole (RN) genotypes on carcass and meat quality char-
acteristics in pigs. Halothane and RN carrier (Nn/RN~rn™) Hampshire
boars were mated to dams that were homozygous for the normal allele of
both genes (NN/rn+rn+). Progeny were classified into four genotypes
1. (NN/rntrn®) (n=31), 2. (Nn/rn*rn™) (n=27), 3. (NN/RN rn™)
(n=30), and 4. (Nn/RN~"rnT) (n=23). A DNA test was used to deter-
mine halothane genotype and longissimus glycolytic potential was used
to predict the RN genotype. Halothane carriers (Nn/_ _) in comparison
to halothane normal (NN/_ _) animals tended to have shorter carcasses
(81.8 vs. 82.7, SE =.61 mm, P=.06) greater loin eye area (44.6 vs.
42.6; SE=1.21 cm2, P=.07), and showed a reduced ultimate pH (5.32
vs. 5.45, SE= .767, P<.05) and lower subjective longissimus firmness
scores (1.97 vs. 2.32, SE=.139, P<.05). Carriers of the detrimental RN
allele (- ,/RNfrn+) in comparison to homozygous normal animals (-
_/rnTrn™) had lower longissimus ultimate pH (5.26 vs. 5.51 SE=.042,
P<.05) and higher cooking loss (26.26 vs. 23.99, SE= .767, P<.05).
The interaction between halothane and RN genotype was significant for
a number of meat quality traits. Animals that were carriers for both
genes (genotype 4) had the poorer values for subjective color score (2.60
vs.1.88 vs. 1.85 vs. 1.95, SE=.180, P<.05, for genotypes 1, 2, 3, and
4, resp.), Minolta L* (47.7vs. 52.7vs. 53.6 vs. 55.2, resp., SE=1.47,
P<.05), and drip loss (3.44 vs. 5.84 vs. 6.77 vs. 7.28, resp., SE=.966,
P<.05) suggesting paler meat with a lower water holding capacity for
this genotype compared to the other 3. Marbling scores were higher for
genotype 1 (2.11 vs. 1.44 vs. 1.53 vs. 1.55, SE=.152, P<.05) and shear
force was highest for genotype 2 (3.83 vs. 4.41 vs. 3.79 vs. 3.70, resp.,
SE=.172, P<.05). This study shows that the detrimental alleles of both
genes result in a reduction in fresh-meat quality, particularly in terms
of color and water-holding capacity and that in combination the two
detrimental alleles produced the palest meat with the highest drip loss
of any of the genotypes evaluated.

Key Words: Rendement Napole, Halothane, Meat quality
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210 Effect of genotype on carcass composition and
meat quality characteristics. B. F. Wolter*!, M. Ellis!, F. K.
McKeith!, and M. Culbertson2, 1 University of Illinois, 2 Cotswold USA.

Thirty pigs from each of five great grandparent lines of pigs (N=150)
were evaluated for carcass composition and meat quality characteristics.
Lines evaluated included: Landrace (L), Maternal Large White (MLW),
Terminal Large White (TLW), Duroc (D), and Pietrain (P). Slaughter-
ing took place on 5 occasions with six animals from each line, selected
on the basis of sire, on-farm weight, and birth date, being slaughtered
on each occasion. Measurements were obtained on the left side of the
carcass and quality assessment was carried out on longissimus chops ob-
tained posterior to the tenth rib. Results are presented as line deviations
from the population mean. Dressing percentage was highest (P<.001)
for P (deviation from mean = +1.08%) and lowest for MLW (-.57%)
and L (-.63%). Tenth rib backfat was greatest (P<.01) in lines D and P
(+2.0 and +2.1 mm, respectively), least for lines MLW and TLW (-1.5
and -2.0 mm, respectively), and intermediate for L (-.5 mm). Interest-
ingly, line P had the highest tenth rib backfat, but also the greatest
(P<.001) loin eye area (4+4.1 cmg). Deviations from the mean for loin
eye area were +.4, -1.8, 4.4, -3.2 cmgy for lines D, MLW, TLW, and L,
respectively. Ultimate pH was lowest (P<.001) for line P (-.11), high-
est for D and MLW (+.09 and +.06, respectively), and intermediate for
lines TLW and L (.00 and -.03, respectively). Subjective marbling was
significantly higher (P<.001) and twenty-four hour drip loss was lower
(P<.001) in line D (41.1, and -1.7%, respectively) than for the other
lines which were similar for these traits. In addition, Hunter L* values
indicated that muscle color was less pale (P<.001) for line D (-2.60) than
for lines P, MLW, TLW, and L (+1.05, -.38, +1.11, and +.84, respec-
tively) which were similar. There were significant differences (P<.001)
between the lines for Warner-Bratzler shear force and taste panel ten-
derness (evaluated on a 15 point scale) with line L having higher shear
force and lower tenderness values (+.66 kg and -.52, respectively), both
indicating a lower degree of tenderness than lines D (-.35 kg and +.58, re-
spectively) and P (-.49 kg and +.40, respectively). Generally, line P had
greater carcass muscling, and line D demonstrated superior meat quality
characteristics compared to the other lines evaluated in this study.

Key Words: Meat Quality, Carcass Traits, Pigs

211 Sensory evaluation of loin chops from lambs fed
concentrate or grazed on ryegrass to traditonal or heavy
weights. R. J. Borton*, K. E. McClure, and D. M. Wulf, The Ohio
State University / OARDC.

Palatability of loin chops from lambs either fed concentrate in drylot
(C) or grazed on ryegrass (F) with slaughter weights at 65 or 100% of
physiological mature BW of their dams was evaluated. Lambs (64) were
randomly allotted by sex with initial BW for ewes (E) and wethers (W)
(23 and 24 kg) in a 2x2x2 factorial design. Slaughter weights at 65% of
E and W at normal (N) BW were 49.5 and 53.2 kg slaughter weights at
100% for E and W at heavy (H) BW were 75.9 and 81.8 kg. Days on
test for CN, CH, FN, and FH were: 82, 161, 171, and 448. Boneless loin
chops obtained from 53 (ECN=8, ECH=8, EFN=8, EFH=3, WCN=7,
WCH=8, WFN=5, WFH=6) carcasses were vacuum packed, frozen and
stored at -10°C. Chops were thawed, wrapped in foil, baked at 177°C
for 30 minutes and evaluated by a 10 member panel. Panelists rated
the chops for off-odor (OO), lamb flavor (LF), off-flavor (OF), tender-
ness (T), juiciness (J) and overall acceptability (OA) using a scale of
0-9 with O representing the least and 9 the most of each attribute. Data
were analyzed using a General Linear Models Procedure. OO was more
(P<.001) for F than C (1.48 + 0.12 vs 0.94 £ 0.10). LF was higher
(P<.001) for the C than for F (5.53 + 0.12 vs 4.58 + 0.14). OF was
stronger (P<.001) for F than C (2.01 4+ 0.16 vs 1.06 £ 0.14). OF was
stronger (P<.05) for H than N (1.78 £ 0.16 vs 1.30 & 0.15). ECH were
more T (P<.03) than ECN or WFN (6.34 £+ 0.32 vs 5.09 £ 0.30 or 5.00
+ 0.38). WC were more J (P<.01) than EC, EF, or WF (5.39 + 0.12
vs 4.73 + 0.12, 4.77 4+ 0.15 or 4.63 £ 0.14). CH were more J (P<.01)
than CN, FN, or FH (5.54 £ 0.12 vs 4.59 + 0.12, 4.78 £ 0.14 and 4.62
+ 0.15). OA was higher (P<.001) for C than for F lambs (5.51 £ 0.12
vs 4.72 £+ 0.14). Chops from C lambs had less OO and OF and more
LF. This could be related to the fact that C lambs were younger and
appeared fatter than the F lambs. The magnitude of differences found
by the panel, while significant, were small enough to indicate H or F
lamb chops were acceptable.

Key Words: Lamb, Flavor, Sensory Evaluation
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212  Effects of Dorper genetics on tenderness, fatty
acid and cholesterol content of lamb. S. K. Duckett*!, S. L.
Cuvalal, and G. D. Snowder?, 1 University of Idaho, Moscow, 2U.S.
Sheep Experiment Station, Dubois.

The objective of this study was to assess the effects of Dorper (D) genet-
ics in comparison to Suffolk (S) on the longissimus muscle tenderness,
fatty acid and cholesterol content. Lambs (n = 30) were sired by ei-
ther Suffolk or Dorper rams and gestated by Columbia mature ewes.
Fatty acid composition and cholesterol content of subcutaneous (SQ)
and intramuscular (IM) lipid were determined by GLC. Fatty acid and
cholesterol data were analyzed using the GLM procedure of SAS with
breed and tissue as main effects with the two-way interaction tested.
Warner-Bratzler shear force data was analyzed as above with only breed
in the model. Warner-Bratzler shear force values for rib chops aged 10
d were 1.1 kg lower (P < .05) for D than S. Total fatty acid and choles-
terol contents of the IM and SQ were similar (P > .05) between breeds.
However, the total fatty acid content was higher (P < .05) for SQ than
IM and cholesterol content lower for SQ than IM. For all the fatty acid
percentages, no breed by tissue interactions were significant (P > .05).
The percentage of palmitic acid in the IM was lower (P < .05) for D than
S. The percentages of palmitoleic acid, stearic acid and total odd chain
fatty acid were higher (P < .05) in D than S IM. Fatty acid percent-
ages differed (P < .05) between IM and SQ tissues. Intramuscular lipid
contained higher (P < .05) percentages of myristoleic, palmitoleic, oleic,
linoleic, and arachadonic acids than SQ. The percentage of monounsatu-
rated and polyunsaturated fatty acids was also higher (P < .05) for IM
than SQ. Subcutaneous lipid contained higher (P < .05) percentages
of capric, myristic, pentadecylic, margaric, and stearic acids than IM.
Total saturated and odd chain fatty acid percentages were higher (P <
.05) in SQ than IM. Conjugated linoleic acid content (18:2c¢9t11; mg/g
lipid) did not differ (P > .05) between breed or tissue. The use of Dor-
per genetics increased the tenderness and reduced palmitic acid content
in the longissimus. Intramuscular lipid contains higher percentages of
monounsaturated and polyunsaturated fatty acids than SQ.

Key Words: Lamb, Tenderness, Fatty acids

213  Effects of rearing system on meat quality in
young kids. A. Argiiello*!, A. Marichal®’, R. Ginds', J. Capote?,
J. M. Afonso!, and J. L. Lépez!, Animal Production Unit, Las Pal-
mas de Gran Canaria University, Arucas, Las Palmas, Spain, 2Animal
Production Unit, Pastures and Forage, ICIA, Tenerife, Spain.

The objective of our study was to examine the effects of rearing system,
nursed from their dams (ND) and fed a commercial milk replacer (CR),
on meat quality in young kids. Thirty male and twin kids were allotted
in two feeding regimens (15 ND and 15 CR). All the kids were slaugh-
tered at live weight of ten kg. After slaughter, pH was measured on
Longissimus dorsi (LD), Semimembranosus (SM) and Triceps brachii
(TB). Twenty-four hours later (the carcasses were chilled at 4C), pH,
Warner-Brazler shear force (WBSF), Color (Lightness, L, Croma, C,
Hue, H), Water holding capacity (WHC) of LD, SM and TB muscles
were measured. In LD muscle it didn’t founded differences between ND
and CR group for all measurements. In TB muscle, it didn’t founded
differences between groups for WBSF, C and H; in contrast, CR group
have a higher value of L (56.284+2.65 vs 50.77%5.13, P<.05), smaller
WHC (6.5+1.04 vs 9.27+3.12 (%), P<.05) and pH 24 hours postmortem
(5.734+.07 vs 5.84+.10, P<.05). In LD muscle only, it didn’t founded
differences for C value (16.84+7.18 vs 8.97+7.55, P<.05, in CR and ND
respectively). Feeding a commercial milk replacer has small effects in
kids’ meat quality, almost exclusively in TB muscle. Standard ANOVA
procedures were used to analyze the differences between muscles; TB
muscle was more firm (8.58+1.53 kg, P<.05), had less WHC (7.96£2.72
(%), P<.05) and a higher pH final (5.79+.11, P<.05). Differences be-
tween muscles could be raised on different metabolic activities.

Key Words: Kid, Rearing System, Meat Quality

214  Survival of Escherichia coli O157:HT in soil. R.
G. Espinosa*, B. Larkin, J. Thomas, and T. May, New Mexico State
University, Las Cruces.

Enterohemmorhagic E. coli O157:H7 is a major concern of the food
industry and the general public. Cattle have been implicated as the
primary reservoir for this pathogen. It is of interest to study the char-
acteristics of this microorganism’s survival in the environment. Our
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goal was to establish the survival of E. coliO157:H7 in soil. A soil sam-
ple was divided into groups to test survival at 4°C, 25°C, and 37°C.
A nalidixic acid resistant strain of E. coli O157:H7 932 was inocu-
lated to each sample. Samples of soil were taken over time, serially
diluted, and plated to sorbitol MacConkey (SMAC) plates with nalidixic
acid (50pug/mL). Plate counts were made and the population of E. coli
O157:H7 was enumerated. Random colorless colonies were verified to
have the O157 lipopolysachharide antigen by latex agglutination. When
E. coli O157:H7 was not detected by standard plating, an enrichment
of one gram of soil in 100mL of trypticase soy broth (50ug/mL nalidixic
acid) was incubated at 37° C and shaken at 150 rpm on an orbital shaker.
At 37°C, E. coli O157:H7 was not detectable after three days by stan-
dard plating. Enrichment of the soil and subsequent plating on SMAC
plates with nalidixic acid produced E. coli O157:H7 colonies through
day fourteen. By day fourteen, E. coli O157:H7 was not detectable in
the 25°C system by standard plating. Enrichment of the soil sample and
subsequent plating on SMAC plates produced E. coli O157:H7 colonies
through day 42. At day 56, E. coli O157:H7 was detected in the soil
sample incubated at 4°C by standard plating. According to these re-
sults, E. coli O157:H7 is able to survive long periods of time in soil.
Moisture content of the soil may be a factor that affects this charac-
teristic. The survival of this organism in soil may be a route by which
cattle-to-cattle transmission occurs.

Key Words: E. coli O157:H7, Shiga like toxin, Microbial Ecology

215 Contribution of the lean meat consumption to
meet the nutrient requirement in Switzerland. M. Leonhardt
and C. Wenk*, Swiss Federal Institute of Technology Zurich - Institute
of Animal Sciences, Switzerland.

In the present study, the contribution of average lean meat consumption
in Switzerland in 1997 to meet the requirements for selected vitamins
and trace elements (thiamin, riboflavin, alpha-tocopherol, iron and zinc)
was calculated. For that purpose, the nutrient content of the following
meat cuts was examined: pork (chop and shoulder), beef (prime rib and
shoulder), veal (chop) and chicken (breast and thigh). Pork was the
best thiamin source and there was no significant difference in thiamin
content of longissimus dorsi and shoulder muscles. In contrast, the ri-
boflavin content significantly differed between the muscles within species
(pork and chicken) examined. With the average lean meat consump-
tion (102 g/day), the recommendation given by the National Research
Council (RDA, 1989) for daily thiamin intake was met to 29% (men)
and 40% (women). Recommendation for daily riboflavin intake was met
to 12% (men) and 15% (women) and for daily vitamin E intake to 4%
(men) and 5% (women). Beef and pork shoulder were the best sources
of iron, heme iron and zinc. With an average daily pork consumption,
recommendations for daily iron intake were met to 11% (men) and 7%
(women) and for zinc intake to 25% (men) and 32% (women). The re-
quirement for absorbed iron was met in the range of 10-30% and 7-20%
for men and women, respectively, and daily requirement for absorbed
zinc was covered to 32-56%. In addition, the efficacy of the same vi-
tamin E supplementation (200 mg alpha-tocopherol acetate/kg) to pig
and laying hen diets, in order to increase the alpha-tocopherol contents
of the respective animal products, was studied. Alpha-tocopherol accu-
mulation differed according to the following ranking: egg yolk > liver
> adipose tissue > longissimus dorsi muscle. Results showed that pork
from animals fed a vitamin E enriched diet is not an important supplier
of vitamin E. On the contrary, egg yolk became a good source of vitamin
E for human nutrition by dietary modification.

