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Austin J. Lewis retired from the Animal Science Department
on September 30, 2001 after 25 years at the University of Nebras
Dr. Lewis was born in Poole, Dorset, England. He received his B.;
(1967) in animal production from the University of Reading,
England and his Ph.D. (1971) in applied biochemistry and nutritio™
from the University of Nottingham, England. He was a postdoctor:
fellow at lowa State University from 1971-74 and a researc
associate at the University of Nebraska from 1974-75 before goil
to the University of Alberta as an assistant professor in 1975. +
came to Nebraska as an assistant professor in 1977, becam
associate professor in 1980 and was given the status of profe
in 1985. During the 1996-97 academic year, Dr. Lewis was granted
a sabbatical leave to do research at the Babraham Research Institute
Cambridge, England. His research has been in swine nutrition with emphasis on the amino acid
nutrition of swine, and this has included investigations of the amino acid requirements of all
classes of swine as well as the bioavailability of amino acids. Numerous scientific papers have
been published based on this research. In 1987 he received the Gamma Sigma Delta Research
Award from the Nebraska Chapter and in 1988 the Nutrition Research Award from the
American Society of Animal Science. Dr. Lewis has taught undergraduate and graduate courses
on animal nutrition and a graduate course on protein nutrition, as well as serving as an instructor
for the Interdepartmental Nutrition Seminar. He has served as an advisor to several graduate
students who were pursuing either a Master or Doctoral degree in swine nutrition, and as Chair
of the Departmental Graduate Committee from 1998-2001. Dr. Lewis has contributed to the
Journal of Animal Science as a member of the editorial board, as editor of the Nonruminant
Nutrition section, and editor-in-chief in 1990-1993. He was a co-editor of the first and second
editions of “Swine Nutrition” and also a co-editor of “Bioavailability of Nutrients for Animals.”

He has served as a member of the subcommittees responsible for the two most recent revisions
of the “NRC Nutrient Requirements of Swine” and as a member of the Board on Agriculture,
Committee on Animal Nutrition. Dr. Lewis will remain in Lincoln, where his wife, Nancy, is an
Associate Professor in the Department of Nutritional Science and Dietetics. He will continue his
affiliation with the Animal Science Department as professor emeritus.

[ 51

Austin J. Lewis
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Donald G. Levisresigned his position as professor of physi-
ology after 23 years at the University of Nebraska to accept
position as coordinator of the Ohio Pork Industry Center at Th
Ohio State University. Dr. Levis was born in Chariton, lowa. He
received a B.S. degree (Agriculture) in 1971 from Northeas
Missouri State University, an M.S. degree (Animal Science) in 197
from Northwest Missouri State University and Ph.D. degree (Re
productive Physiology) in 1976 from South Dakota State. Afte
completing his Ph.D., he moved to the Department of Anime
Science at North Carolina State University where he was ¢
assistant professor/extension swine specialist in Reproducti
Physiology from 1976-78. In 1978 Dr. Levis moved to the Univer
sity of Nebraska, South Central Research and Extension Center, as
an Assistant Professor/Extension Swine Specialist. His research
projects on neuroendocrinology of sexual behavior of boars was
conducted at the United States Meat Animal Research Center. He became an associate professor
in 1983. Don became a full professor in 1989 and moved to the Lincoln campus. During the
1991-92 academic year he spent a sabbatical in Australia conducting research in reproductive
physiology at the Victorian Institute of Animal Science (Werribee, Victoria), and Western
Australian Department of Agriculture (Perth, Western Australia). While at Nebraska his major
job was to provide educational support in the subject matter area of swine reproductive
physiology to pork producers and the University of Nebraska Agricultural Educators. During
this time he come in contact with over 23,000 people in Nebraska and the United States. He is
nationally and internationally known for designing the LEVIS Swine Breeding facility and his
work with artificial insemination (A.l.) of pigs. His educational information on breeding facility
design, A.l., and reproductive management of the breeding herd has gained state, national and
international exposure through published articles and pork industry meetings. Dr. Levis has
traveled to many foreign countries to present seminars and conduct farm visits. He published
many extension articles on A.l. and reproductive management of pigs. He personally designed
numerous swine breeding facilities for individual pork producers. During his tenure at Nebraska
he received the Distinguished Extension Specialist Award from the University of Nebraska in
1988, the Dedicated Service to Pork Industry from the Nebraska Pork Producers Association
in 1988, the Livestock Service Award from the University of Nebraska in 1989, Excellence in
Team Programming from the University of Nebraska in 1991 and 1994, and in 1998 he received
the Extension Award from the American Society of Animal Science. He has published many
articles in trade journals, proceedings and other extension publications.

Donald G. Levis
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extension specialist in January 2000 to accept a position with National
Development (NPD) in North Carolina.

Dr. Long received his B.S. and M.S. degrees from the University
Illinois in 1975 and 1985, respectively. His Ph.D. degree was from t
University of Nebraska in 1989. Prior to obtaining his M.S. degree, D
Long worked in the pork industry for seven years.

After receiving his Ph.D., he moved to Australia to work as coordinat
of the Pig Genetics Program at the Animal Genetics and Breeding U
University of New England, Armidale, New South Wales. His responsibil
ties there included maintenance and implementation of PIGBLUP, a s
ware system used for genetic evaluation of pigs. He also conducte
extension activities with the Australian Pig Industry on a national scale and
served as the genetic technical advisor to the pig branch of NSW
Agriculture.

Dr. Long returned to the U.S. in 1994 to accept a position as assistant professor/swine specialist
at the West Central Research and Extension Center at North Platte. His responsibilities includgd
development and implementation of a research program in sow and litter management with emphagis
on genetic x environmental interactions. He also provided leadership for swine management extensipn
programming in the West Central and Panhandle districts as well as statewide leadership for programs
in swine breeding.

Dr. Long is currently the director of genetics and research at NPD. His responsibilities includg
establishing the direction of breeding and selection programs within NPD as well as guiding researgh
initiatives within this organization.

Thomas Long resigned his position as assistant professor/swir&

Thomas Long

Robert W. Wills resigned his extension swine veterinarian position at
the University of Nebraska in 2000 to accept a position in the College
Veterinary Medicine at Mississippi State University. Dr. Wills received hi:
B.S. degree in 1978 from the University of Missouri, an M.S. degree in 19
from the University of Tennessee - Knoxville, and his DVM in 1984 fron
the University of Missouri. In 1996 he received his Ph.D. from lowa Sta
University. Prior to starting this Ph.D. program, Dr. Wills worked as .
private veterinarian/partner at the Fayette Veterinary Clinic in lowa.

Dr. Wills has written several articles for referred journals, most notab
regarding the transmission of the PRRSV to swine. He has conducted m
workshops and seminars in the United States and other countries. Dr.
also developed many educational aides and materials that are useful to |
producers. He was instrumental in increasing the number of pork producers Robert w. Wills
in Nebraska who were certified Level Il in the NPPC Pork Quality
Assurance Program and for helping many to make a decision whether or not to adopt composting ps
a method of mortality disposal.

In his current position as an associate professor of Epidemiology, Dr. Wills conducts researcph
projects with swine and poultry. He also teaches veterinary students about epidemiology, swine
diseases, and the pork industry. His extension efforts are focused on using epidemiology to improye
animal health and to promote food safety.
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Larry Bitney , professor of agricultural economics, is retir-
ing after 41 years of service to the University of Nebraska. Dr.
Bitney is a native Nebraskan, born near Neligh. He received his
B.S. degree in 1958 and his M.S. in 1965, both in agricultural
economics from the University of Nebraska. He received his
Ph.D. degree in agricultural economics from Oklahoma State
University in 1969.

Dr. Bitney was hired as an assistant county extension agent
in Dodge County in 1959 with primary responsibility for the Farm
and Home Development Program, teaching families how to
analyze their farm records. He moved to Lincoln in 1963, as an
assistant extension economist in the Department of Agricultural
Economics. In 1965 he became leader of NEBFARM, an elec-
tronic mail-in farm records and analysis program. After a two-year break at Oklahoma State
University for his Ph.D. degree, he returned to the UNL Department of Agricultural Economics
in 1968 as associate professor with an extension-research appointment. He was promoted to
full professor in 1974. For two years beginning in 1982, Dr. Bitney held a 50 percent
appointment with Extension Service-USDA in Washington D.C., providing national leadership
in farm financial management programming. After a sabbatical leave with the MIAC Morocco
project in Settat, Morocco in 1990/91, he served for two years as the campus coordinator for
this USAID funded project.

Larry led or co-led the following educational programs: Managing for Tomorrow, Farm &
Ranch Financial Counseling Service, Swine Enterprise Records and Analysis Program, and
Decisions Now — Building Your Future. He supervises staff members who lead the Women in
Agriculture programs, the UNL Beginning Farmer program, and the Returning to the Farm
program. Dr. Bitney has been a member of the Pork Interest Group since its start in 1994. Pork
Central originated from efforts of this group and was started in 1996 as a cooperative effort of
Nebraska Cooperative Extension and the Nebraska Pork Producers Association. He has served
as the fiscal manager of this program and as day-to-day supervisor of Al Prosch, the Pork
Central coordinator.

Dr. Bitney worked with a graduate student, James Friesen, in 1989 on an economic analysis
of three pseudorabies eradication alternatives for Nebraska. Results from this project, funded
by the Nebraska Pork Producers Association, were used by state senators in drafting legislation
for the Nebraska pseudorabies eradication program. He has conducted economic analysis of
many technologies related to the swine industry. Most of these efforts have been to help
producers make decisions on the adoption of the technology or practice. Results have typically
appeared as co-authored articles in ftebraska Swine Report

Among the awards that Dr. Bitney has received are the UNL Distinguished Education
Service Award, USDA Superior Service Award, Distinguished Extension Specialist Award,
IANR Team Effort Award, and Excellence in Team Programming awards.

Larry Bitney
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Comparison of Swine Performance When Fed
Diets Containing Roundup Ready® Corn,
Parental Line Corn, or Two Commercial Corns

RobertL. Fischer barrows. There were no differences in Glyphosate, whichis the active ingredi-
Austin J. Lewis carcass midline BF measurements entin the herbicide Roundup, is one of
Phillip S. Miller * among corns, but there was a signifi- the most widely used herbicides in the

cant difference between barrows and world. Therefore, Roundup Ready® corn
gilts, with gilts having less (P < 0.05) was developed to be tolerant to
Summary and Implications BF than barrows. Total body electri- glyphosate. Previous experiments con-
cal conductivity measurements were ducted with pigs and chickens have
This experiment was conducted to not affected by corn, but hot carcass demonstrated that genetically modified
evaluate growth performance and weight was greater (P < 0.001) in corns are substantially equivalent to
carcass quality measurements in barrows than gilts. Also, primal per- nontransgenic corn. Therefore, the
growing-finishing pigs fed diets centage and percentcarcass leanwereobjective of this study was to compare
containing either Roundup Ready® greater (P < 0.01) in gilts than bar- growth performance and carcass qual-
corn expressing the CP4 EPSPSrows. Longissimus muscle quality scoresity measurements in growing-finishing
protein, the parental control corn, or were similaramong corns and between pigs fed diets containing either Roundup
two commercial sources of non- barrowsand gilts, exceptfor pH, which Ready® corn (CRR 0633), the parental
genetically modified corn. The experi- was greater (P <0.05) in barrows than control corn (RX 670), ortwo commer-
mentused 72 barrows and 72 gilts with gilts. Analysis of longissimus muscle cial sources of non-genetically modi-
an initial body weight of 50 Ib. The composition revealed no main effect of fied corn (RX 760 and DK 647).
pigs were allotted to a randomized corn variety (P > 0.05) or effect of sex
complete block design with a 2 4 (P > 0.05) for protein, fat, and water Procedures
factorial arrangement of treatments percentages. Roundup Readg®rn
(two sexes x four corn hybrids). The (2.99%) differed (P < 0.04) from Animals and Treatments
experiment continued until the aver- parental control corn (2.20%) but not
age body weight was 255 Ib, at which commercial corns (3.08 and 3.06%) in A total of 144 crossbred (PIG
time all pigs were slaughtered. Real- longissimus fat content. In summary, Durocx Hampshire) barrows and gilts
time ultrasound measurements werethere were no differences in growth with an initial BW of 50 Ib were used.
taken on the final day of the experi- performance or carcass measurementsThe pigs were allotted to a randomized
ment. Carcass quality measurementsin growing-finishing pigs fed diets complete block experiment with 2
were made 24 hours postmortem. Aver-containing either Roundup Ready® factorial arrangement of treatments.
age daily gain (ADG), average daily corn, the parental control corn, ortwo Blocks were based on initial weight
feed intake (ADFI), and feed efficiency commercial sources of non-genetically and pen location within the building.
(ADG/ADFI) were not affected by corn modified corn. Roundup Ready® corn There were two sexes (barrows and
variety, but there was an effect of sexcan replace traditional corn in diets gilts) and four genetic corn lines

for all growth performance traits, with  for growing-finishing pigs. (RX 740, DK 647, RX 670, and CRR

barrows having greater (P < 0.001) 0633). Diets (Table 1) contained corn
ADG and ADFI than gilts and gilts Introduction and soybean meal and were fortified
having better (P < 0.001) feed effi- with vitamins and minerals to meet or
ciency than barrows. Real-time ultra- Genetically modified crops offer exceedthe NRC (1998) requirements for

sound measurements were similar producers a wide variety of agronomic 44-to 265-1b pigs. There were four diet
among corns, however a sex effect washenefits. The use of Roundup Ready® phases during the experiment (Grower
detected for backfat (BF) depth, with corn provides flexible and broad-spec- 1, Grower 2, Finisher 1, and Finisher 2).
gilts having less (P < 0.001) BF than trum, post-emergent weed control. (Continued on next page)
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Table 1.Ingredient and calculated composition of diets, as-fed basis. 0633). Also, the sex corn line inter-
Dietary Phases action was included in the statistical
. — — analysis. Contrasts were performed to
Ingredients, % Grower 1 Grower 2 Finisher 1 Finisher 2 L S .
compare the transgenic line with its
a
Corn 68.07 74.21 78.11 81.79 parental control (CRR 0633 vs RX 670)
0, . .
?gﬁgsva” meal (46.5% CP) 23'88 Zg'gg 1??'5(? 13,2675 and with the two commercial reference
Dicalcium phosphate 1.25 0.85 0.93 0.75 lines (CRR0633vs RX740and D}_(647)-
Limestone 0.40 0.40 0.40 0.40 Inall analyses penwas the experimental
Salt 0.30 0.30 0.30 0.30 unit.
Vitamin premixb 0.70 0.70 0.70 0.70
Trace mineral premlcx 0.10 0.10 0.10 0.10
Antibiotic 0.13 0.13 0.13 0.13 Results
LysinesHCI 0.05 0.06 0.08 0.08

Calculated nutrient content Growth Performance

Crude protein, % 18.10 15.80 14.30 12.10 ; ;

Lysine, % 1.00 0.85 0.75 0.65 . Average dallygam'ADFl’and f.eed

ME® Mcalllb 156 1.57 1.57 1.57 eff|C|ency(ADG/ADFI).forthefou'rdlet

Calcium, % 0.70 0.60 0.60 0.55 phases and the entire experimental

Phosphorus, % 0.60 0.50 0.50 0.45 period are shown in Table 2. During the
®The only difference in the four diets within each dietary phase was the addition of the differd@ur diet phases, ADG, ADFI, and feed
enetic corn lines. efficiency were not affected 0.30)

Supplied per kilogram of diet: retinyl acetate, 3,088 1U; cholecalciferol, 386 dtpcopherol by corn variety. Average daily gain was
acetate, 15 IU; menadione sodium bisulfite, 2.3 mg; riboflavin, 3.9 mg; d-pantothenic acid, 15.X t 1.65 2.27 2.34 d2.23 b
mg; niacin, 23.2 mg; choline, 77.2 mg; vitamin_B15.4 pg. greater ( 09, 2.2/, £.54, an )
“Supplied per kilogram of diet: Zn (as ZnO), 110 mg; Fe (as F¢§0), 110 mg; Mn (as MnO), versus 1.57, 1.94, 2.12, and 2.07 Ib;
22 mg; Cu (as CuS@ H,0), 11 mg; | (as Ca(Ig*H,0), .22 mg; Se (as N8eQ), .3 mg. P < 0.05) in barrows than gilts during
Metabolizable energy. the four diet phases. Also, ADFI was
greater (3.26, 5.42, 6.86, and 7.32 Ib
versus 3.09, 4.65, 5.84, and 6.42 |b;

. P < 0.05) in barrows than gilts during
Each diet phase was 28 days, exceptCenter, lowa, where carcass charac the four diet phases, respectively. Dur-

Finisher '2, which was ;9 days. Thls tenst@s were m'easur'ed on individ- ing the Finisher 1 and 2 periods, gilts
resulted in a total experimental period ually identified pigs using total body
. - had better (0.36 and 0.32 versus 0.34
of 103 days. electrical conductivity (TOBEC). At .
i . . - and 0.30P <0.01) feed efficiency than
The pigs were housed in a modi- 24 hours postmortem, midline BF . .
. o X : . . barrows, with no differenceB & 0.53)
fied-open-front building with 24 pens measurements (first rib, tenth rib, last . .
. : . between barrows and gilts during the
(pen dimensions 4.95 fk 15.84 ft), rib, and lastlumbar) and LMA traces at .
. . . Grower 1 and 2 periods. Results of the
and each pen contained six barrowsthe tenth rib were collected on all the . S
: . - ; overall experimental period indicate no
or gilts. Pigs had ad libitum access to carcasses. Carcass quality tests were,. .
) differencesiP> 0.54) among corn vari-
feed and water throughout the experi- also performed at 24 hours postmortem. . .
. . . o eties for ADG, ADFI, and feed effi-
mental period. Pigs remained on the These tests were on the longissimus_.
. . . . _ciency. However, overall ADG (2.12
experiment until the average body muscle atthe tenthrib andincluded pH;
) . o i i versus 1.92 |b) and ADFI (5.58 versus
weight of the pigs reached approxi- firmness and marbling scores; and )
o X . - 4.87Ib)were greateP(>0.001) in bar-
mately 255 Ib, at which time all pigs Minolta L*, a*, and b* values. A loin : .
i rows than gilts, and overall feed effi-
were removed from the experiment.  sample was collected from each carcass ; .
: ) ciency was better (0.39 versus 0.38;
atthe tenth rib and ten loin samples Pero o 001) in gilts than barrows
Data and Sample Collection treatment (five barrows and five gilts) ' 9 '
were used to determine longissimus
Pigs were weighed and feed intakesmuscle chemical composition (pro-
were measured biweekly to determinetein, fat, and water).
ADG, ADFI, and feed efficiency (ADG/
ADFI). Real-time ultrasound meas- Statistical Analysis
urements were taken at the end of the
experiment by a certified technician, Data were analyzed as a random-
and tenth-rib backfat (BF) depth and ized complete block design using
longissimus muscle area (LMA) were PROC MIXED of SAS. The main effects
recorded. At the termination of the in the statistical model were sex
experiment, pigs were shipped to (barrows and gilts) and genetic corn
SiouxPreme Packing Co. in Sioux line (RX740,DK647,RX670,and CRR

Carcass Characteristics

Real-time ultrasound, carcass, and
TOBEC measurements are summarized
in Table 3. Ultrasound measurements
of tenth-rib BF and LMA did not differ
(P>0.38) among corns, but tenth-rib BF
was greate{< 0.001) in barrows (0.91
in) than gilts (0.72in). Carcass BF (first
rib, tenth rib, last rib, and last lumbar)
measurements were similé& $ 0.43)
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Table 2. Growth performance of barrows and giltse.‘

Genetic Line P-value
Item RX 740 DK 647 RX 670 CRR 0663 SEM Trt Sex Trtx Sex GMO vs P GMO vs ConY
No. pens 6 6 6 6
Initial wt., Ib 49.79 49.79 49.74 49.70 0.075 NS <0.001 NS NS NS
Final wt., Ib 256.24 257.21 256.88 256.57 3.274 NS <0.001 NS NS NS
Grower 1
ADG, Ib 1.58 1.65 1.58 1.60 0.029 NS 0.008 NS NS NS
ADFI, Ib 3.14 3.24 3.14 3.20 0.051 NS 0.007 NS NS NS
ADG/ADFI 0.50 0.51 0.50 0.50 0.009 NS NS NS NS NS
Grower 2
ADG, Ib 2.11 2.11 2.11 2.08 0.031 NS <0.001 NS NS NS
ADFI, Ib 5.02 5.04 5.09 5.01 0.093 NS <0.001 NS NS NS
ADG/ADFI 0.42 0.42 0.41 0.42 0.007 NS NS NS NS NS
Finisher 1
ADG, Ib 2.24 2.20 2.25 2.23 0.047 NS 0.001 NS NS NS
ADFI, Ib 6.31 6.27 6.43 6.39 0.146 NS <0.001 NS NS NS
ADG/ADFI 0.36 0.35 0.35 0.35 0.010 NS <0.001 NS NS NS
Finisher 2
ADG, Ib 2.13 2.15 2.15 2.17 0.053 NS 0.012 NS NS NS
ADFI, Ib 6.75 6.86 6.82 7.03 0.147 NS <0.001 NS NS NS
ADG/ADFI 0.32 0.31 0.32 0.31 0.010 NS 0.001 NS NS NS
Overall
ADG, Ib 2.00 2.01 2.01 2.01 0.030 NS <0.001 NS NS NS
ADFI, Ib 5.18 5.22 5.24 5.27 0.094 NS <0.001 NS NS NS
ADG/ADFI 0.39 0.39 0.38 0.38 0.006 NS 0.001 NS NS NS

*Two pigs removed from the data set.

rt = treatment; GMO = genetically modified organism; P = parental control line; Conv = conventional lines; and NS = nonsignificant effect,
P > 0.10.
CTransgenic line (CRR 0633) comparison with parental control line (RX 670).

ransgenic line (CRR 0633) comparison with conventional lines (RX 740 and DK 647).

among corns, but differences (1.80, 1.29,Longissimus Muscle Quality Scores Discussion

1.44,and .99inversus 1.81,1.09, 1.30,and Composition

and .83 inP < 0.05) between barrows The results indicate no significant
and gilts for all carcass BF measure- Longissimus muscle quality scores differences among the corns for ADG,

ments were detected with no differ- for pH; marbling and firmness; and ADFI, or feed efficiency. However, in
ences P > 0.14) in LMA. Total body MinoltaL*, a*, and b* values were not the present study, traditional sex differ-
electrical conductivity measurements affected P > 0.32) by sex or corn line, ences between gilts and barrows were
for hot carcass weight (203 Ib versus except for pH which was greater observedingrowth performance. Recent
188 Ib; P < 0.001), shoulder weight (P < 0.05) in barrows (5.65) than gilts experiments using barrows and gilts
(27.52 Ib versus 26.81 I? < 0.08), (5.60) (Table 4). Protein and water duringthe finishing period have shown
and total lean (99.36 Ib versus 96.98 Ib; percentage of the longissimus musclethat barrows have greater ADG and
P < 0.10) were greater for barrows were similarP>0.21) between barrows ADFIthan gilts. However, inthese same
than gilts. However, gilts had a greater and gilts and among corns. The longis- experiments, gilts had superior feed
(39.97% versus 37.77%, < 0.0001) simus muscle fat percentage wasefficiency compared to barrows.
percentage of primal weight in rela- influenced by sexH = 0.07) and corn Results of the current experiment sup-
tion to hot carcass weight and a greatervariety @ = 0.07). The genetically portthe results of previous experiments
(51.50% versus 49.02%P < 0.01) modified corn (CRR 0633) vs parental and indicate the same differences in
percentage of fat-free lean compared to(RX 670) comparison resulted in a ADG, ADFI, and feed efficiency
barrows. The TOBEC measurements diddifference P < 0.04) in longissimus between barrows and gilts.

not differamong corn$(> 0.30). Car- muscle fat percentage with pigs fed Dietary treatment did not affect
cass fat-free lean gain calculated fromthe parental corn (2.20%) having lessultrasound and carcass measure-
TOBEC measurements was not affectedfat than pigs fed the genetically ments, however adifference in backfat
by either sex or corn varietiP& 0.14).  modified corn (2.99%). (Continued on next page)
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Table 3.Ultrasound and carcass measurements.

Genetic Line P-Valué’
Item RX 740 DK 647 RX 670 CRR 0663 SEM Trt Sex Trt x Sex GMO vs P GMO vs Con\(/j
Ultrasound measurements
Backfat, in 0.82 0.81 0.82 0.83 0.031 NS <0.001 NS NS NS
LMAS€, in® 7.25 7.43 7.58 7.51 0.136 NS NS NS NS NS
Carcass measuremefnts
First rib, in 1.88 1.89 1.87 1.87 0.060 NS 0.037 NS NS NS
Tenth rib, in 1.18 1.17 1.17 1.21 0.029 NS <0.001 NS NS NS
Last rib, in 1.42 1.35 1.33 1.38 0.041 NS 0.006 NS NS NS
Last lumbar, in 0.91 0.89 0.91 0.93 0.030 NS <0.001 NS NS NS
LMA, in? 8.57 8.77 9.08 8.77 0.313 NS NS NS NS NS
TOBEC measurements
Hot carcass wt., 1b194.86 196.28 195.64 195.72 1.400 NS 0.001 NS NS NS
Ham wt., | 22.48 22.61 22.33 22.40 0.266 NS NS NS NS NS
Loin wt., 1" 25.87 26.76 26.18 26.35 0.322 NS NS NS NS NS
Shoulder wt., IB - 26.93 27.39 27.21 27.10 0.365 NS 0.077 NS NS NS
Primal percentagé 38.68 39.04 38.87 38.88 0.372 NS <0.001 NS NS NS
Total lean, I8 93.85 93.41 93.02 92.77 1.315 NS 0.092 NS NS NS
Percent Iea‘?"l_ 48.22 47.51 47.67 47.59 0.570 NS 0.001 NS NS NS
Lean gain, Ib/d 0.76 0.75 0.75 0.75 0.013 NS NS NS NS NS

@Ultrasound data set contains 142 pigs and the carcass data set contains 141 pigs.
rt = treatment; GMO = genetically modified organism; P = parental control line; Conv = conventional lines; and NS = nonsignificant effect,

P > 0.10.

“Transgenic line (CRR 0633) comparison with parental control line (RX 670).

ransgenic line (CRR 0633) comparison with conventional lines (RX 740 and DK 647).

€ I
Longissimus muscle area.

Backfat measurements were taken at the midline.

9Figured on a fat-free lean basis.

,hContains 5% fat.

'Primal percentage was calculated by taking the total weight of the primals (ham, loin, and shoulder) divided by the hot carcass weight.
ILean gain calculation: Final fat-free lean — Initial fat-free fean

kInitial fat-free equation:

.95 * [-3.95 + (.418 * live weight, Ib)]

Table 4.Longissimus muscle quality scores and compositio?\.

103 d

Genetic Line P-valué
Item RX 740 DK 647 RX 670 CRR 0663 SEM Trt Sex Trtx Sex GMOvs P GMO vs Con\c/i
Longissimus muscle quality scores
Marbling 2.00 2.00 2.03 2.00 0.014 NS NS NS NS NS
Firmness 2.08 1.93 2.22 2.08 0.096 NS NS NS NS NS
pH 5.63 5.63 5.60 5.64 0.016 NS 0.015 NS NS NS
Minolta L* 49.75 50.78 50.59 50.69 0.623 NS NS NS NS NS
Minolta a* 7.20 6.71 7.17 7.40 0.262 NS NS NS NS NS
Minolta b* 2.11 2.39 2.51 2.58 0.294 NS NS NS NS NS
Longissimus muscle composition, %
Protein 23.74 23.48 23.78 23.51 0.216 NS NS NS NS NS
Fat 3.08 3.06 2.20 2.99 0.247 0.070 0.071 NS 0.039 NS
Water 72.31 72.40 72.71 72.53 0.262 NS NS NS NS NS

®Data set includes 141 pigs, two pigs were not slaughtered and one loin was lost at the slaughter facility.

rt = treatment; GMO = genetically modified organism; P = parental control line; Conv. = conventional lines; and NS =

P > 0.10.

“Transgenic line (CRR 0633) comparison with parental control line (RX 670).

ransgenic line (CRR 0633) comparison with conventional lines (RX 740 and DK 647).
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depth between barrows and gilts was Longissimus muscle pHis strongly (2.59%). This observation is consistent
detected, with no difference in longis- related to pork quality. The pH value is with the greater backfat measurements
simus muscle area. The difference inhighly correlated to the quality traits of and lesser fat-free lean percentage in
backfat depth between barrows andcolor and water holding capacity as barrows than gilts. Although the main
gilts is supported by the results of well as various eating quality traits, effectofcornonlongissimus muscle fat
previous experiments, however in such as tenderness. In the presenivas notsignificantattie<0.05level,
these experiments gilts had greaterstudy, corn variety did not affect pH, individual contrasts indicated less fat
longissimus muscle areathan barrows,but there was a significant effect of sex (P <0.04) in the parental control group
which is in contrast to the results of the onthe pH value with longissimus muscles (2.20%) than the Roundup Ready®
present experiment. The similarlongis- from barrows having a greater pH value group (2.99%). However, the Roundup
simus muscle area estimate for barrowsthan those from gilts. Most previous Ready® group did not diffe (< 0.80)
and gilts may be a result of feeding the studies have indicated that 24-hoursfromthe two commercial varieties (3.08%
barrows and gilts the same lysine con-postmortem pH measurements areand 3.06%).
centration throughout the four-phase similar between barrows and gilts. Compositional analyses have
growing-finishing experiment. Previous Although, a significant effect of sexon been conducted to measure proximate
research has shown that gilts requirepH was detected, the pH values were(protein, fat, ash, carbohydrate, and
higher dietary concentrations of lysine similar to previous experiments and the moisture), acid detergent fiber, neutral
compared to barrows to maximize growth pH is within the normal range for detergentfiber, amino acid, fatty acid,
performance and carcass leanness. Theneasurements taken 24 hours post-calcium, and phosphorus contents of
significant effect of sex on hot carcass mortem. The subjective measurementsRoundup Ready® corn line.
weight is a result of terminating the of marbling and firmness of the longis- Results from the compositional
experiment on a constant time basissimus muscle were similaramong cornsanalyses showed that the amounts of
resulting in a significant difference in and between barrows and gilts. The proximate components, fiber, phos-
final weight between barrows and gilts. marbling and firmness values in the phorus, amino acids, and fatty acids in
Total body electrical conductivity present study were numerically similar the Roundup Ready® corn were com-
measurements of the ham, loin, andtothose of previous experiments whereparable to those in the grain of the
shoulder weights were similar among pigs were fed a corn-soybean meal diet.control line and were within published
corns, but the weight of the shoulder The different corns and sexes literature ranges. Because Roundup
was significantly different between resulted in minimal influence onlong- Ready® corn has been shown to be
barrows and gilts. This increase in issimus muscle color scores (Minolta similar in composition to that of tra-
shoulder weight of the barrows is a L*, a* andb*). The Minolta L*values, ditional corn, it is not surprising that
result of the greater slaughter weight of which measure the lightness (0-100) of in the present experiment no differ-
barrows (267 Ib) versus gilts (247 Ib). the sample, were within a normal range ences were detected among corns for
However, the TOBEC estimation of of42to 50 and were in agreement with growth performance; ultrasound and
primal weights is similar to the whole- other experiments. Although, Minolta carcass measurements; and longissi-
sale primal weights reported in previ- a* and b* values, which measure the mus muscle quality measurements.
ous experiments. In the presentamountofred (+a*) or green (-a*) and
experiment, the combined weight of the the amount of yellow (+b*) or blue (-b*) Conclusion
primals (ham, loin, and shoulder) as ain a meat sample, were not affected by
percentage of the hot carcass weightcorn or sex, the numerical values of the This experiment demonstrates that
was greater in gilts than barrows. present study were lower than thosethe feeding value of Roundup Ready®
Similarly, researchers have reported of previously reported experiments. corn (CRR 0633) is equivalent to that
that when barrows and gilts are fed to The percentages of protein and of conventional corns (RX 740 and
asimilar end weight, the primal percent- water in longissimus muscle in the DK 647). Therefore, Roundup Ready®
age is greater in gilts than in barrows. present experiment were not affected corn can be used in swine diets with no
Previous studies have shown that giltsby corn variety or seXq> 0.05). Also, detrimental effects on growth per-
produce carcasses with a greater perthe percentages of protein, fat, andformance or carcass characteristics.
centage of lean compared to barrows atwater in longissimus muscle are similar
similar end weights. The percentage ofto the percentages reported in other
fat-free lean was greater in gilts than experiments. There was a trend toward 'Robert L. Fischer is a research tech-
barrows in the present experiment. Thisdifferences in longissimus muscle fat N°logist and graduate student, Austin J. Lewis
. . is a professor, and Phillip S. Miller is an
observation is supported by the percentage due to seR £ 0.07) and  _ ., ciate professor in the Department of
decrease in backfat measurements an@orn variety P=0.07). Barrows (3.08%) Animal Science.
agreater primal percentage in gilts thanhad a greater fat percentage than gilts
barrows.
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Niacin and Vitamin B, Requirements of
Weanling Pigs

Sara S. Blodgett differences among groups for visual mide adenine dinucleotide (NAD) and
Phillip S. Miller assessment of B vitamin deficiencies.nicotinamide adenine dinucleotide
Austin J. Lewis Based on these results, the niacin phosphate (NADP). Enzymes contain-
Robert L Fischer requirement of 10 to 40 Ib pigs is not ing NAD and NADP are important links

greater than 4.5ug/lb of diet and the in a series of reactions associated with
vitamin B, requirementis greaterthan carbohydrate, protein, and lipid

Summary and Implications 3.1 ugl/lb. metabolism.
The objective of this study was
An experiment was conducted Introduction to determine the responsiveness of
to assess the responsiveness of weanling pigs to niacin and vitamin
weanling pigs to increased dietary The B-vitamins have received little B, supplementation. Our hypothesis

concentrations of niacin and vita- attentionsincethe 1950s and 1960s. Inwas that pigs fed diets containing
min B, The purpose of the experi- the past40to 50 years, leaner pigs havesupplemental niacin or vitamin B
ment was to determine if the niacin been developed, which may increasewould have greater ADG and improved
and vitamin B, requirements of their B-vitamin requirements due to feed efficiency than pigs fed a negative
nursery pigs are greater than the increased protein accretion. Vitamins control diet.

NRC (1998) recommendations for are important to consider when for-

11 to 22 Ib pigs. Pigs (initial weight mulating diets, especially the water- Materials and Methods

9.4 Ib) were fed one of four diets for a soluble vitamins because the body

total of 35 days: 1) Negative control, cannot synthesize these vitamins and  Pigs were weighed and allotted,
common nursery diet with no added there is little storage in the body. based on initial weight and litter of
niacin or vitamin B, 2) Niacin, com- Niacinand vitamin B,are the only  origin, to one of four treatments using
mon nursery diet with 22.7 mg/lb two B-vitamins that are significantly a randomized complete block design.
added niacin; 3) B, common nur- limiting (belowthe NRC requirement)in Treatments were arranged in ax22
sery diet with 36.3ug/Ib added vita- acommon nursery diet. There are con-factorial. Ninety-six pigs were allotted
min B, and 4) Positive control, flicting data regarding current niacin to 16 pens. There were four replications
common nursery diet with 22.7 mg/lb research. Research at lowa State Uniper treatment and six pigs per pen. Pigs
added niacin and 36.3g/lb added versity reported that niacin supple- were weaned at 14 to 16 days of age with
vitamin B, Pigs and feeders were mentationupto 13.6 mg/Ib did notalter an average initial weight of 9.4 Ib. The
weighed weekly to determine aver- average daily gain (ADG), average daily duration of the trial was 35 days (Phase
age daily gain (ADG), average daily feed intake (ADFI), feed efficiency |wasfromday 0to 14 and Phase Ilwas
feedintake (ADFI), and feed efficiency (ADG/ADFI), protein accretion, or fat from day 15 to 35). The average final
(ADG/ADFI). Pigs were visually scored accretion of high-lean segregated earlyweight was 38.2 Ib.

to assess any potential niacin and weaned pigs. Kansas State reported Pigs and feeders were weighed
vitamin B, deficiencies on days 14, that adding niacin to nursery diets every seven days to determine ADG,
21, 28, and 35. No niacirx vitamin  improved ADG and ADFI day 0 to 8 ADFI,and ADG/ADFI. Pigs were scored
B,, interactions were observed. Dur- afterweaning with the greatestresponseto determine whether there were any
ing Phase |, pigs fed supplemental observed at 25 mg/Ib of diet. visual B-vitamin deficiencies. Two
niacin had a greater ADFI (P < 0.01) Vitamin B, functions include: individuals examined the pigs on days
than pigs fed supplemental vitamin purine and pyrimidine synthesis, 14,21, 28, and 35usingascaleof1to5
B,,- During Phase I, pigs fed supple- transfer of methyl groups, formation of (1 having extensive deficiency signs
mental vitamin B had the greatest proteins from amino acids, and carbo- and 5 having no deficiency signs). This
ADG (P <0.001) and ADFI (P <0.01). hydrate and fat metabolism. The mostassessment was based on physical
Overall, the pigs fed supplemental important function of B, is in the appearances, such as skin and hair
vitamin B, had greater ADG metabolism of nucleic acids and pro- coat characteristics.

(P < 0.001), ADFI (P < 0.01), and teins. The four diets (Table 1) were:
ADG/ADFI (P < 0.05) than pigs fed The major function of niacin is 1) Negative control, common nursery
supplemental niacin. There were no as a coenzyme, primarily as nicotina- dietwith no added niacin or vitamin B

2002 Nebraska Swine Report — Page 12



a) B Negative Control [ Niacin H ?2 O Positive Control
1.6
Blz, P<0.001
SEM=0.0119
12 B,, P<0.001
o 7 SEM=0.0154
Q 0.8
< SEM=0.0150 7
0.4'—7
0.0 Phase | Phase I Overall
Feeding Phase
b) E4 Negative Control E Niacinlll I%ZI:I Positive Control
2.4
Blz’ P<0.01
SEM=0.0309
1.8
Blz, P<0.01
Eel SEM=0.0218
T 1.2
<Dt Niacin, P<0.01
SEM=0.0128
0.6 7
0.0.
Phase | Phase I Overall
Feeding Phase
C) B Negative Control [0 Niacin W B, [ Positive Contro
1.0
0.8
SEM=0.0114
2
= 06
[ B.., P<0.05
a8 12
< 0.4 SEM=0.02,
Q - SEM=0.0165
<
0.2
0.0
Phase | Phase I Overall

Figure 1.The response of a) average daily gain (ADG), b) average daily feed intake (ADFI),
and ¢) ADG/ADFI in weanling pigs. SEM = standard error of the mean.

Feeding Phase

ﬂ

2) Niacin, common nursery diet with
22.7 mg/Ib added niacin; 3) Bcommon
nursery diet with 36.3ug/lb added
vitamin B ; and 4) Positive control,
common nursery diet with 22.7 mg/lb
added niacin and 36.31g/lb added
vitamin B ,. All phase-I diets were for-
mulated to contain 22% CP, 1.5% total
lysine, 0.31% total tryptophan, 0.9%
Ca, and 0.78% P. Phase-Il diets were
similar to diets used in Phase I, except
diets were formulated to contain 21%
CP, 1.4%total lysine, 0.29% total tryp-
tophan, 0.86% Ca, and 0.74% P.

Pigs were housed in pens 6.3xft
3.4 ftthat had plastic-coated wire floor-
ing, one nipple waterer, and one four-
hole stainless steel feeder. Pigs had ad
libitum access to feed and water through-
out the experiment. Heat lamps and
comfort boards were provided during
Phase | of the trial. The relative humid-
ity (ranging between 50% and 60%) and
room temperature (maintained at#B
were monitored continuously using a
temperature and humidity recorder.

Results and Discussion

Average daily gain, ADFI, ADG/
ADFl are shown in Figures 1a, b, andc,
respectively. No niacix vitamin B,
interactions were observed. Average
daily gainwas greater (P <0.001) during
Phase Il and overall (P <0.001) for the
pigs fed supplemental vitamin B
During Phase |, pigs receiving the
niacin diet had a greater (P < 0.01)
ADFI than pigs fed the vitamin B
diet. However, pigs fed the vitamin B
diet had a greater ADFI during Phase
II(P<0.01)andoverall (P <0.01). There
were no differences in feed efficiency
except during the overall experimental
period, when the pigs fed vitamin B
had a greater ADG/ADFI (P <0.05).

Scores for each group are shown
in Figure 2. Essentially no B-vitamin
deficiencies were observed through-
outthe five-week study, and there were
no differences among treatment groups.

The vitamin B, content of the nega-
tive control and vitamin B supple-
mented diets were calculated to be 3.1
and 39.4ug/lb, respectively, and the

(Continued on next page)
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Table 1.Composition of experimental diets, as fed basis.

Phase | Phase I

Ingredient, % NE Niacin Vitamin B12 pPC? NC? Niacin Vitamin B12 pPC?
Corn 31.81 31.81 31.81 31.81 43.07 43.07 43.07 43.07
SBM, 46.5% CP 10.62 10.62 10.62 10.62 32.75 32.75 32.75 32.75
Soy protein concentrate 6.25 6.25 6.25 6.25 E— _ _ _
Whey 30.00 30.00 30.00 30.00 15.00 15.00 15.00 15.00
Blood cells _ _ _ _ 2.00 2.00 2.00 2.00
Animal plasma 8.00 8.00 8.00 8.00 _ _ _ _
Lactose 4.00 4.00 4.00 4.00 _ _ _ _
Corn oil 5.00 5.00 5.00 5.00 3.00 3.00 3.00 3.00
Limestone 0.69 0.69 0.69 0.69 0.30 0.30 0.30 0.30
Dicalcium phosphate 1.28 1.28 1.28 1.28 1.60 1.60 1.60 1.60
Salt 0.30 0.30 0.30 0.30 0.53 0.53 0.53 0.53
Vitamin mix’ 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Trace minerdi 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
L-LysinesHCI 0.15 0.15 0.15 0.15  —  —  — _
DL-Methionine 0.11 0.11 0.11 0.11 0.06 0.06 0.06 0.06
Mecadox 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
ZnO 0.40 0.40 0.40 0.40 0.30 0.30 0.30 0.30
Vitamin B1 , hg/lb —_ —_ 36.30 36.30 —_ —_ 36.30 36.30
Niacin, mglb — 22.70 — 22.70 S 22.70 — 22.70

®NC = Negative control and PC = Positive control

Supplied per kilogram of diet: retinyl acetate, 3,088 IU; cholecalciferol, 386 IU; alpha-tocopherol acetate, 15 |U; menadione sodium bisulfite, 2.3
mg; riboflavin, 3.9 mg; d-pantothenic acid, 15.4 mg; choline, 77.2 mg.

CSupplied per kilogram of diet: Zn (as ZnO), 110 mg; Fe (as FeS0O4+H20), 110 mg; Mn (as MnO), 22 mg; Cu (as CuSO4+5 H20), 11 mg; | (as Ca(l03)*H20),
0.22 mg; Se (as Na2Se03), 0.3 mg.

5.0 response to added niacin. Coprophagy
45 SEM = 0.0834 may have contributed to the available
' niacin intakes because the negative
4.0 control pigs had access to feces of
3.5 positive control or niacin-fed pigs in
adjoining pens. The amount of avail-
0 able niacin in corn was assumed negli-
. gible; however, true niacin availability
0 may be greater and the total niacin
contributed by corn could be signifi-
1. cantly greater than anticipated. Addi-
1.0 , , . tionally, tryptophan can be converted
Negative Niacin B, Positive to niacin (35 mg tryptophan to 1 mg
control control niacin).

Score

N N w
J1

(6,1

Treatment

Figure 2.Visual assessment of deficiency signs. Data based on a scale of 1 to 5, with 1 Conclusion
having extensive deficiency signs and 5 having no deficiency signs. SEM =

standard error of the mean. Based on these results, the niacin
requirement of 10 to 40 Ib pigs is not
d greater than 4.5 mg/Ib of diet and the
vitamin B ,requirement is greater than
3.1 mg/lb. Furtherresearchis neededto
define more precisely and to describe
the factors controlling the vitamin B
requirement of young pigs.

NRC requirementis 7\ @/Ib. Thus,as control and niacin-supplemente
expected, supplementation with vita- diets were calculated to be 4.5 and
min B ,improved growth performance. 27.2mg/lb, respectively. This compares
Almost all of the growth response was to the NRC requirement of 6.8 mg/lb for
observed in Phase Il with no responsepigs with an initial weight similar to

in Phase I. Sows’ milk has a high con- those used in this experiment. There-
tent of vitamin B,and perhaps the pigs fore, we anticipated an improvement

had sufficient stores of vitamin Bat  in growth performance when niacin iSara S. Blodgett is a graduate student,
weaning to carry them through the first was supplemented. Phillip S. Miller is an associate professor,
two weeks post weaning without addi- Several factors may have affected A}JStL” J. Lewis is a pfgfess?{, alnd _Robe”#
tional supplementation. niacin intake and contributed to a TISCher is a research technologist in the

N . . Department of Animal Science.
The niacin content of the negative lack (except for ADFI in Phase |) of
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Phytase Sources in Pelleted Diets

Michael C. Brumm? 4) diets formulated with 750 FYT/kg gain, daily feed, carcass lean, daily
added phytase from Ronozyme-P®;lean gain, bone ash or bone breaking
5) diets formulated with 500 FTU/kg strength. Pigs fed diets formulated with
Summary and Implications added phytase from Natuphos®; and Ronozyme-P® had improved (P <0.05)
6) diets formulated with 750 FTU/kg feed conversion compared with pigs
An experiment was conducted to added phytase from Natuphos®. fed Natuphos® as the phytase source.
determine whether there were differ- Temperature of the pellets for all diets These results suggest that phytase is
ences in performance between twoas they exited the die ranged from an effective replacement for dicalcium
commercial sources of phytase when150to 160F. Pigs fed diets formulated phosphate in swine diets, and that
added to corn and soybean meal-basedto contain 0.1% less available under the conditions of this experi-
diets prior to pelleting. Pelleted diets phosphorus than recommended hadment, phytase can be added to pelleted
investigated for growing-finishing slower (P <0.05) growth, slower daily diets prior to the pelleting process.
barrows of high-lean-gain-potential lean gain, poorer feed conversion, and
included: 1) University of Nebraska decreased bone ash and bone break- Introduction
recommended formulations; 2) diets ing strength than pigs fed the Univer-
formulated to contain 0.1% less avail- sity recommended diets. Phytase The recent proposal by the United
able phosphorus than recommended;recovery following pelleting ranged States Environmental Protection Agency
3) diets formulated with 500 FYT/kg from 74% to 100%. There was no effectto regulate land application of animal

added phytase from Ronozyme-P®;of phytase level or source on daily manures based on phosphorus has
(Continued on next page)

Table 1.Experimental diet composition, 45 to 130 pound body weight

45 to 80 Ib 80 to 130 Ib
Item UNL®  NEG? R500° R750° N500° N750° UNL NEG R500 R750 N500 N750
Ingredient, Ib/ton
Corn 1149 1153 1152.6 1152.4 1152.9 1152.85 1261 1265 1264.6 1264.4 1264.9 1264.85
Soybean meal,

44% CP 550 550 550 550 550 550 445 445 445 445 445 445
Wheat midds 200 200 200 200 200 200 200 200 200 200 200 200
Choice white

grease 50 50 50 50 50 50 50 50 50 50 50 50
Dicalcium

phosphate,

18.5% P 19 8 8 8 8 8 12 1 1 1 1 1
Calcium carbonate 19 26 26 26 26 26 19 26 26 26 26 26
L-lysine 3 3 3 3 3 3 3 3 3 3 3 3
Salt 6 6 6 6 6 6 6 6 6 6 6 6
Vit/TM mix 4 4 4 4 4 4 4 4 4 4 4 4
Ronozyme- 0.4 0.6 0.4 0.6
Natupho€© 0.1 0.15 0.1 0.15

Calculated composition
ME, kcal/lb 1521 1524 1524 1524 1524 1524 1531 1535 1535 1535 1535 1535
Lysine, % 1.13 1.14 1.14 1.14 1.14 1.14 0.99 0.99 0.99 0.99 0.99 0.99
Calcium, % 0.69 0.71 0.71 0.71 0.71 0.71 0.61 0.63 0.63 0.63 0.63 0.63

Phosphorus, % 0.59 0.49 0.49 0.49 0.49 0.49 0.50 0.40 0.40 0.40 0.40 0.40
Available

phosphorous, % 0.29 0.19 0.19 0.19 0.19 0.19 0.22 0.12 0.12 0.12 0.12 0.12

Analyzed composition

Lysine, % 1.24 1.22 1.20 1.20 1.22 1.19 1.09 1.05 1.05 1.06 1.03 0.97
Calcium, % 1.35 0.91 0.71 0.76 0.64 0.62 0.74 0.59 0.78 0.67 0.86 0.81
Phosphorus, & 0.58 0.56 0.53 0.53 0.48 0.46 0.55 0.48 0.46 0.50 0.42 0.41
Total phytase activity, units/ﬁg

Prepelleting 289 311 920 1160 993 1315 232 273 851 1112 936 1282

Postpelleting 172 209 683 838 787 1012 140 215 671 1113 772 1008

3UNL = University of Nebraska recommended; NEG = UNL formulated to 0.1% lower available P; R500 = 500 FYT/kg phytase from Ronozyme-P®;
kI)?750 = 750 FYT/kg phytase from Ronozyme-P®; N500 = 500 FTU/kg phytase from Natuphos®; N750 = 750 FTU/kg phytase from Natuphos®.
Ronozyme-P® CT, Roche Vitamins, Inc., Parsippany, NJ 07054.

°Natuphos® 10000 G, BASF, Inc., Mt. Olive, NJ 07828.

Ward Laboratories, Kearney, NE 68848.

®Roche Vitamins, Inc. Parsippany, NJ 07054.
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Table 2.Experimental diet composition, 130 pound bodyweight to slaughter.

130 to 190 Ib 190 Ib to slaughter
Item UNL®  NEG? R500° R750° N500° N750° UNL NEG R500 R750 N500 N750
Ingredient, Ib/ton
Corn 1418 1425 1424.6 1424.4 14249 1424.85 1540 1544 1543.6 1543.4 1543.9 1543.85
Soybean meal,

44% CP 290 287 287 287 287 287 171 170 170 170 170 170
Wheat midds 200 200 200 200 200 200 200 200 200 200 200 200
Choice white

grease 50 50 50 50 50 50 50 50 50 50 50 50
Dicalcium

phosphate,

18.5% P 10 0 0 0 0 0 8 0 0 0 0 0
Calcium carbonate 19 25 25 25 25 25 18 23 23 23 23 23
L-lysine 3 3 3 3 3 3 3 3 3 3 3 3
Salt 6 6 6 6 6 6 6 6 6 6 6 6
Vit/TM mix 4 4 4 4 4 4 4 4 4 4 4 4
Ronozyme-P 0.4 0.6 0.4 0.6
Natuphos® 0.1 0.15 0.1 0.15

Calculated composition
ME, kcal/lb 1541 1544 1544 1544 1544 1544 1549 1551 1551 1551 1551 1551
Lysine, % 0.78 0.78 0.78 0.78 0.78 0.78 0.62 0.62 0.62 0.62 0.62 0.62
Calcium, % 0.56 0.57 0.57 0.57 0.57 0.57 0.50 0.52 0.52 0.52 0.52 0.52

Phosphorus, % 0.45 0.36 0.36 0.36 0.36 0.36 0.41 0.34 0.34 0.34 0.34 0.34
Total available

phosphorous, % 0.19 0.10 0.10 0.10 0.10 0.10 0.16 0.09 0.09 0.09 0.09 0.09

Analyzed composition

Lysine, o 0.82 0.82 0.81 0.76 0.80 0.80 0.64 0.61 0.65 0.67 0.69 0.69
Calcium, % 0.64 0.63 0.64 0.71 0.70 0.70 0.74 0.60 0.69 0.65 0.59 0.56
Phosphorus, & 0.46 0.36 0.36 0.37 0.37 0.35 0.43 0.31 0.34 0.34 0.34 0.32
Phytase activity, FTU/keg

Prepelleting 227 303 817 1084 840 1185 255 280 802 1073 764 1152

Postpelleting 155 184 640 912 719 918 222 216 758 840 754 938

3UNL = University of Nebraska recommended; NEG = UNL formulated to 0.1% lower available P; R500 = 500 FYT/kg phytase from Ronozyme-P®;
R750 = 750 FYT/kg phytase from Ronozyme-P®; N500 = 500 FTU/kg phytase from Natuphos®; N750 = 750 FTU/kg phytase from Natuphos®.
Ronozyme-P® CT, Roche Vitamins, Inc., Parsippany, NJ 07054.
°Natuphos® 10000 G, BASF, Inc., Mt. Olive, NJ 07828.

ard Laboratories, Kearney, NE 68848.
®Roche Vitamins, Inc. Parsippany, NJ 07054.

intensified the interest of pork pro- pare the effectof two commercial sources 5 NEG formulated with 500

ducers in the use of phytase in swineof phytase in pelleted diets on pig FTU/kg Natuphos® N500);
diets. Phytase has reduced phosphoperformance. and

rus excretion by growing-finishing pigs 6) NEG formulated with 750
25-35% when used in corn-soybean Methods FTU/kg Natuphos®N750).

meal based swine diets as a replace- The experiment was conducted at

mentforinorganic phosphorus. A limit the University of Nebraska’'s Haskell
to the use of phytase has been the :
o . . Ag Lab atConcord. Atarrival, 288 cross-
inability to include phytase in pelleted . ,

. . . bred barrows (Thunderbird Genetics,
diets prior to the pelleting process due .

. L2 . Wecota, SD) were weighed, ear tagged,

to losses in enzyme activity associated

with the heat of pelleting. The only and assigned to the following treat-

Diets (Tables 1 and 2) were pelleted
by a commercial feed mill. The phytase
product from both manufacturers was
preblended with ground corn before
mixing to assure a uniform mix. Tem-
perature of the pellets as they exited the

method available to add phytase to ments: pellet die ranged from 150 to 1%B.
pelleted diets was to spray phytase on 1) University of Nebraska rec- Conditioning temperatures prior to
the cooled pellet, involving expensive ommended dietdNL); pelleting were 140to 18F. The pellet
equipment and time. 2) UNLformulatedtocontain0.1% sizewas0.172inch.

Recently, additional sources of less available phosphorus The lysine sequence was 1.13%
phytase have become available. This (NEG); from 45to 80 Ib body weight, 0.99% from
has renewed interest in the possibility 3) NEG formulated with 500 80to1301b,0.78% from 130to 190 Ib,
of adding phytase to pelleted diets prior FYT/kg Ronozyme-PER500); and 0.62% from 190 Ib to slaughter.
to the pelleting process. The purpose 4) NEG formulated with 750 Diets were switched on the week the
of the following experiment was to com- FYT/kg Ronozyme-PERR750); average weight of individual pens was
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Table 3.Main effects of experimental treatments on pig performance and carcass characteristics.

Treatment8 P Values
Ronozyme-
UNL vs UNL vs UNL vs 500 vs P® vs
UNL NEG R500 R750 N500 N750 SEM NEG 500 750 750Natuphos®
No. pens 4 4 4 4 4 4
Pig wt., Ib
Initial 45.3 44.9 45.2 45.1 45.0 45.3 0.3 0.311 0.576 0.683 0.851 0.914
Final 2449 241.3 247.0 250.4 244.4 247.4 2.0 0.235 0.734 0.124 0.134 0.190
Daily gain, Ib/d 1.95 1.78 1.93 1.96 1.91 1.95 0.03 0.005 0.469 0.930 0.326 0.617
Daily feed, Ib/d 5.42 5.13 5.38 5.44 5.43 5.52 0.09 0.039 0.872 0.584 0.391 0.453
Feed/gain 2.78 2.89 2.78 2.78 2.85 2.83 0.04 0.013 0.275 0.436 0.684 0.037
Dressing % 74.5 74.8 74.8 74.8 74.3 74.5 0.5 0.742 0.993 0.892 0.860 0.443
Carcass % le&n 47.3 46.8 47.1 47.2 47.4 47.1 0.5 0.449 0.907 0.776 0.836 0.894
Daily lean gain, Ibla 0.696 0.614 0.688 0.703 0.687 0.683 0.017 0.014 0.720 0.888 0.789 0.569
Bone ash, % 61.54 59.47 61.13 60.45 61.35 60.40 0.31 0.005 0.411 0.039 0.094 0.744
Bone strength,
kg/cm20 243.7 186.2 218.4 253.7 240.9 225.8 8.1 <0.001 0.117 0.523 0.227 0.380

3UNL = University of Nebraska recommended; NEG = UNL formulated to 0.1% lower available P; R500 = 500 FYT/kg phytase from Ronozyme-P®;
R750 = 750 FYT/kg phytase from Ronozyme-P®; N500 = 500 FTU/kg phytase from Natuphos®; N750 = 750 FTU/kg phytase from Natuphos®.
Containing 5% fat.

“Metacarpal from front left foot of two pigs per pen.

ator above the target weight. The 1.13%Kentucky for determination of metacar- tions are derived from fytase, the Dutch
lysine diets contained 100 g/ton Tylan. pal bone breaking strength and bonename for phytase. Different abbrevia-
The remaining diets contained 40 g/ton ash. tions are used to define each source
Tylan. All diets within a given lysine The pen of pigs was the experimen- since the two phytase sources origi-
sequence were mixed on the same daytal unit. The following contrasts were nate from different microorganisms.
Pigs were housed in two mechani- used to separate treatment means: However, all laboratory assays are

cally ventilated, partially slatted facili-
ties. There were two replications of
each treatment in each facility. Within
each facility, the pens measured 6 ftx 15
ft and had 12 pigs/pen (7.5/fiig).
There was one three-hole stainless feeder
and one nipple drinker in each pen. Pen
size was not adjusted in the event of pig
death or removal.

Atarrival, pigs were vaccinated for
erysipelas,M. hyopneumoniaand S
suis All pigs that died during the
experiment were examined for cause of
death by a consulting veterinarian.

Pigs were weighed individually
every 14 days. Individual pigs were
removed for slaughter on the week they
weighed 240 pounds or greater. Car-
cass lean was determined by TOBEC
on individually identified pigs by
employees of SiouxPreme Packing
Co., Sioux Center, lowa.

UNL vs NEG - This examined

reported as FTU to simplify reporting.
The laboratory analysis of the diet

whether a phosphorus deficiency samplesis givenin Tables 1 and 2. The

was created.

UNL vs 500 - This examined if

155-300 units/kg phytase activity
reported for the UNL and NEG diets is

there was a response to 500 unitsthe result of the phytase activity con-
of phytase/kg regardless of tributed by the wheat midds. The

phytase source.

experimental treatments of 500 and 750

UNL vs 750 -This examined if phytase units/kg were additions to the
there was aresponse to 750 unitsbasal diet and the phytase activity for
of phytase/kg regardless of the phytase containing diets is within

phytase source.

normal ranges when the activity con-

500vs 750- This examined whether tributed by wheat midds is accounted
the response to phytase varied for.

with the level added to the diet.

Phytase stability was defined as

R vs N - This examined whether the percentage of phytase in the pellet
there was a difference due to versus the phytase in the meal prior to

phytase source.

Results and Discussion

pelleting. The relatively cool pelleting
temperature of 150-166 versus amore
customary 18% exit temperature,
resulted in very good phytase stability

A phytase unit is defined as the forboth commercial sources of phytase.

At the time of first shipment to amount of phytase which liberates one Averaged across all levels of lysine,

slaughter, the left front foot from the micromole ofinorganic phosphorus per stability ranged from 79% for the N750
two heaviest pigs in each pen was minute from anexcess of sodium phytatediets to 87% for the N500 diets. Stability
collected at the slaughter plant and at37Cand pH5.5. Natuph@phytase for the phytase associated with wheat
frozen. The frozen feetwere sentto Dr. units are presented as FTU andmidds averaged 69% for the UNL diet
Merlin Lindeman at the University of Ronozyme-® as FYT. Both abbrevia- (Continued on next page)
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and 71% for the NEG diet. Bone strength and bone ash werephytase losses are not as great as pre-
The main effects of the experimen- lower (P <0.01) for pigs fed adiet0.1% viously thought, meaning phytase use
tal diets on pig performance are in lowerinavailable P thanthe University to reduce phosphorus in swine manure
Table 3. Decreasing the available phos-of Nebraska recommendation (NEG vs may be another economic option for
phorus from the recommended levels UNL). While bone ash decreased slightly producers who use pelleted feeds.
(NEG vs UNL) resulted in a reduction forthe 750 versus 500 phytase units/kgFinally, both sources of phytase were
(P<0.05)indaily gain, daily feedintake, treatment for both sources of phytase,effective in improving performance
and daily lean gain. It also resulted in a there was no effect of phytase level oncompared to the negative treatment.

poorer feed conversion efficiency. bone breaking strength, a more sensi-However, Ronozyme-P® fed pigs had
The addition of phytase at 500 and tive indicator of dietary adequacy. better feed conversion, regardless of
750 units/kg to the NEG dietresulted in level of addition. In this study, there
performance that was similar to pigs fed Conclusion was no benefit from adding 750 FTU/kg
the UNL diets. There were no differ- versus the lower level of 500 FTU/Kkg.

ences in performance or carcass char-  These results are in agreement

acteristics between sources of phytasewith the large body of data supporting

in this study except for feed conversion the effectiveness of phytase in swine  *Michael C. Brumm is a professor of

efficiency. Pigs fed Ronozyme-P® as diets as a replacement for inorganic Animal Science located at the University of
. . Nebraska Haskell Agricultural Laboratory,

the phyt'ase source had a be.tter feecphosphorus sources such as dicalciumcgpcorg. Neb.

conversion efficiency than pigs fed phosphate. They also suggest that at

Natuphos® (2.78 vs 2.8R=0.037). relatively cool pelleting temperatures,

Managing Swine Dietary Phosphorus to Meet
Manure Management Goals

Michael C. Brumm reduced amounts of dicalcium phos- the reduction in estimated phospho-
Charles A. Shapiro phate and phytase. Analysis of fecesrus excretion when switching from the
William L. Kranz * samples taken twice per month for the previous nutrition program of 0.55 to

first 11 months, and monthly there- 0.57% total phosphorus to decreasing

after, indicated a 34% reduction in amounts of phosphorus according to

Summary and Implications phosphate in the excreted feces ofthe University of Nebraskarecommen-

growing-finishing pigs fed diets con- dations, resulted in an estimated 114

A demonstration was carried out taining phytase. Based on the phos-fewer acres needed per year for appli-

for 15 months at a 1,200-head grow- phorus needs for 180 bu/acre corn, the cation of the accumulated manure at
ing-finishing facility in Holt County, switch from the previous diets con- agronomic rates.

Neb. The purpose was to document thetaining 0.55 to 0.57% total phospho-

impact of diet formulation on phos- rusto diets formulated with decreasing Introduction
phorus excretion and the associated amounts of phosphorus according to
land area needed to utilize the phos-the University of Nebraska recom- Nitrate contamination of ground-

phorus in the accumulated manure. mendations resulted in 49 fewer waterwasfirstdetectedin Holt County,
The demonstration facility had four acres needed per year for land appli- Neb. in the mid-1960s. From 1976 to
300-head rooms. Prior to the demon- cation of the manure. Formulating the 1990, nitrate-N concentrations increased
stration, pigs in all rooms were fed diets according to the University of in 90 percent of the wells sampled by
diets formulated to contain 0.55-0.57% Nebraska recommendations and uti- the Natural Resource Districts (NRD) in
total phosphorus for all phases of lizing phytase and reduced amounts ofthe county. As a consequence of the
growth. For the demonstration, two dicalcium phosphate resulted in an concerns associated with thisincrease,
rooms were fed diets formulated to the additional reduction of 65 acres per the Holt County Groundwater Educa-
University of Nebraska recommended year. In this demonstration, phytase tion Project was initiated in 1995.
levels for available phosphorus. The was effective in reducing phosphorus The Holt County Manure Man-
other two rooms were fed diets formu- excretion by growing-finishing pigs, agement Education Project, a spin-off
lated to have the same amounts of alleven in diets formulated according to from the Groundwater Education Pro-
nutrients except phosphorus as thethe University of Nebraska recommen- ject, is a three-year effort funded by an
University of Nebraska diets using dations. Phytase use, combined with EPA-319 grantwith cooperation among
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UNL Cooperative Extension, UNL Con- Table 1.Typical nutrient content of liquid swine manure.’

servation and Survey Division, USDA- % Dry matter NH-N  Organic-N PO K O
NRCS, the Lower Niobrara NRD, and 2 23

------------- Ib/1000 gal - - - = = - = - - - - - -
the Upper Elkhorn NRD. The goal of the 9
projectis to educate producers on crop-beep pit 5 17 10 19 15
ping and manure best managementprac- L ___..... Ib/acre-inch = = - = = = = = === = =
tices to protect water resources from Anaerobic lagoon 025 50 29 17 86

contamination. The project centers
around demonstrating best manage-aUSDA'SCS Agricultural Waste Management Field Book (1992). Due to extreme variability, manure

. = analysis is recommended for each situation.
ment practices that are cost effective Y

and that can be used in existing produc-
tion facilities.
Best management practices include

Wh.OIe'farm nutrient plannlng' V\_/hen Table 2.Average nutrient removal by crops?l
animal manures are spread on irrigated

crop land. Whereas nitrogen manage-"°P N content BO; content KO content
mentwas the primary goal ofthefunded ~ ------oooooooo Ib/bu grain - - - - - - - oo oo
demonstration effort, large amounts of o1 grain 0.90 0.39 0.22
phosphorus are also present in beefSoybean 3.76 0.82 1.20

and swine manures. A typical analysis Grain sorghum 0.90 0.38 0.21

of swine slurry has a phosphorus con-\(ljv"’;]t;at 01'3386 00'2540 OO' 1257

tent, expressed as@®,, that is as high ’ ' '

or higher than the available nitogen ~  "ooctstooooeeooes Ib/ton forage - - - - - - - -
content, expressed as ammonium-NAlfalfa hay 57.2 11.8 55.1

(Table 1). Corn silage 8.6 3.2 7.7

Table 2 lists the average nutrient 2yniversity of Nebraska NebGuide 97-1334.
removal by crops. Applying high rates
of swine slurry to meet the nitrogen
needs of crops such as corn results in
the over-application of phosphorus and
potassium relative to the crop needs.Table 3.University of Nebraska dietary recommendations for total and available

With the US Environmental Protection phosphorus in corn-soybean meal dietS.
Agency proposing to regulate Animal Pig body wt., Ib: 45-80 80-130 130-190 190-market
Feeding Operations based in part on ..., P, of 0.58 0.51 0.47 0.43

the phosphorus content of the col-
lected and land applied manures, adem
onstration site was identified to examine *Nebraska and South Dakota Swine Nutrition GuE{295-273.
the role of dietary manipulation of phos- Assumes corn and soybean meal based diet formulations.
phorus on the phosphorus content of
swine manure.