Key Words: Lean meat, Nutrient requirement

216 Determination of chemical compounds respon-
sible for boar taint. J. L. Xue*, J. Wang, Z. Vickers, and G.
Reineccius, University of Minnesota, St. Paul, MN.

Two compounds, androstenone and skatole, are considered primarily
responsible for boar taint. Previous studies indicated that other com-
pounds are also involved in boar taint. The objective of this study was
to determine the compounds for boar taint. Fat tissues were obtained
from 30 entire male pigs at the shoulder area in a slaughterhouse. All
pigs were from the same farm with the same genetic background. Mean
carcass weight was 85.6 + 8.7 (SD) kg. A frozen sample (2 g) in a
Petri dish was heated in microwave oven for 40 sec. Then 10 sensory
judges were asked to smell the fat, rate the overall intensity of taint
using 9-point scores from 0 to 8 (8 = strongest taint), and indicate
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taint due to androstenone, skatole, or other. The sensory test was du-
plicated for all samples. Data was analyzed using GLM and CORR
in SAS. Independent variables included sample, judge, duplication, and
interactions. Four tainted samples were selected for gas chromatogra-
phy (GC) and mass spectrometer (MS) assay of taint compounds. One
gram of fat was used for extraction of taint compounds. One of the
judges in sensory test conducted the sniffing in GC. Approximately 1
pl of the concentrated extracts was injected to the GC-MS system. No
linear relationship was detected between carcass weight and taint in-
tensity (r = 0.27, P > .1). Regression analysis detected interactions of
androstenone-skatole-other (P < .05), androstenone-skatole (P < .05),
androstenone-other (P < .04), and skatole-other (P < .050) on taint in-
tensity. Three androstenone-like odors were detected. The compounds
for the second and third peaks were determined as androstenol and an-
drostenone, respectively. We failed to identify the chemical for the first
peak. Concentrations of androstenone, androstenol, and the unknown
compound were 3.07 £ 1.27, 2.02 + .79, 1.97 + .74 (ug/g fat), respec-
tively. Our study suggests that boar taint detected by sensory panel was
a mixed result of androstenone, androstenol, skatole, and the unknown
compound, which was likely a steroid.

Key Words: Boar Taint

217 Differences in the effects of the halothane gene
and muscle fiber type composition on pork carcass compo-
sition and quality. J. M. Eggert*, F. F. S. Depreux, N. Ratliff, A.
P. Schinckel, A. L. Grant, E. B. Sheiss, E. P. Berg, and D. E. Gerrard,
Purdue University, West Lafayette, IN.

The objective of this study was to determine the impact of myosin heavy
chain (MHC) isoforms (I, IIB and IIA) on pork composition and qual-
ity traits. Gilts (n = 32) were randomly assigned to a 2 x 2 factorial
of genotype and slaughter weight (120 and 135 kg). European Large
White-Landrace (G1) pigs were used to represent the upper 5" per-
centile for percent lean in the U.S. and a commercial terminal-cross line
(G2) was used to represent average U.S. pigs for percent lean. Each
genotype X slaughter weight group consisted of 6 halothane-negative
(NN) and 2 halothane-carrier (Nn) pigs. Muscle samples were sub-
jected to an ELISA assay for determining MHC content. No significant
differences in fiber type composition (MHC) were observed for any geno-
type X halothane group. Regression analyses were conducted for quality
traits of both NN and Nn gilts. Main effects were type I (I), type IIB
(B), type ITA (A),I/B,I/A, B/A, genotype and slaughter weight. Least
significant effects were individually deleted from the model. Only I/B
accounted for variation in drip loss of NN gilts (I/B: P < .05; r? = .18),
while only genotype was significant for drip loss of Nn gilts (genotype:
P < .01; r? = .70). B/A and A accounted for variation in loin eye area
of NN gilts (B/A: P < .05; A: P < .10; r? = .18), while A, I/B and B/A
were significant for Nn gilts (A: P < .05; I/B: P < .10; B/A: P < .05;
r?2 = .53). Only I explained variation in 24-h pH of NN gilts (I: P = .11;
r? = .09), while I/B, I/A and B/A were significant for Nn gilts (I/B: P
< .01; I/A: P < .01; B/A: P < .01; r? = .97). In conclusion, fiber type
composition accounts for a larger proportion of variation in the quality
traits of Nn compared to NN gilts. Thus, fiber type composition appears
to have a greater impact on the quality of halothane carrier compared
to halothane negative gilts.

Key Words: Pigs, Myosin Heavy Chain, Pork Quality

218  Effects of corn, conjugated linoleic acid (CLA)
and duration of storage on the shelf-life of fresh pork. J.
M. Eggert, C. A. Stahl*, M. A. Latour, B. T. Richert, D. E. Gerrard,
J. C. Forrest, B. C. Bowker, E. J. Wynveen, J. E. Hammelman, and A.
P. Schinckel, Purdue University, West Lafayette, IN.

Gilts (n = 78; 25 kg) were fed one of four corn-based diets (high oil corn
(HOCQ), Optimum® high oleic high oil corn (HOHOC), conventional
corn (CONYV) and conventional corn supplemented with choice white
grease (CWGQG)) ad libitum to 115 kg. Each diet was supplemented with
either 1 % CLA oil (CLA) or 1 % sunflower oil (SFO) from 90 ’ 115
kg. CLA oil contains 60 % CLA isomers. At 24-h postmortem, color
evaluation of loins was performed both subjectively (1 = pale, pinkish
gray; 5 = dark, purplish red) and objectively (Hunter L*, a* and b*).
Loins were sampled for TBAR assay to determine their level of oxida-
tion. Left and right side loin sections (rib 6 > 10) were vacuum packaged
and assigned to frozen storage duration of either 14 or 35 days. Loin
sections thawed for 36-h at 2°C and were sliced into five 2 cm chops.
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The three internal chops were assigned to a 1, 3 or 5 day shelf-life dura-
tion and reevaluated for color and sampled for TBAR analysis after the
assigned duration. At 24-h postmortem, color evaluations of the loins
were significantly affected by corn (HOC: 2.29; HOHOC: 2.33; CONV:
2.51; CWG: 2.28 £+ .06; P < .05) and CLA (CLA: 2.44; SFO: 2.27 +
.04, P < .01), but these effects were not detected by Hunter L*, a* or b*
values. At day 5, corn had a significant effect on a* values (HOC: 10.12;
HOHOC: 10.69; CONV: 9.56; CWG: 10.28 + .26, P < .05). Corn type
or CLA were not significant for any other color measures. At day 5 of
shelf-life, loins frozen for 14-d received significantly higher color evalua-
tions (2.45 vs 2.34 + .03, P < .01), lower L* values (59.8 vs 61.2 + .3, P
< .01), higher a* values (10.9 vs 9.4 + .2, P < .01) and lower b* values
(16.8 vs 17.6 £ .1, P < .01) than loins frozen for 35-d. In conclusion,
corn type or CLA have minimal effects on the color characteristics of
frozen and displayed loin chops. Longer duration of frozen storage has
detrimental effects on loin chop color.

Key Words: High Oil Corn, Shelf Life, Color

219 Determination of freezing and thawing param-
eters for cooked-cured ham. D. S. Webb and R. L. Hendrickson,
Oklahoma State University.

The objective of this research was to evaluate the effect of refrigerated
and frozen storage conditions on the quality of cured cooked hams as to
recommend the best freezing and best thawing conditions for these prod-
ucts. Quality and shelf life of fresh and processed meat are both affected
by the rate of chilling. Quality characteristics such as water-holding ca-
pacity, purge loss and microbial load can be affected by chilling and
(or) thawing rates. Hams (n=242) were assigned to one of seven treat-
ment groups. Treatments included a control (-1°C) as well as two freeze
groups in combination with three procedures. Freeze groups were either
a fast (-34°C) or slow (-18°C). Frozen hams were then divided into one
of three thaw treatments, single stage (3°C), dual stage (-8°C; -2°C) or
a triple stage thaw (-12°C; -6°C; 3°C). Purge, cooking loss, lean color
stability, bacteria levels, salt percentage, proximate analysis and pres-
ence of pale soft exudative pork (PSE) lean were assessed for each ham
following its freeze/thaw combination. In summary hams, which were
fast frozen at -34°C and thawed using a three-stage procedure displayed
the least purge loss. Moisture loss during cooking was the lowest for the
control hams (32.07% loss), compared to 33.52% and 40.58% for frozen
and thawed hams respectively. Freezing or thawing showed no effect on
either proximate analysis or salt determination. Differences in cooking
loss could not be identified by a particular freeze or thaw method. No
PSE pork was found by the use of visual appraisal of hams. The use
of a single stage thaw versus either a dual or triple stage thaw had a
significantly (P<.05) higher b* value indicating a more pale lean color.
Microbial plate counts indicated there were no problems with bacteria
counts with any of the procedures. In order to maintain acceptable qual-
ity when freezing hams fast freezing in combination with a dual or triple
stage thaw shows to be the most beneficial.

Key Words: Freezing, Thawing, Purge

220 Pre- and post-harvest tenderization of callipyge
lamb. S. K. Duckett*!, J. G. Andrael, G. T. Pritchard!, S. L. Cuvalal,
K. Watson!, P. S. Kuber?, and G. D. Snowder3, ! University of Idaho,
Moscow, 2 Washington State University, Pullman, 3U. S. Sheep Exper-
iment Station, Dubois.

Twenty callipyge lambs (54 kg) were used to assess the effect of pre-
harvest calcium propionate administration and/or post-harvest freezing
before aging on tenderness. The lambs were randomly assigned to one
of the following treatments: controls (C; n = 10) and calcium gel ad-
ministered (GEL; n = 10). At about three h prior to slaughter, the
GEL lambs were drenched orally with 250 mL of a calcium propionate-
propylene glycol gel that contained 25 g of calcium, 105 g propionate,
and 100 g propylene glycol. At 24 h postmortem, carcass data were col-
lected and chops (2.54 cm thick) removed from both longissimus muscles.
The chops from the left side were vacuum packaged and aged at 4°C for
1, 3, 7, 14, and 28 d (FRESH). The chops from the right side were vac-
uum packed, frozen at - 20°C for 14 d, thawed and then aged for 1, 3, 7,
14, and 28 d (FROZEN). Data were analyzed using the repeated mea-
sures analysis of General Linear Model Procedure of SAS with calcium
treatment, fresh/frozen treatment, postmortem age, and all interactions
tested. Serum total, ionized and normalized calcium levels taken at
slaughter were higher (P < .05) for GEL than C by 22, 18 and 24%,
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respectively. However, Warner-Bratzler shear force values did not differ
(P > .05) between C and GEL treatment. The two- and three-way inter-
actions for calcium treatment with freezing treatment and/or age were
non-significant (P > .05). The interaction between freezing treatment
and postmortem age was significant (P < .05). Warner-Bratzler shear
force values for FROZEN were lower (P < .05) than FRESH by 1.3 to
2.2 kg at 3, 7, 14, and 28 d of aging. Postmortem aging rate was faster
(P < .01; -.287 vs -.146 kg/d) for FROZEN (d 1 - 14) than FRESH (d 1
- 28). Pre-harvest tenderization of callipyge was unsuccessful; however,
freezing prior to aging accelerated the rate of aging and reduced shear
force values to acceptable levels.

Key Words: Lamb, Callipyge, Tenderness

221 Color and tenderness of case-ready Chevon cuts
as influenced by storage time. G. Kannan*, B. Kouakou, S.
Gelaye, and T. H. Terrill, Agricultural Research Station, Fort Valley
State University, Fort Valley, GA.

Goat meat (chevon) is currently sold either as bone-in cubed meat or
as whole carcasses, primarily to consumers of ethnic origin and to in-
dividuals who prefer lean red meat. The objective of this study was to
evaluate the effects of storage time on color stability and tenderness of
chevon fabricated into case-ready cuts. Eight-month-old Spanish does
were slaughtered and the carcasses chilled for 24 h at 4°C. Carcasses
were then fabricated according to a proposed IMPS barbecue style (Ol-
son et al., 1999). Leg, shoulder, rib, and loin primal cuts were trimmed
and sliced into 2.5 cm-thick steaks/chops using a band saw. The cuts
were placed on styrofoam trays and wrapped with polyvinyl-chloride
film. These case-ready leg and shoulder steaks and loin/rib chops were
stored at 2 °C for either 0, 4, 8, or 12 d. Ultimate pH and myoglobin
were analyzed in the different cuts 24 h after slaughter. Percent met-
myoglobin (MetMb), CIE Lab color coordinate values, shear values and
cooking loss were measured on stored cuts. Myoglobin content and pH
were not significantly different among the different cuts, although mean
pH in the shoulder was high (6.3). Percent MetMb increased (P<.01)
with storage time in all of the cuts, but the pattern of increase was not
different among the different cuts. Type of cut had a significant effect
(P<.05) on L*(lightness), a* (redness), and hue values. Shoulder cuts
had the lowest L* and hue values and the highest a* values. Time had
a significant effect (P<.01) on a* and hue values, with redness decreas-
ing and hue angle increasing as storage time increased. Warner-Bratzler
shear force values were higher (P<.01) for Semimembranosus muscle
(leg steak) than Triceps brachii (shoulder steak) or Longissimus (rib
chop) muscles, and the values for each cut did not decrease markedly
over the time periods tested. Cooking loss was influenced by type of cut
(P<.01), with losses being highest in leg, lowest in rib, and intermediate
in shoulder. Cooking loss was also influenced by storage time (P<.05)
and was higher on day 0 than other storage periods. Results indicated
that different case-ready chevon cuts underwent the same amount of
discoloration over time and that storage time did not markedly affect
tenderness.

Key Words: Chevon, Storage time, Color

222  Effect of supplemental dietary vitamin E on the
color and case-life of top loin steaks and ground chuck
patties in map case-ready retail packaging systems. R. L.
Stubbs!, P. K. Bates*!, J. B. Morgan!, H. G. Dolezal', F. K. Rav!,
and S. E. Williams2, 1Oklahoma State University, 2Roche Vitamins
Inc.