Available P % 0.29 0.22 0.19 0.16

system of continuous corn. estimated 300 acres each year to utilize
Priortothe demonstration, the pro- the phosphorus in the manure when
ducer was feeding diets formulated using harvesting 180 bu/acre in a continuous
corn, soybean meal and a base mixirrigated corn cropping system.
T containing 7.8% phosphorus. When In contrast to the phosphorus con-
Paecaillcijtg/4v-vri(t)r?r;hIj?gmglgﬁ?tceirgngh;nng the base mix was added to the corn-tent of .the diets formulgted .With the
outside concrete manure storage tank_soybean meal diets atthe recommended)ase mix, the current pmversﬂy of Ne-
Pigs typically enter the facility at 45-55 rgte of 55 Ibs/ton, the complete dlet§ for bra§ka recommendatlpns for total and
Ib and are sold for slaughter weighing pigs from 45 pounds to market weight avallaple phosp.horu.s in corn-soybean
255-265 Ib. The finishing facility is lo- contained 0.55% to 0.57% total phos- meal diets are given |n.T§1bIe 3. I'nclud-
cated on a corner of anirrigated quarterphorus and 0.27% to 0.28% available ing 55 Ib of the base mix in the diet met
section (160 acres) in Holt County. The phosphorus. . L the phogphorus needs of 45-Ib pigs,
manure management goal of the pro- . This type 0fd|etaryformqlat|on is butprovided excess phosphorus for all
ducer s to use the centerpivotirrigatedqu'te common in the pork industry. other stages of growth.
portion of the quarter section (132 acres)Base.d onanestimated 1.5 gal ofmanure Because the goal of the demon-
for manure utilization by a cropping per pig space per day and the values instration was to redyce the amount of
Tables 1 and 2, the producer needed an (Continued on next page)

Methods

The demonstration site was a 1,200-
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Table 4. Holt County demonstration diets.

Pig body wt., Ib: 45-80 80-130 130-190 190-market
Ingredient, Ib Phytase: No Yes No Yes No Yes No Yes
Corn 1338 1347 1415 1424 1528 1537 1680 1689
Soybean meal (46.5% CP) 590 590 520 520 410 410 260 260
Fat 20 20 20 20 20 20 20 20
Dicalcium phosphate 22 9 16 3 14 1 13 0
Limestone 18 20 17 19 16 18 15 17
Salt 6 6 6 6 6 6 6 6
Vitamin/trace mineral mix 5 5 5 5 5 5 5 5
L-lysine 1 1 1 1 1 1 1 1
Phytasé 0 2 0 2 0 2 0 2
2000 2000 2000 2000 2000 2000 2000 2000
Calculated composition
Lysine, % 1.07 1.07 0.98 0.98 0.83 0.83 0.64 0.64
Ca, % 0.72 0.60 0.62 0.50 0.56 0.44 0.51 0.39
Total P, % 0.59 0.48 0.53 0.41 0.48 0.37 0.45 0.33
Avail P, % 0.29 0.17 0.23 0.11 0.20 0.08 0.18 0.06

@Natuphos, BASF Corp, Mt Olive, NJ 07828. According to the manufactures recommendations, when added at 500 FTU/kg, the product provided
.12% available P and Ca in cereal grain based diets.

demonstration period compared to
diets formulated to the University of
Nebraska recommendations without
phytase.

To calculate the impact of the di-
etary changes implemented at the dem-
onstration site, atwo-step analysis was
conducted. For the analysis, it was as-
sumed there was no difference in per-
formance between the producer’s
previous base mix formulated diets, the

Fecal phosphate, % DM basis

1% University of Nebraska recommended
0% | —e University of Nebraska —#— University + phytalse diets and the recommended diets for-
8 ' g" 8' g g' g’ g' 38 g 2 g 5" 5' E."I = muIateo[Withphytase.Assuminga2.98
S 3 9 &j? 5z 9 E E 5 5 2 5) 2 (‘,%) fqed:gam ratio, 2.7 turns or groups of
- < © z o = < s < pigs per year, and 1,200 pigs per turn,

Sample Date changing from diets formulated with

Figure 1.Impact of phytase on fecal phosphate, Holt County Demonstration Project.  the 55 Ib base mix to diets formulated
according to the University of Nebraska
recommendations resulted in a total

total phosphorus in the manure, pigs indiets. This results in a decrease in theestimated reduction in phosphorus
two of the four rooms were fed diets amount of phosphorus excreted in theentering the facility in the feed of 1,484

formulated with limestone, dicalcium manure. pounds per year. Adding phytase to
phosphate, salt and a vitamin-trace the University of Nebraska recom-
mineral premix according to the Uni- Results and discussion mended diets resulted in a further esti-
versity of Nebraska recommenda- mated reduction in phosphorus in the

tions (Table 4). Pigs in the other two Manure was sampled by taking feed of 1,976 |b per year.

rooms were fed diets formulated to the grab samples of fecesontop ofthe slats  Ifitisassumed that all diets metthe
available phosphorus requirement twice per month in each of the four growing pigs requirements for digest-
utilizing phytase. In this demonstra- roomsfrom mid-June 2000 through mid- ible phosphorus, the reductions in phos-
tion, phytase was added at 500 FTU/kgMay 2001, and monthly thereafter. phorus in the feed translate directly
of diet and replaced up to 13 Ib of Samples were sent to a commercialinto reductions in the amount of phos-
dicalcium phosphate per ton of diet. laboratory for analysis. Results of phorus excreted in the manure. Thus,

Phytase increases the availability the manure sampling are shown in changing from formulating diets with a

of phytate-phosphorus in corn and Figure 1. The inclusion of phytase in 55Ibinclusion of a base mix containing
soybean meal so lesser amounts ofthe diets reduced fecal phosphorus7.8% phosphorus to formulating diets
inorganic phosphorus are needed inexcretion an average of 34% for the according to the University of Nebraska
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recommendations and using phytaseUniversity of Nebraska recommenda- continuous irrigated corn and the

to enhance phosphorus availability tions and phytase resultedin 114 fewerreductions in phosphorus associated
resultedin 3,460 fewer pounds of phos- acres needed per year for proper utiliza-with the dietary changes demonstrated,
phorus in the manure yearly. Using a tion of the phosphorus in the manure atthe new land base needed is estimated

conversion factor of 2.3 to convert el- this site. to be 186 acres if the phytase contain-
emental phosphorus tg®, the change ing diets are fed to all pigs in the facility,
in diet formulations results in a total Conclusion down considerably from the original
reduction of 7,958 Ib of phosphate per 300 acre estimate. The 34% reductionin
year. While the producer was unable to phosphorus contentin the feces for the

If the long term phosphate need for achieve the goal of applying all the phytase fed pigs versus pigs fed
irrigated corn at this site is 70 Ib/acre manure from the demonstration facility University of Nebraska recommended
(180bu/acre x0.391®,/bu),thechange on land under one center pivot systemdiets formulated with dicalcium
from the 55 Ib inclusion product to the (132 acres), altering the phosphorusphosphate is similar to reductions
University of Nebraska recommended sources in growing-finishing diets from reported in the scientific literature.
dietsrepresented 49 fewer acres needed 55 Ib inclusion rate of a base mix
per year for utilization of the phospho- containing 7.8% phosphorus to diets
rus in the manure. Adding phytase to formulated for decreasing amounts of 'Michael C. Brumm is a professor and
the University of Nebraska recom- phosphorus using dicalcium phosphate&Xtension swine specialist, Charles A. Shapiro

. L . . is an associate professor and extension soils
mended diets represented an additionalnd phytase resulted in a major reduc-Specialist and William L. Kranz is an asso-
65 fewer acres. In summary, converting tion in the amount of crop land needed ciate professor and extension irrigation
from a nutrition program using a 55 Ib to properly utilize the phosphorus in specialist at the Haskell Ag Lab, Concord,
inclusion rate base mix containing 7.8% the manure. Based on the estimated\eP:
phosphorus to a program using theoriginal cropping acres needed for

Update on the Economics of Feeding
Ractopamine (Payleaf") to Finishing Pigs

Duane E. Reese ractopamine per pound, cost $28 Introduction
Larry L. Bitney ? and live slaughter pig prices were
$34, $42, and $50/cwt. In 10/12 of Ractopamine (Paylea¥; Elanco
our evaluations, the cost of feeding Animal Health) was approved by the
Summary and Implications ractopamine cannot be justified eco- Food & Drug Administration (FDA) in
nomically through improved feed effi- 1999 forincreased rate of gain, improved
Ractopamine is a feed additive ciency, daily gain, and carcass yield feed efficiency, and increased carcass

thatimproves feed efficiency, daily gain, alone (corn =$2.00/bu; soybean meal leanness in finishing pigs fed a com-
and carcass meritin finishing pigs. An = $200/ton). A producer would need plete diet containing atleast 16% crude
economic feasibility analysis on the to earn carcass lean premiums protein (0.82% lysine) from 150to 240
feeding of4.5and 9.0 g/tonractopamine ranging from $0.23 to $1.78/pig in Ib. The additive can be included in a
to finishing pigs fed a 1% lysine, corn- order to recover the cost of feeding finisher diet at 4.5 to 18.0 g/ton.
soybean meal diet for an average of 29ractopamine. However, we projected a Inthe 2001 Nebraska Swine report
days before slaughter was conducted.potential profit of $0.55 and $1.50/pig we estimated the value of feeding
The analysis was performed in two from feeding 9 g/ton ractopamine ractopamine to finishing pigs. We con-
stages: 1) an economic benefit for when live slaughter price was $42 and cluded that a consistent carcass pre-
ractopamine was calculated from $50/cwt, respectively, and when mium was necessary to justify feeding
revenues due to improved feed effi-ractopamine-fed pigs were allowed ractopamine economically. That con-
ciency, daily gain and carcass yield to reach a heavier body weight at clusion was reached based on pig per-
(dressing percent), and 2) the amount slaughter. We conclude that a con- formance data generated during the
of a carcass lean premium needed persistent carcass lean premium is neces-late 1980’s and early 1990’s. Improve-
pig to recover the added cost of feedingsary sometimes to justify feeding ments have been made in the genetic
ractopamine was calculated for each ractopamine economically and that it merit of pigs since then that could
dietary level of ractopamine. One pound can improve profitability of pork affect the response to ractopamine. In
of Paylea®™, containing 9 grams of production. (Continued on next page)
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b
Table 1. Effect of ractopamine (4.5 g/ton) on finisher pig performancg’.

Ractopamine, g/ton

Item 0 4.5
No. pens 33 61
No. pigs 300 331
Daily gain, Ib 2.17 2.35
Daily feed, Ib 6.36 6.19
Feed/gain 2.97 2.65
Hot carcass weight, Ib 200 202
Yield, % 74.7 74.5
Lean, % 56.4 56.8

®Means from Cook et al., 2001; Herr et al., 2001; and Main et al. 2001 weighted according to
number of pens/treatment.
b1.04% lysine diet; 29.2-day feeding period.

Table 2. Effect of ractopamine (9.0 g/ton) on finisher pig performancg’.b

Ractopamine, g/ton

Item 0 9.0
No. pens 39 97
No. pigs 357 668
Daily gain, Ib 2.24 2.49
Daily feed, Ib 6.59 6.34
Feed/gain 2.96 2.55
Hot carcass wt., |b 200 207
Yield, % 74.3 75.4
Lean, % 54.9 55.8

®Means from Cook et al., 2001; Herr et al., 2001; Main et al., 2001; and Boyd et al., 2001 weigh

ke)u:cording to the number of pens/treatment.
1.02% lysine diet; 28.8-day feeding period.

addition, researchers have recently288 Ib. The duration of ractopamine

investigated the response of racto-feeding varied between 21 and 32 days
pamine in diets containing more than before slaughter and all carcass data
16% crude protein and wheniitis fed for were collected at commercial slaughter

less time before slaughter than in previ- plants. Fat-O-Meater® technology was

ous trials. Therefore, we believe a re- used to collect carcass measurement
evaluation of the economic feasibility on80% of the pigs represented in Tables

of feeding ractopamine to finishing pigs 1 and 2 while the AutoFOM® was used
is warranted. to access 20% of the pigs.

Daily gain and feed efficiency

Performance Results

when pigs were fed diets containing

Pig performance results were 4.5 g/ton ractopamine (Table 1). Hot

obtained from 4 abstracts given at the carcass weight for pigs fed 4.5 g/ton

American Society of Animal Science ractopamine was 2 Ib heavier, yield

meetings in 2001. Data from the 4 (dressing percent) was unchanged,

abstracts were combined to produceand lean percent was improved by
one data setfor pigs fed 4.5 or 9.0 g/ton0.4% units compared to the control.
ractopamine (Tables 1 and 2). MeansProviding 9 g/ton ractopamine
for each response variable wereimproved daily gain and feed efficiency
weighted according to the number of by 11 and 14%, respectively (Table 2).
pens of pigs per treatment.
Total dietary lysine provided to by 7 Ib, yield by 1.1% units, and lean

pigs fed ractopamine ranged from 0.9 percent by 0.9% units. These obser-

to 1.14%. The average level of lysine vations support previous data show-
provided to pigs fed ractopamine ing that pigs fed 9.0 g/ton ractopamine

was 1.03%. Slaughter weight for pigs perform better than those fed 4.5 g/ton.

fed ractopamine ranged from 245 to
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increased by 8 and 11 %, respectively,

Hot carcass weight was increased

Method for Estimating Value
Costs

Corn-soybean meal diets contain-
ing 0.72 and 1.03% lysine were formu-
lated. We assumed a 0.72% lysine diet
would be fed to finishing pigs provided
no ractopamine; that allowed us to cal-
culate the cost of additional amino
acids provided to pigs fed ractopamine.
Because ractopamine reduces feed
intake and increases lean gain, dietary
amino acid level should be increased.
All the diets contained 44% crude pro-
tein soybean meal as the sole source of
supplemental protein and the same level
of energy, amino acids, vitamins and
minerals. Diets were formulated to con-
tain 0, 4.5 and 9.0 g/ton of ractopamine.
Ractopamine ($28/Ib of premix or
$3.11/g of active ingredient) replaced
corninthe diet. Corn and soybean meal
were priced at $2.00/bu and $200/ton,
respectively. Feed efficiency and daily
gain would not be expected to improve
g feeding a diet containing more than

.72% lysine to finishing pigs used in
the studies summarized for this report,
thus all the additional ingredient
expense for providing ractopamine fed
pigs a higher lysine diet was assigned
to them.

Some producers have reported a
higher death loss among pigs fed
ractopamine while they are transported

Yo market. However, no transport deaths

have been reported in the scientific
literature. We included a transport death
cost of $0.45/pig in our analysis, a
figure estimated by researchers from
Cape Fear Consulting in Warsaw, NC
based on field trials where 4.5 and 9.0
g/ton ractopamine was evaluated.

Revenues

The responses for feed efficiency
shown in Tables 1 and were applied to
the diet containing ractopamine to
estimate revenue from improved feed
efficiency. The revenue realized from
improved feed conversion was attrib-
uted to ractopamine. (Note: The control
diet for calculating the revenue con-
tained 0.72% lysine.)

We modeled two scenarios to
estimate revenue from improved daily



gain by feeding ractopamine. In the Table 3.Costs (-) and revenues (+) from feeding ractopamine (4.5 g/ton) in different

first scenario we assumed pens would production scenarios.

be “topped out” (TO) twice then the Top out Time constant

entire facility would be emptied. There- $/pig $/pig

fore, pig slaughter weight would remain Item Amount Cumulative Amount Cumulative

constant after ractopamine was intro-

duced, except for pigs in the last ship- Ractopamine -1.17 -1.17 -1.26 -1.26

ment to market. They would weigh more Extra amino acids -1.44 -2.61 -1.44 -2.70
. . Transport deaths -0.45 -3.06 -0.45 -3.15

wher! fed ractopamine, but we did not i, +0.11 295 +2.06 -1.09

consider that in our analysis. Instead yijelq +0.00 _2.95 +0.00 21.09

we assumed the faster growth rate duereed/gain o +1.17 -1.78 +0.42 -0.67

to feeding ractgpamine would be mani- Required lean premium +1.78 0.00 +0.67 0.00

festin fewer days to market. That could Net 0.00 0.00

r?SUII in some savings in.imereSt’ Ut_i”' #Top out = pens are topped out twice then facility emptied; Time constant = pigs are fed ractopamine
ties, and repair costs. This was Credlted{)or the same number of days before going to market as before it was introduced.
at the rate of $0.05 per pig per day_ The Premium required to cover costs of feeding ractopamine after considering revenues from gain,

TO scenario is meant for producers carcass yield, and feed efficiency.
who believe they are producing the

heaviest market hOQS their packerwill Table 4. Costs (-) and revenues (+) from feeding ractopamine (9.0 g/ton) in different

accept given the time they have to feed production scenarios.
them. . Top out Time constant
Inthe second scenario, we assumed - _
. . . $/pig $/pig
pigs provided ractopamine were fed on
a t|me constant basis (TC), i_e_' they Iltem Amount Cumulative Amount Cumulative
were fed for the same number of daysractopamine 2230 230 254 254
before going to market as before Extra amino acids -1.47 -3.77 -1.47 -4.01
ractopamine was introduced. Faster dailyTransport deaths -0.45 -4.22 -0.45 -4.46
gain would be manifest in heavier pigs 2" +0.14 -4.08 *+2.85 -1.61
Id. Th i iaht sold Yield +1.68 -2.40 +1.72 +0.11
sold. The extra live weight sold was rqqq/gain +1.54 -0.86 +0.53 +0.64
valued at $42/cwt. The TC scenario is required lean premiufn +0.86 0.00 0.00
meant for producers who are short on Net 0.00 +0.64

feeding days and can market heavieraT A tonbed out twice then facili ied: Ti ant = o ted ract _

: : o, op out = pens are topped out twice then facility emptied; Time constant = pigs are fed ractopamine
pigs without addItIODa| sort loss. Lor the same number of days before going to market as before it was introduced.

_ Revenue from 'ncrease_d carcass®premium required to cover costs of feeding ractopamine after considering revenues from gain,
yield was calculated assuming a car- carcass yield, and feed efficiency.

cass price of $56.75/cwt of carcass.

Because of the large variation in 3 carcass lean premium of $1.78/pig toaffected the requirement for a lean pre-
genetics, production systems, andpreakeven (Table 3). In contrast, feed- mium, we also modeled the economics
differences in packer buying grids ing 9.0 g/ton ractopamine in a TC pro- offeeding ractopamine atslaughter prices
and how carcasses are evaluated, it igjuction scenario did not require a carcassof $34 and $50/cwt (Figures 1 and 2).
difficult to develop estimates of the |ean premium to breakeven (Table 4). The amount of alean premium required
benefit a producer would receive in |nstead we projected a net profit of when feeding 4.5 g/ton ractopamine in
carcass lean premiums. The approachs.64/pig; any lean premium earneda TO production scenario was not
we have taken is presented in Tables 3yould further increase net profit. Lean affected by slaughter price (Figure 1),
and 4. Costs and revenues for feedingpremiums were required to breakevenbecause slaughter weight is constant
ractopamine are itemized for feeding 4.5 feeding 4.5 g/ton ractopamine in a TC and carcass yield was not affected by
(Table 3) and 9.0 g/ton ractopamine production scenario ($0.67/pig) and ractopamine. However, in a TC pro-
(Table 4) for TO and TC production 9 g g/ton in a TO scenario ($0.86/pig). duction situation, the amount of lean
scenarios. In the event that the addi-Qur results indicate that a producer premium required to break even
tional costs exceeded the additional ysinga TO production scenariois more decreased as slaughter price increased.
revenues, we calculated the amount ofgependent on his/her pigs earning aFeeding 9.0 g/ton ractopamine, resulted
a carcass lean premium required t0jean premium than one who uses a TCin a smaller lean premium required for

breakeven. scenario. In the TC scenario, the the TO production scenario as slaugh-
_ _ improvement in daily gain is valued ter price increased, because of increas-
Results and Discussion more than it is in the TO scenario. ing revenues from carcass yield. In

) o Considering that the method contrast, nolean premiumwas required
Feeding 4.5 g/tonractopamineina we used to calculate revenues fromwhen feeding 9.0 g/ton ractopamine in

TO production scenario would require jmproved daily gain significantly (Continued on next page)
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Summary and Conclusions

M Top out [0 Time constant

Ractopamine generally improves
growth performance, carcass leanness

2
o 1.81 . B
S 1.6 andyield, especially atthe 9 g/ton level.
® 1.4 No lean premium was required to
E 1.2 breakeven in 2/12 economic evalua-
£ 14 tions conducted. Lean premiums
S 0.8 between $0.23 and $1.78/pig were
§ 0.6 required in 10/12 evaluations we con-
- 0.4+ ducted. In most of the situations we
0-5 a modeled, growth performance and car-

cass yield did not cover the costs of
feeding ractopamine. In those situa-
tions, ractopamine must improve car-
Figure 1.Estimated carcass lean premiums required to cover cost of feeding 4.5 g/ton cass traits that your packer is capable

ractopaminetat vadriou? tslz_augr::]er pfig 'Iptrices atr_ldd p[rqduction fcetnario_s. Top ?u(t:j of measuring and paying for. If earning
= pens are topped out twice then facility emptied; Time constant = pigs are fe - o .

ractopamine for the same number of days before going to market as before it acar_cass premiumisin dO_Ubt’_ConSIder
was introduced. feeding 9g/ton ractopamine in a TC

production scenario when slaughter
price is greater than about $42/cwt.
Practical experience with feeding
ractopamine intoday’s pork industry is
1.5 increasing, butitis still imited. There-
fore, it is important that producers

34 42 50

$lcwt live

M Top out O Time constant

o . calculate the costs and benefits of
5 0.5] ractopamine for themselves and supple-
£ ment that with published research data.
2 04 ' ' It may be very useful for producers
E ! )
2 o5 to collect data from their own pigs fed
c ractopamine. One would obtain spe-
§ -1 cificinformation from the packer which
15 would helpin deciding if the lean premi-
- ums we calculated are likely to be ob-
-2 tained. Also, you can determine how
34 42 50 well you can effectively manage feed-
$lewt live ing ractopamine to achieve optimum

Figure 2.Estimated carcass lean premiums required to cover cost of feeding 9.0 g/ton reSUIts_' FOI’ exgmple, _Can you ens_ure
ractopamine at various slaughter pig prices and production scenarios. Negative themajority of pigs receive ractopamine
values indicate amount of potential profit, not including any lean premium  for about 28 days before slaughter? In
that may be obtained, from feeding ractopamine. Top out = pens are topped out addition, can you ensure that pigs fed
twice then facility emptied; Time constant = pigs are fed ractopamine for the ractopamine will receive the extra care
same number of days before going to market as before it was introduced. they need during handling and trans-

port? Guidelines for conducting
on-farm feed research trials are avail-
able in the University of Nebraska
publication, Conducting Pig Feed
Trials on the Farm (EC 92-27@ail-
able at county extension offices in
Nebraska or on the Internet at http://
www.ianr.unl.edu/pubs/swine/
ec270.htm.

a TC production situation when live carcass pricing category and earn a
price was $42/cwt or more; our results lean premium. Thus, carcasses from
indicate net earnings between $0.55pigs that earned a lean premium must
and $1.50/pig not including any lean pay for the ractopamine consumed by
premium that may be obtained. pigs that did not earn a premium.

If a producer considers it highly The price of PayledM will also
likely to obtain a larger average lean affect the size of the carcass lean pre
premium than that shown in Figures 1 mium needed per pig. For each $2/lb
and 2, it would be profitable to feed change in the price of Paylednthe
ractopamine. When considering pos-lean premium required changes by
sible premiums for carcass leanness,approximately $0.15, and $0.30 per pig 1Duane E. Reese is extension swine
note that it is likely that not all car- for the 4.5 and 9.0 g/ton levels, gyecialist in the Department of Animal
casses from a group of pigs fed respectively. Sciences and Larry L. Bitney is extension

ractopamine will be shifted into a higher farm management specialist in the Depart-
ment of Agricultural Economics.
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Defining the Optimal Feed Budget System for
Terminal-Crossed, Growing-Finishing Barrows

RobertL. Fischer feed budget systems. The main effectoind management factors are major
Phillip S. Miller feed budget on total body electrical determinants affecting pig performance,
Austin J. Lewis conductivity measurements was onlythe greatest challenge to using a feed
Darren J. Critser? significantly different (P < 0.10) for budget system is customizing the feed

hot carcass weight. Returns above feedbudget for a specific production sys-
cost and feed cost per pound of gaintem. Therefore, the objective of this
Summary and Implications from 50 Ib to market weight were not experimentwasto compare three differ-
affected by feed budget. Barrows allot- ent feed budget systems when fed to
This experiment was conducted to ted to Budget 2 had the greatest ADG terminal-crossed, growing-finishing
evaluate growth performance and and hot carcass weight; however, this barrows.
carcass quality measurements in groupalsohadthe greatest ADFI, which

growing-finishing barrows assigned resulted in no difference in the return Procedures
to different feed budget systems.above feed costs orfeed cost per pound
Forty-eight barrows with an initial of live weight gain. In summary, there Forty-eight crossbred (Danbred;

body weight of 47.3 Ib were randomly were no major differences in overall Sire-Line 77%XDam-75% Line 200 or
allotted to one of three different feed growth performance, carcass charac- 400x 25% NE White Line) barrows with
budget systems. The experiment wageristics, or return above feed costs in an initial body weight of 47.3 Ib were
continued until the average body growing-finishing barrows fed differ- used inagrowing-finishing experiment.

weight was 270 Ib, at which time all ent feed budgets. Pigs were allotted to one of 24 pens
pigs were slaughtered. Growth per- (5 ft x 7.1 ft) which included four
formance and real-time ultrasound Introduction location blocks (six pens/block) in an
measurements were taken biweekly, environmentally control room. The
except for the final period, which was Animportant question that occurs average weight within each location

24 days. Carcass tenth-rib backfat inthe feeding of growing-finishing pigs block was similar and each treatment
and longissimus muscle area measure-is when to change diets. A feed budgetwas replicated twice within each loca-
ments were made 24 hours postmortemis a mechanism that can be used totion block. Treatments consisted of three
Overall, average daily feed intake ensure that the correct amount of eachdifferent feed budget systems (Table
(ADFI) was affected (P < 0.05) by feed diet is delivered to a given group of 1). Each feed budget offered the same
budget with barrows assigned to pigs. Feed budgets are designed tototal pounds of feed throughout the
Budget 2 having the greatest ADFI provide pigs the correctamount of feed growing-finishing period, but the feed
compared to barrows fed Budget 1 togainapredetermined amountofbodybudgets differed in the amounts of each
(P <0.05)and 3 (P <0.10). There was weight. Intraditional systems inwhich dietfed during the experimental period.
atrend (P =0.106) toward an effect of pigs are fed on atime basis instead of aTherefore, diets were changed on a pen
feed budget on average daily gain feed budget, pigs with poor feed intake basis when a pen of pigs had consumed
(ADG). Barrows allotted to Budget 2 and therefore slow growth may not the allotted amount of diet. Diets (Table
had greater overall ADG than bar- reachthe predetermined weight before2) contained corn and soybean meal
rows allocated to Budget 1 (P < 0.10) being switched to the nextdiet. Inafeedand were fortified with vitamins and
and 3 (P < 0.10). Feed efficiency for budget system, the manager of the fin-minerals to meet or exceed the NRC
the overall experimental period was ishing barn does not have to guess thg1998) requirements for 44- to 265-Ib
not affected (P > 0.10) by feed budget; weight of the pigs to determine which pigs. Pigs had ad libitum access to feed
however, the comparison of Budget 1diet to order because the diet to beand waterthroughoutthe experimental
and 2 resulted in a difference in feed delivered to the group of pigs is auto- period. Pigs remained on the experi-
efficiency with barrows from Budget 1 matically determined by the feed bud- ment until the average body weight of
having better (P <0.10) feed efficiency get. The use of feed budgeting will the pigsreached approximately 2701b,
than barrows from Budget 2. Ultra- result in more accurate phase feedingat which time all pigs were removed
sound and carcass measurementsby not over- or under-delivering diets fromthe experiment.

were similar for pigs fed the three foreach phase. Because environmental (Continued on next page)
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Table 1.Lysine concentration and amount of each diet fed per pig for each feed budget. Pairwise comparisons between feed
Dietary phases budgets were conducted only when
the main effect of treatment was signifi-

Dlet 1 Det2 Diet 3 Diet 4 Diet 5 cant £<0.10). Ham, loin, shoulder, and
Lysine, % 1.15 0.90 0.75 0.65 0.60 total lean weights were analyzed with
Pounds of each diet, per pig Total hot carcass weight as a covariate. In all
Budget 1 105 110 152 135 118 620 analyses pen was the experimental unit.
Budget 2 54 108 135 111 212 620 Results and Discussion
Budget 3 — 210 — 410 — 620

Growth Performance

Average daily gain, ADFI, and feed
efficiency (ADG/ADFI) for the seven
data collection periods and the entire

Table 2.Ingredient and calculated composition of diets, as-fed basis.

Dietary phases

Ingredients, % Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 experimenta| period areshownin Table
Corn 61.48 71.85 78.13 82.95 84.93 3. During Period |, ADG and feed effi-
Soybean meal (46.5% CP) 32.25 22.40 16.25 12.50 10.75 ciencywere affectecP(< 0_01) byfeed
Tallow 3.00 3.00 3.00 2.00 2.00  pydget. Average daily gain and feed
Dicalcium phosphate 1.65 1.08 0.93 1.00 0.75 ffici <0.007) |
Limestone 0.38 0.40 0.40 0.25 0.28  efficiency were greateP(< 0.007) in
Salt 0.30 0.30 0.30 0.30 0.30 barrowsfed diets from Budgets 1 and 2
Vitamin premiX 0.70 0.70 0.70 0.70 0.70  compared to Budget 3. During Period I,
Trace mineral premix 0.10 0.10 0.10 0.10 0.10 barrows fed diets from Budget 1 had
Antibiotic 0.125 0.125 0.125 0.125 0.125

greater ADG P < 0.06) and feed effi-

LysinesHCI 0.025 0.05 0.075 0.075 0.075 9!
Calculated _ ciency P < 0.01) than barrows con-
alculated nutrient content H H

Crude protein, % 20.40 16.70 14.30 12.90 12.20 SUMING diets from Budgets 2 and 3.
Lysine, % 1.15 0.90 0.75 0.65 0.60 An effect of feed budget on ADG and
MES, Mcal/lb 1.56 1.57 1.57 1.55 1.55 ADFI was detected during Period
Calcium, % 0.80 0.65 0.60 0.55 0.50 VII, with barrows consuming diets
Phosphorus, % 0.70 0.55 0.50 0.50 0.45 from Budgets 2 and 3 having the

Analyzed nutrient content greatest body weight gairfP(< 0.02)
Crude protein, % 20.80 16.50 15.20 12.90 12.40 and pigs Consuming diets from Bud-
Lysine, % 1.07 0.85 0.74 0.61 0.57 t 2 having th ted? € 0.07
Gross energy, Mcalllb 1.85 1.85 1.84 1.81 1.83 et 2 having the greates® & 0.07)
Calcium, % 0.81 0.69 0.53 0.53 0.51 feed intake. Results for the overall
Phosphorus, % 0.72 0.60 0.43 0.48 0.48  experimental period indicated a trend
Fat, % 4.90 5.14 4.67 4.81 512 (p = 0.106) toward an effect of feed
Dry matter, % 91.73 92.05 90.27 90.83 91.49 | 1ueton ADG and a sianificant effect
Ash, % 5.75 4.72 3.95 3.70 3.65 udgeton andasignicant etiec

ER—— " 3 | A - (P <0.05) on ADFI, with barrows con-
upplied per kilogram of diet: retinyl acetate, 3,088 IU; cholecalciferol, 386altipcophero : ; ;
acetate, 15 IU; menadione sodium bisulfite, 2.3 mg; riboflavin, 3.9 mg; d-pantothenic acid, 1§ ming diets from BUdQEt 2 havmg
mg; nicacin, 23.2 mg; choline, 77.2 mg; vitamin_B15.4 pg. the greatest ADG and ADFI.
Supplied per kilogram of diet: Zn (as ZnO), 110 mg; Fe (as F¢80), 110 mg; Mn (as MnO),

. . 4 . . .
g2 mg; Qu (as CuSeb HZO), 11 mg; | (as Ca(IQ-HZO), .22 mg; ée (as l\zlﬁeos), 0.3 mg. Carcass Characteristics
Metabolizable energy.

Real-time ultrasound, carcass, and

] ] ] . . ~ TOBEC measurements are provided in
Pigs and feeders were weighed shipped to SiouxPreme Packing Co. inTaple 4. Ultrasound measurements of

biweekly (denoted as periods), exceptSioux Center, lowa, where carcassenth-rib BF and LMA did not differ
for Period VII which was 24 days, to characteristics were measured on(p > 0.10) among feed budgets. Also,
determine average daily gain (ADG), individually identified pigs using total {enth-rib BE and LMA carcass mea-
average daily feed intake (ADFI), and body electrical conductivity (TOBEC). surements were simila@®& 0.10) among
feed efficiency (ADG/ADFI). Real-time At 24 hours postmortem, tenth-rib BF feeqg budgets. Although a large differ-
ultrasound measurements (tenth-rib measurements and LMA traces at thegnce in ultrasound and carcass tenth-
backfat (BF) depth and longissimus tenthrib were recorded for all carcasses i | MA measurements was detected
muscle area (LMA)) were recorded at Data were analyzed as a random-(ex_ Budget 1 ultrasound LMA = 6.34in
the beginning of each period. The ized complete blockdesignusing PROC yersus carcass LMA = 9.58%nsee
experiment period was 108 days. Atthe MIXED of SAS. The main effectofthe Tgp|e 4), there was no effect of feed
termination of the experiment, pigs were statistical model was feed budget. budget on ultrasound or carcass
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Table 3. Effect of feed budget on growth performance.

Feed budget P-valué

Item 1 2 3 SEM TRT 1vs2 1vs3 2vs3

No. pens 8 8 8

Initial wt., Ib 47.61 47.78 46.68 0.992 NS NS NS NS

Final wt., Ib 268.06 280.71 267.60 4.778 0.1135 0.076 NS 0.066
Period Ib(day 0-14)

ADG , Ib 1.65 1.70 1.38 0.062 0.004 NS 0.007 0.002

ADFI €, Ib 2.76 2.83 2.70 0.085 NS NS NS NS

ADG/ADFI, Ib/lb 0.60 0.60 0.51 0.006 <0.001 NS <0.001 <0.001
Period Il (day 15-28)

ADG, Ib 2.22 2.11 2.05 0.049 0.056 0.099 0.020 NS

ADFI, Ib 4.01 4.10 4.03 0.102 NS NS NS NS

ADG/ADFI, Ib/lb 0.56 0.51 0.51 0.010 0.006 0.007 0.003 NS
Period IIl (day 29-42)

ADG, Ib 2.18 2.26 2.24 0.066 NS NS NS NS

ADFI, Ib 4.76 5.05 4.84 0.135 NS NS NS NS

ADG/ADFI, Ib/lb 0.46 0.45 0.46 0.012 NS NS NS NS
Period IV (day 43-56)

ADG, Ib 2.28 2.29 2.17 0.079 NS NS NS NS

ADFI, Ib 5.63 6.05 5.59 0.197 NS NS NS NS

ADG/ADFI, Ib/lb 0.41 0.38 0.39 0.009 NS 0.058 NS NS
Period V (day 57-70)

ADG, Ib 2.15 2.24 2.25 0.053 NS NS NS NS

ADFI, Ib 6.00 6.45 6.24 0.176 NS 0.084 NS NS

ADG/ADFI, Ib/lb 0.36 0.35 0.36 0.008 NS NS NS NS
Period VI (day 71-84)

ADG, Ib 2.06 2.20 2.04 0.093 NS NS NS NS

ADFI, Ib 6.44 6.94 6.32 0.233 NS NS NS 0.076

ADG/ADFI, Ib/lb 0.32 0.32 0.32 0.009 NS NS NS NS
Period VII (day 85-105)

ADG, Ib 1.87 2.25 2.13 0.068 0.003 0.001 0.016 NS

ADFI, Ib 6.45 7.56 6.94 0.223 0.008 0.002 NS 0.064

ADG/ADFI, Ib/lb 0.29 0.30 0.31 0.007 NS NS NS NS
Overall (day 0-108)

ADG, Ib 2.04 2.16 2.05 0.042 0.106 0.062 NS 0.071

ADFI, Ib 5.27 5.75 5.40 0.133 0.047 0.018 NS 0.072

ADG/ADFI, Ib/lb 0.39 0.38 0.38 0.005 NS 0.096 NS NS

Z‘TRT = treatment; NS = nonsignificant effed?, > 0.10.
ADG = average daily gain.
“ADFI = average daily feed intake.

measurements. Total body electrical tions (2 pigs/pen and an environ- growing-finishing period (initial body
conductivity measurement of hot mentally controlled room) do not weight 50 Ib). Although no major dif-
carcass weightwas greatex(0.10)for  exhibit major differences in growth ferences in the feed budget systems
barrows fed diets from Budget 2 than performance or carcass characteristicswere observed in the current experi-
for barrows fed diets from Budgets 1 when assigned to different feed bud- ment, a much different outcome is
and 3. Although barrows allocated to gets throughout the growing-finishing possible if this experiment was con-
Budget 2 had greater hot carcass weightsperiod. Although hot carcass weight ducted on a commercial swine opera-
the increase in ADFI of pigs in this was greater in barrows allotted to tion. Therefore, further research is
group resulted in a greatd? € 0.10) Budget 2, they also had the greatestneeded to explore the effects of com-
feed cost per pig (Table 5), which ADFI, which resulted in a similar feed mercial swine production (i.e., stocking
resulted in a similar return above feed efficiency and return above feed costsrate, disease, management) on feed
cost and feed cost per pound of live when compared to the other feed budget systems.
weight gain (17 cents per pound, from budgets. The greatest effect of the dif-
50 Ib to market weight). ferent feed budgets on ADG occurred

during Periods 1 and 2 of the growing- 'Robert L. Fischer is a research tech-
finishing period. This suggests that the "°logist and graduate student, Phillip S. Miller
body weight gain of barrows is the most is an associate .professor, and Austin J. I'_eW|s

is a professor in the Department of Animal

These results indicate that bar- sensitive to dietary lysine concentra- science. Darren J. Critser is a swine nutrition-

rows fed under optimal growing condi- tion during the first 28 days of the ist for Danbred USA.

Conclusions
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Table 4.Effect of feed budget on ultrasound and carcass measurements.

Feed budget P-valué
Item 1 2 3 SEM TRT 1vs?2 1vs3 2vs 3
Ultrasound measurements
Tenth-rib_backfat, in 0.83 0.87 0.87 0.031 NS NS NS NS
LMAP, in® 6.34 6.19 6.09 0.129 NS NS NS NS
Carcass measuremen(tjs
Tenth-riby backfat, it 0.96 0.94 0.98 0.046 NS NS NS NS
LMA, in 9.58 9.64 9.05 0.304 NS NS NS NS
TOBEC measurements
Hot carcass wt., |b 200.57 212.69 200.13 4.347 0.091 0.062 NS 0.054
Ham wt., 15" 23.05 23.13 22.63 0.492 NS NS NS NS
Loin wt., I"' 27.55 27.06 27.24 0.335 NS NS NS NS
Shoulder wt., 16" . 27.94 28.13 27.67 0.405 NS NS NS NS
Primal percen_tagee 38.46 37.78 38.40 0.633 NS NS NS NS
Total lean, 15" 100.34 99.17 98.80 1.832 NS NS NS NS
Percent lean p 46.21 46.21 45.89 0.841 NS NS NS NS
Lean gain, Ib/day? 0.72 0.77 0.71 0.025 NS NS NS NS

TRT = treatment; NS = nonsignificant effect P > 0.10.

Longissimus muscle area.

zBackfat measurements were taken at 3/4 the distance along the loin muscle.
Calculated on a fat-free lean basis.

€Contains 5% fat.

fPrimaI percentage was calculated by taking the total weight of the primal cuts (ham, loin, and shoulder) divided by the hot carcass weight.
Final fat-free lean — Initial fat-free ?ean

9YLean gain calculation:

108 d

,hlnitial fat-free equation: .95 * [ -3.95 + (.418 * live weight, Ib)]
'Hot carcass weight used as a covariate in the statistical analysis.

Table 5. Effect of feed budget on revenue and feed costs.

Feed budgét P-valué
Item 1 2 3 SEM TRT lvs?2 1vs3 2vs3
Economics, 50 Ib to 260 (B
Average feed cost/pig, $ 36.06 35.65 36.14 0.294 NS NS NS NS
Feed cost/lb of gain, $ 0.17 0.17 0.17 0.002 NS NS NS NS
Economics, 50 Ib to marke?"®
Gross income, $/pig 130.54 136.70 130.32 2.327 0.114 0.076 NS 0.066
Average feed cost/pig, $ 37.68 39.92 37.30 0.501 0.094 0.082 NS 0.045
Return above feed, $/pig 92.87 96.78 93.02 1.634 NS NS NS NS
Feed cost/lb of gain, $ 0.17 0.17 0.17 0.001 NS NS NS NS

8iet costs/lb, $ : Diet 1 = 0.075; Diet 2 = 0.069; Diet 3 = 0.065; Diet 4 = 0.061; Diet 5 = 0.060; diet costs only included cost of the ingredients.

RT = treatment; NS = nonsignificant effe@ > 0.10.

°Feed cost per pig and feed cost per pound of live weight gain were calculated from a starting weight of 50 Ib to a constant ending weight of 260 Ib.

A live weight price of $48.70 per hundred pounds of live weight was used in the economic analysis.

°Feed cost per pig and feed cost per pound of live weight gain were calculated from a starting weight of 50 Ib to market weight for all pigs.
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Effects of Glutamine on
Growth Performance and Small Intestine
Villus Height in Weanling Pigs

Steven J. Kitt 14 to 21. Pigs fed the simple diet had acid in sow milk, particularly in late
Phillip S. Miller improved (P < 0.05) feed efficiency lactation. The addition of 1% crystal-
Austin J. Lewis during days 7 to 14 and 14 to 21. line glutamine to a corn-soybean meal
RobertL. Fischer* Although supplemental glutamine did diet has beenreported to reduce villous

not improve villus height, it did atrophy inthe jejunum (mid portion of
improve (P < 0.05) feed efficiency dur- the small intestine) on the seventh day
Summary and Implications ing days 14 to 21, regardless of diet after weaning. Other studies have dem-
complexity. The glutamine-induced onstrated improvements in intestinal

The pig’s small intestinal struc- improvementinfeed efficiency may havelamina propria depth (region associ-
ture and function is altered during the been related to other improvements in ated with immune cell synthesis) and
days that follow weaning. As a conse- intestinal structure and function that increased crypt depth. Cell culture
guence, the digestive and absorptivewere not measured in this experiment. experiments have shown that glut-

capacity of weanling pigs may decrease amine decreased intestinal permeabil-
during this period, and this may be Background and Introduction ity after an endotoxin (toxin synthe-
partially responsible for the postwean- sized byE. coli) challenge ané. coli

ing growth lag. Additionally, health Villus atrophy (degeneration of challenge suggesting that glutamine

benefits may be associated with anthe absorptive organelles) and crypt decreases the ability of enteric path-
improved small intestinal structure and hyperplasia (increased cellular growth ogens and their toxins to enter the
function during the early postwean- ofthe cellsthatreplace villus epithelial portal blood circulation. Animal experi-
ing period. This experiment was con- cells) is observed in the small intestine ments have confirmed an improved
ducted to evaluate the effects of oftheweanling pig. During thistime, it immune response, with elevated IgG
crystalline glutamine and (or) diet isthoughtthatatemporary decrease in(a indicator of immune system activa-
complexity on small intestine villus digestive and absorptive capacity tion) after ark. colichallenge.

height and growth performance of ensues for several days. Additionally, The goal of this study was to deter-
18-day-old pigs. During the 21-day it has been estimated that the majority mine the effect of crystalline glutamine
trial, no differences in villus height of the immune response of a weanlingon villus height and growth perfor-
were observed between pigs fed dietspig is mediated in the small intestine. mance in nursery pigs fed simple or

with or without supplemental glutamine Glutamine is an amino acid that is complex Phase-I diets.
or between pigs fed a complex diet or considered nonessential for swine.
asimple diet. Pigs fed the complex dietHowever, in humans glutamine pro- Procedures

had improved (P <0.01) average daily motes gastrointestinal growth during

gain during days 0 to 4, 7 to 14, and 14 intravenous feeding and after traumatic A total of 115, 18-day-oldH 2)

to 21. The majority of improvement events such as gastrointestinal sur-weanling pigs were used in this experi-

in average daily gain of pigs fed the gery. Rapidly dividing cells, including ment. Onday 0, four pigs were killed to

complex diet was likely due to the the absorptive and immune cells of the determine initial villus height. The

improvement in average daily feed smallintestine, use glutamine (in pref- remaining 111 pigs were blocked (n=4)

intake; in as much as average daily erence to glucose) as an energy sourceby weight and randomly assigned to

feed intake was improved (P < 0.05) Additionally, free (unboundto protein) pen (n = 16; 7 pigs/pen). Treatments

during days 0 to 4, 4to 7, 7 to 14, and glutamine is the most abundant amino (Table 1) were arranged in a 2 2
(Continued on next page)
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Table 1. Composition of diets, % (as fed).

Simple Complex
Ingredient Control Glutamine Control Glutamine
Corn 46.65 45.65 33.79 32.79
Dried whey 0 0 35.75 35.75
Soybean meal, 46.5% CP  45.78 45.78 13.45 13.45
Spray-dried plasma 0 0 6.00 6.00
Menhaden fish meal 0 0 6.00 6.00
Corn oil 3.00 3.00 3.00 3.00
Dicalcium phosphate 2.54 2.54 0.06 0.06
Limestone 0 0 0.20 0.20
Salt 0.74 0.74 0.35 0.35
L-LysinesHCI 0.13 0.13 0.09 0.09
DL-Methionine 0.10 0.10 0.11 0.11
L-Threonine 0.08 0.08 0 0
Vitamin premix* 1.00 1.00 1.00 1.00
Mineral premix 0.20 0.20 0.20 0.20
L-Glutamine 0 1.00 0 1.00
Calculated composition:
MES, kcalllb 1,539 1,559
Lactose, % 0 25.0
CP, % 25.5 22.0
Lysine, % 1.60 1.60
Ca, % 0.90 0.90
P, % 0.92 0.73
P avail., % 0.55 0.55
Na, % 0.30 0.70

aSupplied per Ib of diet: retinyl acetate, 2,000 1U/lb; cholecalciferol, 250aHthcopherol acetate,

factorial with the main effects being
glutamine concentration (0% or 1%)
and diet (simple or complex). Pigs and
feeders were weighed and four pigs per
treatment were killed on days 4, 7, 14,
and 21. Pigs that were used for villus
height determination were fully anes-
thetized, and an incision was made near
the naval. The intact small intestine
was removed from the body cavity and
placed in physiologic saline solution,
and the pig was then killed before it
regained consciousness. Duodenum
samples were taken at 5 cm from the
beginning of the small intestine and
jejunum samples were taken from the
central point between the beginning
and end of the smallintestine. Samples
were immediately fixed in a formalin
solution and transferred to an ethanol
solution. The duodenum and jejunum
samples were imbedded in paraffin,
sliced, mounted on a slide, and stained.
A total of fifteen representative villi
were measured from three sites of each
sample using a microscope with a power
of 25 times that of normal vision. Data

10 IU; menadione sodium bisulfite, 1.50 mg; riboflavin, 2.50 mg; d-pantothenic acid, 10.0 m@/€re analyzed as a randomized com-

Qiacin, 15.0 mg; choline, 50 mg; vitamin ?10.0 ug.

Supplied per Ib of diet: Zn (as ZnO), 100 mg; Fe (as EleEBGD), 100 mg; Mn (as MnO), 20 mg;
Cu (as CuS0O4-5 £(D), 10 mg; | (as Ca(lg_)-HZO, 0.14 mg; ée (as l\zlSeO3), 0.27 mg.
‘Metabolizable efergy.

Diet, P < 0.01 Diet, P < 0.05 Diet, P < 0.10
15 SEM = 0.06 SEM = 0.06 SEM = 0.05 SEM = 0.05
1.0 —
0.8 | 1
g
5 0.6
) [ |
a 0.4
<
0.2 |
0.0 —
-0.2
Day 0-4 Day 4-7 Day 7-14 Day 14-21

OSimple Diet B Simple Diet + GnH Complex DietEd Complex Diet + GIn

Figure 1.Average daily gain of pigs fed diets differing in complexity and crystalline
glutamine concentration. GIn = glutamine.
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plete block design with initial weight as
the block, pen as the experimental unit,
and individual pigs as the sampling unit
for villus height determination. Data
are reported as least squares means.

Results and Discussion

Pigs fed the complex diet had
increased average daily gain (ADG)
during days O to 4 (P < 0.01), 7 to 14
(P<0.05),and 14t021 (P <0.10) com-
pared to pigs fed the simple diet
(Figure 1). Average daily feed intake
(ADFI) of pigs fed the complex dietwas
increased during days 0to 4 (P <0.05),
4t0o7(P<0.001),7to 14 (P<0.001),and
14t021 (P <0.05) (Figure 2). Pigsfed the
simple diet had greater (P < 0.05) feed
efficiency (ADG/ADFI) during days 7
to 14 and 14 to 21 (Figure 3). Greater
(P < 0.05) ADG/ADFI was observed
during days 14 to 21 in pigs fed sup-
plemental glutamine compared to pigs
fed the diets without supplemental
glutamine.



Table 2.Effects of diet complexity and crystalline glutamine supplementation on weanling pig villus height and small intestine

length.
Diet Glutamine Diet x Glutamine
Simple Complex
Control Glutamine Control Glutamine 8 < SEM

Day 4

Duodenum VIQ, mm 0.438 0.493 0.488 0.512 NS NS NS 0.032

Jejunum VH, mm 0.338 0.327 0.324 0.334 NS NS NS 0.015
Day 7

Duodenum VH, mm 0.162 0.160 0.221 0.162 0.05 0.05 0.05 0.012

Jejunum VH, mm 0.131 0.121 0.141 0.126 NS 0.20 NS 0.009
Day 14

Duodenum VH, mm 0.232 0.204 0.232 0.226 NS 0.18 NS 0.012

Jejunum VH, mm 0.161 0.176 0.159 0.157 NS NS NS 0.010
Day 21

Duodenum VH, mm 0.257 0.252 0.220 0.253 NS NS NS 0.022

Je(lunum VH, mm 0.191 0.195 0.184 0.182 NS NS NS 0.014

SI” length, m 10.533 10.970 10.980 11.138 NS NS NS 0.459

®Day 0 duodenum = 0.475 mm; Day O jejunum = 0.420 mm.
BvH = villus height.
‘sl = small intestine.

NS = P > 0.20.
Villus height (Table 2) onday 7 was Diet, P < 0.05  Diet, P < 0.001  Diet, P < 0.001  Diet, P < 0.05

reduced by 37% and 31% of day 0 villus 18 SEM = 0.03 SEM = 0.03 SEM = 0.04 SEM = 0.09

height in the duodenum and jejunum,

respectively. Villus height increased 1.6 _7

progressively after day 7, but by day 21 1.4 =

was still only 52% and 45% of day 0 _ 1, -

duodenum and jejunum villus height, 3

respectively. Surprisingly, diet com- = 1.0 [ |

plexity had little effect on villus height g 0.8 M ]

with the exception that the control- < 0.6 7 |

complex diet had greater duodenum 0.4 ||

villus height on day 7, resulting in an

interaction of diet complexity and 0.2 _E- |

glutamine concentration (P < 0.05). 0.0-

Duodenum villus height seemed to Day 0-4 Day 4-7 Day 7-14 Day 14-21

be greater on day 4 in pigs offered the OSimple DietM Simple Diet + GIME Complex Dietl Complex Diet + Gln

complex diet and glutamine supple-
mentation, but was not different
(P > 0.27) from pigs fed the simple or
non-glutamine supplemented diet. No
difference (P >0.52) in total small intes-
tine length was observed among treat-
ments on day 21. villus height measurements appearedindices of protein and DNA concentra-

The results fromthis trial confirmed to be high. The improvement in ADG/ tions may provide a more definitive
that ADFI was increased when pigs ADFI in pigs offered the diet with sup- answer to how glutamine is influenc-
were offered a complex diet compared plemental glutamine coupled with ing intestinal growth. Also, it may be
to a simple diet. This increase in ADFI known properties of glutamine on in- important to study the effects of
supported an improved ADG. How- testine metabolism suggests animprove-glutamine during a pathogen challenge.
ever, pigs fed the simple diet had a mentinintestine functionor morphology. Presently, we are working on an assay
greater ADG/ADFI. Noimprovementin Future research will attempt to to quantify glutamine in feedstuffs to
villus height was attributed to diet examine the effects of glutamine on help objectively assess dietary gluta-
complexity or glutamine supplemen- small intestine growth using more mine concentration in a practical
tation; however, the variability in direct measurements. For example,manner.

Figure 2.Average daily feed intake of pigs fed diets differing in complexity and
crystalline glutamine concentration. GIn = glutamine.

(Continued on next page)
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.

Diet, P < 0.05 Conclusions
Diet, P < 0.18 Diet, P < 0.12 Diet, P < 0.05 Glutamine, P < 0.05
SEM = 1.25 SEM = 0.11 SEM = 0.02 SEM = 0.03 Data from this trial suggest that
1.0 diet complexity had a significant effect
0.7 — on growth, but little to no effect on
0.4 7 intestine villus height. Supplemental
0.1— glutamine did notimprove villus height
T -0.2— but did improve feed efficiency in the
2 05— third week of this 21-day growth study.
Q -0.8— Additional research is needed to
< 11— examine the effects of glutamine on
-1.4—] intestine metabolism and function to
-1.7 — ascertain whether glutamine may be
-2.0— beneficial in practical situations.
23 Day 0-4 Day 4-7 Day 7-14 Day 14-21

!Steven J. Kitt is a graduate student,
O Simple Diet M Simple Diet + Gl Complex Diet g3 Complet Diet + GIn Phillip S. Miller is an associate professor,
Austin J. Lewis is a professor, and Robert L.
Fischer is a graduate student and research
technologist in the Department of Animal
Science.

Figure 3.Feed efficiency of pigs fed diets differing in complexity and crystalline
glutamine concentration. GIn = glutamine.

Influence of Linoleic Acid Isomers on Body Fat

KimHargrave gest that the loss of body fat may betwo studies was to further determine
Kristin Nollette mediated by metabolism of CLA to an the mechanism by which CLA is caus-
Merlyn Nielsen isomer of arachidonic acid. Under- ing both the body fat loss as well as the

Jess Minel standing the mechanism by which CLA apoptosis. The predominant naturally

causes body fat loss, in pigs as well asoccurring isomeris C1849,11 (CLA
mice, will allow for greater regulation 9/11), whereas commercially synthe-

Summary and Implications of body fat content. sized CLA products usually contain
approximately equal amounts of

In two studies, mice were fed Introduction C18:2010,12(CLA10/12)andCLA9/11
diets containing either individual as well as smaller quantities of other
conjugated linoleic acid (CLA) iso- Conjugated linoleic acid (CLA) isomers. The diverse benefits of CLA

mers or a mixture of isomers in the is a group of isomers of linoleic acid may depend ondifferentisomers. There-
presence or absence of dietary essen{C18:2A9,12), which, when consumed, fore our first objective was to determine
tial fatty acids. Mice fed the C18:2 produce health benefits such as reduc-whichisomer(s) are responsible for the
A10,12 CLA isomer lost as much body ing the incidence of cancer and cardio- loss of body fat in mice.

fat as mice fed a mixture of isomers. vascular disease and reducing body  Arachidonicacid (C2045,8,11,14)
This effect was not observed when thefat content. Furthermore, in swine, is synthesized in animals from dietary
mice were fed the C184D,11 isomer dietary CLA has resulted in firmer linoleicacid. Similarly, CLA 10/12 can
orwhen feed intake was restricted. Thebellies, reduced backfat, and improved be metabolized to C23%,8,12,14. This
loss of body fat was much greater in feed efficiency. Our group previously product of CLA metabolism could
mice consuming an essential fatty acid reported (Nebraska Swine Report 2001,antagonize the normal production of
deficient diet versus a control diet. pg 27 — 28) that not only did dietary prostaglandins from arachidonic acid.
This supports our hypothesis that for CLA supplementation cause a loss of Therefore, mice fed a diet deficient in
CLAto deplete body fat, it must first be body fatin mice, but thatitalso resulted linoleic acid, and thus arachidonic acid,
metabolized in a manner similar to in programmed cell death, or apoptosis, may be especially sensitive to the anti-
linoleic acid. Furthermore, we sug- offatcells. The basis for the following
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Figure 1.Effect of CLA Mix or individual isomers on feed intake (Experiment 1). *CLA

10/12, CLA Mix, and Pair-Fed differ from Control (P < 0.001).
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Figure 2.Effect of CLA Mix or individual isomers on body weight (Experiment 1). No

effect of dietary treatment on body weight was detected.

Table 1. Effect of dietary treatment on feed intake, body weight change, and fat pad

weights (Experiment 2).

Dietary Treatments

Control CLA EFAD EFAD +CLA  SEM
Feed intake, g/d
Before CLA® 3.79 3.79 3.82 3.82 0.12
After CLA® 4.45 3.95" 450 3.85" 0.08
Body wt. change,fg
Before CLA 16.66 16.66 16.94 16.94 0.47
After CLA® 2.75 1.55° 2.55 -0.46° 0.30
RP wt., 0.37 0.19° 0.34 0.0 0.03
Epi wt., 0.62% 0.45° 0.55 0.21° 0.04

abCDifferent letters in a row indicate differenceP, < 0.05.

obesity effect of dietary CLA. Our sec-
ond objective was to compare the effect
of CLA in dietary essential fatty acid-
adequate and -deficient diets.

Procedures

Experiment 1

Seventy-two mixed sex mice were
allotted to one of five diets (each 7%
fat) and allowed to consume ad libitum,
except the Pair-Fed group, for 5 days:

Control  purified diet with 7% soy

oil

Pair-Fed control dietatintake of CLA
Mix

CLAMix 2% CLA mixture and 5%
soy oil

CLA9/11 0.82%CLA9/11and6.18%
soy oil

CLA10/12 088%CLA10/12and6.12%
soy oil

Individual isomers were included
the concentrations they were found at
in the CLA Mix diet. Feed intake and
body weight were measured daily.
After 5 days, the mice were killed and
retroperitoneal (RP) fat pads were
removed and weighed. Body fat was
determined on carcasses by ether
extraction.

Experiment 2

Eighty, newly weaned male mice
were fed either a control diet (7% soy
oil) or essential fatty acid deficient
(EFAD) diet (7% coconut oil) for 6
weeks. Next, half of the mice in each
group were supplemented with 0.5%
CLA mixture, replacing either soy or
coconut oil, for 2 weeks. Then the mice
were killed and RP fat pads, epididymal
(Epi) fat pads, and livers were removed
and weighed. Body fat was determined
by ether extraction.

Dietary treatments are as follows: Control — 7% soy oil diet for 8 weeks; CLA — 7% soy oil diet

for 6 weeks, 0.5% CLA mix + 6.5% soy oil diet for 2 weeks; EFAD — 7% coconut oil diet for 8 weeks;
and EFAD + CLA — 7% coconut oil diet for 6 weeks, 0.5% CLA + 6.5% coconut oil diet for 2 weeks.

Results

°Feed intake and body weight change before CLA is the first six weeks of the study; after CLA is

the final 2 weeks of the study.

Experiment 1

Body weight change is calculated as the weight at the final week of the feeding period minus the

initial weight of that feeding period.
gRP retroperitoneal fat pads.
Epi = epididymal fat pads.

Feed intake was reducd®i€ 0.001)
in mice fed CLA Mixand CLA 10/12 as

(Continued on next page)
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20 -
a a on feed intake, body weight, or body
ab T fat. However, when CLA was fed to
15 4 I T 1 mice deficientin essential fatty acids its
L ¢ be effects were greatly amplifie® & 0.001);
=S T I a reduction of 73% in RP, 57% in Epi,
8 10 A 1 and 66% in total body fat (Figure 4).
>
8 . .
@ Discussion
5 _ 5 x pai % Ourresultsindicate that CLA 10/12
% Y i Z : is responsible for the loss of body fat
3 5 a a a observed when mice are fed a mixture of
0 1 CLAisomers. Thisloss of body fat may
Dietary treatment be mediated through metabolism of CLA

to an isomer of arachidonic acid. This
was the basis for the design of Study 2.
Arachidonic acid is a precursor to the
series 2 prostaglandins, some of which
appear to protect against cell death.
Therefore, CLA-mediated inhibition of
25 - the conversion of arachidonic acid to
prostaglandin could explain the fat cell
death caused by feeding CLA. Essen-
tial fatty acids (linoleic and linolenic)
protect against the full effect of CLA,
which may indicate that CLA and these
fatty acids are metabolized via a com-
mon metabolic path.

The knowledge that CLA 10/12 is
responsible for the full fat-reducing-
5 - effect of CLA will allow both research-

' ers, as well as swine producers to more

accurately formulate diets on the active

0 ] CLAisomer (CLA 10/12), instead of on
Dietary treatment the total CLA content. This becomes

especially important when different
Figure 4.Effect of essential fatty acid deficiency (EFAD) and CLA supplementation on ggources of CLA are used as different

body fat (Experiment 2). @*Bars with different superscripts differ (P < 0.001). manufacturing procedures producedif—

ferent ratios of isomers. In addition,
recognizing the metabolic pathway

well as the Pair-Fed mice, starting on Experiment 2 through which CLA acts should facili-
day 2 (Figure 1). However, there were i tate development of better methods to
no significant differences in body weight Supplementation of CLA reduced manipulate body fat in the future.
. 2 . (P < 0.05) both feed intake and body
among dietary treatment groupsinthis * . . .
. . . weight change in the final 2 weeks of
short time period (Figure 2). After 5 ) )
days of CLA supplementation, body the study (Table 1). CLA' reduced IKim Hargrave is a graduate stu-
fat content of mice fed the CLA Mixand (P < 0-001) RP (49%) and Epi (19%) fat gent, Kristin Nollette is an under-
the CLA 10/12 isomer was 20% less pad weights when added to the CO”trC"graduate student, Merlyn Nielsen is a
; diet (Table 1). Furthermore, CLA i i is-
(P < 0.10) than that of mice fed the professor, and Jess Miner is an assis

Figure 3.Effect of CLA Mix or individual isomers on body fat (Experiment 1). 2*Bars with
different superscripts differ (P < 0.10).
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Dietary Amino Acid Utilization for Body Protein
Deposition — Current and Future Research

Janeth J. Colina
Austin J. Lewis
Phillip S. Miller *

Summary and Implications

In modern pork production it is
important to maximize the animal’s
potential for daily lean gain by
increasing the body protein deposi-
tion with as little wastage of the

ingested amino acids as possible.