Ground chuck and top loin steaks from cattle supplemented with either
0 (CON) or 500 (VITE) IU /head/day of a-tocopheryl acetate were pack-
aged in a modified atmosphere case-ready beef packaging system (MAP).
Random samples were taken from the strip loins and bulk ground chuck
of each treatment at fabrication in order to determine the a-tocopherol
concentrations in the product. Cuts were stored at 4°C £ 1°C for 0,
2, 4, 8, 10, 12, or 14 d. Following storage, products were displayed in
a retail case at 2°C + 1° for 8 d. Twice daily, objective and subjec-
tive measures of display color properties were obtained. Lipid oxidation
(TBARS) was measured on display 0, 4, and 8 for each supplementa-
tion by storage group combination. Analysis of retail samples revealed
higher (P<0.01) concentration of tocopherol in VITE when compared to
CON products for both top loin steaks and ground chuck patties. Lipid
oxidation was significantly (P<0.01) reduced during both storage and
display with VITE supplementation. CON products displayed increased
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(P<0.01) TBARS values during the display period after 2 or more days
of storage in MAP packaging. Regardless of display, VITE steaks stored
10 d or less and ground chuck stored 6 d or less exhibited stable lipid
properties. CON ground chuck samples exhibited complete brown sur-
face color if stored more than 6 d, where VITE ground chuck was able
to maintain displayable red color after 10 d of storage. Both VITE top
loin steaks and ground chuck patties maintained more acceptable visual
scores for lean color, percent discoloration, and overall appearance, for a
greater portion of the display period than did their CON counterparts.
Fat color in steaks was unaffected (P<0.05) by supplementation, but
improved in ground chuck patties. Maximum display life, when aver-
aged across all display days, was improved by approximately 3 d and
0.9 d with VITE supplementation for top loin steaks and ground chuck
patties, respectively. This study suggests that VITE supplementation
would be beneficial in improving lipid and color stability of beef prod-
ucts stored in high oxygen MAP packaging systems.

Key Words: Vitamin E, Modified Atmosphere Packaging

223  Effect of supplemental dietary vitamin E on the
color and case-life of top loin steaks and ground chuck pat-
ties in various case-ready retail packaging systems. R. L.
Stubbs, M. R. McGee*, J. B. Morgan, H. G. Dolezal, F. K. Ray, and
S. E. Williams, Oklahoma State University.

Ground chuck and top loin steaks from cattle supplemented with either
0 (CON) or 500 (VITE) IU/hd/d for at least 100 d, of a-tocopheryl
acetate were packaged utilizing two case-ready beef packaging systems.
Random samples were taken from each sub-primal at fabrication in or-
der to determine the a-tocopherol concentrations in the products. Cuts
were stored at 4°C + 1°C for 0,2,4,6,8,10,12, or 14 d for ground chuck
samples and additionally for 16,18,20, and 22 d for top loin samples.
After storage, products were displayed in a retail case at 2 to 6°C for
8 d. Twice daily, objective and subjective measures of display color
properties were obtained. Lipid oxidation (TBARS) was measured on
display d 0,4, and 8 for each supplementation by storage group com-
bination. A higher (P<0.03) concentration of a-tocopherol existed in
VITE than in CON products for both case-ready package types. Lipid
oxidation was markedly reduced (P<0.01) across the display period for
both VITE top loin steaks and ground chuck patties compared to con-
trols. Storage did not affect lipid oxidation of steaks from either TRT
group however, VITE reduced (P<0.05) lipid oxidation during the stor-
age of ground chuck patties. CON steaks responded better (P<0.05)
than VITE steaks during a 2h bloom period after being stored more
than 6d as indicated by higher a* values. VITE steaks were shown to
retain red color more consistently throughout the display period for most
storage days. VITE increased (P<0.05) color retention when displayed
3d or more. Fat color of top loin steaks was unaffected by supplemen-
tation. Maximum display life increased with VITE by approximately
3d and 1.3d for top loin steaks and ground chuck patties, respectively.
This study suggests that vitamin E would be very useful in overcoming
the oxidative problems associated with case-ready retail beef systems by
providing extended periods of storage and display.

224 Comparison of vitamin E and natural antioxi-
dants on the lean color and retail caselife of ground beef.
A. E. Down, K. C. Childs*, D. N. Vargas, D. S. Webb, J. B. Morgan,
and H. G. Dolezal, Oklahoma State University, Stillwater, OK.

Beef trimmings from cattle supplemented with either 0 or 500
IU/head/day of a-tocopherol acetate were obtained and divided
into the following treatments: control (CON), vitamin E (VITE),
Duralox ™ (DURA), arosemary based natural antioxidant product, and
Herbalox™ (HERB), a natural antioxidant product consisting of rose-
mary and citric acid. Natural antioxidant products DURA and HERB
were added to non supplemented beef trimmings at .25% and .20% of
meat weight, respectively. Products were packaged using oxygen perme-
able film and exhibited in a commercial display case at 2°C +1°C for six
d. Objective and subjective measures of display color were taken twice
daily. Lipid oxidation (TBARS) was measured on 0, 2, and 4 d of display
for each treatment group. Packages representing CON treatment dis-
played increased (P < .01) TBARS values for the overall display period
compared to DURA, HERB and VITE treatments. Treatment groups
VITE, DURA and HERB exhibited stable lipid properties after 4 days
of display while CON treatment samples did not. Ground beef packages
containing packages from VITE, DURA and HERB treatments main-
tained their lean color for a longer portion of the display, this was espe-
cially noticed following 3 d of display. L.* mean values were significantly
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higher (P < .05) for VITE, DURA and HERB treatments as compared
to the CON group. Mean a* values across all display days were signif-
icantly higher (P < .05) for VITE and DURA treatment groups when
compared to their CON opponents. Treatment groups VITE, DURA
and HERB exhibited an increase in lean color acceptability of 1.21, .81
and .65 days, respectively when compared to their CON counterparts.
The same treatment groups also improved overall case-life by .94, .51
and .44 days, respectively compared to CON product. This trial sug-
gests that both vitamin E and natural antioxidants can be beneficial in
maintaining lipid stability and prolonging the case-life of ground beef
packages.

Key Words: Natural Antioxidants, ground, case-life

225  Effects of including AGRADO™ in finishing
diets for beef cattle on retail case-life of ground beef and
top loin steaks. C. E. Walenciak*, B. A. Gardner, H. G. Dolezal,
and F. N. Owens, Oklahoma State University, Stillwater.

Steers (n=120) were randomized into two groups to evaluate the ef-
fects of supplementing AGRADO™ (150 ppm DM basis for 123 days),
a feed additive with antioxidant properties, on case-life of ground beef
and longissimus steaks and sensory characteristics of longissimus steaks.
Strip loins (n=120) and shoulder clods (n=32), representing four pens
of treatment and four pens of control, were collected. Shoulder clods
were coarse ground, adjusted to 85+£2% lean, then fine ground onto sty-
rofoam trays, overwrapped with oxygen permeable film, and placed in
a retail case (1.6°C; 200 fc light). Two steaks (2.54 cm thick) were
removed from strip loins 14-days postmortem for case-life and sensory
panel evaluation. A trained evaluation panel scored ground beef and
top loin steaks for lean color, % discoloration, and overall desirability at
0800 and 1600 hr for six days. A Minolta CR-300 colorimeter was used
to determine L*, a*, b* values. Taste panel steaks were broiled in an
impingement oven to 70°C internally for sensory evaluation. A 5g sam-
ple of ground beef was plated on Tryptic Soy Agar and on Violet Red
Bile Agar to enumerate total plate counts and coliforms, respectively.
No differences (P>.05) were noted between treatments for L*, a*, or b*
values or visual panel scores for ground beef or top loin steaks. Ground
beef from AGRADO™ supplemented steers had lower (P<.05) TBARS
than control for all days of display (overall .09 vs .19 mg MGA /kg re-
spectively). There were no differences (P>.05) between treatments for
juiciness, cooked beef fat, tenderness, connective tissue amount, or off
flavors. Steaks from steers supplemented with AGRADO™ had lower
(P<.05) sensory panel scores for flavor intensity. There were no differ-
ences (P>.05) among treatment groups for total plate or coliform counts.
Results indicate that supplementing AGRADO™ in the finishing diets
of steers inhibited lipid oxidation of ground beef and decreased flavor
intensity, but did not affect tenderness, juiciness, or overall desirability
of longissimus steaks.

Key Words: Beef, Case-life, Lipid oxidation

226  Effects of vascular infusion of cattle after exsan-
guination with saccharides,sodium chloride, and phos-
phates,and either vitamin C, E or C+E on carcass traits
and meat palatability. M. E. Dikeman*!, T. E. Dobbels!, E. J.
Yanceyl, E. Katsanidis2, and P. B. Addis2, ! Kansas State University,
Manhattan, 2 University of Minnesota, St. Paul.

Grain-finished Charolais crossbred steers (n=36) were used to evaluate
the effects of vascular infusion on carcass traits and meat palatabil-
ity. Twenty-seven steers were infused via the carotid artery immedi-
ately after exsanguination at 10% of live weight with a solution contain-
ing 98.52% water, .97% saccharides, .23% NaCl, and .28% phosphates
(MPSC standard solution, MPSC, Inc., Eden Prairie, MN) plus either
500 ppm vitamin C(MPSC+C, n=9), 500 ppm vitamin E (MPSC+E,
n=9), or 500 ppm each of vitamin C+E (MPSC+C+E, n=9). Nine
steers served as non-infused controls (NI). After infusion, steers were
dressed and chilled conventionally. Carcasses were fabricated at 48 h
postmortem, muscles were vacuum packaged, and then aged until 14 d
postmortem. Dressing percentages were increased (P<.05) 3.5, 1.7 and
2.1% for MPSC+C, MPSC+E, and MPSC+C+E treatments, respec-
tively. Liver, heart, and head weights were increased (P<.05) by all
infusion treatments. Infusion had no effect on USDA yield and qual-
ity grade factors, or percentage of purge of five vacuum packaged mus-
cles at 14 d postmortem. Infusion had no effect (P<.05) on Warner-
Bratzler shear force or descriptive attribute sensory panel evaluations of
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the Longissimus thoracis (LT) and Semitendinosus (ST) muscles. How-
ever, infusion with the MPSC+C or MPSC+C+E solutions increased
the metallic and soapy/chemical flavor of the LT as evaluated by a
trained flavor profile sensory panel. Infusion with MPSC+E reduced
beef flavor identity and bloody serumy and increased soapy/chemical
of the ST, whereas infusion with MPSC+C+E reduced soapy/chemical
flavor. When LT and ST muscles were cooked, chilled and warmed
over, infusion with MPSC+E increased soapy/chemical flavor, whereas
MPSC+C+HE decreased soapy/chemical flavor compared to NI. Infusion
with MPSC+C or MPSC+C+E increased beef flavor identification and
brown roasted flavor of freshly cooked ground beef, but decreased these
same traits in warmed-over ground beef. Our results suggest that infus-
ing young, grain-fed cattle with MPSC+C, MPSC+E, or MPSC+C+E
should increase dressing percentage and some organ weights, have no
effect on USDA quality or yield traits, have no effect on tenderness,
and have inconsistent effects on the flavor profile of freshly cooked and
warmed-over steaks and ground beef.

Key Words: Beef, Vascular Infusion, Meat Palatability

227 Effects of vascular infusion of cattle after exsan-
guination with saccharides, sodium chloride, and phos-
phates, plus vitamin C, E, or CH+E on meat display color
stability. E. J. Yancey*l, M. C. Hunt!, M. E. Dikeman!, T. E.
Dobbels!, and P. B. Addis?, !Kansas State University, Manhattan,
2Universiify of Minnesota, St. Paul.

Grain-fed crossbred Charolais steers (n=36) were selected visually for
uniformity. Twenty-seven steers were infused at 10% of live weight via
the carotid artery immediately after exsanguination with a solution de-
veloped by MPSC, Inc. (Eden Prairie, MN) consisting of 98.52% water,
.97% saccharides, .23% sodium chloride, and .28% phosphates plus either
500 ppm vitamin C (MPSC+C, n=9), 500 ppm vitamin E (MPSC+E,
n=9), or 500 ppm E + 500 ppm C (MPSC+C+E, n=9). Non-infused
controls (NI) were slaughtered conventionally. Carcasses were fabricated
at 48 h postmortem. Longissimus thoracis (LT), Psoas major (PM), and
Semimembranosus (SM) portions were removed, vacuum packaged, and
held at 2°C until 14 d postmortem. Steaks 2.54 cm thick were sliced
from the LT, PM, and SM, placed on styrofoam trays, and wrapped
with polyvinyl chloride film. Ground beef (GB) was formulated from the
Quadriceps to contain 15% fat, mounded into .45 kg portions, placed on
styrofoam trays, and wrapped with polyvinyl chloride film. Steaks were
evaluated for both uniformity and initial color on d 0 of display, and GB
was evaluated for initial color on d 0 of display. Instrumental color mea-
surements of L*, a*, b*, and trained sensory panel color evaluations were
obtained daily for 4 d (PM and GB) or 5 d (LT and SM) of display. L*,
a* and b* values were not different among treatments. The LT from NI
cattle was more (P<.05) uniform and more cherry red than for infused
cattle on d 0. Display color scores indicated that GB from MPSC+E
steers was more red (P<.05) consistently than MPSC+C throughout
display, and GB from MPSC+E was more red (P<.05) than NI for the
last 3 d of display. All vascular infusion treatments resulted in less color
uniformity of the LT muscle on d 0 of display, and the MPSC+E treat-
ment resulted in redder GB than for non-infused controls during the last
3 d of display.

Key Words: Beef, Vascular Infusion, Color

228  Effect of supplementing feedlot steers with vi-
tamin D3 and E on carcass traits, shelf-life attributes and
longissimus muscle tenderness. D. N. Vargas*, A. E. Down, D.
S. Webb, H. Han, J. B. Morgan, and H. G. Dolezal, Oklahoma State
University, Stillwater, OK USA.

Cattle (n=119) of mixed origin were divided into four dietary treatment
groups: control (CON), vitamin Dg (VITD), vitamin E (VITE) and
vitamin E and D (COMBO). VITE Treatments (VITE and COMBO)
were supplemented with 1,000 IU/hd/d for the final 54 d of the feeding
period. Additionally, steers in VITD and COMBO groups received 6
million IU/hd/d of VITD for the final 6 d immediately prior to harvest.
Longissimus Lumbarum (LL) samples were divided into four sections
and stored in refrigerated conditions for 7, 14, 21 or 28 d postmortem.
At the end of each aging period LL sections were cut into three 2.54
cm steaks for shear force determination, shelf-life analysis and sensory
evaluation. Shelf-life was evaluated twice per d using a three-member
trained panel and a Minolta colorimeter. Tissue oxidation was estimated
at the beginning and end of each seven d retail display period using the
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thiobarbituric acid (TBA) assay. Mean Warner-Bratzler shear force val-
ues across all aging periods were higher (P < .05) for CON steaks com-
pared to other treatments (CON 3.88 kg, VITD, VITE, COMBO, 3.65,
3.63, 3.57 kg, respectively). At 7 d VITD steaks had shear force values
lower (P < .05) than VITE steaks and tended (P = .06) to be lower than
the CON group. Regression analysis showed steaks from cattle in the
VITD and COMBO groups required fewer aging days to become ”very
tender” (shear force < 3.86 kg) relative to CON and VITE treatments
(7.4 and 9.8 vs 15.8 and 11.8, respectively). Panel lean color scores were
higher (P < .05) at display d 4, 5 and 6 for VITE steaks compared
to other treatments. Mean a* values were higher (P < .05) for VITE
and COMBO steaks when compared to CON and VITD; and b values
were higher (P < .05) for steaks from cattle in the VITE group relative
to all other treatments. Mean TBA values were lower (P < .05) for
VITE and COMBO groups compared to CON and VITD (.112 and .059
vs .237 and .372 mg/kg, respectively). Regression analysis predicted
VITD and COMBO steaks would remain acceptable in the retail case
longer (3.7 and 3.2 d vs 1.9 and 1.2 d, respectively) after reaching 3.86
kg of shear force than VITE or CON treatments. Therefore, in order
to optimize the ”color-tenderness relationship” of beef, supplementing
finishing cattle with both vitamin D3 and E is recommended.

Key Words: Tenderness, Shelf-life, Vitamins

229 Supplemental vitamin D3 and beef tenderness.
S. S. Swanek, N. A. Elam*, J. B. Morgan, F. N. Owens, D. R. Gill, C.
A. Strasia, H. G. Dolezal, and F. K. Ray, Oklahoma State University,
Stillwater, OK.