Therefore, it is important to maxi-
mize the efficiency with which diet-
ary amino acids are used for protein
deposition or lean gain. This effi-
ciency is measured by using nitro-

Amino Acid Utilization for Body
Protein Deposition

tive slaughter technique. Some studies
have estimated values of 8.96 and 7.51
g of protein retained per g of lysine
Body proteins are continuously intake by using nitrogen balance and
being formed (protein synthesis) and slaughter trials, respectively. The dif-
broken down (protein degradation). In ferences are larger at low than at high
an adult animal, synthesis and degra-rates of protein deposition. The main
dation are equal and body protein is explanation for the discrepancy between
neither gained or lost. However, in a the two methods is that N losses in
growing animal, synthesis exceeds feces and urine are usually underesti-
degradation and this results in protein mated in N balance studies, with a con-
deposition or accretion. Dietary indis- sequent overestimation of N retention.
pensable amino acids are used for a
variety of metabolic processes in the Crystalline Amino Acids vs Protein-
body and are precursors for a wide bound Amino Acids
range of biologically active compounds,
but it is protein deposition that Recent evidence has indicated
accounts for the greatest amino acidsthat the efficiency of utilization of

gen balance studies or comparative useThe efficiency with which absorbed crystalline amino acids may be lower
slaughter procedures. Supplementing amino acids are used for protein depo-than the efficiency of amino acid utiliza-
swine diets with crystalline amino sition depends on several factorstion from intact protein. One study
acids and replacing part of the diet- including genetic differences and reported that the efficiency for tryp-

ary protein can reduce diet cost and whether the amino acid intake is limit- tophan was 54% for protein-bound
will also reduce the amount of nitro- ing or in excess of the requirement. In tryptophan but only 14% for crystal-

gen excreted in manure. However, it growing-finishing pigs consuming line tryptophan. Others have found
has been demonstrated that the effi-diets that are limiting in protein, the thatthe efficiency of utilization of crys-

ciency of utilization of crystalline most limiting acid will be used more talline tryptophan may be only 50% of
amino acids may be lower than that efficiently than other amino acids, and protein-bound tryptophan.

of amino acids bound in protein. itis the efficiency of utilization of this The reasons for the poor efficiency
Although the reasons for this are amino acid thatwill affect how well the of crystalline tryptophan are unknown,
unclear, it may be associated with overall dietary protein is used. but in one study pigs were fed three
the frequency of feeding and differ- times daily and it is possible that infre-
ences in the rate of absorption Nitrogen Balance and guent feeding may have contributed to
between the two sources of aminoComparative Slaughter Trials the lower efficiency. Similar results

acids. Research in progress is
designed to investigate the effi-
ciency with which crystalline lysine
is utilized for protein deposition in
nursery pigs. This research will obtain
additional information about the

relative utilization of crystalline

and protein-bound amino acids.

have been observed when feeding
The efficiency of amino acid utili- dietary lysine infrequently. Crystalline
zation is typically measured using lysine in diets fed once daily is used
either N (nitrogen) balance studies or 50% less efficiently than crystalline
comparative slaughter trials (body lysineinsimilardiets fed more frequently
composition is measured). The two (i.e., twice or more per day).
methods yield different results. Esti- The reduced efficiency of crystal-
mates of N retention are higher whenline amino acid utilization has been
measured by the N balance techniqueattributed to the rapid absorption of
than when measured by the compara- (Continued on next page)
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Figure 1.Feed efficiency (Ib/lb) of nursery pigs fed four concentrations of dietary lysine.

crystalline amino acids relative to amino relationship between feeding level and
acids derived from intact protein such crystalline amino acid utilization.

as soybean meal. Free amino acids are

absorbed more rapidly than those bound CurrentResearch

in protein, which probably provides an We are currently investigating the
unbalanced pattern of amino acids to efficiency with which crystalline lysine
muscle and affects growth performanceis utilized for protein deposition in
in pigs by decreasing protein synthe- nursery pigs. A preliminary 28-day study
sis. If crystalline amino acids are was conducted to develop a lysine-
absorbed too quickly the temporary deficientdietusing 96 nursery pigs (11
excess of absorbed amino acids at thdb initial body weight and 15 day old).
tissue level may resultin oxidation losses The dietary treatments consisted of the
of the free amino acids and degradationbasal diet (1.05% lysine) and three con-
in the liver. Studies indicate improve- centrations oftotal lysine: 1.20%, 1.35%,

ments in growth performance in pigs and 1.50%. These concentrations were

fed soybean meal supplements (pro-achieved by adding crystalline lysine
tein-bound lysine) diets in comparison to the basal diet. Pigs were grouped on
to pigs fed lysine-supplemented diets. the basis of initial weight and allotted at
However, these differences were attrib- random to 16 pens within a nursery
uted to gut fill because no differences facility. There were six pigs per pen
in carcass weight were detected. There-(three barrows and three gilts). Pigs
fore, the strategy is to balance the were allotted to four dietary treatments
arrival of the protein-bound amino with four replications (weight blocks)
acids and free amino acids at the site ofper treatment (24 pigs per treatment).
absorption. Average daily gain (ADG), average daily
Reduced efficiency of amino acid feed intake (ADFI), and feed efficiency
utilization resulting from differencesin (ADG/ADFI) were measured weekly.
the time course of absorption betweenAt the end of the study all pigs were

protein-bound and crystalline lysine bled to determine plasma urea concen-

has notbeen observed under ad libitumtration. As expected, lysine was limit-
feeding conditions. It is unlikely that inginthe basal dietand supplementation
differences in absorption rate explain with crystalline lysine increased ADG
differences in utilization of the lysine (P =0.05)and ADG/ADFI (P <0.001).
under ad libitum feeding conditions However, no differences were observed
because of the continual supply of aminofor ADFI. Alinear response (P <0.001)

the requirement was approximately
1.35% (Figure 1). Plasmaureanitrogen
(PUN) decreased as the lysine concen-
tration in the diet increased. A higher
concentration of PUN was estimated in
pigs fed the diet with 1.05% lysine in
comparison with pigs fed diets 1.20 and
1.35%lysine (P <0.05) and 1.50% lysine
(P < 0.01). These results indicate that
nitrogen retention improved when the
higher concentration of lysine was fed.

Future Research

We are now studying the efficiency
with which crystalline lysine and the
lysine presentin soybean meal are used
for body protein deposition in nursery
pigs. Studying the efficiency of amino
acid utilization under ad libitum feeding
conditions will be important to deter-
mine whether crystalline amino acids
are used less efficiently than amino
acidsinintact protein. Ifitis true, future
studies must be focused on looking at
alternatives to improve the amino acid
utilization from crystalline sources,
taking into account that the use of
crystalline amino acids can provide
environmental and economical advan-
tages.

Take Home Points

1) Supplementing low-protein diets
with crystalline amino acids at ade-
guate concentrations can offer
environmental and economical
benefits. Several factors can affect
the utilization of dietary amino
acids and differences in the rate of
absorption probably occur between
crystalline and protein-bound amino
acids. This may affect growth per-
formance in pigs.

During certain situations, crystal-
line amino acids may be used less
efficiently than the amino acids in
intact protein. Therefore, careful
use of crystalline amino acids must
be made to ensure that they are
utilized as efficiently as possible.

2)

tJaneth J. Colina is a graduate student,

acids that are absorbed. However, fur-for ADG/ADFIindicated that diets with  Austin J. Lewis is a professor, and Phillip S.

ther research is needed to examine thel.05 and 1.20% lysine were limiting and
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Reproductive Responses in the NE Index Line
Estimated in Pure-line and Crossbred Litters

D. B. Petry born alive (2.53 pigs), number of index of ovulation rate and embryonic
R.K.Johnsort mummified pigs (0.22 pigs), and litter survival. Selection during Generations
birth weight (4.72 Ib). Line | was less 12 through 14 in | was on number of
than C (P < 0.05) for litter weaning fully formed pigs per litter at birth. During
Summary and Implications weight (—4.15 Ib). However, inter- Generations 15 and 16, | was selected
actions of line effects with crossing for number born alive and birth weight.
The NE Index Line (Line 1) has system were significant. In pure-line
been selected since 1981 only for litter litters, | exceeded C by 4.18 total pigs Mating Design
size and as a pure-line has 3.5 to 4and 1.76 stillborn pigs per litter;
more pigs per litter than its randomly whereas in F litters the difference The experiment reported herein
selected control (Line C). Line | has between | and C was 2.74 total pigs used pigs from eight different genetic
been released to the industry where itand 0.78 stillborn pigs per litter. The backgrounds that included pure Line |
is being used in crossbreeding appli- contrast between | and C for number and C pigs and pigs produced by
cations, but whether the response weaned and litter weaning weight in crossing lines | and C with Danbred®
realized in the pure-line is expressed pure-line litters was 0.32 pigs and USA Landrace (L) and the 3/4 Duroc x
in crossbreeding applications is not -0.62 b, respectively, compared with 1/4 Hampshire terminal sire (T). Pure
known. The objective of this experi- 0.25 pigs and -4.72 Ib in Ritters.  Line-l and Line-C Generation 16 gilts
ment was to estimate responses inReproductive performance of Line | were randomly assigned to be mated
reproduction in Line | in pure-line substantially exceeds that of the con- naturally to boars of their own line or to
sows, in pure-line sows mated to pro- trol line. Although the response be inseminated with semen of L to
duce F, litters and in F sows mated to realized in crossbreeding applications produce Generation17 Ix1,LxI,CxC,
produce three-way cross litters. A was somewhat less than in the pure-and L x C litters. Artificial insemination
total of 850 litters were produced line, crossbreeding is an effective way was used to produce crossbred litters
over six-year seasons. There were 224to utilize the enhanced reproductive because the biosecurity policy at the

pure-line I and C litters, 393 Hitters  efficiency of the Index line. experimental farm prohibited intro-

produced from | and C females mated duction of live boars. Lines | and C were
with Danbred® USA Landrace (L) or Background maintained throughout the selection
DH (T) boars, and 233 litters by IxL experiment with 15 boars per genera-
and CxL females mated with T boars. Population tion and a 3:1 sow-to-boar ratio. Labor
Contrasts of means were used to esti- was not available to train and collect
mate the genetic difference between | The populations studied were the semen from pure-line | and C boars so

and C and interactions of line differ- NE Indexline that has been selected fornatural service was used to produce
ences with mating type. Farrowing increased litter size and its control line. pure-line litters. Arandom sample of |
rate of Lines | and C (93.3 vs 91.8%) The base population of Large White and C sows was retained after weaning
did not differ. Averaged across all and Landrace was formed by recipro- their litters and inseminated with semen
groups, mean number born alive per cally crossing boars and sows of the of Tto produce T xland T x C litters at
litter and number and weight of pigs two breedsin 1979. Random mating of their second parity. Sows were culled
weaned per litter, both adjusted for the F and F, was used to produceg F after weaning their second litter.
number nursed and weaning age oflitters that were born in 1981. These Pure-line and Fyilts from the first
12 days, were 10.1 pigs, 9.7 pigs, andlitters, designated Generation 0, were litters were retained for breeding to
75.9 |b, respectively. Direct genetic randomly assigned to the Control line produce Generation 18 progeny. Pure-
effects of | were greater (P <0.05) than (C), that was randomly selected, or theline females were again randomly
C for total born (3.53 pigs), number Index line (I), that was selected for an (Continued on next page)
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assigned to be mated naturally to boarsTable 1. Number of litters
of their own line or to be inseminated

of each group produced per year/season

] Genetic group Year/season
with semen of L boars. females were — -
inseminated with semen from T boars. S Dam Litter 1998/1 1998/2 1999/1 1999/2 2000/1 2000/2
Genetic types produced in GenerationC c c 36 39 35
18werelxI,LxI,CxC,LxC, T(LxI), ' 'C 'Lxc ‘Z‘; 3;55 3256 "
and T(LxC).Arandom sample of both | | Lxl 49 27 o5 20
pure-line and Fsows was retained after 1 c TxC 47 32
weaning their litters and inseminated T l Txl 43 20

: T LxC T(LxC) 43 18 37 22
with semen of T boars to produce T x |, Ll TLx 43 17 23 20

TxC, T(LxI),and T(Lx C) litters at their
second parity. No pigs in these litters aC = Control, | = Index, L = Danbred® USA Landrace Sire, T = Danbred® Duroc-Hampshire Terminal
were retained for breeding and all sows S
were culled after weaning their second
litter.

Pure-line and Fgilts from Genera-  was designated a breeder and the othefor breeding that farrowed a litter.
tion 18 were retained and mated accord-an alternate. Gilts were selected simi- Number of fully formed pigs (FF),
ing to the same design as used to producéarly; however because more gilts were number born alive (BA), numbers of
Generation 18 litters. After weaning needed, they were selected from thestillborn (SB) and mummified piglets
these litters, a random sample of sowsupper 50% of the litters for number born (MUM), and litter birth weight (LBW)
was retained for a second litter. Pure-alive. Within these litters, gilts with were recorded at birth of litters. Number
line land C sows were inseminated with low birth weight were culled and a weaned (NW) and weight of the litter
semen of L boars, and Rilts were  maximum of four gilts per litter was (LWW) were recorded at weaning.
inseminated with semen of T boars. The selected. Replacementsin C were selected
mating design by generation and par-randomly within paternal half sib fam- Statistical Analysis
ity, and the number of litters produced ily (boars) and litters (gilts) to give 15
are illustrated in Table 1. breeding boars and the necessary num-

ber of gilts each generation.

Farrowing rate was analyzed with a
chi-square test. Birth and litter traits
were analyzed with general linear mod-
els that included year/season/genetic
Selection of pure Line-I gilts and group. Litter weight was recorded as a
boars was done by ranking litters on A total of 850 litters over six sea- trait of the dam. Because crossfostering
number born alive. Line-l boars were sons, consisting of 224 pure-line, 393 of pigs among different genetic groups
selected from the 15 largest litters. The F , and 233 3-way crosses, was studied.occurred, procedures were used to ac-
two boars with the greatest birth weight Farrowing rate (FR) was calculated as count for genetic makeup of pigs nursed
were selected from each litter. One the percentage of females designatedoy dams, age when pigs were weaned,

Selection
Data

Table 2. Estimates of contrasts among means for traits measured at birth and for traits measured at weaning.

Traits measured at bith Weaning trait$

Contras? FF NBA SB MUM LBW (Ib) LWW (Ib) NW (pigs)
I-C 3.53* + .30 253* + .30 0.99** +0.18 022 + 0.06 4.72* + 0.77 -415* + 161 -0.26 + 0.16
R:P - F1 -1.21* + 0.57 NS -75%* + 0.33 NS NS 12.52* + 3.90 1.80* + 0.39
- C)P 4.18* + 0.39 1.76** + 0.22 -0.62 + 1.10 0.32* + 0.11
(- C)Fl 275 + 0.30 0.78* + 0.18 -4.72% + 1.81 -0.56** + 0.18
F1 -P -0.83** + 0.28 052 + 0.28 -0.30 + 0.16 -0.05 + 0.06 108 + 0.73 12.24** + 1.19 025* + 0.12
T-F 171 + .29 1.51* + 0.29 021 + 0.17 -0.03 + 0.06 7.65* + 0.73

% — C estimates the overall effect of the index line vs the control.
R, tests the interaction of selection response between | and C in pure-line dams with pure-line litters vs pure line dagniistevith F
(I = C)_ estimates the difference between index and control when measured in pure-line litters produced from pure-line dams.

(I-0C)

estimates the difference between index and control and when measuregigs produced from pure-line dams.

F — P is the difference between averages 1oﬁtt'ers by pure-line dams and pure-]line line litters by pure-line dams.

— F, is the difference between averages of 3-way cross litters produced {rdam% and

litters produced by pure-line dams.

T
PrF =JNumber of fully formed pigs, NBA = Number of pigs born alive, SB = Number of stillborn pigs, MUM = Number of mummified pigs, LBW = Litter

birth weight.

‘LWW = Litter weaning weight, NW = Number weaned.
se = Standard error.
** P < 0.01, *P < 0.05, NS = Not significant (P > 0.05).
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13.5- sire, but could have been caused by Al
: P techniques. Pure-line dams artificially
OF1 inseminated to produce, Ftters had
11.67 8.6% lower farrowing rate tharn #ams
producing three-way cross progeny.
Contrasts were designed to esti-
mate effects due to genetic makeup of
the dam. Season and line of pig the dam
produced were confounded (see Table
1), so differences could not be aver-
aged across all subclasses. Differences
between | and C within interaction sub-
Index classes (pure-line, F1 and 3-way) were
Genetic makeup of dam estimated only if an interaction was

detected (P < 0.05). Table 2 contains
Figure 1.Number of fully formed pigs per litter for pure-line Control and Index dams contrasts among means for traits mea-
with pure-line litters (P) and pure-line dams with F, litters (F,). sured at birth

Responsesto selection forincreased
litter size were 3.53 .30 (P < 0.0001)
fully formed pigs, 2.580.30 (P <0.0001)
live pigs, 0.990.18 (P <0.0001) still-
born pigs, and 0.22 0.06 (P < 0.01)
mummified piglets per litter. The differ-
ence in litter birth weight between I and
C was estimated to be 4.#20.77 Ib
(P<0.0001).

- Aninteraction of selection response
(I minus C) with mating group occurred
0.5 0.43 (P < 0.05). The response in | for fully
: formed pigs when measured in pure-
_- line dams producing pure-line pigs
0 4 was 4.18+ 0.39 (P < 0.0001) pigs and
Control ! Index I when measured in pure-line dams pro-
Genetic makeup of dam ducing F, pigs response was 2#6.30
(P < 0.0001) pigs. The difference
Figure 2.Number of stillborn pigs per litter for pure-line Control and Index dams with between | and C in number of stillborn
pure-line litters (P) and pure line dams with F _litters (F,). pigs per litter measured in pure-line
dams producing pure-line pigswas 1.76
+ 0.22 (P < 0.0001) pigs, whereas the
and number of pigs in the litter after Results and Discussion difference in pure-line dams producing
crossfostering was completed. There- F, pigswas 0.780.18 (P <0.0001) pigs.
fore, number weaned and litter weaning Line land C did not differinfarrow- Figures 1 and 2 illustrate these inter-
weight are traits of the sow as if they ing rate. Thus, no correlated responseactions.
were nursing the same number of pigsin fertility from selection for litter size in Interactions were not significant
of the same genetic makeup. Contrastd.ine | was detected. The overall mean for litter birth weight, which may explain
were used to estimate differences in thefarrowing rate was 90.8%. A slight the interactions for numbers of pigs. If
overall effect of | vs C and to test reduction in farrowing rate occurred uterine capacity allows only a certain
whether the response was different inwhen pure-line females were mated to L weight of pigs to be carried to term, then
pure line, Fand three-way cross litters. boars. The average difference in far- pure-line pigs with Hitters, for which
Also, the effect of crossing was esti- rowing rate between pure-line females each individual pig was heavier, could
mated as the average differencemated pure and those mated Al to L produce that same weight with fewer
between pure-line, Fand three-way boarswas 10.6%. This reduction is not pigs than pure-line dams with pure line
cross litters. likely a genetic effect of line of service (Continued on next page)
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9.5 >
8.9 8.7

7.5 1
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pigs. It is also possible that better 95

e . L . - 87.91
timing of insemination with ovulation 83.19 |Mp
occurred with natural matings used in 85 OF1
pure-line production and that fewer eggs 75 71.77 74.86
were fertilized when artificial insemi-
nation in Eproduction was used. 0 65

The average | and C Htters pro- g
duced from pure-line dams had fewer § 55- I
fully formed pigs (-0.88 0.28; P <0.01)
than the average of pure-line I and C 45 ——
litters. A possible explanation is that
pure-line dams producing, Brogeny 35 —
were inseminated artificially whereas
pure-line progeny were produced with 25 A T —

. . . Control Index
natural matings. Alternatively, uterine

capacity may limit total weight of the
litter so that litter birth Weightis similar Figure 3.Weight of pigs weaned in standardized litters of pure-line Control and Index
for pure-line dams with Ritters and dams (P) and f; dams ().

pure-line dams with pure-line litters, F

dams with three-way cross pigs pro-

Genetic makeup of dam

duced 1.7+ 0.29 more fully formed 10.4 -
pigs, 1.5% 0.29live pigsand 7.85.73 10.16 mr
Ib more litter birth weight than pure-line 10.2 OF1
sows with Elitters (P < 0.001). These 2 100
increases are due to heterosis as three- =
way cross pigs produced from an F ° 9.8
dam express 100% individual and ma- é 06 9.58
ternal heterosis whereas pigs pro- 3 ’
duced from pure line dams express only 9.4 928 ——
100% individual heterosis. '
Correlated response in litter wean- 9.2 _:-
ing weight to selection for increased 9.0 1 . S
litter size was —4.1651.61 b (P <0.05); Control Index
however, noresponse in number weaned Genetic makeup of dam

was detected. Both of these traits were
adjusted for number of pigs after fos- Figure 4.Number of pigs weaned per litter for pure-line Control and Index dams (P) and

tering. Litter weaning weight measures F, dams (F).

both weight and number of pigs; whereas

numberweaned measures survival ratedams itwas 0.320.11 (P <0.01) pigs. pigs at birth, but also increased inci-
These results indicate better milking Figure 3 and 4 illustrate these inter- dence of stillborn and mummified pigs
ability for C thanfor I sows, butsurvival actions. Overall, Fdams had littersthat and decreased litter weaning weight.

rate of pigs was not affected. weighed 12.281.191b (P <0.0001) more Crossbreeding reduced the incidences
Aninteraction on both numberand with 0.25+ 0.12 (P < 0.05) more pigs of stillborn and mummified piglets and

weight of litters weaned in the expres- than pure-line dams. litter weaning weightincreased greatly

sion of the selection response (I — C) in F, sows. Sow productivity of Line I at

when measured in pure-line damsys F Conclusion birth and weaning was improved with

dams occurred (P <0.05). The response crossbreeding.

inF damswas—4.721.811b (P <0.01) Responses for litter size in pure

and response in pure-line dams waslines were consistent with estimates

-0.62+1.101b (P >0.05). Theresponse obtained after 14 generations of selec-  'D. Petry is a graduate student and
innumber weaned in Bamswas -0.56 tion. Responses in included increasedtechnician and R. Johnson is professor
+0.18 pigs (P < 0.01) and in pure-line total number of pigs and number of live in the Department of Animal Science.
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Growth and Carcass Responses in the
NE Index Line Estimated in Pure-line
and Crossbred Litters

D.B. Petry and 3-way crosses had -0.35in less BF,selected at random from the available
J. W. Holl 0.89 irf greater LMA, 6.2 % greater litters except for pure line pigs, which
R.K.Johnsort lean, and 5.3 higher Minolta I* score were selected at random after replace-

than pure lines (P < 0.05). No cor- mentgilts and boars were selected. One
related responses to selection for pigwas sampledfrom as many different
Summary and Implications increased litter size in overall growth litters as possible in order to broadly
or carcass traits occurred. Mating represent the populations. Pigs were
The objective was to estimate Line | to leaner, faster growing sires moved from the nursery to the indi-
responses in growth and carcass traits will increase ADFI, ADG, LMA, and vidual feeding unit at approximately
in the NE Index line (I) that was percentage lean , decrease feed/gain65 days of age. After a 7-day acclima-
selected 19 generations for increasedratio, decrease backfat, and lighten tion period, they were placed on test.

litter size. Responses in pure-ling, F meat color. Pigs were weighed and scanned for BF
and 3-way cross litters were compared. and LMA at 3-week intervals, and weigh-
In Exp 1, 694 qilts that were retained Materials and Methods backs on feeders were taken. A diet
for breeding, including 448 | and formulated to contain 16% crude pro-
control (C) and 246 F1 and C by The mating design and selection tein, 0.81% lysine, 0.65% calcium, 0.55%

Danbred™ Landrace (L), were evalu- of parents are described in the precedphosphorus, and 1,502 kcal/lb ME was
ated. Direct genetic effects of | and C ing paper and are not repeated herefed throughout the trial. Temperature
did not differ for backfat or daysto 230 Data for this paper were collected in was maintained at a range of 65 t6/B0
Ib; however, | had 0.24 ihsmaller two experiments on pure-line | and C depending on season. Pigs were on
longissimus muscle area (LMA) than pigs and Fand three-way cross pigs test until they weighed a minimum of
C (P <0.05). Fgiltshad -0.13 inless produced by crossing | and C with 236 Ib when they were transported to
backfat, 0.67 ihgreater LMA and —31 Danbred Landrace and terminal Duroc- SiouxPreme Packing Co. in Sioux C
d less to 230 Ib than pure-line gilts Hampshire sires as described in theenter, lowa, for processing and evalu-
(P < 0.05). Exp 2 used individually- preceding paper. The experiment wasation.

penned barrows and gilts including conducted during three year/season  Average daily feedintake (ADFI),

43 | and C, 77 F produced from environments. average daily gain (ADG), feed conver-
pure-line females mated to (L) or sion ratio (feed/gain), BF, and LMA

Danbred® USA DH boars (T), and 76 Experiment 1 were recorded on pigs at three-week
3-way crosses produced from F intervals. Percentage carcass lean

females mated to T boars. Direct A total of 694 gilts that were estimated by TOBEC, ultimate longis-
genetic effects of | did not differ from C retained for breeding, including 538 simus pH 24 hours after slaughter, and
for average daily feed intake (ADFI), pure-line (land C)and 156 F1 (L xland Minolta I* color score on loins were
average daily gain (ADG), feed LxC)wereevaluated. Backfat(BF)and collected at SiouxPreme.

conversion (FC), days to 250 Ib, backfat longissimus muscle area (LMA) at the

(BF), LMA, ultimate pH of the longis- tenth rib measured with an Aloka 500 Statistical Analysis

simus, longissimus Minolta I* score, instrument and adjusted to weight of

and % lean estimated by TOBEC. 194.5 |b and days to 230 Ib were Data for group-fed gilts, and pen-

Responses (I minus C) in growth and recorded in these gilts. fed barrows and gilts were analyzed
carcass merit did not differ when separately. Weight at final age
measured in pure-line and crossbred Experiment 2 (approximately 170 days), BF, and LMA
pigs. Interactions between responses were recorded for group-fed gilts with
in F, and pure lines were not signifi- A total of 196 barrows and gilts genetic group and year/season fitted

cant except for pH. Fand 3-way cross  were individually penned. The genetic as fixed effects and with weight at final
pigs averaged 0.51 Ib/d greater ADFI, makeup of these pigs included 21 I, 22 age as a covariate.

-0.53less feed/gain and 0.44 Ib/d more C,22L x1,22LxC,17TxI,16 TxC, 39 Data for individually-fed pigs were

ADG than pure-line pigs (P <0.01), F  Tx(LxI) and 38 Tx(LxC). Pigs were (Continued on next page)
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Table 1.Contrasts among means for traits measured on gilts retained for breeding

(Exp. 1).
Traits measurel
Contrast BF (in) SE LMA (in2) SE Days to 230 Ib SE
I-C -0.003 0.02 -0.24* 0.09 3.52 3.77
R: P—F1 0.10* 0.04 -1.24* 0.56 NS
(- C)P -0.05** 0.01 -0.10 0.20
- C)Fl 0.03 0.02 -0.67* 0.26
F1 -P -0.13** 0.02 0.66** 0.07 -31.32** 4.34

& — C is the contrast of the overall effect of the index line vs. the control.

R: P - F1|_ tests the selection response between | and C in pure-line pigivpigﬁ.

(I = C)_tests the difference between pure-line | and C pigs.

(- C)F tests the difference betweerl1 Fand C pigs.

F. — P fests the average difference of figs vs the average difference of pure-line pigs.
T — F tests the average difference of 3-way cross pigs vs the average differenlcepigs.F
BF = Backfat, LM = Longissimus muscle area.

SE = Standard error.

**p < 0.01.

*P < 0.05.

NS = Not significant (P > 0.05).

Table 2.Contrast among means on growth traits measured on individually-penned
pigs (Exp. 2).

. b
Traits measured

Days to
Contrast ADFI (Ib) SE ADG (Ib) SE FC (Ib/Ib) SE 250 Ib SE
I-C 0.08 0.04 0.02 0.01 0.05 0.10 -4.40 5.25
R: P-FlL NS NS NS -17.98* 8.85
(- C)P 4.58 4.00
(- C)FlL -6.70 3.95
FlL- P 0.12** 0.02 0.09** 0.01 -0.47** 0.06 -2765** 2.81
T-F L -0.03 0.02 0.005 0.01 -0.12* 0.06 -3.33 2.82
T- FIT 0.03 0.03 0.01 0.01 -0.05 0.06 -2.87 3.22

% — C is the contrast of the overall effect of the index line vs the control.

R: P — FL tests the selection response between | and C in pure-line pigf,l_\mgs
(-0 %ests the difference between pure-line | and C pigs.

(-0 ) tests the difference betweerllLH and C pigs.

F1L - E tests the difference between average fgs and pure-line pigs.

T - F,, tests the difference between average 3-way cross pigs anpids.

E)I' -FI tests the difference between the average of 3-way cross pigs 1arm'lgE

ADFI1= Average daily feed intake, ADG = Average daily gain, FC = IEeed conversion.
SE = Standard error.

**P < 0.01, *P < 0.05, NS = Not significant (P > 0.05).

collected during consecutive 3-week with a general linear model that
intervals from when pigs were placed included genetic group x year x season
on test at 72 days (mean weight = 60.0combination, sex of the animal and
Ib) until they were removed fromtestat group x year x season by sex inter-
approximately 250 Ib. Data for each period action.
and data for the entire test period were Carcass traits were fitted to the
analyzed separately. Datarecorded weresame model with final live weight
weight at beginning of the test and at included as a covariate. The combined
the end of each 3-week period, feedeffect of season x genetic group was
intake during each period, BF,and LMA fitted together because all genetic
atthe end of each period. From the feedgroups did not occur in each season
intake and weight data, ADG, ADFI, and appropriate linear contrasts of
and feed/gain ratio (FC) were calcu- effects were used to estimate line dif-
lated. These three traits were analyzedferences and interactions with mating
system.

2002 Nebraska Swine Report — Page 42

Results and Discussion
Experiment 1

Table 1 contains contrasts among
means for growth traits recorded in
gilts retained for breeding. Differences
between | and C within interaction
subclasses (pure line ang were esti-
mated only if the interaction was sig-
nificant.

There was a correlated response
in LMAto selection forincreased litter
size. Line | gilts had 0.24 0.09 ir?

(P <0.05) smallerLMAthan Line C gilts.
Differences between | and C gilts in
BF and Days were not significant.

An interaction in responses
(I'minus C) in BF and LMAin pure line
gilts vs F, gilts occurred. Pure-line |
giltshad -0.0%0.0linless BF (P <0.01)
than pure-line C gilts. The differencein
BF when measured in Bilts was 0.03
+0.02in (P >0.05). Pure-line | gilts had
-0.10+0.20iR (P >0.05)less LMAthan
pure-line C gilts; whereas, the differ-
ence when measured in Bilts was
-0.67+0.26irf (P <0.05). One possible
explanation for this interaction is
that higher levels of inbreeding (esti-
mated to be 22% in Line | and 15% in
Line C at Generation 19) caused Line |
pigs to grow slower and eat less feed as
purebreds, but this difference was elimi-
nated in F pigs that expressed 100%
heterosis.

Overall F gilts had less BF (-0.13
0.02in), larger LMA (0.660.07 irf), and
reached 230 Ib in fewer days (-3%3
4.34 d) than pure-line gilts (P <0.0001).
These differences are due to the joint
effects of 100% heterosis ingilts and
to the effect of the 50% genetic makeup
of the F, gilts from the Danbred USA
Landrace sires.

Experiment 2

Sexwas significant for ADFI, ADG
and Days to 250 Ib and season/parity/
line was significant for ADFI, ADG, FC
and Days to 250 Ib. Table 2 contains
estimates of contrasts among means.
Lines | and C did not differ for any of the
traits measured (P >0.05). Overall, Line
| pigs ate 0.08 0.04 Ib more feed per



Table 3.Contrast among means for carcass traits measured on individually-penned pigs (Exp. 2).

Traits measurebd

Contrast BF (in) SE LMA (inz) SE % Lean SE pH SE I* SE
I-C 0.10 0.06 -0.16 0.26 -0.40 1.56 -0.04 0.08 1.01 2.52
FlL- P -0.32** 0.04 0.81** 0.15 5.52%* 0.96 -0.09 0.05 4.54** 1.49
T- FL -0.02 0.04 0.16 0.14 1.39 0.83 -0.01 0.04 1.45 1.36
T- FilT -0.02 0.04 0.46** 0.16 0.08 0.96 -0.03 0.05 1.04 1.56

& — C is the overall effect of the index line vs the control.

F, - P tests the difference between the average, ofpigs and pure-line pigs.

T = F  tests the difference between the average of 3-way cross pigsll_arpigE.

;)I' - tests the difference between the average of 3-way cross pigsl{s\rpigﬁ.

BF = Eackfat, LMA = Longissimus muscle area, Lean = % carcass lean measured with TOBEC, pH = Muscle pH at 24 h after slaughter, I* = Minolta
I* color score.

SE = Standard error.

**P < 0 .01, *P < 0.05, NS = Not Significant (P > 0.05).

day, gained 0.020.01 Ib more weight whereas pure line pigs express nostandardizedto alive weight of 248.21b
per day, had 0.0% 0.10 greater food/ heterosis, and 50% ofthe genetic makeupgthe conclusion is that responses in |
gainratio, andreached 250 1b 4825  ofthe | pigs were from the Danbred® and C did not differ in carcass merit
days sooner than C pigs. USA Landrace sire. The enhanced per-when measured in pure-line and cross-
Aninteraction fordaysto2501bin formance of 3-way crosses ovey F bred pigs.

selection response (I minus C) esti- pigswas due tothe effect of the Danbred® Overall F, pigs had less BF (-0.32
mated in pure-line pigs vs,Fpigs  USA Terminal sire and the expression +0.04in), more LMA (0.830.15irf),
occurred. The response in pure-line of 100% individual and maternal het- greater percentage carcass lean (5.52

pigswas 4.584.00d (P >0.20) whereas erosis. 0.96 %), and higher Minolta I* color

the response in Fpigswas 6.78 3.95 score (4.54 1.49 score) than pure-line
d (P >0.05). The biological explanation Carcass Traits pigs (P < 0.01). Differences between
isthat pure line | pigs ate less feed than three-way cross pigs and Fpigs and

C pigs, which caused them to gain less Sex was significant for BF and between three-way cross pigs and F
rapidly, but L x| pigs ate more feed than percentage carcass lean and seasorgigs were not significant.
L x C pigs. Itis possible that the greater parity/line was significant for BF,
level of inbreeding in line | than C LMA, percentage lean, and Minolta I* Conclusion
caused them to grow slower and eatcolor score. Interactions between these
less feed as purebreds, but this differ- effects were not significant. Traits were There were no correlated responses
ence was eliminated in Bigs. Overall  standardized to a live weight at slaugh-in growth and carcass traits to selec-
F,, pigs had higher ADFI (0.120.02  ter of 248.2 Ib. Table 3 contains esti- tionforincreased litter size. Line differ-
Ib), ADG (0.09+ 0.01 Ib/d), lower FC mates of contrasts among means. ences were expressed equally in pure
(-0.47+ 0.06), and reached 250 Ib in Linesland Cdid notdiffer (P>0.05) line and crossbred pigs. Carcass and
fewerdays (27 #2.81d) than pure-line for any of the traits measured. Overall, growth traits were greatly improved by
pigs (P <0.001). Overallthree-way cross | had 0.1@ .06 in more BF, 0.160.26  crossing both Lines | and C with
pigs had lower FC (-0.120.06) than in?less LMA, 0.4G+ 1.56 less % lean, Danbred’s Landrace and Terminal sires.
F,, pigs (P = 0.05). Other differences 0.04+ .08 lower pH, and 1.0% 2.52
. . "

between three-wgy Cross pigs andgreater Minolta I* color score (paler D. B. Petry is a graduate student and
FlT pigs were not S|gn|f|cant. meat)' research technician in the Department of

Responses estimated in the dif- Interactions of line differencesand animal Science, J. W. Holl is a graduate
ferent crosses differ because [figs  genetic background where measuredstudent at North Carolina State University,

express 100% individual heterosis, were not significant. When pigs are @"d R. K. Johnson is a professor in the
Animal Science Department.
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Economic Analysis of the Selection Response In
the NE Index line

D. B. Petry Background F, replacement gilts and terminally-sired
B. P. McAllister market pigs.
R.K.Johnsort The NE Index Line (Line I) was
developed with selection only for Materials and Methods
increased litter size. It excels in repro-

Summary and Implications duction. Its commercial value was _ 1able 1 contains the number of
demonstrated in the National Pork litt€rs peryearalong with mean repro-
The objective was to estimate Producers Council Maternal Eval- ductive performance for 1,250-sow units
economic effects of 19 generations ofuation Project (MLE) that included PasedonLine Cand Line | females. In
selection for increased litter size in GPK347 females, a cross of the Index 8ach case, itwas assumed that the pure
the NE Index line. Using realized bio- line with a maternal line of DeKalb lIN€ was propagated within the system
logical data, 1,250-sow enterprises Choice Genetics. Return on equity fora @"d semen from Danbred® USA
based on Index line and Control line system using GPK347 was 21.1% com- -@ndrace or terminal sires was used to
females were simulated. Each systempared with 16.5% for the average of Preduce E gilts and market pigs,
was closed to introduction of females other lines in the MLE. Although this "€SPectively. The number of pureline
and included pureline females mated experiment produced economic datathat€males was set at 50 with 15 boars
to produce replacement pureline and led to increased use of the Index line '€t&ined for breeding each generation
F, gilts, and F, females mated to termi- in commercial production, it did not to maintain rate of inbreeding in the
nal cross boars to produce market produce datato calculate the economicPUré line at approximately 1% per
progeny. Costs of production and return from selection for litter size. To 9€neration. The number of matings
income statements were producedestimate the economic response, total®f | or C sows to produce, Bilts was
using the reproductive, growth and production systems based on eitherdetérmined by experimental estimates
carcass data from the NE Index (I) and Index or Control sows must be com- ©f farrowing rates and litter sizes, and
Control (C) lines reported in the two pared. imposed gilt selection rate and sow
preceding papers. Gross revenueswere  In this analysis data from the litters CUlling rates described below.
estimated using the SiouxPremeand pigs described in the previous Production Assumptions
Packing Co. grid payment matrix. The papers were used to simulate a 1,250- P
production system based on Index sowssow farrow-to-finish enterprise to com- Annual sow and boar replacement
produced 24,417 pigs per year with pare economic returns for breeding rates were setat 30% and 33%, respec-
net income of $23.76 per pig. The out- systems using either Line | or Line C tively. Female replacement rate corre-
put for the system based on Control females. The production system wassponded with a policy of culling all
sows was 20,166 pigs with net incomeclosed to introduction of females and open females and all females that had
of $16.73 per pig. Within each mating used artificial insemination to produce €ightlitters. A confinement production
group, net revenue for pureline | pigs
was $2.05 per pig more than for Line C Table 1. Reproductive statistics and estimated number of | and C sows necessary to

pigs and net revenue for three-way maintain a 1,250-breeding sow operation.
cross pigs with 25% Line | genes was % oF Market
i i Genetic Group % FR  NBAS DLY  Litters total Replacements pigs
$2.89 per pig more than for terminal p p pig
cross pigs with 25% Line C genes. ¢ 98.2 8.49  0.20 116 4 41 733
However, net revenue for, pigs with L xC 81.5 8.27  0.20 160 5.5 339 524
50% Line C genes was $2.50 per pig T x C) 86.5 10.37  0.20 2,635 90.5 - 18,909
than for th ith 50% Line | ot 2,912 100 380 20,166
more than for those wit oLine 93.5  10.90 0.20 116 4 37 909
genes. Highly prolific lines such as | x| 84.3  10.28 0.20 131 4.5 345 564
Line | have a large effect on reducing T(L x 1) 88.9 12.11 0.20 2,664 91.5 - 22,944
production costs and increasing ol 2,912 100 382 24,417

income. Crossbreeding is an effective = Control, I = Index, L x C = Landrace x Control, L x | = Landrace x Index, T (L x C) = Terminal
way to utilize the enhanced reproduc- DH x (Landrace x Control) three-way cross, T (L x 1) = Terminal DH x (Landrace x Index) three-
; . ; way Cross.

tive emCIenCy of the Index line. FR = Farrowing Rate of gilts and sows designated for breeding.

°NBA = Number born alive per litter.

DL = Death loss.

®Litters = Number of litters per year.
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Table 2.Income statement for integrated breeding system based on Control and Index line females.

Control line Index line
Line C LxC T(L x C) Line | Lxl T(LxI)

Gross revenue/pig sold, $ 102.42 125.12 124.60 105.47 122.62 127.49
Less death loss cost/pig sold, $ 1.62 1.62 1.62 1.62 1.62 1.62
Net revenue/pig sold, $ 100.80 123.50 122.98 103.85 121.00 125.87
Variable costs/pig sold, $
Feed costs, $ 61.14 45.95 40.87 61.00 45.10 41.31
Labor costs, $ 14.12 14.12 14.12 13.10 13.10 13.10
Veterinary, drugs and supplies, $ 1.64 1.64 1.64 1.60 1.60 1.60
Utilities, $ 2.28 2.28 2.28 2.22 2.22 2.22
Fuel and oil, $ 0.41 0.41 0.41 0.40 0.40 0.40
Water costs, $ 2.03 2.03 2.03 1.98 1.98 1.98
Building and equipment repairs, $ 2.59 2.59 2.59 2.52 2.52 2.52
Transportation costs, $ 1.39 1.39 1.39 1.35 1.35 1.35
Semen cost, $ — 17.38 1.58 — 13.10 1.32
Waste management, $ 1.54 1.54 1.54 1.50 1.50 1.50
Marketing, $ 4.10 4.10 4.10 4.00 4.00 4.00
Interest on variable costs, $ 2.93 2.93 2.93 2.85 2.85 2.85
Total variable costs/pig , $ 94.17 96.36 75.48 92.52 89.72 74.15
Contribution margin/pig, $ 6.63 27.14 47.50 11.33 31.28 51.72
Fixed cost/pig sold, $
Depreciation on buildings (15 yr), $ 8.94 8.94 8.94 8.43 8.43 8.43
Depreciation on major equipment (10 yr), $ 0.79 0.79 0.79 0.65 0.65 0.65
Depreciation on minor equipment (5 yr), $ 0.20 0.20 0.20 0.16 0.16 0.16
Interest on buildings and major equipment 5.09 5.09 5.09 4.76 4.76 4.76
Insurance and taxes on buildings and

major equipment, $ 3.03 3.03 3.03 2.80 2.80 2.80
Professional fees, $ 1.00 1.00 1.00 1.00 1.00 1.00
Maintenance cost (breeding stock), $ 9.91 9.91 9.91 8.18 8.18 8.18
Total fixed costs/pig sold, $ 28.96 28.96 28.96 25.98 25.98 25.98
Net return per/sold, $ -22.33 -1.82 18.54 -14.65 5.30 25.74
Number of pigs sold 733 524 18,909 909 564 22,944
Net return on total number of pigs sold, $ -16,367.89 -953.68 350,572.86 -13,313.47 2,991.30 590,663.91
Total net return, $ 333,251.29 580,341.74
Rate of return on investment, % 12 18
Cash return/pig sold, -12.40 8.11 28.47 -5.41 14.54 34.98

% x C = Danbred® USA Landrace x Control, T (L x X) = Danbred® USA terminal Duroc-Hampshire x (L x C), L x | = Landrace x Index, and T
L x I) = Duroc-Hampshire (L x 1).
Cash return/pig sold = net return/pig sold plus all depreciation costs.

system including breeding and gesta- Income Statements Gross income was calculated on
tion facilities, farrowing facilities, nurs- the SiouxPreme Packing Co. matrix that
ery, andfinishing facilities was modeled. takes into account weight of the car-

The production system modeled mim- ment costs that were depreciated overCaSS and percentage lean estimated by
icked the one used at the University of P TOBEC. Average market death loss was

Nebraska Experimental Swine Farmin 15 years for buitldingj,f.m years ]tor assumed to be equal for both Line | and
ioh D major equipment, and Tive years 10r | ine C systems. Variable costs were
\;v:cljc?a;i);gezaige;v ﬁapse:r;tulriﬁ pr?;iﬁeminorequipment. These costs andthosehen calculated and subtracted from
mately 55 to 60 days when they are for additional fixed and variableinputs net income to calculate an economic
transferred to a finishing building. Once describedin Table 2were charged backvalue known as contribution margin
marketweightwas reached (ZSOIB) valueto Pigs on a per pig marketed basis. per pig marketed. Contribution margin
. New housing costs were set at is defined as net revenue per pig mar-
\I/szafiilcuclitedaberlj:gtog;?ﬁxs|ouxPreme$130 per pig space for the nursery, $175keted minus variable cost per pig mar-
B N di P ylt d I b per pig space for finishing, and $1,100 keted. Fixed costs were calculated and
were srglizclt::?j gt'a;srlxifnu;ell;i%o;;;sperbreeding female space for breeding,subtracted from the contribution mar-
' i in to give net return per pig marketed.
and transferred to the breeding andgestatlon and farrowing. Other costs 9 g perpig

gestation building. Number of selected were obtained from a variety of sources

females and matings varied with fertil- including the 1999 lowa State Univer-

ity of the lines to produce 56 litters per > Swine Report, the Maternal Line Net Revenue Per Pig Marketed
week. Genetic Evaluation Program Economic

Analysis, and a local Nebraska pro-
ducer.

Costs of production were based on
estimates of new construction/equip-

Results and Discussion

Income statements for production

systems are in Table 2. Netrevenue per
(Continued on next page)

2002 Nebraska Swine Report — Page 45



.

pig marketed varied by line and cross, labor costs per pig were greater in theNet Return
ranging from $100.80 per pig for Line | Line C system ($14.12 per pig) than for .
to $125.49 per pig for T (L x I). Pureline the Line | system ($13.10 per pig). on r?er:)?ztburrenedx]vge:lazdeg g?oisefzg_
| and C pigs were predicted to have Semen costs differed among crosses, : .
. . tems net return for Fpigs was $20.23
carcass value of 93% of the base priceand between Line | and C systems. per pig more than fér pureline pigs and
onthe Sioux Preme matrix,[ExlandL ~ There was no semen cost for pureline Ireturn for three-way Cross pigs was
x C were predicted to have value of and C production because these pigs$20 40 per pig more than for Bigs
102% of the base price, and three-waywere produced with natural service. Prof.itability for each group w?thin tﬁe
terminal crosses 103% of the base price Breeding costs for boars in pureline system and for the entire system was
In the system based on Line I, net production were considered to be part reater for the Line-1 svstem than the
revenue was greater for three-way crossof breeding herd maintenance COStSEine-Cs stem. The retZrn for pureline
thanfor E, pigs ($125.87 vs $121.00 per included in fixed costs as described land C p)?gs wés negative $_1p4 65 per
pig). However, in the system based onbelow. The cost of semen for L and T ig and $-22.33 per pig r,espec.tively
Line C, netrevenue per pig was greatestwas set at $30 and $6 per dose, reSpecgecause the)} arew slow’ had poor fee,d
for F, pigs ($123.50) because their car- tively, which made semen costs greaterconversion and had substandard car-
cass weightwas greater. Overall, three-for production of Epigs ($13.10 per pig casses Nei return for Ex land L x C
way terminal cross Line | pigs had the for Line | system vs $17.38 per pig for pigswaé $5.30 per piggand $1.82 per pig
most net revenue per pig. Line C system) than three-way cross respectivel)./ Net return for t.hree-way,
Averaged across Line | and C pigs. Semen costs were $1.32 per pigCrOSS T(Lxl).pigswas$25 74 per pigvs
systems, the increase in net revenueand $1.58 per pig for three-way cross $18 54forthree-waycross.T(LxC) pigs
from pureline pigs to fpigs was $19.93  Line | and C pigs, respectively. Semen ' '
per pig. There was a small additional costs were less for | than C becauserate of Return on Investment
increase of $2.18 from Fo three-way  both farrowing rate and litter size were )
cross pigs. The terminal crossing sys- higher for | than C sows. In addition, Net income for the system was
tems that realized 100% heterosis andwaste management costs per pig mar-Lalculated as the sum of the product of
used the Danbred® USA lines selectedketed were less for Line | than C ($1.50 Number of pigs times net return per pig
for increased growth rate and percent-vs $1.54) because both required thefor €ach of the three crosses within the
age carcass lean had a large, positivesame number of gestation/farrowing Line land Line C system divided by the

effect on gross revenue per pig. spaces, but Line | produced more pigs.total number_ of pigs within the system.
The remaining variable costs expressed! he production system based on Index
Variable Costs per pig marketed were also less in Line SOWS produced 24,417 pigs per year
Feed costs made up more than 50% because of its greater litter size. with average netincome of $23.76 per

Control sows was 20,166 pigs with net

income of $16.73 per pig. There was an
sadvantage of 6% in rate of return on

of the total variable costs and therefore
efficiency of feed use greatly affected higher in all three crosses for the sys-
pigs were the most efficient and reachedAveraged across the | and C systems; retur

pigs. Pureline pigs took 31 days longer Pigs was $20.40 per pig more than for F SOWS.

to reach market weight and had feed/Pigs, and the margin for, fpigs was Conclusion

gain ratios 0.59 units higher than three- $20.23 higher than for pureline pigs.

way crosses. Line | pigs had an advan-_ The system with Line | females
tage of $0.55 per pig over Line C in feed Fixed Costs marketed 3.4 pigs more per sow per year
costs. Depreciation costs were consid- than the Line C system for an annual

Labor costs for breeding/gestation/ ered a fixed cost and were lower in the response to 18 generations of selection
farrowing/nursery were fixed for the system with Line | because of the (the study used pigs from Generations
size of the production unit and thus increased number of pigs marketed. 17,18, and 19) of 0.19 pigs marketed per
total costs for this labor was the sameHowever, the major difference in fixed sow peryear. The total difference in net
for systems using both Line l and Line costs between Line | and C systemsreturn was $7.03 per pig. The annual
C females. Labor costs for finishing was due to maintenance cost of response in net return from selection
pigs were calculated assuming a con-breeding stock that included costs to for increased litter size was $0.39 per
stant pig/worker ratio. Because more maintain breeding boars, gilts and sows.pig marketed.
pigs were produced inthe Line | system This cost was $8.18 per pig for the
(Tap"? 1).’ itneeded one more employeeL?ne-| system and $9.91 per pig for the D. B. Petry is a graduate student/tech-
for finishing, but produced 4,251 more Line-C system. nician in animal science, B. P. McAllister is

pigs thanthe Line C system. As a result a Ph.D. student in accounting, and R. K.
Johnson is a professor in the Department of
Animal Science.
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PAYLEAN® Improves Growth and Carcass
Merit of Pigs with 25% and 50% Nebraska
Index Line Genes

R.K.Johnson they had significantly larger longissi- four parities per replacement gilt for
D. Petry mus muscle area (6.42vs 6.18iand  GPK347femaleswas 33%to51% greater
P. S. Miller greater percentage carcass lean (52.4 than for the other lines. Females of all
R. Fishert vs 51 %). Pigs of both genetic groups six lines were mated to the same termi-

and both barrows and gilts respond- nal sires, and growth of progeny and
ed similarly to a diet with 18 g percentage carcass lean of progeny of
Summary and Implications PAYLEAN® per ton. Feeding GPK347 sows were 94% and 98%,
PAYLEAN® at 18 g/ton for 28 days respectively, of the average of other
The Nebraska Index Line excels in significantly increased growth rate crosses.
reproduction and is being used in (2.19 vs. 1.80 Ib/d), reduced feed Evenwith slower and less efficient
industry breeding programs. How- intake (6.49 vs. 6.81 Ib/d) improved growth and fatter carcasses in prog-
ever, because it has been selectedefficiency of growth (0.33vs 0.26 gain/ eny, netreturn on investment was esti-
only for litter size since 1981, growth feed ratio, corresponding with 3.03 mated to be as great or greater for the
and carcass merit of pure-line pigs and 3.85 feed/gain ratios), increased GPK347 sows than for all other lines. As
are below industry standards. The carcass weight (185.4 vs 177.2 Ib), a result, pork producers are using
objectives of this experiment were increased dressing percentage (75.2crosses of Line | in breeding programs
1) to compare growth and carcass vs 74.3%), and increased carcass and future use of these crosses is
traits of Index cross pigs with either lean (53.6 vs49.9%). Performance and expected to increase. In these systems,
50% or 25% Line | genes in a cross- carcass merit of pigs with 25% Line | F, Index cross gilts are produced and
breeding system typical of how the genes were greater than for, [pigs  crossbred gilts and sows are mated to
line is used in the industry and 2) to with 50% Line | genes, and feeding terminal siresto produce three-way cross
determine the effects of feeding 18 gPAYLEAN® at the rate of 18 g per ton pigs. Two kinds of market pigs —those
PAYLEAN® per ton during the last produced similar increases in per- with 50% Line | genes, the, Barrows
28 days of the feeding period on Indexformance and carcass merit of both and cull gilts from Egilt production,

cross pigs. Line | was crossed with groups. and those with 25% Line | genes, the
Danbred® USA Landrace (L) boars three-way cross terminal pigs —are pro-
and Duroc-Hampshire terminal boars Introduction duced. Faster, more efficient growth
to produce F pigs with 50% Line | and leaner carcasses in both of these

genes and terminal cross pigs with The Nebraska Index Line (Line I) 9roups would enhance the value of
25% Line | genes. Pigs with 25% Line \as established in 1981 and has beerkine | cross females to commercial
| genes grew faster (2.03 vs. 1.97 Ib/d) se|ected only for increased litter size. Producers.

from 65 days of age to approximately [ ine | sows produce approximately 3.5 Ractopamine HCl is a feed ingredi-
240 Ib than pigs with 50% Line | genes more pigs per litter than a randomly €nt that directs nutrients to increase
(P <0.05). They also ate more feed per selected control that was derived from growth, improve efficiency and increase
day although the difference was not the same base popu|ation_Across knowna.mountOfcarCB.SS|ean. PAYLEAN®is
significant (5.82 vs 5.76 Ib per d). asGPK347 ofLine | withamaternal line & trademark of Elanco’s brand of
Thus, the difference between groups ingf DeKalb Choice Genetics was enteredfactopamine. The objective of this
feed conversion was small and notinto the National Pork Producers €xperimentwas to 1) determine the dif-
significant. Terminal cross pigs with Council Maternal Line Evaluation and ference in growth and carcass traits of
25% Line I genes had only 0.02 in less eyaluated along with five other indus- F,Pigs thatwere 50% Line | and terminal
backfat at the end of the experimentyry |ines. Total productivity through Cross pigs that were 25% Line I, and
than F, pigs with 50% Line | genes, but (Continued on next page)
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2) to determine the response in growth Traits Statistics
and carcass traits and the economic
return in barrows and gilts of both of The objective was to feed pigs in Average daily feed intake for each

these groups to a diet with 18 g per tonthe IFU to a final weight between 240 pen of pigs in the MOF was calculated
of PAYLEAN® fed the last 28 days and 260 Ibandtofeed pens of pigsinthefor each period and this average was

before slaughter. MOF to final average weights between assigned to each pig in the pen. Feed
240 and 250 Ib with all pigs in the pen efficiency was calculated for each pig
Methods weighing atleast2151b. To accomplish as the ratio of its weight change during

these objectives, each pig was weighedthe period to actual feed intake (IFU) or

A total of 306 pigs from 56 litters at21, 42 and 63 days after being placedoen average feed intake (MOF). Growth
were used. Pigs with 50% Line | genes on test. Slaughter date was designatedraits analyzed were weight at the
(designated fj were an Fcross pro- for each pig or pen of pigs based onbeginning of the trial, weight, backfat
duced by artificially inseminating Line previous growth rate and 63-day weight. and longissimus muscle area at the end
| females with semen of Danbred® USA The final 28-day period for each pig of Period 3, and at the end of the trial,
Landrace (L) boars. Pigs with 25% Line began either 63, 70, or 77 days afterand average daily gain, average daily
| genes (designated T) were terminal being placed ontest. Pigs were weighedfeed intake, and gain/feed ratio during
cross pigs produced by inseminating L again 14 days before designated slaugheach period of growth. Carcass traits
x | females with semen of Danbred® ter date. analyzed were hot carcass weight, dress-
USA Duroc-Hampshire terminal sires. Individual feed intake for pigs in ing percentage, percentage lean, pH,
The litters were a random sample of the IFU and pen feed intake for pigs in and Minolta I* score.
approximately 35 litters of each group the MOF were recorded. Feed intake Alltraits including feed intake and
and pigs were a random sample fromwas recorded for Period 1, the first 21 gain/feed were analyzed as a trait of the
within these litters. Equal numbers of days on test, Period 2, the second 21 dpig and data for pigs in the IFU and
barrows and gilts were sampled. Period 3, the variable period from 42 MOF were analyzed together. A mixed-

Pigs were moved from a nursery to days after being placed on test to 28model that accounted for the random
finishing facilities at approximately 56 days before designated slaughter dategffects of litter and pig within pen and
days of age. A random sample of 66 Period 4, the first 14 days when the fixed effects of building, genetic
pigs, an equal number of each sex andPAYLEAN® was fed, and Period 5, the line, sex, diet (with or without
genetic group, were placed in an envi- last 14 dayswhen PAYLEAN® was fed. PAYLEAN®) period of growth, two-
ronmentally controlled building with Feeding periods 1 and 2 were each 21factor interactions of line, sex, and diet
individual feeding pens (IFU), the days, Period 3 averaged 22.9 days, andvith period, and the 3-order interac-
remainder were placed in 24 pens of aPeriods 4 and 5 were each 14 daystions of line by sex by period, line by
naturally ventilated building (MOF) Performance was recorded in each pe-diet by period, and sex by diet by period
with 10 pigs of the same sex and geneticriod to determine the growth pattern of was fitted to data collected during the
group in each pen. A corn-soybean pigs of each line and to determine growing period. Period was omitted from
meal based diet formulated to contain whether the pattern was different when models of carcass traits.
18% crude protein, 0.95% lysine, and pigs were eating diets with and without
1,506 kcal ME per Ib was fed to all pigs PAYLEAN®. Results
throughout the experiment. A random Each pig was scanned for tenth rib
one-half of the pigs received this diet backfat thickness and longissimus Growth
with PAYLEAN® atthe rate of 18 g per muscle area with an Aloka 500 instru-
ton during the last 28 days before mentatthe end of each period. Backfat ~ The number of pigs, average weight
slaughter. and longissimus muscle area were notat the beginning of the trial and average

After a one-week adjustment recorded at day O. weight, backfat thickness, and longis-
period, each pig was weighed and indi- After final weights and scan data simus muscle area at the end of Period
vidual feed intake recording of pigs in were collected pigs were transported to 3, and at the end of the trial for pigs in
the IFU and pen feed intake recording SiouxPreme Packing Co., Sioux Center,each group are in Table 1. Pigs with 25%
of pigs in the MOF commenced. One lowa where they were slaughtered theand 50% Line | genes did not differ
pig in the MOF died during the adjust- next morning. Carcass traits recorded significantly in weight or backfat thick-
ment period leaving a total of 305 pigs were hot carcass weight, percentageness, but T pigs had 0.250.093 iR
inthetrial. Atthe beginning of the trial, carcass lean estimated by TOBEC, andarger longissimus muscle area after 63
one-half of the pigsin the IFU and one- 24-hour post slaughter longissimus days on test and 0.32.093 if larger
half of the pens in the MOF were muscle pH and Minolta I* color score. muscle area at the end of the trial than

randomly assigned within each sex- F, pigs. Atthe end of the trial barrows
genetic group subclass to receive the were heavier than gilts and had greater
diet containing PAYLEAN®. backfat thickness and smaller longissi-
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mus muscle area (P < 0.05). Pigs desig-Table 1.Least-squares means and contrasts for weight, backfat and longissimus
nated to be fed PAYLEAN® did not muscle area

differ from controls in weight, backfat, Line® Sef Payleafl
orlongissimus muscle area at the end ofgeedin
Period 3, before PAYLEAN® was fed. intervagfi T F, pe B G pP® + - p®
After 28 days of eating a diet with 18 g Number of pigs
PAYLEAN® perton, pigs weighed more 151 154 152 153 153 152
(8.4+2.121b), had less backfat (-0:08
0.021 in), and had larger longissimus Weight at beginning of test (day 0), Ib
muscle area (0.680.07 irf) than con- 57.8 551 56.0  56.9 56.4  56.4
trols (P <0.01). Days during each interval

Average daily feed intake, average 1 65.1 66.2 63.9 67.4 64.9 66.3
daily gain, and gain/feed ratios during 2 28 28 28 28 28 28
eagh period are |n'TabIe'2. Interactions Weight at end of period, Ib
of line and sex with period of growth , 185.9 184.1  0.57 1859 183.9 0.39 183.5 186.5 0.13
and with PAYLEAN®treatmentgener- 2 241.7 2375 0.18 241.9 237.3 0.05 243.7 235961
ally were not significant. Terminal cross SEDf ~ 300 — o238 - 212
pigs gained faster than pigs in each
period, although the difference was 10th rib backfat at end of period, in

0.55 0.57 0.29 0.60 0.52 6.01 0.55 0.57 0.11
0.69 0.71 0.16 0.76 0.65 6.01 0.66 0.74 <0.01

0.021 0.021 0.021

significant only in Period 5. Averaged L
over the test period, pigs with 25%

Line I genes gained 0.068 Ib/d more than®

pigs with 25% Line | genes (P = 0.05). Longissimus muscle area at end of period, in

Terminal cross and Fpigs had very 1 5.16 4.91 <0.01 4.94 5.15 <01 5.04 5.04 0.87
similar feed intake in each period and 2 642 6.10 <001 _6.18 6.34  0.03 6.60 5.92 901
did not differ significantly in gain/feed  SEj 0.093 0.076 0.070

ratio. Barrows ate more feed and gained ,

idly i h iod th 9 i ®Feeding interval 1 includes Periods 1, 2, and 3 (see text) when PAYLEAN® was not fed and varied
more rapidly in eac perlol than 9' ts in length, Feeding interval 2 was the last 28 days of the trial when PAYLEAN® (18g/ton) was fed
(P <0.01), but the sexes did not differ o half of the pigs.

significantly in gain/feed ratio. F. = Index x Landrace Fcross, T = Duroc-Hampshire (I x L) cross.

C .
PAYLEAN® h ramatic eff G= gilt, B = barrow.
®hada dramatic effect 4 = PAYLEAN® not fed, + = PAYLEAN® fed last 28 days.

on average daily gain during the first14 °P = the probability associated with tests of differences between lines, sexes, or diets.
days it was fed when pigs fed fSED = standard error of differences between means.
PAYLEAN® gained 0.56 0.044 Ib/d

more than controls. Although not sig-
nificant, daily feed intake was -0.20
0.121 Ib less; consequently gain/feed
ratio exceeded that of controls by 0.09
+ .044 units during the first 14 d. The
increase in daily gain for pigs fed
PAYLEAN® during the second 14 days
was less (0.24+ 0.04 Ib/d) because
PAYLEAN® reduced daily feed intake
more (-0.44 0.121 Ib) than during the

spond with ratios of 3.03 Ib feed per Ib pigs with 50% Line | genes. They also
gainduring the 28 daysthat PAYLEAN® had 1.4+ 0.6 % more carcass lean and
was fed, whereas ratios for control pigs paler muscle as Minolta I* values were
correspond with 3.85 Ib feed per Ib gain 1.8+ 0.8 units greater (P < 0.05). The two
during this period. genetic groups did not differ in longis-
Daily feed intake increased as pigs simus muscle pH.
increased in age and weight. However, Barrows had 2.8 2.1 Ib heavier
average daily gain was greater during carcasses than gilts (P = 0.20), due to
Periods 2 and 3 ( days 22 to 63 of thetheir greater weight at the end of the
first 14 days that it was fed. Gain/feed feegling period) than duriqg aII' othgr tgst; hqwever,some ofthe differené:ein
ratio for pigs fed PAYLEAN®was siil per|0d§. Sharp reductions in daily gain live weight was offset bthe 0t0.2%
and efficiency of growth occurred dur- (P < 0.01) greater dressing percentage

significantly better during the last 14 . : ) .
days than for pigs fed the control diet ing the last 28 days of the feeding for gilts than barrows. Gilts also had

X period. carcasses with 1.2 0.5 % more lean
0T L), Tnese esute e nan bartous (P <.01),but arcasses
b Carcass Traits of the sexes did not differ significantly

that the greatest benefit from feeding
PAYLEAN® occurs during the first
two weeks. Pigs can become refractoryhea
to PAYLEAN® as the length of the
feeding period increases. The gain/feed
ratios for pigs fed PAYLEAN® corre-

in muscle pH or Minolta I* color score.
Pigs with 25% Line | genes had Pigs fed PAYLEAN® had heavier
vier carcass weights (3.2.6Ib, P  carcasses (8421.91b, P <0.01) dueto
=0.06; Table 3) duein partto greater live both greater live weight (Table 1) and to
weight (Table 1) and in part to greater an increase of 0.8 0.2% in dressing
dressing percentage (6:5.3 %) than (Continued on next page)
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Table 2.Least-squares means and contrasts for average daily feed intake, average daily percentage (P < 0.01). Pigs fed
gain, and gain/feed ratio during each of five periods of growth.