The objectives of this study were to determine 1) the effectiveness of sup-
plemental vitamin D3 (VITD) on altering plasma and muscle calcium
levels, 2) whether VITD supplementation improves Warner-Bratzler
shear (WBS) force values of steaks from feedlot beef steers, and 3) the
tenderness response curve in VITD supplemented longissimus muscle
steaks. In Exp. 1, 20 crossbred steers were assigned randomly to one
of four treatment diets consisting of either 0, 2.5, 5.0, or 7.5 million IU
of VITD per day for 10-d. Blood samples were obtained daily during
this supplementation period and 5-d thereafter (d 11-15). Results sug-
gested that between d-6 through d-13 a linear increase (P<.01) in ion-
ized plasma calcium concentrations was observed in steers supplemented
with VITD. Compared to non-supplemented steers, serum calcium con-
centrations of the steers receiving 7.5 million IU of VITD per day were
increased between 30% and 50%. In Exp. 2, longissimus dorsi muscle
samples from crossbred steers (n=118), which were supplemented with
either 0 or 5 million IU of VITD per day for 7-d, were obtained and aged
for 7-, 14-, or 21-d. Following the initial 7-d postmortem aging period,
VITD supplementation lowered (P<.01) WBS (.58 kg) and increased
sensory tenderness rating (.6 units) when compared to cuts originating
from non-supplemented steers. In Exp.3, 44 steers were supplemented
with either 0 or 7.5 million IU of VITD per day for 10-d immediately
prior to harvesting. Results indicated that 1) plasma and longissimus
dorsi muscle calcium concentration were higher (P<.05) for steers that
received supplemental VITD; 2) compared with non-supplemented cuts,
VITD supplementation improved WBS of cuts aged for 7-, 14-, and 21-d
(P<.02, P<.07, and P<.13, respectively); 3) sensory panelists preferred
samples from VITD supplemented steers; and 4) evidence is presented
that activation of calpain proteases could be responsible for the observed
tenderization due to the supplementation of VITD.

Key Words: Vitamin D3, Calcium, Tenderness

230 Effects of feeding Vitamin D3 on carcass char-
acteristics of beef cattle. K. Karges*, J. B. Morgan, F. N. Owens,
and D. R. Gill, Oklahoma State University, Stillwater, OK.

Supplemental Vitamin D3 (Vit. D) has shown to improve tenderness in
beef cuts when fed to cattle < 10 d pre-harvest. A trial was conducted
to determine how supplemental Vit. D affects blood Ca, carcass traits,
Warner Bratzler Shear force values, pH (0, 3, 12, and 24 h post-harvest)
and calpastatin activity of three different muscles: Longissimus, Glu-
teus medius and Biceps femoris. Treatments included no Vit. D supple-
mentation or 6 million IU (MIU) daily for either 4 or 6 d pre-harvest.
Utilizing a completely randomized design, 24 steers (545 kg) were al-
located to treatments (8 pens) and fed a 90% concentrate ration twice
daily (12.35% CP; 61 Mcal NEg/cwt) with Vit. D fed once daily in a
pellet as a percent of the total ration. Hot carcass weights decreased
(P<.05) due to feeding of Vit. D. At harvest, 3 steaks (2.54 cm) were
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cut from each of thoe specified muscles and aged 7, 14 and 21 d. Steaks
were cooked at 185 C to a final internal temperature of 70°C and shear
force values were obtained. Effect of feeding and duration of feeding (6
vs 4 d) of Vit. D on shear force was detected in Longissimus and Glu-
teus medius (P<.05) however, only duration of feeding slightly affected
the Biceps femoris (P=.16). Age effects on shear force were apparent
for feeding Vit. D at 14 and 21 d for Longissimus and Gluteus medius.
Duration of feeding Vit. D by age interaction occurred at 7 d for Longis-
simus shear force (P<.05). Effect for duration of feeding Vit. D on pH
was detected with 6 d being higher than 4 d in all muscle types at O,
3, and 12 h but lower at 24 h (P<.05). Vit. D also altered pH at 3
h with a feeding effect of Vit. D (P<.05) being detected. No impact
for duration or feeding of Vit. D on calpastatin activity in muscle tis-
sue was detected. Plasma blood samples obtained at harvest during
exsanguination were analyzed for total Ca concentrations and indicated
that Ca increased (P<.05) from both a duration and feeding of Vit. D
(P<.05). These data suggest that Vit. D will improve tenderness of
various muscles and alter blood plasma Ca concentrations.

Key Words: Vitamin D, Beef, Tenderness

231 Effects of dietary modifications using vitamin
D3 on calcium content and vitamin D residues in tissue
and liver. J. L. Montgomery*l, R. L. Horst2, D. A. Hoy2, M. A.
Carrl, G. G. Hilton!, B. D. Price!, and M. F. Miller!, 1 Texas Tech
University, 2 National Animal Disease Center USDA/ARS.

Feedlot steers (n=167) of Bos indicus and Bos taurus breeding were
fed one of six vitamin D3 treatments eight consecutive d starting 10-d
prior to slaughter. A total of 42 pens of four steers each were blocked
into seven categories according to average weight. The six vitamin Dg
treatments consisted of either no supplemental vitamin Ds, % million, 1
million, 2.5 million, 5 million, or 7.5 million IU/steer/d. Plasma calcium
was measured during the eight d supplementation period. After slaugh-
ter tissue samples from the longissimus lumborum (strip loin) and liver
were taken. Residues of vitamin D3, and two of its metabolites, 25-
hydroxy-vitamin D3, and 1,25-dihydroxy-vitamin D3 were determined
for liver and lean tissues via HPLC and radioactive enzyme techniques.
Vitamin D3 feeding increased plasma calcium (P < .05). At slaughter
plasma calcium concentrations were 8.7, 9.2, 9.4, 9.9, 10.1, and 10.4
mg Ca++/dl for 0, %, 1, 2.5, 5, and 7.5 million treatments respectively.
Vitamin D3 treatments of 1 million IU /steer/d or greater increased vita-
min D3 concentrations in strip loin and liver samples (P < .05). Feeding
5 million IU/steer/d for 8-d resulted in the highest increase in vitamin
D3 concentrations, which were four times higher in the liver and a seven
times increase in the strip loin vs. control (P < .05). Cooking liver
to 75°C resulted in a 10 to 30% reduction in vitamin D3 concentra-
tions. Feeding 5 and 7.5 million IU/steer/d of vitamin D3 increased
the metabolite 25-hydroxy-vitamin D3 concentrations in both liver and
strip loin samples. The six treatments did not differ in 1,25-dihydroxy-
vitamin D3 metabolite concentrations in liver and strip loin samples.
Thus, vitamin D3 treatments of 1 million IU/steer/d or greater for 8
consecutive d will increase concentrations of vitamin D3 and treatments
of 5 and 7.5 million IU/steer/d of vitamin D3 will increase the vitamin
D metabolite 25-hydroxy-vitamin D3 concentrations in muscle and liver.

Key Words: Beef, Vitamin D, Residue

232  Effect of freezing method and calcium chloride
injection on beef longissimus muscle tenderness. C. D. Wal-
lace, J. C. Mafi*, J. B. Morgan, L. L. Guenther, K. K. Novotony, H.
G. Dolezal, and F. K. Ray, Oklahoma State University.

This study evaluated the effects of freezing (FRZ) and crust freezing
(CF) in conjunction with calcium chloride (CaClz) injection and post-
mortem aging on beef longissimus tenderness. Steers (n = 75) were fed a
high concentrate diet at a commercial feedyard in the Texas Panhandle.
Striploins were obtained from both carcass sides and fabricated into 2.54
cm steaks. From the left striploin, four steaks were used as a control
(CON) and separated into 3, 7, 14, and 21 d aging treatments. The re-
maining samples were used for FRZ and CF treatments and aged for 7,
14, and 21 d, respectively. One steak from the right striploin was used as
a CON for sensory analysis. The remaining portion of the longissimus
samples were injected with a 200 mM CaClsy solution (5% of subpri-
mal weight) and allowed 4 h to equilibrate. The injected samples were
further fabricated and allocated to three treatment groups: CON, FRZ,
and CF and aged for 7 d. Treatments were analyzed for Warner-Bratzler
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shear force (WBS), calpastatin activity, sensory evaluation, and cooking
loss. Means were separated using Fisher’s LSD. Steaks from CF groups
had higher (P<.05) WBS force values relative to other treatments. CON
steaks had lower (P<.05) WBS force values than FRZ treatments at 14
and 21 days postmortem. CaCls injection significantly reduced (P<.05)
WBS force values in both CON and CF treatments relative to their non-
injected counterparts. Calpastatin activity was reduced (P<.05) in all
CaCls injected treatments. Sensory panelists classified approximately
20% more steaks as being tender due to CaCly injection. Therefore,
CF should be eliminated from daily processing due to its detrimental
effect on tenderness and cooking loss when not used in conjunction with
CaClz. Additionally, extensive freezing should not be used as a method
to improve palatability, but only for preservation.

Key Words: Tenderness, Calcium Chloride, Freezing

233 Type of container and quantity of explosive in
the Hydrodyne process on beef strip loin tenderness. M. B.
Solomon* and J. S. Eastridge, USDA, ARS, MSRL, Beltsville, MD.

The Hydrodyne process has been shown to instantaneously improve ten-
derness of whole muscle cuts. Hydrodyne performance between treating
meat samples in 115 L disposable plastic containers (GC) was compared
to using 1060 L stationary stainless steel tank (HU). Five cm sections
of USDA Select grade boneless strip loins were distributed among the
following treatments (n=6/treatment): Control; GC (150 g explosive at
38 cm from bottom); HU4 (4 shock absorbers attached to tank and 350
g at 41 cm from bottom); HU8 (8 shock absorbers attached to tank and
350 g at 41 cm from bottom); HU16 (16 shock absorbers attached to
tank and 350 g at 61 cm from bottom); HU16 (350 g at 48 cm) and
HU16 (150 g at 31 cm). Each section was cut into 2.5 cm thick steaks
after being treated and cooked to 71 C on open hearth broilers. Control
samples had shear values of 6.98 kg. Shear values as a result of hydro-
dynamic pressure generated in the different containers was as follows.
GC=3.73 kg; HU4=4.23 kg; HU8=5.85 kg; HU16 (350g@61 cm)=6.15
kg; HU16 (350g@48 cm)=5.93 kg and HU16 (150g@31 cm)=5.82 kg.
Results suggest that type of container and shock absorbing system, as
well as location of explosive (distance from bottom container) play an
important role in the performance of the Hydrodyne process to tenderize
meat.

Key Words: Hydrodyne, Shear Force, Beef

234 Correlation among trained sensory panel de-
scriptive attribute ratings and consumer ratings of beef
longissimus steaks. S. D. Shackelford*, T. L. Wheeler, M. K.
Meade, J. O. Reagan, B. L. Byrnes, and M. Koohmaraie, U.S. Meat
Animal Research Center, Clay Center, NE.

Both strip loins from 104 U.S. Select beef carcasses, that represented
a broad range (8.7 to 43.4 kg; CV = 42%) in slice shear force at 14
d postmortem, were used to determine the correlation among trained
sensory panel (TSP) descriptive attribute ratings and consumer ratings
of beef longissimus steaks. Consumers (n = 503) in the Denver, Col-
orado metropolitan area prepared and evaluated one low (< 16 kg)- and
one high (> 20 kg)-shear force steak in their home. Consumers rated
the steaks for like, tenderness, juiciness, flavor like, flavor amount, and
overall satisfaction (0 = extremely undesirable and 10 = extremely de-
sirable). An 8-member TSP evaluated steak samples for tenderness,
juiciness, and beef flavor intensity (1 = extremely tough, dry, or bland
and 8 = extremely tender, juicy, or intense). There was a high level of
autocorrelation among all consumer traits (r = .84 to .94); therefore,
use of correlations among consumer traits to identify the determinants
of consumer satisfaction would be misleading. A more meaningful indi-
cator of the relative importance of the palatability traits to consumer
satisfaction is the correlation of consumer traits with TSP ratings. Be-
cause tenderness was much more variable than juiciness and flavor in-
tensity (SD 1.5, .4, and .4, respectively), consumer ratings were most
highly correlated with tenderness. That is, tenderness is the primary
determinant of consumer perceptions of the palatability of U.S. Select
strip steaks.
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Correlation coefficients Trained sensory panel ratings
Flavor

Consumer rating Tenderness intensity Juiciness

Like ST 2%k % A0 3kk .32%%
Tenderness NEEEES Al sekk .30
Juiciness 59k .36k % 23%
Flavor like REEES Alskok .25%
Flavor amount BTk 3Tk .22x%
Overall satisfaction .69k % 40% %% . 26%%

*P < .05. %P < .01. *xxP < .001.

Key Words: Beef, Consumer, Tenderness
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235 Efficacy of two commercially available phytase
preparations for weanling pigs fed a low-P plant-based diet.
J. P. Rice*, J. S. Radcliffe, and E. T. Kornegay, Virginia Polytechnic
Institute and State University, Blacksburg, VA.

Ninety-six weanling pigs were used in a 5-wk study to compare the ef-
fectiveness of two commercially available phytase sources. Following a
7 d adjustment period, pigs were randomly assigned to treatments (one
barrow and one gilt per pen) based on gender and BW. All diets were
corn-soybean meal-based and formulated to contain adequate amounts
of all nutrients except Ca and P (NRC, 1998). Diets 1 and 2 served as the
positive (.33% aP, .71%tP, and .75% Ca) and negative controls (.13% aP,
.43% tP, .50% Ca), respectively. Diets 3 and 4 were diet 2 plus .25 and
.50 g/kg (13,800 and 27,600 PTU /kg-Alltech phytase units) source A
phytase (Allzyme), respectively. Diets 5 and 6 were diet 2 plus 250 and
500 U/kg of source B phytase (Natuph(>s®)7 respectively. Pig weights
and pen feed intake were recorded weekly. During wk 5, six fecal grab
samples were collected (3 AM and 3 PM collections). At the end of the
study, the barrow from each pen was killed for collection of metacarpals
to determine bone shear force and ash. Diet and fecal samples were an-
alyzed for Ca, P, Cr, and DM. The addition of P to the negative control
diet increased ADG (P < .001), G:F (P < .004), metacarpal shear force
(P < .001) and ash ( P < .001), and P (P < .001) digestibility. The
addition of phytase from either source increased ADG (P < .004), G:F
(P < .05), metacarpal shear force (P < .002), and ash (P < .01), and
Ca (P < .01) and P (P < .001) digestibilities. Based on equivalency val-
ues generated from response equations for ADG, G:F, metacarpal shear
force and ash, and P digestibility, phytase supplementation to diets 4
(source A-27,600 PTU/kg) and 6 (source B-500 U/kg) was equivalent
to .127 and .158% P as monocalcium/dicalcium phosphate, respectively.
Although phytase from sources A and B did not significantly differ (P >
.05) in their ability to improve performance, bone parameters, or min-
eral digestibility, equivalency values suggest that source A had a slightly
higher P replacement value than source B.

Key Words: Pigs, Phytase, Phosphorus

236 The effects of various concentrated im-
munoglobulin protein sources in phase 1 diets of early
weaned pigs. J. A. Godfredson-Kisic*!, T. E. Shipp!, and K. C.
Ferrell2, 1 DuCoa, Highland, IL, 2MFA, Inc., Columbia, MO.

Previously we reported that weanling mice fed diets supplemented with
2% porcine globulin proteins (GLOB) demonstrated similar gain and
feed efficiency as mice fed diets containing 8% spray dried porcine
plasma (SDPP). We also reported that the albumin fraction of plasma
was not as effective in improving gain and feed conversion as whole
SDPP. The objective of this study was to see if similar responses would
be observed in early weaned pigs. In addition to SDPP and GLOB, we
used a diet supplemented with concentrated porcine albumin protein in
combination with spray dried egg, which provided an alternative source
of immunoglobulin (ALB+). A total of 160 weaned barrows (13 d old,
4.2 kg BW) were blocked by weight to one of four dietary treatments, 4
pens/trt, 10 pigs/pen. Treatment diets offered were supplemented with
either: 1) 8% SDPP, 2) 4% GLOB, 3) 2% GLOB, or 4) 4% ALB+. All
diets were equalized for protein, lysine, methionine and energy. Diets
were offered ad libitum for 7 d postweaning, after which, gain and feed
intake were measured. On d 7 postweaning, ADG (g/day) for diets 1,
2, 3 and 4 were 113, 101, 116, 149 (P < .08), respectively. Average
daily feed intake (g/day) for diets 1, 2, 3 and 4 were 130, 122, 127, 156
(P < .07), and gain/feed values were 0.88, 0.83, 0.90, 0.95 (P > .1),
respectively. Significant differences were not observed among swine fed
the first three diets, for gain and intake, yet swine on the fourth diet ap-
proached significant improvement. There were no significant differences
among all four diets in gain/feed. This study agrees with the mouse
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bioassay where a diet supplemented with only 2% concentrated porcine
globulin proteins was as effective in maintaining growth and feed intake
in early weaned pigs, as a diet containing 8% SDPP. Additionally, ALB+
improved gain, intake and maintained feed conversion in comparison to
diets with SDPP and GLOB.

Key Words: Plasma, Immunoglobulin, Weanling Pigs

237 Dose response of Novo SP938 microbial phy-
tase in weanling pigs fed a low-P corn-soybean meal diet.
J. H. Skaggs* and E. T. Kornegay, Virginia Polytechnic Institute and
State University, Blacksburg, VA.

The objective was to determine the dose response of supplemental Novo
SP938 phytase for enhancing performance, bone mineralization and di-
gestibility of Ca and P for weanling pigs (n = 96, 8.2 kg BW initially) fed
a low-P, 19.5% CP corn-soybean meal diet for 5 wk. Dietary treatments
were: 1) positive control (.7% Ca & .6% P), 2) negative control (.45%
Ca & .39% P), and 3-6) treatment 2 + 250, 500, 750, or 1,000 U/kg phy-
tase as a liquid. Body weight and pen feed consumption were recorded
weekly. Fecal samples were collected during wk 5 for determination of Ca
and P digestibility by the indirect method (.05% Cr203). At slaughter
after wk 5, both tenth ribs were taken for assessment of bone mineral-
ization. Linear increases (P < .001) in ADG, ADFI, and G:F from wk
3 to 5 were observed as the level of phytase or P increased. Tenth rib
shear force, energy, ash weight, and ash percentage increased linearly (P
< .10 to .001) as the phytase or P level increased. Digestibility of P and
Ca linearly increased (P < .001) as the level of phytase or P increased
with the two highest levels of phytase (750 and 1,000 U/kg) being equal
to or greater than the positive control values. Concentration of P and
Ca in fecal DM linearly decreased (P < .001) as the phytase level in-
creased. Based on linear response equations for added P and nonlinear
response equations for added phytase for ADG, rib ash percentage and
P digestibility, the average P equivalency of 500 U/kg of phytase was
1.06 g of P as monocalcium/dicalcium phosphate. In summary, Novo
SP938 phytase effectively improved performance, bone mineralization,
P and Ca digestibility, and decreased P and Ca concentration in the
feces.

Key Words: Pigs, Phytase, Phosphorus

238 Efficacy and safety of Novo SP938 microbial
phytase supplementation of a corn-soybean meal diet fed
to growing pigs. A. F. Harper*, J. H. Skaggs, H. P. Veit, and E. T.
Kornegay, Virginia Polytechnic Institute and State University, Blacks-
burg, VA.

The efficacy and safety of Novo SP938 phytase in growing pigs (n=126,
28.5 kg BW initially) fed a 15.7% CP corn-soybean meal diet was evalu-
ated in a 6 wk trial. Dietary treatments were: 1) positive control (.54%
Ca and .47% P), 2) negative control (.39% Ca and .34% P), and 3-6)
treatment 2 + 250, 500, 1,000 or 10,000 U/kg phytase as a liquid. Body
weight and pen feed consumption were recorded weekly. Fecal samples
were collected during wk 6 for determination of Ca and P digestibil-
ity by the indirect method (.05% Cr20O3). The right foot of all pigs
was removed at slaughter for evaluation of bone mineralization. Cu-
mulative ADG and G:F increased (P < .01) and ADFI increased dur-
ing wk 4-6 (P < .05) as the level of phytase increased with ADG and
G:F of the highest phytase level equal to positive control values. Third
metacarpal shear force, energy, ash weight, and ash percentage increased
(P < .001) as the level of phytase increased. Digestibility of P and Ca
increased (P < .001) as phytase levels increased with values for 1,000
and 10,000 U/kg being equal to or greater than the positive control val-
ues. Concentrations of P and Ca in the fecal DM decreased (P < .01) as
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dietary phytase increased. Pathological and histopathological examina-
tion of liver, kidney, and tibia revealed no adverse effects of treatments.
In summary, Novo SP938 phytase supplementation effectively improved
performance, bone mineralization, P and Ca digestibility, and decreased
P and Ca concentration in the feces of pigs fed a low-P corn-soybean
meal diet. The addition of 10,000 U/kg of Novo SP938 phytase did not
cause any ill effects on the health of the pigs, but continued to produce
positive improvements in performance, bone mineralization, and mineral
digestibility.

Key Words: Pigs, Phytase, Phosphorus

239 A new phytase expressed in yeast improves the
bioavailability of phytate-phosphorus to weanling pigs. C.
H. Stahl, Y. M. Han, K. R. Roneker, J. R. Thornton, and X. G. Lei,
Cornell University, Ithaca, NY.

We have expressed a new phytase enzyme in a yeast system. Three
experiments with a total of 140 weanling crossbreds were conducted to
examine the efficacy of this enzyme in improving the bioavailability of
phytate-P in a corn-soybean meal basal diet to young pigs. Exp. 1
compared the efficacy of this new phytase with a commercially available
phytase (Natuphos, BASF) for 4 wks at an inclusion level of 1,200 U/kg
of diet. Exp. 2 compared four doses of the new phytase supplementation
(300, 600, 900, and 1,200 U/kg diet) for 4 wks in order to determine an
optimal dose. Exp. 3 compared the efficacy of this new phytase and
Natuphos at a marginally optimal dose (700 U/kg diet) for 5 wks. A
group of pigs were fed the P deficient basal diet as negative control in
Exp.1, and a group of pigs were fed the basal diet plus .17 to .22% in-
organic P as a positive control in all experiments. In Exp. 1, pigs fed
the two sources of phytase had similar ADG (564 vs. 567 g) and plasma
inorganic P concentrations (8.9 vs. 8.4 mg/dL) that were higher (P <
.05) than those of the negative control. In Exp. 2, plasma inorganic P
concentration was a fairly linear response to the phytase dose (r > .83)
at wk 1 and 2. Overall ADG of pigs also tended to increase with the
phytase dose (P = .15). In Exp. 3, pigs fed the two sources of phytase
had ADG (483 vs. 506 g) similar to that of the positive control (508 g).
These two groups also had similar plasma inorganic P concentrations
(7.7 vs. 7.4 mg/dL) that were lower (P < .05) than that of the positive
group (9.7 mg/dL). There was no significant effect of dietary treatments
on ADFT or feed use efficiency in all three experiments. In conclusion,
our new phytase was as effective as Natuphos, at the level of 700 or 1,200
U/kg of a P-deficient, corn-soybean meal diet, in improving phytate-P
utilization by young pigs.

Key Words: Pigs, Phytase, Phosphorus

240 Phytase addition to normal corn- and low
phytic acid corn-soybean meal diets for chicks and pigs.
J. L. Pierce* and G. L. Cromwell, University of Kentucky, Lexington,
KY.

Two near-isogenic hybrid corn types (Optimum Quality Grains), one
with the mutant lpal gene, were evaluated in corn-soybean meal diets
for chicks and pigs. The normal (N) and low-phytic acid (LP) corn ana-
lyzed .25 and .28% total P and .20 and .10% phytic acid P, respectively,
and 10 vs 50% (chicks) and 20 vs 75% (pigs) of the P was assumed to
be bioavailable. In Exp. 1, 3 d-old chicks (5 reps, 6/pen, 71 g BW)
were fed one of 10 diets (21.5% CP, 1.0% Ca) containing N-corn (Diets
1-5) or LP- corn (Diets 6-10) for 14 d. Non-phytate P was .45, .35, .35,
.25, .25% in Diets 1-5 and Diets 6-10. Phytase (Natuphos®7 BASF) was
added at 1,200 units/kg to Diets 3, 5, 8, and 10. Weight gain and tibia
strength were similar for chicks fed the two corn types at equal dietary
non-phytate P, and were improved (P < .01) by phytase additions to
either corn (487, 470, 479, 439, 484 and 488, 470, 478, 446, 478 g; 16.9,
13.1, 17.3, 6.7, 12.3 and 17.7, 14.3, 16.7, 9.1, 13.5 kg). Phosphorus ex-
cretion was reduced by feeding LP-corn (P < .05) and by adding phytase
(P < .01) (174, 144, 130, 123, 114 and 137, 109, 97, 94, 73 mg/d). In
Exp. 2, 6 reps of 2 pigs/pen (18 kg) were fed diets (.95% lysine, .60%
Ca) containing N- (Diets 1-3) or LP-corn (Diets 4-6) for 42 d. Total P
in the 6 diets was .55, .45, .45, .45, .35, .35%, and bioavailable P was
.29, .19, .19, .29, .19, .19%. Phytase was included in Diets 3 and 6 at
600 units/kg. Gain and feed/gain were: 808, 690, 699 and 813, 735, 835
g/d; 2.06, 2.43, 2.28 and 2.05, 2.19, 2.15. Phytase addition to the low P
diets increased (P < .01) femur strength of pigs similar to that of pigs
fed the higher P diets for both N- (272, 231, 265 kg) and LP-corn (282,
232, 283 kg). Fecal P excretion was reduced by feeding LP-corn (P <
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.01) and by adding phytase (P < .05) (6.80, 5.95, 5.24 and 4.43, 3.75,
3.34 g/d). These results indicate that phytase is as effective in LP-corn
diets as in N-corn diets, P excretion can be reduced by 25 to 35% by
substituting LP-corn for N-corn, and P excretion can be reduced by 50%
by combining phytase and LP-corn in corn-soy diets for chicks and pigs.

Key Words: Pig, Chick, Phytate

241 Phytase effects on ileal amino acid digestibil-
ity and nitrogen balance in finishing pigs fed a low-protein
plant-based diet. Z. Zhang* and E. T. Kornegay, Virginia Polytech-
nic Institute and State University, Blacksburg, VA.

Crossbred pigs (n = 120, equal barrows and gilts in 20 pens of six each)
were used to investigate the effects of supplemental Natuphos® phytase
on ileal digestibility of amino acid (AA) and crude protein (CP) and N
balance when a low-protein plant-based diet was fed. During the fin-
isher period (67 to 109 kg), diets 1, 2 and 3 contained 12, 11 and 10%
CP (.47% Ca and .4% P) with no added phytase, respectively, and diets
4 and 5 contained 10% CP with either 250 or 500 U/kg phytase, respec-
tively. Similar diets with higher CP (2 percentage units) and Ca:P (.1
percentage unit) levels were fed during the grower period (32 to 67 kg).
At the end of grower phase, one barrow and one gilt were removed from
each pen; the 12 barrows that were removed for diets 1, 3 and 5 were
used in a N balance trial. At the end of the finisher phase, 12 barrows
from diets 1, 3, and 5 were used in a N balance trial. Ileal contents were
taken (slaughter technique) from all barrows for amino acid analysis.
Pig BW and pen feed intake were measured weekly. Fecal collections
were taken during the last 10 d of the grower and finisher phases. Daily
gain linearly increased (P < .05) as protein or phytase was added to the
lowest protein level. Fecal N digestibility and retention coefficients in-
creased (P < .05) as CP or phytase were added to the low CP diet. The
digestibility of all amino acids, linearly increased (P < .10 to .01) as the
dietary CP level increased or as phytase was added, except glycine for
CP, and proline and glycine for phytase. Fecal P and Ca digestibilities
improved with added phytase (P < .05). Based on linear responses of
added CP or phytase on ileal amino acid digestibilities (averaged), the
equivalency of 500 U/kg of phytase was estimated to be .76 percentage
units of CP. Nitrogen excretion was estimated to be reduced 5.1% when
phytase was added to pig diets at a level of 500 U/kg.

Key Words: Pig, Amino acids, Phytase

242  Effects of microbial phytase on amino acid and
mineral digestibilities in pigs fitted with steered ileo-cecal
valve cannulas and fed a low protein, corn-soybean meal
based diet. J. S. Radcliffe*, E. T. Kornegay, and R. S. Pleasant,
Virginia Polytechnic Institute and State University, Blacksburg, VA.

Ten crossbred barrows (48.3 kg initial wt.) fitted with steered ileo-cecal
valve (SICV) cannulas were used to investigate the effects of supplemen-
tal microbial phytase on the apparent ileal digestibilities (AID) of Ca,
P, N, DM, and amino acids, and the apparent total tract digestibilities
(ATTD) of Ca, P, N, and DM. All dietary treatments were corn-soybean
meal-based and contained .44% Ca and .40% P. Diets 1, 2, and 3 con-
tained 12, 11, and 10% CP, respectively. Diets 4 and 5 were diet 3
plus 250 and 500 U/kg Natuphos® phytase, respectively. Pigs were ran-
domly allotted to one of the five dietary treatments in a paired 5 x 5
Latin square with an extra period to test for carry over effects. Each
14-d period consisted of a 7-d adjustment followed by a 3-d total col-
lection, a 12 h ileal digesta collection, a 3-d readjustment, and a second
12 h ileal digesta collection. Pigs were individually housed in metabolic
pens (1.2 m x 1.2 m). Water was supplied ad libitum and feed given at
a level of 9% of the pigs metabolic BW (BW -7°)/d. Increasing dietary
CP increased (P < .05) the AID of CP and all amino acids measured
with the exception of proline. In addition, the ATTD and retention of N
also increased (P < .01) with increasing CP levels. Supplementing diets
with phytase increased the AID of Ca (P < .01), P (P < .001), CP (P
< .001), and all amino acids (P < .10) measured with the exception of
leucine, serine, proline, methionine and tyrosine. Protein and phytase
response equations were generated for those amino acids significantly
affected by both CP level and phytase supplementation. Based on these
equations 500 U/kg of phytase can replace .52 percentage units of the
dietary CP which includes a .03 percentage unit improvement in lysine
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AID. The results of this study clearly show that supplementing pig di-
ets with microbial phytase improves CP and amino acid digestibilities
in addition to Ca and P digestibilities.

Key Words: Pigs, Phytase, Amino acids

243  Bioavailability of phosphorus in meat and bone
meal subjected to varying processing pressures for pigs.
S. L. Traylor*, G. L. Cromwell, and M. D. Lindemann, University of
Kentucky, Lexington, KY.