PAYLEAN® had 3.7 0.5% more lean

Line® Sef Payleaf in carcasses than control pigs (P <
Feedin% 0.01). Pigs fed PAYLEAN® and con-
interval  F T p® G B P° - + p° trols did not differ significantly in long-
_ _ issimus muscle pH or Minolta I* score.
Avg. daily gain, Ib
1 1.81 1.85 0.55 1.76 1.90 €01 1.83 1.83 0.67 .
2 2.03 212 0.06 1.96 2.18 801 2.07 2.07 0.72 Conclusions
3 2,07 2.12 0.48 2.01 2.18 801 212 2.07 0.30
4 2,12 2.18 0.09 2.09 2.23 801 1.87 2.43 <001 Pigs with 25% Line | genes and
5 f 1.79 1.90 0.03 1.79 192 801 172 196 <001 g, genes from Danbred ® USA lines
SEy 0.044 0.044 0.044 grew more rapidly, had greater carcass
Avg. daily feed intake, Ib Igan, qnd pa(l)erlonglgSlmus muscle than
1 463 463 090 452 474 008 467 459 0.49 Pigswith50% oftheirgenesfromeach
2 5.34 5.49 0.22 5.23 562 801 540 542 0.81 source. Pigs of both genetic groups
3 6.17 6.15 0.98 5.84 6.48 8.01 6.20 6.11 0.46 responded Sim”ar'y toa d|et W|th 18 g
4 6.62 6.77 0.10 6.46 6.88 801 6.77 6.57 0.09 - :
5 6.59 6.68 0.45 6.42 6.86 €01 686 642 <001 PErton PAYLEAN®. Feeding pigs a
_ dietwith 18 g perton PAYLEAN® for 28
SEy 0.121 0.121 0.121 days before slaughter increased growth
o :
Gain/feed ratio, Ib/lb ratg 22%, |mprpved feed conversion
1 040 042 009 041 041 099 041 041 084 ratio27%, and increased carcass lean
2 0.38 0.39 0.40 0.38 0.39 0.16 0.38 0.38 0.81 7.4% over control pigs; however, the
3 0.34 0.34 0.34 0.34 0.34 0.31 0.34  0.34 048 gfact of feeding PAYLEAN® was
4 0.31 0.32 0.32 0.32 0.32 0.87 0.27  0.36 001 imately twi tdurina th
5 0.27 0.28 0.10 027 0.27 0.65 0.25 0.30001 approximatelytwiceasgreatauringtne
first 14 days that it was fed compared
SE 0.008 0.007 0.007 with the last 14 days.

®periods 1 and 2 were each 21 d, Period 3 was 22.9 d, and periods 4 & 5 were each 14 d.
F. = Index x Landrace 1Fcross, 3-way = Duroc-Hampshire (I x L) cross.

°G = Gilt, B = barrow

4= PAYLEAN® not fed, + = PAYLEAN® (18g/ton) fed last 28 d, during Periods 4 and 5.
°P = the probability associated with tests of differences between lines, sexes, or diets.

SED = standard error of differences between means.

L,oa
Table 3. Least-squares means and contrasts SE for carcass traits.

!R. K. Johnson is professor of animal
science, P. S. Miller is associate professor of
animal science, and D. Petry and R. Fisher
are graduate student/research technicians in
the Department of Animal Science.

HCW, Ib Dress % % Lean pH Minolta 1
Item Mean =3 Mean =3 Mean =4 Mean =4 Mean =4
Line® T 183.8 75.0 52.4 5.72 50.4
Fl 178.8 74.5 51.0 5.79 48.6
51+ 26 0.06 05+ .3 0.07 14+ .6 0.03 -07 +.06 0.24 18 +0 .8 0.04
Sex G 179.9 75.2 52.3 5.75 49.2
B 182.7 74.4 51.4 5.76 49.8
28 + 2.1 0.20 07 + 0.2 < 0.01 12+ 5 < 0.01 01+ .06 0.92 06 +08 0.44
Payleal + 185.4 75.2 53.6 5.80 48.7
- 177.2 74.3 49.9 5.75 50.2
82+ 19 <0.01 09 + 0.2 < .01 37+ 05 < 0.01 08+ .06 0.16 -15+0.8 0.07

3HCW = hot carcass weight, Dress % = hot carcass weight/off-test live weight; % lean = percentage of carcass lean estimated by total body electrical
conductivity at SiouxPreme Packing Co.; pH = ultimate 24 h longissimus muscle pH; and Minolta 1 = Minolta 1 color score.
=DH (I x L) cross, F=1x L cross.
G = gilt, B = barrow
+ = pigs fed PAYLEAN® (18 g/ton) during last 28 days before slaughter; - = pigs not fed PAYLEAN®.
®P = the probability associated with tests of differences between lines, sexes, or diets.
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Economic Analyses of Feeding 18 g per ton
PAYLEAN® to Crosses of the NE Index Line

R.K.Johnson these improvements must more thandays before slaughter. Pen-fed pigs
D.B. Petry offset its cost to justify feeding it. The were assigned the average feed intake
P. S. Miller purpose of this reportis to estimate the of the pen. Each pig was scanned 28
R.F.Fishet economic effects of differencesingrowth, days before slaughter and at final weight

feed conversion, and carcass value inwith an Aloka 500 instrument to esti-
pigs with 25% and 50% Line | genes and mate tenth rib backfat thickness and

Summary and Implications to determine the economic value of longissimus muscle area.
feeding these pigs a diet with 18 g/ton The objective was to feed pigs in
Economic returns per pig for F PAYLEAN®. the IFU to a final weight between 240
and terminal cross barrows and gilts and 260 Ib and pens of pigs in the MOF
of the NE Index line when fed a diet Materials and Methods to final average weights between 240
with or without PAYLEAN® at 18 g and 250 Ib with all pigs in the pen

per ton for 28 d before slaughter were Details of the experiment are de- weighing at least 215 |b. Each pig was
compared. Although not significant, scribedinthe preceding paper. Briefly, weighed at 21, 42 and 63 days after
terminal cross pigs with 25% Line | a growth test of 305 pigs with average being placed on test. Slaughter date
genes were more profitable than F beginning age of 68.6 days and weightwas designated for each pig or pen of
pigs with 50% Line | genes and gilts of 56.4 Ib and final weight of approxi- pigs based on previous growth rate and
were more profitable than barrows. mately 240 Ib was conducted. A corn- weight on day 63 of the test. The final
Several scenarios were modeled tosoybean mealdietformulated to contain 28-day period for each pig began 63, 70
evaluate the economic returns from 18% crude protein, 0.95% lysine, and or 77 days after being placed on test.
feeding PAYLEAN®. Increased profits 1,506 kcal/lb ME was fed to all pigs Because of the goal to market all pigsin
were similar across lines and sexes throughoutthe experiment. One-half of a pen on the same day, five pigs in the
but varied depending on whether in- the pigs were randomly assignhed to MOF projected to notweigh 215 Ib after
transit death losses were consideredreceive this diet with PAYLEAN® at another 28 days were removed from
treatment effects. The best estimates ofhe rate of 18 g per ton during the last 28test. In addition, four pigs were re-
the increased income per pig from days before slaughter. Two crossbredmoved from test earlier, two that were
feeding PAYLEAN® were $5.83.56  types of pigs were studied, an 6f  crippled and two with hernias. One pig
forthe scenario with noin-transitlosses Danbred™ USA Landrace and Line |, died between day 0 and 63 of the test.
and $1.54 4.83whenin-transitlosses pigswith 50% Line | genes, and atermi- Pigs were transported to SiouxPreme
were assumed to be related to feedingnal cross (T) from L x | females mated Packing Co. the day they were removed
PAYLEAN®. with Danbred™ USA Duroc-Hampshire fromtestand slaughtered the next morn-
sires, pigs with 25% Line | genes. ing. Percentage carcass lean was esti-
Introduction Sixty-six pigs were housed and fed mated with TOBEC and pigs were valued
in a building (IFU) with individual feed-  onthe SiouxPreme payment matrix. Four
As aresult of the superiority of the ing pensand halfwerefed PAYLEAN®. pigs died in-transit. The distribution of
NE Index line in reproduction docu- Therestwere inanotherbuilding (MOF) pigs across genetic line/sex/treatment
mented inthe NPPC Maternal Line Evalu- penned according to genetic line, sex,is shown in Table 1.
ation projectitis now being used broadly and diet treatment (with or without
inindustry breeding programs. Its value PAYLEAN®) with 10 pigs per pen.Body Production Costs and Pig Value
would be further enhanced from im- weight of each pig was recorded at the
provements in growth, food conver- beginning of the test, 28 days before Costs of production from when
sion and carcass value. In the previousslaughter when half the pigs began topigs were placed on test to delivery to
report we show that feeding a diet with receive the dietwith PAYLEAN®, and the packing plant were calculated for
PAYLEAN® at 18 g perton duringthe at the end of the test. Feed intake foreach pig. Initial cost of pigs was set at
last 28 days before slaughter signifi- each pig in the IFU and each penin the$.814 per |Ib based on local feeder pig
cantly improved growth and carcass MOF was recorded for the intervals pricesduring February and March, 2001.
meritof Line | cross pigs. PAYLEAN® from the beginning of the test to 28 Cost of the 18%-protein diet was set at
is a relatively expensive product and days before slaughter and the last 28 (Continued on next page)
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$.0586 per Ib, the actual cost of the diet Table 1.Distribution of pigs across genetic line, sex, and diet, and number removed or

delivered to the bin at the experimental died during the experiment or in-transit to slaughter.
swine farm. The amount of PAYLEAN® Died
consumed by pigs receiving it was cal- Removed during experiment in-transit

culated from their feed intake during Line® seX¥  PAYLEAN® Day O Cripple Hernia Died  Smalf
the last 28 days of the trial and a E

PAYLEAN® cost per pigwas assigned gt (35 N 32 i
assuming it cost $3.11 per g. A fixed F! G - 38 1 1
costof $12.36 was assigned to each pig; B + 39 1
beginning the test as if this was a cost g‘ N gg L 11 L
per pig space. Costs in this amountt G . 37 2 1
were derived from production costs T B + 38 1 1

aSSIQnEd to lines in the NPPC MLP aFl = Landrace x Index, 50% Line | genes; T = Duroc-Hampshire sires x (L x 1), 25% Line | genes.
(Dhuyvetter K. and T. Schroeder, 2000, °G'= gilt, B = barrow.

Maternal Line Genetic Evaluation Pro- CPigs removed during the experiment because their projected weight at slaughter date was less than
gram (MLP) Economic Analysis; in 215 Ib.
Maternal Line National Genetic Evalu-
ation Program Results, April, 2000) and In-transit Death Losses or carcass traits. Feed consumed dur-
included professional fees ($.53), inter- ing this period by these pigs was set at
est on the sum of one-half the variable Pigs that died in-transit could be $0.0551/Ib, the actual cost of this feed
cost per pig plus the cost of the feedertreatment effects or these losses couldbeing fed concurrently to other pigs at
pig ($2.46), depreciation on buildings be independent of treatments. Analy- the experimental farm.
and equipment ($4.52), interest on build- ses were completed making both as-
ings and equipment ($3.78), and insur- sumptions. In analyses assuming thatPigs Died or Removed During the
ance/taxes on buildings and equipmentpigs that died in—transit were random Trial
($1.07). Avariable cost for each pig was and not related to genetic line, sex or
calculated from the number of days it PAYLEAN®, value of pigs that died in- Economic returns for each of the
was on test at a rate of $.0512 per day transit was assigned based on predictedour combinations of assumptions about
This cost was calculated from the re- hot carcass weight and percentage carin-transit losses and feed costs were
port cited above and included the sumcass lean. Hot carcass weight was as<alculated based on 1) all 305 pigs that
of average costs per pig for building signed based on live weight on the dayentered the trial, and 2) only those pigs
and equipmentrepairs ($1.28), utilities, pigs were marketed and the averagethatreached marketweight. The first of
fuel and oil ($.33), veterinary supplies dressing percentage for their line/sex/these assumes that causes of pigs not
($1.00), and labor ($2.99), divided by diet subclass. Percentage lean was preeompleting the test, those that died or
109.4, the average number of days in thedicted from final scan backfat and long- were removed early, were related to
finisher for MLP pigs. A marketing cost issimus muscle area and regressiongenetic line, sex and diet. Full costs
of $4.00 was assigned to each pig mar-coefficients of percentage lean on backfatuntil the day a pig was removed from
keted. All costs were summed to obtain and longissimus muscle area calculatedtest or until it died were included and
total production costs for each pig. from the complete data set. these pigs were assigned market value
A value was assigned to each Analyses assuming that in-transit of $0. Pigs that were removed from test
pig based on its hot carcass weight andosses were related to genetic line/treat-and those that died during the test were
percentage lean estimated by TOBECment effects were performed assumingnot included in analyses of only those
at SiouxPreme Packing Co. The basethese pigs incurred all production costs pigs that reached market weight.

carcass price of $.67/Ib received for but had value of $0 when marketed. In each of the eight combinations,
these pigs was used. Profit for each pig value of pigs marketed, total produc-
was calculated as market value minusFeed Costs tion costs, profit, and carcass lean pre-
total costs. mium as a percentage of base price for
Feed costs were calculated in two each pig were fitted to a model that
Economic Analyses ways: 1) as the trial was conducted in accounted for random effects of pen

. which all pigs received an 18%-protein and litter, fixed effects of building, line,
~ Economicanalyses were conducted et throughout the trial with feed costs sex, and PAYLEAN® treatment, and
in & 2x2x2 factorial arrangement that ¢ 0586/Ib, and 2) an assumption thattwo-factor interactions among fixed
included two assumptions about in- ¢, was substituted for soybean mealeffects. Two-factor interactions among
transit death losses, two alternativesq requce protein to 16% in the diet fed line, sex and PAYLEAN® treatment
for calculating feed costs, and two he |55t 28 days to pigs not receiving were not significantin any analysis. Pig

assumptions about causes for deathpp oy EAN® without affecting growth  value, production costs, profit, and
removal of pigs before slaughter.
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Table 2.Income, production costs, net profit, and carcass premium+ SEa) for different scenarios of feeding PAYLEAN® at 18 g/ton
28 days before slaughter to crosses of the NE Index line.

All pigs beginning the trial (n = 305) Final pigs marketed only (n = 295)

No mkt los8 Mkt los® No mkt loss Mkt loss
GroupC 18Fp 18-16!'9 18P 18-16P 18P 18-16P 18P 18-16P
Pig value, $/pig
T-cross 121.64 121.64 120.15 120.15 126.80 126.80 124.59 124.59
F 120.17 120.17 118.43 118.43 123.07 123.07 116.67 116.67
D%Tference 147+ 2.97 147+ 2.97 172 + 3.45 172 + 3.45 3.73+2.19 3.73+2.19 793 +5.41 793+ 5.41
Barrow 119.72 119.72 117.14 117.14 124.64 124.64 118.65 118.65
Gilt 122.09 122.09 121.44 121.44 125.23 125.23 122.61 122.61
Difference -2.37+ 2.97 -2.37+ 2.97 -4.30+ 3.45 -4.30+ 3.45 -0.59+ 1.53 -0.59+ 1.53 -3.95+ 4.78 -3.95+ 4.78
Paylean 127.06 127.06 125.24 125.24 130.46 130.45 123.67 123.67
No Paylean 114.75 114.75 113.35 113.35 119.41 119.41 117.59 117.59
Difference 12.3+ 2.97*** 12.3+ 2.97** 1188+ 3.45** 11.88+ 3.45*** 11.05+ 1.49*** 11.05+ 1.49*** 6.09 + 4.46 6.09 + 4.46
Total cost, $/pig
T-cross 99.07 98.75 99.07 98.75 100.08 99.75 100.08 99.75
F 98.34 98.03 98.34 98.03 98.93 98.62 98.86 98.55
D%Tference 0.73 + 1.59 0.73 + 1.55 0.73 + 1.59 0.73+ 1.55 115+ 1.50 113+ 1.50 122+ 1.49 121+ 1.49
Barrow 98.73 98.41 98.73 98.41 100.04 99.71 100.02 99.69
Gilt 98.67 98.37 98.67 98.37 98.98 98.66 98.93 98.61
Difference 0.06 + 1.17 0.05+ 1.16 0.06 + 1.17 0.05+ 1.16 1.07 + 0.75 1.05+0.74 1.09 + 0.74 1.07+ 0.74
Paylean 101.10 101.10 101.10 101.10 101.77 101.77 101.78 101.78
No Paylean 96.30 95.68 96.30 95.68 97.24 96.6 97.17 96.52
Difference 480+ 1.13*** 542+ 1.12%** 480+ 1.13*** 542+ 1.12%* 453+ 0.71*** 518+ 0.71*** 461+ 0.70** 525+ 0.70***
Profit, $/pig
T-cross 22.96 23.27 21.48 21.79 26.67 27.00 23.30 23.63
F 21.54 21.85 19.43 19.74 23.34 23.66 17.47 17.80
D%Tference 142+ 221 142+ 221 2.05 + 3.05 2.05 + 3.05 333+ 1.77 334+ 1.77 582+ 5.16 583+ 5.16
Barrow 21.22 21.53 18.3 18.62 24.79 25.12 17.77 18.10
Gilt 23.28 23.58 22.62 22.92 25.22 25.54 23.00 23.32
Difference -2.06+ 2.21 -2.05+ 2.21 -4.32+ 3.05 -4.31+ 3.05 -0.43+ 1.59 -0.42+ 1.59 -5.24 + 4.27 -5.22+ 4.97
Paylean 25.96 25.96 23.71 23.71 27.99 27.99 21.48 21.48
No Paylean 18.54 19.16 17.21 17.83 22.02 22.67 19.30 19.95
Difference 741+ 2.21%* 6.79 + 2.21%** 6.50 + 3.05** 588 + 3.05* 597+ 1.56*** 5.33+ 1.56 *** 219 + 4.83 154 + 4.83
Carcass premium,% of base value
T-cross 99.16 99.16 97.90 97.90 103.50 103.50 101.01 101.01
F 99.6 99.6 98.16 98.16 102.06 102.06 97.35 97.35
D%Tference -0.44+ 2.16 -0.44+ 2.16 -0.27 + 2.66 -0.27 + 2.66 1.24 + 0.68 1.24 + 0.68 3.66 + 3.96 3.66 + 3.96
Barrow 98.03 98.03 95.90 95.90 102.00 102.00 95.85 95.85
Gilt 100.73 100.73 100.16 100.16 103.36 103.36 102.50 102.50
Difference -2.71+ 2.16 -2.71+ 2.16 -4.26 + 2.66 -4.26 + 2.66 -1.35+ 0.50 -1.35+ 0.50 -6.65+ 3.87 -6.65+ 3.87
Paylean 101.96 101.96 100.48 100.48 104.65 104.65 99.37 99.37
No Paylean 96.80 96.80 95.58 95.58 100.71 100.71 98.99 98.88
Difference 516+ 2.16** 516+ 2.16** 4.89 + 2.66* 4.89 + 2.66* 3.95+ 0.49*** 3.95+ 0.49*** 0.38 + 3.79 0.38 + 3.79

SE = SE of difference between means.
No mkt. Loss. full value was assigned to pigs that died in-transit; Mkt. loss, pigs that died in-transit were assigned value of zero.

€18 P = feeding 18% protein diet to all pigs throughout the trial; 18-16 P = feeding control pigs 18% protein diet until 28 days before slaughter and 16% protein thereafter.
“F = Landrace x Index, 50% Line | genes; T = D-H sires x (L x I), 25% Line | genes.
P < .10, ** P < .05, *** P < .01.

carcass premium for all combinations of genes was greater than fqfigsinall ~ carcass weight due to more rapid growth
economic scenarios are in Table 2. scenarios, ranging from$142.97for  and, in the scenario using only those
all pigs with no market lossesto $74#93 pigs marketed, to greater premium above
5.41 for only those pigs marketed and the base. Neither total production costs
with market losses. The difference is nor profit per pig differed significantly
because 7 T-cross pigs were removedbetween T-cross and F1 pigs, butin all
from the trial compared with only 3 F  scenarios both were greatest for T-
Although notsignificant (P >0.10), pigs (Table 1). Increased value of T- crosses. Increased profit per pig from
value of T-cross pigs with 25% Line | cross pigs was due mostly to increased

Results

T-cross vs FPigs

(Continued on next page)
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pigs with 25% compared with 50% Line pig) for pigs fed PAYLEAN® than for effects studied (line, sex, and treat-
Igenesranged from$142.21t0$5.83 control pigs. Costs were reduced be-ment).

+5.16 per pig. tween $0.62 to $0.89 per pig for the For the assumption that all losses
scenario in which control pigs were fed were random and notrelated to line, sex,
Barrows vs Gilts a 16% protein diet the last 28 days or diet, the appropriate scenarios are

before slaughter. Average daily feed the ones including only the pigs mar-

Gilts had greater value than bar- intake for pigs fed PAYLEAN® was keted and with predicted market values

rows in all economic scenarios because6.42 Ib per day. During the last 28 days for those pigs lost in-transit. In these

they were leaner and received a greatethey consumed 181.9 Ib feed and 1.64 gcases, the added profits from feeding 18
premium, although none of the differ- PAYLEAN®. Feeding PAYLEAN®in- gPAYLEAN® pertonwere $5.971.56

ences were significant. Differences in creased costs an average of $5.09 pewhen all pigs were fed an 18%-protein

costs between barrows and gilts werepig. diet, and $5.381.56 when control pigs
small and not significant. Although dif- Profitfor pigsfed PAYLEAN®was were fed a 16%-protein diet for 28 days.
ferences were not significant, gilts were significantly greater than for controls The last scenario including only the
more profitable than barrows. ($5.33:1.56t07.4x2.21 perpig)inall pigs marketed and assigning a value of
scenarios except the ones including $0 to those that died in-transit uses the
PAYLEAN® only marketed pigs and with zero value assumption that losses up to 28 days

for pigs lost in-transit. In this last sce- before slaughter are completely ran-
Feeding PAYLEAN®significantly nario, increased profit from feeding dom and not related to line and sex
increased value of pigs in all scenarios PAYLEAN®was only $1.544.83when  effects, but that in-transit deaths are
except the ones based only on pigs thatontrols were fed a 16% protein diet related to treatments. Under these as-
were marketed and with zero value for during the last 28 days before slaugh-sumptions, feeding 18 g PAYLEAN®
pigs that died in-transit. Pigs fed a diet ter. Because losses before thepertonincreased profitby only $1:64
with 18 g PAYLEAN® per ton were PAYLEAN® treatmentperiod occurred 4.83 and $2.1:84.83 per pig for 18 and
leaner and heavier when marketed andrandomly across lines, sexes, and treat18-16% protein regimens for control
received greater carcass premium.ments, including costs for these pigs pigs.

They had increased value over controldid not affect differences among ef- The experiment was too small to
pigs that ranged from $11.851.49to  fects. determine whether deaths and condi-
$12.303-2.97 per pig. Inthe scenariosin tions for removal of pigs were due to
which only the pigs marketed were Discussion and Conclusions lines, sexes, or treatment. Causes of
considered, pigs fed PAYLEAN® had deaths and conditions causing pigs to
greater value, but the difference Results for the scenario that in- be removed before the last 28 days

between treated and non-treated pigscluded all pigs fed an 18% protein diet before slaughter were not related to
declined greatly and was not signifi- and zero market value for pigs lost in- PAYLEAN® treatment. Ten pigs died
cant. The reduction in the difference transit compare lines, sexes, andorwere removed before the last 28 days
was because the two pigs on the PAYLEAN® treatment as the experi- of the trial and seven of these were
PAYLEAN® treatment that died in- ment was conducted. In this scenario,assigned to the control diet. Including
transit were heavy, lean pigs with pre- profit per pigwas not significantly greater them with value of $0 greatly affected
dicted average hot carcass weight offor pigs with 25% Line | genes than for estimates of profit from feeding
190.5 Ib, lean percentage of 54%, andthose with 50% Line | genes ($2.85 PAYLEAN®. Therefore, the two best
carcass premium of 107%, whereas3.05), was not significantly greater for estimates of the increased profit from
predicted averages for the two control gilts than barrows ($4.32 3.05), but  feeding PAYLEAN® are $5.381.56 for
pigs that died were 165 Ib carcasswas greater for pigs fed 18 g per ton the scenario with no in-transit losses
weight, 51.9% lean, and premium of PAYLEAN®than controls ($6.503.05). and $1.54 4.83 when in-transitlosses
100.5%. Although in this scenario dif- A more realistic comparison is the one were assumed to be related to treat-
ferences in average value betweenthatincluded all pigs with control pigs ment.
treated and control pigs was $6.89 being fed a 16%-protein diet the last 28
4.46 it was not significant because in- days. Then, differences between lines
cluding values of $0 for pigs that and sexes were similar to other sce- 'R. K. Johnson is professor of animal
died in-transit greatly increased varia- narios, but increased profit from feed- S¢i€nce. P. S. Miller is an associate professor
. . . of animal science, D. B. Petry and R. F. Fisher
tion and increased standard errors ofing PAYLEAN® decreasedto $5.88 . graduate studentsitechnicians in the De-
differences. 3.05 per pig. In these analyses, death$artment of Animal Science.

Total costs were significantly and conditions that led to removal of
greater ($4.620.70t05.42 1.12 per pigs were assumed to be due to the
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Applicability of High-Rise™ Hog Housing for
Finishing Operations

Richard R. StowelF purchasing, installing and operating may be brought close to or beyond
the aeration system and paying somesaturation, which increases the likeli-
proprietary fees. With these added hood of surface runoff and tile outflow,

Summary and Implications costs (+15-20% initial), this system is both of which can pollute surface
projected to be a viable alternative waters. Light soils are prone to rapid
The design of High-Ri$% swine  mainly for those operations having a percolation and potential groundwater
facilities allows the generation of a combination of special criteria/ contamination. Solid manures can be
solid, manure-laden material from constraints, including: relatively high applied at rates that meet soil nutrient
hogs raised in confinement housing risk of polluting local waterways or needs without greatly affecting soil
with slatted floors. The volume of water supply; long manure-hauling moisture levels.
manure that must be handled annually distances to fields; access to markets A second advantage of handling
can be reduced through continuous for solid manure or compost feedstock; solid manure is that the manure
moisture loss that takes place within some, but not tremendous, pressure tobecomes more transportable. Systems
the system’s drying bed and recycling limit odor generation; and/or limited for handling liquid manure achieved

of bed material. Recycling typically water availability. wide acceptance because manure could
involves mixing material twice a year be handled with pumps with minimal
— at the end of finishing periods. Introduction labor input. Liquid manure is easily
Moisture contents of twice-recycled transported and applied onto land that
manure-laden bed material ranged Environmental, neighbor and is adjacent to the primary farmstead.

between 55-65% with continuous economic pressures have encouragedHowever, requirements for pumping and
aeration for three years of produc- pork producers to investigate options conveying liquid manure can quickly
tion. This moisture range makes the that are available for housing their pigs, become unwieldy if the material must be
material acceptable directly as feed- especially growing-finishing pigs. One moved longer distances, waterways or
stock for composting. Ammonia emis- recent development in swine housing other natural features must be crossed,
sions should be similar to those from is the High-Ris&" concept. This hous- or public roadways must be used or
deep-pit facilities. However, the levels ing system was designed to solidify traversed. Solid manure can be readily
of other problematically odorous gases hog manure within a slatted-floor pro- loaded onto trucks at much higher dry
should be reduced most of the time dueduction facility. A second goal was to matter and nutrient densities, which
to the generally aerobic nature of the improve the quality of air inside and gives it greater hauling value.

drying bed. Hydrogen sulfide was aroundthe building—with the expected Nonfarm people usually associate
seldom detected within the building results beingimproved pig performance solid manure as being a more desirable
using readily available sensing and less potential for neighbor com- manure product than liquid manure.

equipment (i.e. k6 < 0.3 ppm) even plaints about odor. From the perspective of those who might
during handling of the manure-laden be in the market to purchase manure,
bed material, and was never measuredWater Quality more nutrients and organic matter can
at more than 4 ppm, which is promising be obtained from solid manure without
from a safety standpoint. Data col- Liquid manure systems have beenthe mess that is associated with liquid

lected from six production groups in- targeted as environmental polluters manure.

dicated that average daily gain and based upon some real evidence and

feed efficiency of finishing pigs in the considerable amounts of negative per-Air Quality

High-Risé™ facility were equal to or ception. Handling manure as a solid

possibly better than that of those pro- does not eliminate the potential for Farm neighbors and other public
duced simultaneously in 11 nearby pollution or neighbor concerns, but in citizens have raised concerns over
conventional facilities with an iden- some circumstances, it canreduce thes@dors from animal production, espe-
tical source of pigs and the same pressures substantially. When apply- cially from larger swine facilities. Few
contract-feeding arrangement. Con- ing dilute manures, especially effluent producers can ignore this issue and
struction of such a facility incurs fromlagoons, ontoland, over-applica- expect to be readily accepted by their
additional costs associated with tion of water can be a problem. Soils (Continued on next page)
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improvements (construction) grant from
the Ohio Department of Administrative
Services. This demonstration/research
building was built to test the concept of
the facility’s design, in which manure at
90% moisture would be partially stabi-
lized and dried in place on a bed of
bulking agents (wood shavings, saw-
dust ground pallets, paper, straw, corn-
stalks, corncobs, etc.;). The first batch
of pigs was placed in the facility in July
1998.

Although labor efficiency, pig
performance, and construction costs
were considered to be important, they
did not drive the design. The intended
result was a unique design that would
be competitive with other facilities when
analyzed on a total system basis, but
would be more desirable from an envi-
ronmental standpoint.

The design of this facility incor-
porated several significant variations
on design concepts of high-rise layer
(poultry) facilities, one of the most
significant being a patented aeration
system or plenum, which is used to
aerate, dry, and solidify the manure.
Pigs are housed in the upper story on
slats (Figure 2). A layer of bulking
material is placed in the lower story
before pigs are broughtinto the facility.
Manure falls through the slatted floor,
into the lower story, and onto the dry-
ing bed. The bulking material adsorbs
free liquids, contains the manure, and
allows air to flow through the bed. Air-
flowis directed into the bed from below,
drying the material and supplying oxy-
gen to the system. Once moistened air
leaves the bed, it combines with venti-

Figure 1.High-Ris€M Hog Building — 4-M Farms research/demonstration facility.

Air intake

Air intake

Exhaust fan|[—-—"""—=""—= ‘

Figure 2.Cross-section view of commercial version of High-RiS¥ finishing facility.

Pig space

Drying bed

|
|

|
|

]

I

local communities in the future. Given Air quality inside production
the pace of changes in the rural land-facilities is important for achieving
scape, the greater mobility of the citi- good pig performance and associated
zenry, and increased ideological profit potential. The health and safety
separation of those from farm and non- of operators/employees also are
farm backgrounds, the attention given impacted by indoor air quality. Numer-

to odors can only be expected to in- ous studies have associated high
crease. ammonia levels with respiratory dys-
Aeration of manure is an odor- function and reduced performance.
control strategy that has been imple- Hydrogen sulfide is characterized as a
mented in a number of different systems. poisonous gas that is known for its
The premise is that the products of presence in confined manure storage
aerobic decomposition should contain areas.
significantly lower levels of odorous
hydrogen sulfide and volatile organic
compounds than would be produced
by anaerobic bacteria. Therefore, the System Design and Description.
exhaust air from a facility that utilizes
aeration should be less odorous than  4-M Farms built the first High-
that from production facilities storing Risé™ hog facility (Figure 1) in Darke
liquid manure. County, Ohioin 1997-98 with a capital-

Materials and Methods
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lation air supplied to the pigs and is
exhausted by fans located in sidewalls
of the lower story.

The mostvisible difference between
a High-Risé" facility and conventional
swine production facilities is that the
structure is taller. The floor of the lower
story can be constructed at ground
level. No pit is constructed into the
ground meaning excavation require-
ments are reduced. Large access doors
are included to allow implements
access into the lower story. A ramp
must be constructed to facilitate load-
ing and unloading pigs. Construction



must provide for the installation of the g) OConventional W High-Rise |
aeration system, especially the in-floor
plenum (system of air ducts). Other

construction features are similartothose 1.9
for conventionally designed slatted- 18
floor facilities. Wet-dry feeders must
be used in a High-Ri&&facility to limit 1.7
water wastage. c 1.64—
The ventilation systems in these 15
facilities are distinctly different from - ’
those of facilities with conventional 1.4
mechanical ventilation systems in that 131
all of the exhaust fans are located in the;
lower story of the building. Air is drawn 1.297
into the building through openings in 1.1+
the attic. Temperedairispulledfromthe 0 ) ) ) ) ) )
’ #6 ' Ave.

2.0

erage daily gain (Ib/day)

attic into the pig space in the upper #1 #2 #3 #4 #5
story through baffled ceiling inlets. There Production group

is typically one inlet on each side that
runs almost the length of the produc-

tion room. This design directs jets of air b) OConventional M High-Rise
outward from the room inlets along the 3.0
ceiling of the room. Fresh air mixes with 2.9
room air prior to being drawn through _ 5%
the slatted flooring into the lower story. % '
Since the upper story is nearly airtight =~ 2.7+ 1
other than the ceiling inlets and slatted g 5 ||
flooring, the bulk movement of air is <
downward, with ventilation air moving % 2.5
into the lower story before being 2 2.4
exhausted from the building. 8 )3
o 2.3
(3]
Data Collection £ 2.2
Modern monitoring and control 2.1
systems for maintaining desired tem- 2.0 } } } } } }
peratures within the pig space were #1 #3 #4 #5 #6 Ave.
built into the research/demonstration Production group

faC|I|ty. Indoor (gpper story) and out- Figure 3.Growth rate (a) and feed efficiency (b) of pigs raised in the High-Ri$¥ facility
door qu'bmb air temper'atures, qu' compared to pigs raised in conventional facilities.
bulb air temperatures at eight locations

distributed evenly around the pig space,nearby conventionally designed fin- recorded feed delivery and pig weights,
and fan operation data were collectedishing facilities. All of the conventional along with producer records of death
on a nearly continuous basis. Ammo- facilities had fully slatted floors, were losses and culls.
nia, hydrogen sulfide and carbon diox- either tunnel-ventilated or naturally
ide concentrations were measured atventilated, and had deep pits. All 12 Results and Discussion
three locations within each story and facilities were stocked with contract
from the exhaust fans located aroundpigs from the same source and were onManure/Bed Material
the building perimeter using Drager tubes the same feeding program. Production Wood shavings and corn stover
(w/hand pump). These measurementsschedules were pre-set by the contrac- . )
.~ performed well as bulking materials,
were taken roughly every other week tor to meet packer schedules, which L c2 i
. : : ; . ' especially in terms of maintaining their
during the first six growouts. Grab resulted in growout periods being set .
. L porosity. Sawdust and shredded news-
samples of mixed manure-laden bedinitially for the same number of days.