Processing conditions of meat and bone meal (MBM) affect amino acid
availability, but their effects on P availability are not known. Two ex-
periments assessed blended (beef and pork) MBM (23.1% ash, 49.7%
CP, 7.4% Ca, 3.7% P) subjected to additional processing pressures of 0,
30, or 60 psi for 20 min. Exp. 1 was a 5-d balance trial involving 8 reps
of barrows (63 kg BW). A corn-soybean meal basal diet (.80% lysine,
.31% Ca, .31% P) was used. In diets 2-5, monosodium phosphate (MSP)
and CaCO3 or MBM processed at 0, 30, or 60 psi were added to provide
.125 and .26% added P and Ca. No differences (P = .30) were found, al-
though MSP had numerically higher true P absorption than MBM (87.6
vs 85.1, 75.8, 81.3%, respectively). Further processing of MBM did not
affect (P = .22) P balance. In Exp. 2, 36 individually-penned pigs (6
reps, 15.6 kg BW) were fed a low-P, corn-soybean meal basal diet (.95%
lysine, .70% Ca, .34% P) or the basal diet with .10 or .20% added P
from MSP or .20% added P from MBM (0, 30, or 60 psi) for 35 d. Ca
was maintained at .70% in all diets. Average daily gain and feed:gain
(F:G) were: 565, 737, 791, 816, 803, 804 g/d; 210, 1.99, 1.90, 1.81, 1.85,
1.84. Femur strength and metacarpal-metatarsal strength and ash were:
80, 167, 265, 205, 218, 244 kg; 20.7, 41.3, 56.0, 49.4, 48.9, 50.5 kg; 1.45,
2.14, 2.73, 2.51, 2.51, 2.63 g. Average daily gain and F:G improved (P
< .01) with P addition from either source, and P additions from MSP
improved growth and bone traits linearly (P < .01). Growth was unaf-
fected (P = .12) by P source (diet 3 vs 4-6); however, bone strength and
ash were lower (P < .05) for MBM than for MSP. Processing pressure of
MBM affected femur strength (linear, P < .02), but had no effect on the
other traits (P = .25). Bone traits were regressed on added P intake for
each P source. Based on slope-ratio (MSP = 100%) the bioavailability
of P averaged 80, 81, and 91% (P = .17, SE = 5.4) for the 0, 30, and 60
psi MBM. These results indicate that the availability of P in MBM is
relatively high for pigs, and that extremes in processing pressure have
only slight effects on bone traits.

Key Words: Pig, Phosphorus, Meat and bone meal

244  Bioavailability of phosphorus assessment in
commercial dicalcium phosphates and rock phosphates for
growing swine. L. W. O. Souzal, F. R. Lima*!, A. S. Morettil,
F. M. Tucci!, and P. M. Leal?, ! Faculdade de Medicina Veterindria
e Zootecnia, Universidade de Sao Paulo, 2Faculdade de Engenharia
Agricola, UNICAMP.

One hundred ninety two pigs were used in a trial to assess the relative
bioavailability of phosphorus (RBP) in six phosphate sources. Phos-
phates were three feed grade phosphates (FP), two made in Brazil (Tor-
tuga and Serrana), and one USA made (IMC Agrico.), and three rock
phosphate samples (RP) originated from two mine sites in Brazil (Araxa
and Tapira), and one mine site in Israel (Arad). Levels os Ca, P, and F
in RP were 29, 12 and 1.7% (Araxa), 33, 14, and 1.4% (Tapira), and 30,
14, and 3.6% (Arad), respectively. Pigs were fed a corn-soybean meal
basal diet (18% CP, 0.95% Lysine, 0.75% Ca, 0.37% P) or the basal diet
with 0.15% P from a standard purified grade calcium phosphate dibasic
(SP), or with 0.15% P from experimental FP or RP. Each diet was fed
to six pen replicates of four pigs per pen (two barrows and two gilts) for
35 d (14.4 to 33.9 kg). Weight gain (WG), feed/gain (FG), plasma P,
bone ash (BA), and breaking strength of metacarpals and metatarsals
(BS-MM), and femurs (BS-F) were improved (P < 0.01) by SP, FP, and
RP. However, performance and bone parameters were depressed (P <
0.01) by RP, as compared to FP dietary supplementation. WG and feed
intake (FI) decreased by 9% (536 vs 590 g/d, and 1,276 vs 1,402 g/d,
respectively), BA decreased by 9.9% (27.3 vs 30.3%), BS-MM by 17%
(16.6 vs 20.0kg), and BS-F by 26.2% (131 vs 177kg). WG, BA, BS-MM,
and BS-F were regressed on P added, and slope-ratios were calculated to
assess RBP in the FP and RP sources. The average bioavailability of P
in the FP and RP sources, relative to SP (given a value of 100), were 89
and 49% (WG), 112 and 49% (BA), 78 and 28% (BS-MM), and 101 and
52% (BS-F), respectively. From these results, low bioavailable P, and
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toxicity related to animal performance and bone parameters, should be
expected if rock phosphates are used, instead of feed grade phosphates,
to feed pigs.

Sponsored by FAPESP: 1996/12675-5

Key Words: Phosphorus availability, Rock phosphate, Swine

245 Effects of corn and(or) soybean meal on nitro-
gen and phosphorus excretion of growing pigs. B. W. Senne*,
S. D. Carter, L. A. Pettey, and J. A. Shriver, Oklahoma State University,
Stillwater.

Six groups of four littermate barrows (initial BW, 29.4 kg) were used to
determine N and P excretion of pigs fed corn, soybean meal (48% CP;
SBM), or a combination of corn and SBM. Treatments were: (1) forti-
fied cornstarch-casein (control; 2.22%N, .33% P), (2) corn-casein (2.74%
N, .40% P), (3) cornstarch-SBM (3.24% N, .49% P), and (4) corn-SBM
(3.49% N, .67% P). All diets were formulated to .82% digestible lysine
and .31% available P. Crystalline Lys, Thr, Met, and Trp were added to
provide an ideal ratio to lysine in Diet 1. A constant ratio of Ca:available
P (1.9:1) was maintained across treatments. Diets were fed for 5 d to
allow for total collection of urine and feces. Daily N and P intakes were,
respectively: 26.9, 38.2, 39.9, 46.8 g and 4.1, 5.6, 6.1, and 9.1 g. Daily
DM excretion (12, 94, 49, and 140 g) was lowest (P<.01) for pigs fed the
control diet followed by those fed SBM, corn, and corn-SBM. Fecal N,
urinary N, and total N excretion for the 4 diets were, respectively: .33,
3.04, 2.55, and 5.90 g/d; 1.22, 2.72, 4.54, and 7.36 g/d; and 1.55, 5.88,
7.26, and 13.26 g/d. N absorption (% of intake) was greater for pigs fed
the control diet (P<.01); no differences existed between the corn and
SBM diets; however, pigs fed corn-SBM had the lowest absorption of N
(P<.01). N retention (% of intake) followed the same trend. Fecal P,
urinary P, and total P excretion for the 4 diets were, respectively, .29,
1.73, 1.70, and 3.22 g/d; .22, .12, .32, and .34 g/d; and .59, 1.90, 2.10,
and 3.56 g/d. P absorption (% of intake) was highest for pigs fed the
control diet (P<.01); no differences existed between corn and SBM, but
pigs fed the corn-SBM diet had the lowest absorption of P (P<.04). P
retention (% of intake) was highest for pigs fed the control diet (P<.01),
and there were no differences among pigs fed corn, SBM, or corn-SBM.
These results suggest that corn contributes more to DM excretion than
SBM. However, in a typical corn-SBM diet for growing pigs, the amount
of N and P excretion attributed to corn or SBM is similar.

Key Words: Pigs, Excretion, Nitrogen

246  Effects of fiber addition (10% soybean hulls)
to a reduced crude protein diet supplemented with syn-
thetic amino acids verses a standard commercial diet on
pig performance, pit composition, odor and ammonia lev-
els in swine buildings. D. C. Kendall*, B. T. Richert, A. L. Sutton,
J. W. Frank, S. A. DeCamp, K. A. Bowers, D. Kelly, and M. Cobb,
Purdue University, West Lafayette, IN.

One-hundred and sixty grow-finish pigs (Initial BW = 60.3 kg) were
placed in two identical, environmentally controlled rooms. There were 4
replications (40 pigs/rep) with treatments rotated between rooms. Pigs
in both rooms were fed a standard corn-soybean diet for 3 weeks (13.1%
CP, .70% Lysine; Lys), pigs in each room were then fed either a corn-
soybean diet (12.4% CP, .65% Lys; HCP) with supplemental Lys(.15%)
or a reduced CP diet with the addition of 10% soybean hulls (9.7% CP,
.65% Lys; RCPF) with supplemental Lys(.372%), Tryptophan (.005%),
and Threonine (.042%) for 6 weeks. Pigs were weighed and feed con-
sumption recorded at 0, 3, 6, and 9 weeks. Aerial ammonia concen-
tration (AAC), pit samples, and odor samples were taken at 3, 6 and
9 weeks. Pigs were ultrasonically scanned for backfat thickness at the
tenth rib on weeks 3 and 9. In the first two replications, there was no
difference in ADG or ADFI (kg/day, P>.10) between pigs fed HCP and
RCPF (.79 vs. .76; 2.79 vs. 2.86, respectively) and there were no dif-
ferences in backfat at week 9 between pigs fed HCP and RCPF (19.1
vs. 20.1 mm; P>.10). In the second two replications, pigs fed HCP had
higher ADG (.88 vs. .73 kg/d; P<.001), ADFI (2.94 vs. 2.76 kg/day;
P<.05) and had more tenth rib backfat accretion over the trial period
(7.4 vs. 4.4 mm; P<.001) compared to pigs fed the RCPF diet. The
rooms where RCPF was fed had 40% lower AAC readings at week 9
(21.3 vs. 12.5 ppm; P<.05). Pit sample analysis showed the rooms with
RCPF fed pigs had a greater decrease in pit pH (-.03 vs. -.30 units;
P<.07), lower total nitrogen (P<.01) and ammonia (P<.001) concen-
trations when expressed as a percent of dry matter. The odor samples
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collected for olfactometry analysis showed no differences in dilution ratio
between HCP and RCPF at week 9 (508 vs. 502; P>.10), and hydrogen
sulfide readings were lower for pigs fed RCPF diets (.34 vs. .25 ppm;
P<.05). This research suggests that reducing the dietary CP and adding
10% soybean hulls to diets will lower AAC, aerial hydrogen sulfide, pit
nitrogen, and pit pH. The variability in growth performance when pigs
were fed high levels of soybean hulls requires further study.

Key Words: Fiber, Ammonia, Pigs

247 Titration of pharmacological doses of zinc in
the nursery pig. G. M. Hill*, S. D. Carter, R. C. Ewan, D. C. Ma-
han, P. S. Miller, G. C. Shurson, and T. L. Veum, NCR-42 Regional
Swine Nutrition Committee.

High concentrations of dietary zinc (Zn) have been shown to increase
growth performance in the weanling pig. Therefore, to determine the
optimum pharmacological concentration of Zn oxide (ZnO) necessary to
enhance growth in the nursery pig, 7 cooperating experiment stations
conducted a 4-wk nursery trial. Utilizing the standard management
procedures of each station, 1,069 pigs (11 to 25 d of age, 3.4 to 10.3
kg initial wt.) were randomly allotted by weight and sex to 5 dietary
treatments. The complex, two-phase diet sequence contained added Zn
from ZnO: 0 (control), 500, 1,000, 2,000 or 3,000 ppm. The study was
conducted in a randomized complete block design. A minimum of 2
replications were completed at each station. At 6 stations, blood sam-
ples were collected at the end of the trial for determination of plasma
Zn and Cu. Pigs fed 3,000 or 2,000 ppm Zn had higher (P < .05) feed
intakes than pigs fed the 500 ppm or control diets. Feed intakes of pigs
fed 3,000, 2,000, 1,000, 500 ppm and control diets were .61, .62, .58,
.56 and .57, respectively. Average daily gain was greater (P < .05) for
pigs fed 3,000 and 2,000 ppm Zn than for those fed 1,000 or 500 ppm
or the control diet. Daily gain was .38, .39, .36, .35 and .35 kg for pigs
fed Zn from 3,000 ppm to the control diet, respectively. Feed efficiency
was improved (P < .05) in pigs fed 2,000 or 3,000 ppm Zn compared
to pigs fed the control diet. Feed efficiences (G/F) for pigs fed 3,000,
2,000, 1,000, 500 ppm Zn and the cotrol diet were .65, .66, .64, .64 and
.62, respectively. Even though this was only a 4-wk study, plasma Zn
was elevated and plasma Cu reduced by feeding 3,000 or 2,000 ppm of
dietary Zn. However, because of the difference in magnitude for these
traits within station, there was a station x treatment interaction (P <
.0001). In this experiment, 2,000 ppm Zn (supplied by ZnO) increased
feed intake and growth and improved feed efficiency in the nursery pig
under diverse management conditions to the same extent as 3,000 ppm
Zn. Therefore, 2,000 ppm Zn was the optimum dietary concentration to
enhance growth in the nursery pig.

Key Words: Nursery pig, Zinc

248 The effects of different zinc oxide sources on
weanling pig growth performance. J. C. Woodworth*, M. D.
Tokach, J. L. Nelssen, R. D. Goodband, and J. T. Sawyer, Kansas
State University, Manhattan.

One hundred ninety-two pigs (6.2 kg and 18 d of age; PIC) were used
in a 27 d growth assay to determine the effects of different zinc oxide
(ZnO) sources on weanling pig growth performance. The four experi-
mental treatments consisted of a control diet or three diets containing
ZnO from one of three different sources. The three ZnO sources were
analyzed and found to contain 70, 74, and 73% Zn and wide differences
in concentrations of other trace minerals. Pigs were blocked by initial
weight and randomly allotted to each of the four dietary treatments
with eight pigs per pen and six pens per treatment. All diets contained
165 ppm of Zn (ZnO) from the trace mineral premix, but no feed grade
antibiotic. All diets were fed in meal form in three phases: d 0 to 7, d
7 to 14, and d 14 to 27. The three experimental treatments fed from d
0 to 7 and d 7 to 14 contained 3,000 ppm of Zn and those fed from d 14
to 27 contained 2,000 ppm of Zn. There were no differences (P > .29)
observed between the different ZnO sources for any period of the trial.
Additional Zn from any of the ZnO sources improved (P < .02) ADG
and ADFI from d 7 to 14, d 0 to 14, d 14 to 27 and d 0 to 27. Gain to
feed ratio was highest (P < .04) for pigs fed diets containing high levels
of ZnO from d 0 to 7 and d 0 to 14. These results suggest there were
no differences in growth performance of pigs fed different ZnO sources.
Adding high levels of Zn from ZnO improved ADG and ADFI from d 0
to 14 and d 0 to 27 compared to the control diet.

Key Words: Weanling pigs, Zinc, Growth
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249 The interactive effects of zinc source and feed
grade antibiotic on weanling pig growth performance. J. C.
Woodworth*!, M. D. Tokach!, J. L. Nelssen!, R. D. Goodband?, J.
T. Sawyerl, and T. M. Fakler?, ! Kansas State University, Manhattan,
KS, 2Zinpro Corp., Eden Prairie, MN.

Two hundred eighty-eight weanling pigs (5.6 kg and 18 d of age; PIC)
were used in a 27 d growth assay to determine the interactive effects of
Zn source and feed grade antibiotic on growth performance of weanling
pigs. Experimental treatments were arranged in a 2 x 3 factorial de-
sign with main effects of antibiotic (none or 55 ppm carbadox) and Zn
source (none, 250 ppm Zn from a zinc amino acid complex (ZnAA), or
3,000 ppm Zn from ZnO). Pigs were blocked by initial weight and allot-
ted randomly to each dietary treatment with eight pigs per pen and six
replications per treatment. All diets contained 165 ppm Zn (ZnO) from
the trace mineral premix. Diets were fed in meal form in three phases:
dO0to7,d7tol4, and d 14 to 27. There were no Zn source x antibiotic
interactions (P < .2) observed throughout the entire experiment. An-
tibiotic only increased (P < .05) ADG from d 14 to 27. Pigs fed ZnO
had greater (P < .05) ADG compared to pigs fed other treatments from
d 7 to 14 and d 0 to 14. Pigs fed ZnO also had increased (P < .03)
ADFI compared to ZnAA (d 7 to 14) and no additional Zn (d 7 to 14
and 0 to 14). Gain to feed ratio (G/F) was highest (P < .004) for pigs
fed diets containing ZnO compared to pigs fed no additional Zn from d
7 to 14 and d 0 to 14. Pigs fed diets containing ZnAA had higher (P
< .04) G/F compared to pigs fed no additional Zn from d 0 to 14. For
the entire trial, pigs fed ZnO had increased (P < .04) ADG compared
to those fed diets containing no additional Zn, with pigs fed ZnAA hav-
ing intermediate responses. In addition, pigs fed ZnO from d 0 to 27
had higher (P < .03) ADFI compared to pigs fed diets containing either
ZnAA or no additional Zn. These results suggest 3,000 ppm Zn from
ZnO should be added to diets fed to pigs from d 0 to 14 after weaning.
Antibiotic addition tended to influence growth performance toward the
end of the experiment.

Key Words: Weanling Pigs, Zinc, Antibiotic

250 Effect of diet complexity and supplemental zinc
amino acid complexes on performance of nursery pigs. B.
Z. de Rodas*!, C. V. Maxwelll, D. C. Brown!, M. E. Davis!, Z. B.
Johnson', and T. M. Fakler?, 1 University of Arkansas, Fayetteville, AR,
2Zinpro Corp., Eden Prairie, MN.

An experiment involving 144 pigs (17 to 22 d of age; 6.1 kg BW) was
conducted to determine the interactive effects of diet complexity and
added Zn on performance of weanling pigs. Pigs were blocked by weight,
penned six/pen in a conventional nursery, and fed a phase 1 diet (1.35%
lys) for 10 d, followed by a phase 2 diet (1.15% lys) for 4 wk, and a
common phase 3 diet (1.14% lys) for 2 wk. Treatments were arranged
in a 3 x 2 factorial with three diets (complex, intermediate, and sim-
ple), and two Zn levels [0 and 100 ppm Zn from Availa-Zn zinc amino
acid complex (ZnAA), Zinpro Corp., Eden Prairie, MN]. The phase 1
complex diet contained 7% soybean meal (SBM), 10% soy protein con-
centrate (SPC), 2% plasma protein, 1.5% blood meal, 2% peptide plus,
5% select menhaden fishmeal (FM), and 20% lactose; the intermediate
diet contained 15% SBM, 15% SPC, 2% FM, 7% lactose, and 33% the
amount of vitamins and trace minerals added to the complex diet; and
the simple diet contained 39.5% SBM with no vitamins, minerals or
antibiotics added. Diets were pelleted and pigs were allowed access to
feed on an ad libitum basis. During phases 1, 2 and 3, increasing diet
complexity improved (diet effect, P < .01) ADG and ADFI. Gain:feed
during phase 1 was improved with the addition of ZnAA in the inter-
mediate and complex diet, but not in the simple diet (interaction, P
< .05). During phase 2, pigs fed the intermediate and complex diets
had greater (P < .01) G:F than those fed the simple diet. During the
overall experiment, there was a tendency for an improvement in ADG
(interaction, P < .1) and ADFI (interaction, P = .12) with the addition
of Zn to the intermediate and complex diets, but a decrease with the
addition of Zn to the simple diet. In general, the results of this study
indicate that complex diets were clearly superior to simple diets in im-
proving performance of weanling pigs, and that 100 ppm Zn from ZnAA
improves performance of pigs fed the intermediate and complex diets,
but not the simple diet.

Key Words: Pig Performance, Diet Complexity, Zinc

177



251 Effect of dietary zinc on growth performance
and immune response of endotoxemic growing pigs. E. S.
Roberts*!, E. van Heugten?, G. Almond?, and J. W. Spears?, ! College
of Veterinary Medicine, 2Depari:ment of Animal Science, North Carolina
State University, Raleigh, NC.

A 2 x 3 factorial arrangement of treatments was used in a randomized
complete block design to determine the effects of dietary zinc (Zn) level
on performance, plasma Zn, alkaline phosphatase activity (ALP), and
immune response of acutely endotoxemic growing pigs (n = 96, initial
mean BW was 24.94 kg). Factors included 1) endotoxin (LPS) treatment
or control and 2) supplemental (suppl) Zn at 10, 50, or 150 ppm. Diets
were fed beginning in the nursery phase and continuing into the growing
phase. The basal diet was corn-soybean based with 17% crude protein,
1% lysine, 30 ppm zinc, and was formulated to meet or exceed NRC re-
quirements for all other nutrients. Pigs were acclimated for 12d (d 0-d
12) in the grower before LPS treatment. Escherichia coli lipopolysac-
charide (LPS) at 10 pg/kg was injected intramuscularly on d 13 of the
experiment. Gain, feed intake, and feed efficiency were unaffected by
supplemental Zn. Feed intake decreased (P < .05) and gain:feed was
greater (P < .10) from d 13 to d 16 for pigs injected with LPS; this
was not affected by supplemental Zn. Plasma Zn and ALP increased
linearly with increasing Zn levels (P < .10). The febrile response to
LPS peaked at 6 hr post- exposure and pigs were afebrile within 12 hr.
Maximum core body temperature was greater (P < .05) in pigs receiv-
ing 50 and 150 ppm supplemental Zn than in pigs with 10 ppm added
Zn to the diet. In wvivo cellular immune response, measured on d 13
by skin thickness response to phytohemagglutinin, was increased after
6 hr (P < .01) in pigs fed 10 ppm supplemental Zn and exposed to LPS
compared to all other treatments. Lymphocyte proliferation was not af-
fected by supplemental Zn. Adequate dietary zinc is required for normal
cell-mediated immunity and phagocyte function; however, supplemental
Zn in excess of NRC recommendations resulted in an enhanced febrile
response to iatrogenic endotoxemia. These data suggest that there is
no benefit, rather a possible detriment, to immune function with excess
dietary zinc.

Key Words: Pigs, Zinc, Immune response

252  Skeletal mineralization of nursery pigs fed diets
with pharmacological additions of zinc. T. D. Crenshaw and
D. K. Schneider, University of Wisconsin, Madison, WI.

Zinc oxide supplemented at pharmacological concentrations (3000 ppm)
approaches toxicity. Zn toxicosis is altered by dietary Ca concentra-
tions. Since bone is the major storage site for Zn, the objective of this
experiment was to determine if pharmacological concentrations of Zn
in nursery diets reduced skeletal mineralization. Weaned (25 d, 8.5 kg)
pigs (PIC, Cambrough x Line 19) were randomly allotted within weight
blocks to 1 of 4 diets. Thirty six pigs were housed with 1 (3 pens/trt)
or 2 (3 pens/trt) pigs per pen and allowed continuous access to feed
and water for 28 d. Individually penned pigs (n = 3 /trt) were scanned
by dual energy x-ray absorptiometry (DEXA) on d 0 and 28 to mea-
sure total body, bone mineral content (BMC). Bone and liver samples
were collected (n = 6/treatment) after pigs were scanned. Pigs were fed
Phase I diets (1.4% lysine) for 14 d then Phase II diets (1.2% lys) till
d 28. Treatments involved a 2 x 2 factorial arrangement of Ca (+Ca,
1.0%; -Ca 0.60%) and Zn (-Zn, 124 ppm; +Zn 3,124 ppm) concentra-
tions. +Zn increased gain and FI in +Ca pigs but depressed responses
in -Ca pigs (P < .06). BMC gain over 28 d was greater (P < .02) in
pigs fed +Ca than -Ca diets, but Zn did not alter responses (P > .2).
Metatarsal bone Zn content was dependent on dietary Ca (Ca x Zn in-
teraction, P < .02). +Zn increased bone Zn more in pigs fed -Ca (367 vs
1086 pg Zn/g ash) than in pigs fed +Ca (322 vs 765 pug Zn/g ash). The
percentage ash was slightly less in +Ca pigs fed +Zn (48.4 vs 46.6%),
and slightly increased in -Ca pigs fed +Zn (42.8 vs 43.6%; interaction
P = .25). However, the ash response might be explained by changes in
growth rates among groups rather than a direct effect of Zn on bone
mineralization. In conclusion, bone Zn levels were altered by dietary Zn
and Ca, but no evidence of toxicosis was detected in mineralization of
metatarsal bones.

Key Words: Zinc, Calcium, Bone

178

253  Effects of length of feeding conjugated linoleic
acid (CLA) on growth and body composition of pigs. J. C.
Sparks*, B. R. Wiegand, F. C. Parrish, and D. R. Zimmerman, lowa
State University, Ames, IA.

Ninety-two pigs weighing 28 kg were fed isocaloric diets containing
1.25% CLA oil (60% CLA isomers) for the last 0, 29, 58, or 87 kg
of BW gain to evaluate the effects on growth and carcass composition.
Pigs were slaughtered at an average BW of 115 kg. Real time ultrasound
(RTU) was used to determine backfat depth (BFD) and loin muscle area
(LMA) at the 10" rib when the pigs weighed about 28, 57, 86, and 115
kg. At slaughter, BFD at the 1%t rib, 10th rib, and last lumbar and
LMA at the 10" rib were measured, and a five point subjective score
was used to evaluate marbling, firmness, and color of the loin muscle at
48 h post mortem. ADG and ADFI were not affected by CLA. Gain:feed
ratio over the entire experiment increased quadratically (P < .05) in re-
sponse to length of feeding CLA, with pigs fed CLA for 29 and 58 kg of
BW gain having the greatest gain:feed ratios. RTU revealed no treat-
ment differences at 28 and 57 kg BW. At a BW of 86 kg, pigs that
had been fed CLA had less (P < .01) BFD than those that had not
received CLA. At slaughter, RTU showed a linear decrease in BFD (P
< .004) and a linear increase in LMA (P < .01) with length of feeding
CLA. However, BFD (P < .07) and LMA (P < .11) had strong trends
for quadratic responses. Measurements on carcasses revealed a linear
decreases in BFD at the 1% rib (P < .05), 10'" rib (P < .01), and last
lumbar (P < .02), and a linear increase in LMA (P < .01) in response to
increased days of feeding CLA. However, there were also strong trends
for quadratic response with P < .15, .08, and .17 for 10" rib, last lum-
bar, and LMA, respectively. These quadratic responses were indicative
of diminishing effects as period of feeding CLA lengthened. There were
no treatment differences in color score. Marbling (P < .03) and firmness
(P < .07) scores increased linear with increased length of CLA feeding.
In summary, responses to CLA were near maximum if fed during the
last 58 kg of BW gain.

Key Words: CLA, Pigs, Growth

254  Effects of conjugated linoleic acid (CLA)on the
growth, carcass composition and pork quality of two geno-
types of lean gilts. J. M. Eggert, A. L. Carroll*, B. T. Richert, D. E.
Gerrard, J. C. Forrest, B. C. Bowker, E. J. Wynveen, J. E. Hammelman,
and A. P. Schinckel, Purdue University, West Lafayette, IN.

Terminal cross gilts (23 kg; n = 160) of two genetic populations (G1 and
G2) were assigned to a 2 X 2 x 5 factorial arrangement of genotype,
diet and slaughter weight (46 kg, 68 kg, 91 kg, 114 kg or 136 kg). Pigs
were fed conventional corn-soybean meal based diets supplemented with
either 1 % CLA oil (CLA) or 1 % sunflower oil (SFO) ad libitum until
reaching their assigned slaughter weight. CLA oil contains 60 % CLA
isomers. Composition and quality data (n = 96) was collected at 91, 114
and 136 kg. G1 gilts had less 10" rib backfat (1.55 vs 1.93 £ .05 cm,
P < .01), larger loin eye areas (47.6 vs 45.1 £ .9 cm?, P < .05), higher
% fat free lean (55.2 vs 52.9 + .5 %, P < .01), lower ADG (.89 vs .93 &+
.01 kg/day, P < .05), lower color evaluations (1 = pale, pinkish gray; 5
= dark, purplish red; 2.07 vs 2.23 + .05, P < .05) and lower marbling
evaluations (1 = devoid to practically devoid; 5 = moderately abundant
or greater; 1.65 vs 1.94 + .07, P < .01) of the loin at the 10" rib. There
were no significant effects of genotype on consumption, feed conversion,
loin firmness, belly firmness or Hunter L*, a* and b* values. Gilts fed
CLA had less 10" rib backfat (1.63 vs 1.85 £ .05 cm, P < .05), higher
% fat free lean (54.8 vs 53.3 &+ .5 %, P < .05), firmer bellies (1 = very
soft; 5 = very firm; 2.63 vs 1.93 £+ .07, P < .01), higher loin color eval-
uations (2.28 vs 2.02 £ .05, P < .01), higher loin firmness evaluations
(1 = very soft; 5 = very firm; 2.22 vs 1.98 £+ .05, P < .01) and higher
loin marbling evaluations (1.96 vs 1.63 £+ .07, P < .01). There were no
significant effects of CLA on ADG, feed conversion, consumption, loin
eye area, or Hunter L*, a* and b* values. There were no significant
genotype X CLA interactions. In conclusion, CLA enhanced the pork
quality, belly firmness and % lean of both genotypes.

Key Words: Pigs, CLA, Pork quality
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255  Effects of high oil corn and duration of conju-
gated linoleic acid (CLA) supplementation on pig growth,
pork quality and carcass composition. J. M. Eggert, A. L. Car-
roll, B. T. Richert, D. E. Gerrard, J. C. Forrest, B. C. Bowker, E. J.
Wynveen, J. E. Hammelman, and A. P. Schinckel*, Purdue University,
West Lafayette, IN.

Gilts (n = 224) were randomly assigned to a 4 x 3 factorial arrangement
of diet and duration of CLA supplementation. Pigs (25 kg) were fed one
of four corn-based diets (high oil corn (HOC), Optimum® high oleic
high oil corn (HOHOC), conventional corn (CONV) and conventional
corn supplemented with choice white grease (CWG) ad libitum to 115
kg. HOC, HOHOC and CWG diets were isocaloric. CLA treatments
included no CLA (1 % sunflower oil; SFO), finishing with 1.0 % CLA oil
from 90 to 115 kg (CLA1) and finishing with 1.0 % CLA oil from 65 to
115 kg (CLA2). CLA oil contains 60 % CLA isomers. Corn type affected
consumption (HOC: 2.27; HOHOC: 2.32; CONV: 2.28; CWG: 2.20 +
.05 kg/day, P < .01) and feed conversion (HOC: 2.64; HOHOC: 2.62;
CONV: 2.77; CWG: 2.53 £+ .05, P < .05). Gilts fed HOHOC had higher
belly firmness scores (1 = very soft; 3 = very firm; HOC: 1.78; HOHOC:
2.13; CONV: 2.03; CWG: 1.95 £ .08, P < .05) than gilts fed HOC. Corn
type did not affect loin eye area, 10*" rib backfat depth, ADG, drip loss,
% fat free lean, subjective measures of loin color, firmness and marbling,
or Hunter L*, a* or b* values. CLA affected belly firmness (SFO: 1.58;
CLA1: 2.12; CLA2: 2.21 + .06, P < .01), consumption (SFO: 2.32;
CLA1: 2.27; CLA2: 2.22 + .05 kg/day), loin firmness evaluations (1 =
very soft; 5 = very firm; SFO: 2.07; CLA1: 2.26; CLA2: 2.23 £+ .04, P
< .01) and marbling evaluations (1 = devoid to practically devoid; 5 =
moderately abundant or greater: SFO: 1.36; CLA1l: 1.45; CLA2: 1.52
+ .05, P < .01). The duration of CLA supplementation appears to be
related to increased loin eye area, enhanced color and decreased 10t"
rib backfat depth. CLA did not affect ADG, feed conversion, % fat free
lean or Hunter L*, a* and b* values. Corn x CLA interactions were not
significant. In conclusion, CLA enhanced fresh pork quality and belly
firmness. Gilts fed HOHOC had firmer bellies than gilts fed HOC.

Key Words: Pigs, High oil corn, CLA

256 Growth performance, whole body composition,
plasma urea nitrogen and serum alpha-1-acylglycoprotein
in weanling pigs fed CLA. J. Bassaganya*, K. Bregendahl, and
D. R. Zimmerman, lowa State University.

Early-weaned pigs (n=64) averaging 5.3 & 0.3 kg were utilized to evalu-
ate effects of two (dirty and clean) environments and four (0, .67, 1.33 or
2%) dietary CLA-60 levels on growth performance, whole body compo-
sition, plasma urea nitrogen (PUN) and serum alpha-1-acylglycoprotein
(AGP). A factorial (2x4) arrangement within a split plot design with 8
litters of 4 pigs each as experimental units within environments (main
plot), pigs within litters as experimental units for the CLA levels (sub-
plot), and d 0 as a covariate were used in data analysis. Diets were
formulated to exceed NRC (1988) nutrient recommendations for swine
and fed ad lib for a period of 7 wk in three phases (I, 1-2; II, 3-5; III,
6-7wk). Within phases, diets were isocaloric and isonitrogenous. On
phase I, a linear (P<. 05) decrease in ADFI was found. On phase II,
ADG increased quadratically (603, 623, 622 and 548 kg/d; P< .01),
ADFI had a linear decrease (873, 840, 867 and 717 kg/d; P< .02) and
G:F increased linearly (691, 742, 715 and 763 g/d; P< .07). On phase
III, no differences were attributed to dietary treatments. Pigs in the
clean room had a higher cumulative ADG (P< .01) and a higher ADFI
(P< .01) than pigs in the dirty room. On d 42, three pigs per treat-
ment were killed, ground, sampled and protein, fat and humidity were
measured. As dietary CLA increased, a linear increase in humidity (P<
.01), a linear decrease in fat (16.4, 15.8, 13.9 and 12.1%; P< .04), and
a trend for a linear increase in protein (P< .12) were described. AGP
levels were used as indirect indicators of cytokine release, and showed a
consistent linear increase on d 14 (P< .02), 28 (P< .01) and 42 (P< .01)
as dietary CLA increased. PUN showed a linear decreasing trend on d
14 (P< .14) and 42 (P< .11) as dietary CLA increased. Clean pigs had
higher PUN on d 14 (P< .03) and 42 (P< .01) than dirty pigs, which is
attributed to higher ADFTI of pigs in the clean room. Thus, CLA reduces
empty body of fat and feed intake, and has a potential application as
an immunomodulator in pigs.

Key Words: Pig, Conjugated linoleic acid, Growth
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257 Efficacy of betaine as a carcass modifier in fin-
ishing pigs fed normal and reduced energy diets. G. L.
Cromwell*, M. D. Lindemann, J. R. Randolph, H. J. Monegue, K.
M. Laurent, and G. R. Parker, University of Kentucky, Lexington.

Three experiments were conducted to determine if energy density of the
diet influences the efficacy of betaine as a carcass modifier. Two dietary
energy levels (3,320 vs 3,175 kcal ME/kg) were achieved by feeding a
fortified corn-soybean meal diet (CS) or a similar diet with 20% wheat
middlings (CSM). The middlings were substituted for corn and soybean
meal on a lysine basis. Betaine was included at 1.14 g/kg of diet by
adding .125% Betafin® (Finnfeeds, Fenton, MO). Diets consisted of (1)
CS, (2) CS + betaine, (3) CSM, and (4) CSM + betaine. In Exp. 1 and
2, 200 crossbred pigs (10 reps of 5 pigs/pen) were fed the 4 diets from
56 to 113 kg BW. Dietary lysine was reduced from .85% to .70% at 87
kg BW. All pigs were scanned by real-time ultrasound at 109 kg BW,
and carcass data were obtained on all barrows at termination. ADG was
reduced (P<.01) and feed/gain (F/G) was increased (P<.01) by feed-
ing the low energy diet (.95, .97, .90, .94 kg/d; 3.34, 3.31, 3.56, 3.43 for
treatments 1-4, respectively). Betaine improved ADG (P<.03) and F/G
(P<.08) in pigs fed the lower energy, CSM diets and to a lesser extent in
those fed the CS diets. Betaine resulted in numerical improvements in
backfat and estimated lean in scanned pigs (20.6, 20.4, 19.4, 18.9 mm;
52.7, 52.8, 53.4, 53.7%) and in barrow carcasses (28.9, 26.9, 28.9, 26.6
mm [P<.07]; 47.9, 48.4, 47.6, 49.0% [P<.07]). Feeding low energy diets
improved these traits in scanned pigs (P<.02). In Exp. 3, 120 pigs (6
reps of 5 pigs/pen) were fed the same diets from 24 to 111 kg BW with
lysine reduced from 1.00 to .85 and .70% at 52 and 78 kg BW. All pigs
were scanned at 102 kg BW. ADG and F/G were affected (P<.01) by di-
etary energy, but not by betaine (.81, .81, .79, .77 kg/d; 3.01, 2.93, 3.24,
3.20). Scanned BF and estimated lean tended to improve with added
betaine (19.1, 17.6, 18.8, 17.8 mm; 53.8, 54.9, 54.0, 55.1%). Overall,
betaine reduced backfat by 5.5% and increased lean percentage by 1.0%
in pigs fed CS diets and by 5.3 and 2.1% in the lower energy, CSM diets.

Key Words: Pigs, Betaine, Energy

258 Evaluation of chromium tripicolinate addition
and dietary energy level and source on carcass composi-
tion and accretion rates of growing pigs. C. P. A. van de
Ligt*, M. D. Lindemann, and G. L. Cromwell, University of Kentucky,
Lexington, KY.

Two trials (T1 and T2) evaluated potential interactions of chromium
tripicolinate addition with dietary energy levels (T1) and sources (T2).
In T1 and T2, respectively, 36 and 40 PIC barrows (25.4 and 23.6 kg
mean BW) were used. Pigs were blocked by weight and randomly allot-
ted to six (T1) or eight (T2) treatments in a 2 X 3 or 2 x 4 factorial
arrangement of supplemental Cr (0 and 200 ppb) and energy level (70,
80, and 90% of ME requirement) or energy sources (basal, starch, choice
white grease [CWG], and corn oil [COJ). A corn-soybean meal basal diet
supplied all daily protein, mineral and vitamin needs and 70% of the ME
need in two meals that approximated 70% of ad libitum feed intake. In
T1, additional energy was added to 80 and 90% by a blend (95/5; wt/wt)
of corn starch and CO. In T2, additional energy was added to 90% by
either the starch blend, CWG, or CO. Meals were adjusted weekly based
on BW. Pigs were slaughtered at 70.1 kg mean BW. No effect of Cr or
Cr x ME level was observed (P = .10) in T1. ME levels (70, 80, and
90%) had a linear effect (P < .02) on carcass protein (20.8, 20.1, 19.8%),
lipid (13.1, 16.4, 18.3%), and water (61.5, 59.5, 57.2%). Accretion rates
were linear (P < .05) for ash (21.1, 23.9, 26.4 g/d), protein (99, 113,
118 g/d), lipid (82, 125, 152 g/d), and water (260, 295, 298 g/d). In
T2, Cr (0 and 200 ppb) affected (P < .05) carcass ash (3.80, 3.61%) and
ash accretion rate (26.9, 24.4 g/d). The basal diet (70% ME) vs others
(90% ME) affected (P < .001) carcass ash (4.0, 3.6%), protein (21.3,
19.4%), lipid (13.5, 19.7%), and water (61.0, 56.8%). Accretion differed
for basal vs others (P < .01) in ash (23.0, 26.5 g/d), protein (109, 127
g/d), lipid (66, 147 g/d), and water (293, 356 g/d) and between CO
and both starch and CWG in ash accretion (P < .05; 28.4, 25.6, and
25.6 g/d, respectively). Energy level affected carcass composition and
accretion rates while chromium tripicolinate addition only had an effect
on carcass ash and ash accretion rate in T2.

Key Words: Pigs, Chromium, Energy
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259 Effects of dietary lysine and porcine soma-
totropin on the amino acid composition of whole body
protein and accretion rate of whole body lysine in growing
pigs. W. A. Dozier IlI*! G. L. Cromwell', A. J. Lewis?, and R. M.
Diedrichsen?, 1University of Kentucky, Lexington, KY, 2University of
Nebraska, Lincoln, NE.

The effects of pST and dietary lysine (near-ideal blend of amino acids
(AA)) on the AA composition of empty, whole body (WB) protein and
on WB lysine accretion rate in growing pigs were assessed. Forty pigs
(22.5 kg BW) were individually penned and assigned to 8 treatments
(4 diets; 0 vs 2 mg pST (im)/d; JAS 75(Suppl.1):78, 182, 1997). A
basal diet (1.50% total lysine) consisted of fortified corn-soybean meal
with added lysine (.33%), threonine (.22%), methionine (.30%), and
tryptophan (.03%). Lysine was reduced to 1.25, 1.00, and .75% in 3
diets by diluting the basal with starch, cellulose, and sand. At 60 kg
BW, the WB (carcass, head, viscera, blood, nails, hair) was ground and
analyzed for protein and AA. Initial composition was determined on 6
additional pigs. The AA in WB protein averaged (mean of initial and fi-
nal) 6.5% lysine, 3.5% threonine, 3.0% methionine+cystine, 4.6% valine,
3.4% isoleucine, and .85% tryptophan. Administration of pST increased
(P < .001) accretion rates of WB protein and lysine. Increasing dietary
lysine increased (quadratic, P < .03) accretion rates of WB protein and
lysine in pST-treated pigs (124, 158, 167, 166 and 8.57, 10.30, 11.11,
10.17 g/d), but not in untreated pigs (127, 128, 126, 129 and 8.15, 7.90,
8.30, 7.98 g/d). Lysine in the accreted WB protein was linearly (P <
.03) affected by diet in pST-treated pigs (6.9, 6.5, 6.6, 6.1%) but not
in controls (6.5, 6.2, 6.6, 6.2%). Based on true ileal digestible lysine
intakes of 14.2, 19.1, 23.6, and 24.8 g/d for pST-treated pigs and 16.2,
19.1, 24.4, and 26.7 for controls, the efficiencies of lysine utilization for
WB lysine accretion (adjusted for maintenance) were 62, 55, 48, and
42% compared with 52, 42, 34, and 30%, respectively; both were lin-
early affected (P < .01) by dietary lysine. The results indicate that
the dietary lysine needed to achieve maximum WP lysine accretion is
markedly increased by pST administration.

Key Words: Pigs, Somatotropin, Amino acids

260 Effects of immunization against GnRH on
growth performance, carcass characteristics, and meat
quality of intact male pigs. C. A. Maloney*!, R. H. Hines!,
J. D. Hancock!, D. W. Dean!, J. M. DeRouchey!, D. J. Leel, J. S.
Park!, D. H. Kropfl, and T. E. Adams?, !Kansas State University,
Manhattan, KS, 2University of California, Davis, CA.

Eight barrows and 32 boars (average initial BW of 29 kg) were used in
an 82-d growth assay to determine the effects of immunization against
GnRH on growth performance, carcass characteristics, and meat quality
of intact male pigs. There was one pig per pen and eight pens per treat-
ment. The barrows and boars were fed the same diets (1.4% lysine for
29 to 58 kg BW, 1.25% lysine for 58 to 91 kg BW, and 1.1% lysine for
91 to 117 kg BW) throughout the experiment. Boars were immunized
at 82, 56, and 28-d prior to slaughter with a single, 2 mL, subcutaneous
injection of GnRH and keyhole limpin hemocyanin in a 1:1 ratio with
Freund’s complete adjuvant. Overall (from 29 to 117 kg), barrows con-
sumed more feed (P < .003), were less efficient (P < .001), and had
greater average backfat thickness (P < .001) than boars. However, bar-
rows also had greater dressing percentage (P < .02) and produced loin
chops with greater marbling (P < .05) and a tendency for greater water
holding capacity (P < .08) than boars. Immunization against GnRH
did not affect ADG or gain/feed (P > .21), but decreased prostate (P
< .008) weights and tended to decrease bulbourethral (P < .06) and
testis (P < .07) weights compared to the control boars.
the time between injection and slaughter from 82 to 26-d resulted in
greater gain/feed and less carcass fatness (linear effects, P < .001 and
.01, respectively). The longer time interval improved dressing percent-
age (linear effect, P < .04) and decreased testicular (linear effect, P
< .001) and reproductive gland (linear effects, P < .02) weights. Our
results indicate that immunization against GnRH is an effective means
of reducing sex characteristics (testis weights and gland size) for intact
male pigs.

Decreasing
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Day Before Slaughter

Item Barrows Boars 82 56 26 SE
ADG, kg 1.12 1.11 1.15 1.17 1.09 .03
G/F, g/kg 380 422 389 424 427 10
Avg BF, cm 2.79 2.06 2.44 2.39 2.00 11
Testis wt, g N/A 463 210 386 485 46

Key Words: Boars, Immunocastration, Finishing

261 Amino acid supplementation for sows nursing
large litters. R. C. Ewan*!, G. W. Libal?>, and C. R. Hamilton?,
Llowa State University, Ames, IA, 2South Dakota State University,
Brookings, SD.

A cooperative study was conducted at two stations of the members of
the North Central Regional Committee on Swine Nutrition (NCR-42)
to determine the response of lactating sows to dietary amino acid sup-
plementation. Primiparous sows (49) were selected at breeding and fed
a corn-soybean meal diet (14.3% CP) at 1.8 kg/d during gestation. At
farrowing, sows were allotted to one of four dietary lactation treatments:
1) Control corn-soybean meal diet formulated to contain .6% lysine, 2)
a corn-soybean meal diet formulated to contain .9% lysine, 3) treatment
1 with the addition of .3% lysine HCI and 4) treatment 1 supplemented
with .3% lysine HCI, .06% L-tryptophan and .16% L-threonine. Sows
were weighed at breeding, prefarrowing, within 24 h after farrowing, on
d 7, 14, and 21 during lactation and at weaning. Litter size was ad-
justed to at least 10 pigs per litter within 3 d of farrowing. Individual
pig weights were obtained at birth, 7, 14, and 21 d of lactation and at
weaning. During lactation, sows were fed three times daily to provide
ad libitum access to feed and feed intake was determined on a weekly
basis. The days to first estrus were recorded and sows were continued
on the experimental treatments for three reproductive cycles. Sows on
treatment 3 were heavier than sows on the other treatments at all weigh
periods. Birth weights of the pigs were similar among treatments. On
d 7, pigs of sows on treatment 3 were heavier than pigs of sows on the
other treatments (P < .05). On d 14, 21 and at weaning at 23 d of age,
pigs of sows on treatments 2, 3, and 4 were heavier (P < .05) than pigs
of the sows on treatment 1. During lactation, ADFI was similar among
the treatment groups (6.5 kg) but daily lysine intake increased from 39.7
g/d