: . . paper have not performed well in spot
material were collected during several The growout periods overlapped, but trials (where they were used under only

bwldmg cleanouts. . N began at dlfferent times over about 2 ne or two pens) because the surfaces
Pig performance from this facility 3-week period to accommodate pro-
was compared to that of pigs within 11 duction schedules. The contractor (Continued on next page)
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of both materials matted over quickly, afairly narrow band around the desired egg smell) and is lethal at high concen-
resulting in poor flow of manure down- indoortemperature during cool and cold trations. Low concentrations of hydro-
ward and air upward. Chopped straw weather,+2°F during 20F swings in  gen sulfide in the exhaust air bode well
was acceptable as a bulking agent. outdoor temperature. Individual tem- for addressing concerns about odor.
Bed material could be recycledtwice, peraturesthroughoutthe pigspacewere  Gas measurements were also taken
meaning it was used for three growoutsalso quite stable. During the summer, during consecutive cleanouts during
or for more than a year. After the pigs all fans were operated at full capacity, the summer and fall of 2000. Ammonia
were removed, the material was mixed which resulted in excellent air quality concentrations during cleanout were
and allowed to heat for a few days. within the pig space. During very hot similar to those during the last weeks
After being used for three growouts, weather, mist was evaporated in thewith pigs in the building and emissions
about 2.5-3 ft of material remained. On inlet air streams to provide supplemen- were about the same as that during
avolume basis, about 65% less materialtal cooling. Sprinkling is not compat- production in the summer. Hydrogen
had to be transported and utilized asible with this housing system since sulfide was detected more frequently
comparedto liquid manure in a deep pit. water wastage needs to be minimized.during cleanout than during produc-

The manure-laden bed material is handled tion, but average levels were still well
as a solid using front-end loaders andGas Levels below 1 ppm and only one reading was
trucks. above that level (3.6 ppm).

Measured concentrations of ammo-
nia within the pig space were consis-
tently below 20 ppm which is the
eight-hour exposure threshold limit

established (by OSHA) for building High-Risé" appeared to exceed the

occupants. Over the two years in which average rate for the 11 comparison

were documented using t gas measurements were made, the aver: .. ) :
g temperature . facilities for the first six growouts
age concentration was 4.3 ppm and

probes. Most of the manure-laden bed ; (Figure 3) based upon contractor data
. : readings ranged from undetectable to

material has been composted on site for19 m. Ammonia concentrations in (Cooper Farms, Inc.). Overall average

distribution by a manure brokerage. ppm. daily gain was 1.84 vs 1.73 Ib/day and

Other nearby producers with commer- ]Ehe.p'.g space of conventional finishing pigs were marketed at 115 vs 119 days
. . IS acilities have been reported to range.
cial High-Risé™ buildings planned to

. in the High-Risé&" and conventional
. : ; from about 5 ppm during summerto 10- __ .. . . .
apply their material to land and incor- . . . facility, respectively. Feed efficiency in
- . . 20 ppm during winter. Concentrations ; - - L
porate it without composting the : s the High-Ris&" facility was similar to
material of ammonia within the lower story

regularly exceeded this limit and one that of the comparable conventional
The characteristics of the manure- <9 y facilities (2.64 vs. 2.62). Pigs within the
laden bed material varied with the

;eaedtl:r;%cegr?tergtciigg leZV(\Jmpsrzg;r.STstsazvg gHigh'RiSéM facility grew rapidly and
extent of recycling done, the choice of gm Exhaust air concentrations had énhad reasonable feed conversion ratios.
bed material used, and the location thatg\p/)eréll mean of 17.9 pom The fairly stellar performance can prob-
was sampled. In general, however, the The ronoun(;egptrénd was for ably be attributed to a combination of
nutrient density of the bed material was . Fl) IStoi . | good management, a good source of
much higher than that of liquid manure ammonialevels to increase during cold pigs, new facilities, and reasonably good

X : weather when ventilation rates were at” ¥’ "~ ' i
from conventional facilities. While the o . air quality. Other than using wet/dry
. . ! aminimum. The increased rate of ammao- o : .
nutrient density was increased, no _. . : feeders, there is little difference in
. _nia generation under slightly warmer . Co o -
change in the total amounts of phos conditions was more than offset by Managing pigs in a High-Ri%é&facility
phorus and potassium (or other miner- . € DY than in conventional, fully slatted
als) present in the material was found highly elevated rates of ventilation. facilities. Any eff
. Any effects of feeder type

.~ The ammonia levels within the lower . L g
nor was any change expected. Nutrient L . . were not evaluated in this investiga-
story could be irritating during winter, tion

analyses indicated that nitrogen IossesCausin waterv eves. odor. and sliaht
from the material (on a total mass basis) g Y €yes, ' g Death losses exceeded those of
the comparable production facilities

respiratory distress when the area was
were on the same scale as losses fron?)CCu ied for several minutes
manure stored in deep pits. Much of b ' : . (4.2% vs 3.2%), largely due to two
o Hydrogen sulfide was not found in S .

this nitrogen loss occurs through vola- ”» s . enteric disease outbreaks. Since the
e : oS measurable quantities within the pig o .
tilization as ammonia and emission from . facility was available for tours and

e X space. Additionally, no odor or other . . -
the building in the exhaust air. demonstration purposes, it was diffi-
cult to maintain tight biosecurity on the

sign of its presence was noted upstairs.
Occasionally, hydrogen sulfide was premises even though access to the pig
space was restricted. Respiratory ail-

detected at concentrations not
ments were not evident in the pigs.

Although considerable drying of
the bed material took place, composting
did not occur without mixing. The ma-
nure-laden material quickly heated af-
teritwas mixed. The microbial inactivity
before and activity following mixing

Pig Performance

Growth rate of swine raised in the

Thermal Conditions

Average air temperatures within exceeding 0.5 ppm downstairs. Hydro-
the upper story were maintained within gen sulfide is an odorous gas (rotten-
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Systems Perspective Conclusions

The High-Risé" concept for After monitoring the operation of a
raising pigs shows potential for High-Risé™ hog finishing facility for
addressing some important environ- nearly three years, it is evident that
mental concerns. There are additionalsuch facilities can produce a solid
initial and operating costs associatedmanure product. With recycling of the
with the facility, however. Extrainitial drying bed material, substantially less
costs include proprietary fees and thematerial volume needs to be handled
cost of the aeration fans and installing and moisture contents near 60% may be
the in-floor aeration system. Operation expected. Additionally, the following
of the aeration fans consumes electricalconclusions were made concerning the
energy at a rate that is about thatperformance of this type of facility for
required to operate the minimum- raising pigs:

ﬂ

systems since the manure
remains within the facility;
There appear to be benefits for
odor control and safety due to
the aerobic conditions that are
maintained within the drying bed,
but considerable ammonia will
still be emitted and common safety
measures should still be prac-
ticed when handling manure-laden
bed material within the facility;
and

Pig performance should not
differ from conventional fully

ventilation system. Therefore, the eco-
nomics of utilizing such a facility design
needs to be evaluated as part of a total
systems analysis. Such an analysis would
include social and environmental costs,
to the extent to which they are known or
can be estimated.

slatted facilities given reason-

* Air quality for the pigs, in terms able management.

of the thermal and gaseous envi-
ronments, should be as good or
better than that of conventional _1Richard_StovyeII is an assistant_ prof_es-
deep-pit facilities, but gas levels sor in the Biological Systems Engineering
will probably e;(ceed those Department. He worked in this topic area

T . while at, and with support from, The Ohio
presentwithinfacilitieswithflush  state University, Columbus, Ohio.

Sorting and Mixing Effects in a
Wean-to-Finish Facility

populations were removed for slaugh- and remixing with other lightweight pigs
ter, pigs in the removed and mixed resultsin better overall pig performance
population were represented in both for the population of pigs placed in the
ends of the pig weight distribution facility at weaning. The purpose of the
curve, while no pigs from the unsorted following experiment was to evaluate
An experiment was conducted to population were present in the light- whetherremovingand mixing lightweight
evaluate whether removing and mix- est weight category. Results of this pigsin a wean-to-finish facility results
ing lightweight pigs in awean-to-finish experiment do not support the recom- inimproved pig performance compared
facility resulted in improved pig per- mendation that removing and remix- to neverremoving pigs from a pen from
formance to slaughter compared to ing lightweight pigs in a wean-to-finish weaning to slaughter.
never removing pigs from a pen from facility improves performance and
weaning to slaughter. Two popu- decreases variation in pig weight at
lations of pigs were compared. The time of slaughter.
removed and mixed population con-
sisted of pens comprised of 1) 20 pigs
per pen with the five lightest pigs Ag Lab at Concord. Pigs were housed
removed three weeks after weaning Managing variation in pig weight from weaning until slaughter in a fully
and 2) 15 pigs per pen with the pen has major consequences for pig flow slatted, curtain-sided facility with fresh
comprised of the five lightest pigs from and price received for producers usingwater, under-slat flushing for daily
three of the 20 pig pens. The unsortedwean-to-finish facilities. Many produc- manure removal. Pens measured 8 ftx 14
population consisted of 15 pigs per ers using wean-to-finish managementft and contained one, two-hole wean-
pen from weaning to slaughter. There routinely overstock pens at weaning, to-finish feeder and one wean-to-finish
was no effect of treatment when com-sorting off the lightest weighing pigs cup drinker. At weaning, each pen had
paring populations on daily gain, daily and remixing the pigs at some point a rubber mat and heat lamp for pig
lean gain, carcass lean percentage, during the first three to five weeks comfort.
daily feed intake or feed conversion following weaning. They follow this Following weaning at an average
efficiency. On day 158 following wean- management practice in the belief thatage of 17 days, barrows were trans-
ing when the heaviest pigs from both removing the lightest pigs from a pen

Michael C. Brumm?

Summary and Implications

Methods

The experiment was conducted at

Introduction the University of Nebraska’'s Haskell

(Continued on next page)
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Table 1. Effect of experimental treatments on pig performance for first 21 days post-

weaning, least square means.

Treatmenf

Iltem 20/15 15S P values
No. pens 9 3
Pig wt, Ib

Weaning 10.7 10.6 0.436

21d 19.7 20.9 0.046
Coefficient of variation of within pen weight, %

Weaning 15.7 17.2 0.132

21d 19.5 17.0 0.140
Daily gain, Ib 0.43 0.49 0.028
Daily feed, Ib 0.61 0.67 0.063
Feed:gain 1.42 1.36 0.880

820/15 = 20 pigs per pen for 21 days followed by removal of 5 lightest; 15S = 15 pigs/pen ne\:}es

sorted or moved.

Table 2.Effect of experimental treatments on pig performance, least square means.

Treatmenf P values
Sorted/Mixed Unmixed 20/15 + 15M

Item 20/15 15M 15S Treatment vs 158
No. of pens 9 3 3
Pig wt, Ib

21 d post-sort 21.4 15.3 21.0 0.001 0.001

61 d 65.6 56.2 63.4 0.001 0.110

158 d 257.8 243.7 253.7 0.001 0.234

Slaughter 271.2 261.0 267.3 0.027 0.715
Coefficient of variation of within pen weight, %

21 d post-sort 13.7 11.3 17.0 0.009 0.003

158 d 7.6 7.9 6.9 0.732 0.443
Daily gain, Ib

21-61 d 1.11 1.02 1.07 0.047 0.909

61 d-slaughter 1.98 1.90 1.96 0.051 0.378

21 d-slaughter 1.65 1.59 1.64 0.007 0.347
Daily feed, Ib

21-61 d 2.01 1.61 1.92 0.003 0.258

61 d-slaughter 5.63 5.39 5.46 0.027 0.572

21 d-slaughter 4.41 4.17 4.39 0.008 0.157
Feed:gain

21-61 d 1.81 1.58 1.79 0.001 0.063

61 d-slaughter 2.85 2.83 2.78 0.203 0.129

21 d-slaughter 2.67 2.62 2.68 0.252 0.291
Carcass lean, % 54.4 54.1 54.5 0.242 0.276
Daily lean gain, Ib 0.76 0.72 0.74 0.026 0.832

On day 21 following weaning, the
five lightest pigs in three of the 20/15
pens were removed and mixed to create
the treatment pen labeled 15M. From
day 21 to slaughter, all pens had 15
pigs/pen, unless death loss or poor
performance resulted in removal of a
pig. Pen size was not adjusted in the
event of death or removal.

Atarrival, pigs were fed two pounds
of a commercial pelleted diet per pig.
Following this, diets were in meal form
and formulated to contain the following
lysine levels: 1.44% from 13 to 18 Ib,
7%from18to251b, 1.31%from25to
401b, 1.20% from40to 601b, 1.10% from
60 to 90 Ib, 1.00% from 90 to 135 Ib,
0.80%from 135t01901b, and 0.62% from
190 Ib to slaughter.

On day 158 following weaning, all
pigs that weighed 255 Ib or greater were
individually identified and removed for
slaughter. Allremaining pigs were indi-
vidually identified and sent to slaugh-
teron day 172 following weaning. Pigs
were slaughtered at IBP Inc., Madison,
Neb. Carcass lean was reported on the
individually identified pigs for calcula-
tion of daily lean gain from day 61. Day
61 post-weaning corresponded most
closely with typical arrival weights for
purchased feeder pigs and initial weights
for calculation of daily lean gain.

The orthogonal contrast of 20/15 +
15M versus 15S was examined to test
whether population differences existed
for the two management schemes.

Results

There was an effect of group size
for the first 21 days following weaning
(Table 1). Pigs in the 15S treatment

20/15 = 20 pigs per pen for 21 days followed by removal of the 5 lightest pigs/pen; 15M = 5 Iight(ﬂ?'ghed moreR < 0.05) because of a
pigs from each of the 3 20/15 pens; 15S = 15 pigs/pen never sorted or moved.

ported 225 miles from a southwest for a total of 15 pens.

Minnesota farrowing facility to the
research site. Immediately after arrival,
the pigs were ear tagged, weighed, andl)
assigned to the experimental treatments
Weight blocks were notused in order to
increase within-pen weight variation at
the beginning of the study. There were
three replicates of the experimental
treatments with five pens per replicate
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Experimental treatments were:

Fifteen pigs/pen from weaning to
slaughter (15S)
2) Three pens of 20 pigs/pen for three most dramatic during the early post-

weeks following weaning, reduced weaned period.

to 15 pigs/pen (20/15)
3) Fifteen pigs/pen comprised of the yariation expressed as the coefficient
five lightest pigs from the three ofvariation decreased forthe 20/15 and
pens of the 20/15 treatment (15M). 15M population following removal of

greater daily gaink < 0.05) and daily
feed intake=0.06) compared with the
20/15 treatment. There was no effect of
treatment on feed conversion efficiency
or within pen weight variation. These
results are in agreement with published
data suggesting group size effects are

As expected, within-pen weight



25%

the lightest five pigs from the 20/15
treatment pens (Table 2). Because the
15M pen contained the lightest pigs on
day 21, the pen average weight was also 20%
the lighteston day 61 and day 158. Final
weight for this treatment was also low- _

est due to the method used to remov% 15%
pigs for slaughter. 3

When comparing the population 8
of 20/15 + 15M versus the 15S popula-s 1,
tion, there was no effect of treatment ors
within-pen weight variation, daily gain,
daily lean gain, carcass lean percent- 50 B
age, or daily feed intake. Forthe 21to 61 0
day period, the 15S population had an
improved P=0.06) feed:gain ratio com- H
pared with the 20/15 + 15M population. O+ 0 201710 211228 22123 231730 241350 251560 261570 271780 280290 251300 F01-310
There was no difference between the
populations for the time period of 61
days to slaughter or from 21 days to Figure 1.Effect of sorting_ and mixing vs no sorting on distribution of pig weight on day
slaughter. 158 post-weaning.

Figure 1 displays the variation in
pig weight of each population on day
158 when the heaviest pigs in the
facility, regardless of population, were
removed for slaughter. The sorted and
mixed populationis represented in both
ends of the population weight curve,
while the unsorted population is not
represented in either the two lowest
weight groupings or the heaviest weight
grouping. Further evidence that the
removal and remixing of the lightest
pigs on day 21 post-weaning did not

W Unsorted
O Light pigs sorted and mixed

Weight category, Ib

improve overall performance is pro- 21 days after weaning in a wean-to-
vided by the fact that on day 158, 51% finish facility improves performance of
ofthe 15S population were removed fora population of pigs and decreases
slaughter, while only 43% of the 20/15 weight variation at time of slaughter
+ 15M population were removed. compared to maintaining pen integrity
from weaning to slaughter.
Conclusion

Results of this experiment do not 'Michael C. Brumm is professor of
support the recommendation that animal science at the Haskell Ag. Lab, Con-
. .. . . . cord, Neb.
removing and remixing light weight pigs

Competition — It's Not Just
“Cost” of Production

Allen Proscht change in the number of pork produc- and analyzed. The relationship be-
ers in Nebraska to identify the degree tween hog/corn ratio and number of
ofinfluence thateach had on producer’s pork producers in the state was much

Summary and Implications decisions to enter or exit pork produc- stronger in the 1970s and early 1980s

tion. The annual average price of mar- (r2 = 0 .63 to 0.68). The relationship

Pork producers are faced with ket hogs per cwt and the price of corn weakened dramatically in the late

numerous competitive challenges. had little relationship to the number of 1980s and the 1990s?(= 0.08 to

Having a higher cost of production pork producers in the state2(«0.1).  0.0005). This suggests factors other
than other pork producers has always The hog/corn ratio (the average mar- than profitability as defined by the
been areason to exit the pork industry. ket price of hogs per annum divided by hog/corn ratio, are exerting more
Even when their cost of production is the average market price of corn per influence on the decision to remain in
competitive, producers still choose to annum) had a slightly stronger rela- pork production now than in the past.
exitthe industry. Hog prices, corn prices tionship (¢ = 0.16). The data were New challenges in the industry, such
and the hog/corn ratio from 1970 to furtherdividedintofive, six-yeargroups as labor relations, contract negotia-
2000 were examined in relation to the (Continued on next page)
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tions and dealing with regulatory competitive with domestic and foreign tionship on a same year basis the r

agencies all require a degree of people pork producers. While size enables some0.04. With a one-year lag of the depen-
skills not previously required to be operations to improve in selected costdent variable, the strength of the rela-
successful in pork production. The new of production items where economies tionship decreased;r0.028. Producers

challenges often require different skills of scale apply, this same scale createsxited the industry despite rising prices
and carry different risk. A competitive activities and costs in other items that, from 1971t01973,1974t0 1975, 1980to
cost of production is necessary to at some point, limits how low cost of 1982, and againfrom 1983t01984. From
remain in business, but it has a production can be driven. Differences 1985to 1991 there was a period of “calm”
reduced influence on the decision toin cost of production between pro- in the number of Nebraska pork pro-

continue in production. ducers remain. Minnesota, lowa and ducers entering or exiting the industry,
) Nebraska data for the year 2000 indicatewith three years showing modest
Introduction that, on average, small (250 to 300 sowdeclines in the number of producers,

farrow to finish — or 4,000 to 6,000 three years showing no change in the
annual market hog sales) producersnumber of producers and one year
had a cost per cwt of pork produced of showing an increase. Since 1992, the
$3810 $39. Small producers in the uppernumber of pork producers remaining in
range for profitability (top 40%) had production has decreased every year.
costs per cwt of $34 to $36. Similarly, Thiswas in spite of the fact that market
Lawrence and Grimes (2000) surveyedhog prices from 1992 thru 1997 were
producers and found that with a bushel similar to prices from 1975 to 1991 with
of cornvalued at $2.50 and a market hogvalues near or above $42 per cwt.

. ; price of $39.00 per cwt, 39% of the The percentage change inthe num-
enV|ronmegtiallbregullat[ons,h_marhket producers whose annual marketingsber of pork producers each year vs hog
sg(c::ifnsearr]omi?]e%rti;ecitlrr?n:titlii\);nei\éewere less than 10, 000 head annuallymarket price was plotted (Figure 2).
This pager examines tﬁe issue 01;said they planned to stay in pork pro- From 1980 thru 1982 and again from

o N .~ duction. 1994 thru 1997 the year-to- year per-
p.rof|tab|l|ty a.nd. Its impacton the deci- Current corn prices are not as high centage of producers exiting the indus-
sion to remain in pork produgction. asthe $2.50/bushel used in the Lawrencedry increased. Producers left the industry

Methods an_d Grimes survey. Mid-September despite in_creases in hog prices during
prices for corn based on the Omahathese periods.

Three relationships were analyzed market ($1.88/bushel) and for market .
using a regression analysis. The aver-nogs based on the Western CornbeltCom Price
age annual price per cwt of market hogs,carcass market ($61.45/cwt) are giving  pog price is only half the equation.
the average annual price per bushel ofproducers with a $39 per cwt cost of A period with a high cost of production
corn and the ratio of the average annualproduction over $16 profit per hog may negate the value of high hog prices.
price per cwt of market hogs divided by marketed; producers with $34 per cwt Thg yalue of corn, especially for diver-
the average annual price per bushel ofcost would profit over $29 per hog gified crop and livestock producers who
corn (hog/corn ratio) were compared to marketed. However, at a market hog haye excess corn to sell, may impact the
the change and the percent of changeprice of $39 per cwt, the profit per hog gecision to exit pork production. Com-
in the number of pork producers in drops to $0 for the average group andparing corn price to the number of pro-
Nebraska. Nebraska Agricultural Sta- $12.50 for the low cost group. A pro- g,cersin pork production on same year
tistics Service data from 1970 thru 2000 ducer may be competitive based on, one-year lagged basis indicates that
were used for all analyses. Market hog COst of production, but the total dollars corn price was not a decisive factor
price, corn price and the hog/corn ratio returned, due to low margin on low (Figure 3). The strength of this relation-
were independent variables. The changehumbers sold, may not be worth the ghip on a same year basis was0.003.
or percent of change in the number of effort, especially in a diversified crop \yith a one-year lag of the dependent

Pork producers have control over
the cost of such inputs as feed, medi-
cines, and facilities. Successful pork
producers have exercised control over
these items for many years. Tradition-
ally, being a low cost producer has kept
them competitive with each other and
subsequently kept them in business. In
recent years other factors, such as

Nebraska pork producers was the and livestock operation. variable, the strength of the relation-
dependent variable. The relationships Pri ship increased slightly? = 0.07. From
were analyzed on a same year and on &41°9 Price 1974 thru 1977, with steadily declining

one-year lagged basis. Data for the Do producers exit the industry in corn prices, Nebraska producers chose
thirty-year period, beginning in 1970, |arger numbers during or immediately to exit the industry during two of the
were aggregated in five periods of six after years of low prices? When exam- four years, with a large decline in pork
years each. ining the relationship of hog price and producer numbersin 1975. Inthe 1980s
the number of producers exiting or producers chose to exit and enter pork
entering the industry on same year orproduction during years of both rising
one-yearlagged basis, the price of hogsand falling corn prices. In the 1990s
does not appear to be the decisiverising or falling corn price had little

When comparing cost of produc- factor for Nebraska producers (Figure impact as producers exited the industry
tion, Midwest producers of all sizes are 1). Comparing the strength of the rela- in every year following 1991.

Results and Discussion

Cost of Production
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Figure 1.Average annual market hog price/cwt vs the annual change in the number of Nebraska pork producers.
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Figure 2.The annual average market hog price/cwt vs the annual percent of change in the number of Nebraska pork producers.

being considered more profitable and in the number of Nebraska pork produc-
lower ratios, 15to 1, being considered ers compared to the hog/corn ratio, in
less profitable. Intheir survey, Lawrence the same year, we find that producers
and Grimes (2000) priced corn at $2.50 both exited and entered pork produc-
per bushelwhich, when combined with tion during periods of both a high and
a $39 per cwt cash hog price, results ina low ratio (Figure 4).

ahog corn/ratio of 15.6to 1. Since 1970, A low hog/corn ratio, an indicator
when comparing the percentage change (Continued on next page)

Hog/Corn Ratio

The hog/cornratio is the computed
ratio of the market hog price per cwt
divided by the corn price per bushel.
The ratio may be a good proxy for
profitability, with higher ratios, 25to 1,
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Figure 3.The average annual corn price/bushel vs the annual change in the number of Nebraska pork producers.
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Figure 4.The computed ratio of the Nebraska average annual market hog price per cwt divided by the Nebraska average annual corn
price per bushel compared to the percent of change in the number of Nebraska pork producers using a one-year time lag.

of poor profitability, may impact a tionship between the hog/corn ratio as 80s and 90s (Figure 5). The strength of
decision to quit production in years the independent variable and the per-the relationship § indicates that 63%
following the low ratio. For the one- centchange inthe number of Nebraskaof the change in the number of produc-
year time lag, the results suggest pro-producers as the dependent variableers during the 1970 to 1975 period is
ducers do tend to exit the industry one with a one-year time lag, suggests thisexplained by the hog/corn ratio. How-
year after an unprofitable period. relationship was much stronger in the ever, during the 1994 to 1999 period
Comparing the strength of the rela- 1970s and decreased dramatically in theonly 0.05% of the change in the number
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of producers could be explained by the 0.8

hog corn ratio. These results suggest 07 0.68
influencers other than the hog/corn ' 0.63

ratio prompted pork producers to leave 6

the industry — especially from 1982 to
1999 —evenifthey were profitable and 05
had a competitive cost of production.

o~ 0.4

[

Other Influencers

If the hog/corn ratio doesn’t have
the impact that it had in the past on a

producer’s decision to remain in pork 0.2

production, what new factors are influ- 0.1 0.08

encing producers to exit pork produc-

tion? In 1997 Lawrence reported on 0 . . . 0.004 . 0.0005
more than 14,000 lowa pork producers 70-75 76-81 82-87 88-93 94-99
who had decided to exit the industry Year

between December 1992 and December
1996. While 80% of these producers Figure 5.R-square values generated from a regression analysis using the hog/corn ratio

. . . - as the independent and leading variable and the percentage change in the
F'ted ISsues of profltab|llty, many_Other number of Nebraska pork producers as the lagged dependent variable for each
items also impacted their decision. A six-year period between 1970 and 1999.

lack of competitive markets, environ-
mental regulatpn and future labor eeds to improve or increase.
resources were important to over 50%

of producers who answered the sur-y;5ket Access Envi ¥ b
vey. nvironmental issues are becom-

In their 2000 study, Lawrence and Market access is also one of the ing increasingly important. For any
Grimes reported on the factors that pro-new influencers in the decision pro- operation, meeting regulatory require-
ducers said would limit future expan- €€ss. In 1997, Lawrence reported thatments involving lengthily processes
sion. Lack of market outlets was important 60% of producers surveyed cited mar- with regulators, consultants and the
to smaller producers and environmen- ket access as important to very impor- public, can be an overwhelming task.
tal regulation was important to both tantintheir decisionto leave production. Also, new regulations being developed
small and large producers. Owners of In 2000, Grimes and Lawrence reportedat state and federal agencies will
larger units also noted the difficulty in 71% ofallhogs were marketed on somerequire producers to seek additional
hiring good employees as an issue lim-form of contract or packer agreement. permits and keep additional records.

Environmental Regulations

iting growth. However, producers marketing less thanThis creates a great deal of uncertainty
2,000 market hogs per year marketedfor many traditional producers.
Labor 77% of their production on the cash
) ) market. Only 10% of the producers Conclusion
Laboris one of the newinfluencers 4reting 10,000 to 50,000 market hogs
of competitiveness in the pork indus- peryear used the cash market. Negoti-  Input cost has less impact on

try. At some point either a facility or ating contract or packer arrangementsNebraska pork producers’ decision to
labor (or both) becomes alimiting fac- requires different skills than pork pro- remain in pork production than it had
tor in expanding pork production in qction. Italso requires additional time, in the past. Producers express items
response to smaller margins. Traditional \hich many small producers may not such as labor, environmental regula-
producers, who have little if any paye. tion, and market access as more impor-
nonfamily labor, find themselves con- Smaller producers may consider a tantinfluencers now. The ability to deal
sidering the use of hired labor. Smaller niche or specialty market as an alter- with new challenges in pork production
producers are then faced with the prob-pate approach to market access issuesnay become the critical competitive
lem of having a large enough unit to o \wever, to reach consumers directly, advantage in the future.

afford full-time help. While row crop o o supply retail outlets requires deal-
farmers may be able to compensatejq face-to-face with potential custom-

tthUgh the use ofs_easonal help, smallgg. Building such relationships may Allen Prosch is the Pork Central
swine operations likely do not have igke even more time and skill than nego_coordinator at the University of Nebraska.

that option. The swine unitis managed jating contracts or packerarrangements.ziﬁfrnces are available by request from the
to produce pork year round, and when '
justifying full-time help, production
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Factors Affecting Bacon Color and Composition

J.E.Mann lean and fat color to be relatively sex and in the bacon portion of the
R.W. Mandigo consistent across treatments. Meansstudy the type of bacon produced,
D.E.Burson for each were classified toward “paler” either food service or retail, and loca-

R.Garza and “whiter” ends of the color scale tion within the bacon slab. Because of

used in this study. Understanding problems with background colors bleed-

quality attributes of the very valuable ingthrough the thin sliced food service

Summary and Implications sliced bacon market is crucial to bacon, this report deals specifically
producer understanding of the value- with the thicker sliced retail portion of

The objective of this study was to added component bacon contributesthe bacon, consisting of 756 bacon
determine the effects of genetic line, to the value of the pig in the market- slabs. Animal finishing, slaughter and

diet, sex, slaughter weight and loca- place. fabrication were completed at NPPC
tion within the slab on the proximate owned and contracted facilities in Min-
composition and color of bacon lean Introduction nesota. Animals in the QLGM study
and fat. Bacon slabs manufactured were of six genetic lines, including Berk-
from bellies of 756 barrows and gilts During the late 1980s many con- shire, Danbred, Duroc, Hampshire,

of six different genetic lines equally sumers used the nutritional merit of Newsham hybrids and DeKalb. These
distributed among four feeding regimes, foods as a major food purchasing crite- genetic lines were selected to assure a
with differing lysine levels, and three ria; however, these same consumersfull range of performance for growth,
weight groups and processed into slicedare now increasingly choosing foods carcass composition and meat quality.
retail bacon (nine slices/inch) were based on their flavor. Because of this The sampling methods used inthe project
used. Sliced bacon slabs were dividedchange in consumer attitudes, bacon isdo not allow these results to represent
into five equally sized sections and two enjoying a resurgence in popularity. a valid genetic evaluation. Therefore,
bacon slices were taken from the Increasing bacon sales, primarily in the genetic lines are identified as numbers
anterior end of each for machine food service sector, have led to an (1-6)with no particular order.

vision and proximate analyses. All increase inthe value of raw bellies and Animals were randomly assigned
treatments were found to have an effectbacon. to three slaughter weight groups (250,
on fat color, lean color and proximate The increase in belly value has led 290 and 330 Ib). Pens of animals were
composition of bacon (P<0.05). Gene- to anincreased interest in the effects ofrandomly assigned one of four diets
tic line had the greatest effect on modem pork production methods on (1-4). The four diets were developed
bacon composition. Bacon with the belly and subsequently on baconwith constant energy, mineral and
increased fat tended to have whiter produced from the belly. Previous con- vitamin contents but differed in protein
colored fat, suggesting a link between sumer preference studies have shown(lysine) levels (1—high lysine, 2—
the two attributes. Decreased dietary that lean-to-fat ratio and lean and fat intermediate high, 3—intermediate low
lysine and increased slaughter weights color are the most important attributes and 4—low lysine). Intermediate diets
both led to fatter bacon slabs with in bacon purchasing decisions. The contained lysine levels within National
whiter colored fat. Bacon produced presentstudy determined the effects ofResearch Council (NRC) 1988 guide-
from barrows, in comparison to gilts, various current production methods lines while diets 1 and 4, respectively,

and from fatter genetic lines also had on these factors. exceeded and failed to meet these
lighter colored fat. Fat cell hyper- guidelines. Diets were adjusted at pre-
trophy in fatter animals may lead to Procedures specified intervals (90, 140, 190, 240
increased fat cell volume and a subse- and 290 Ib) for metabolizable energy,
guent decrease in the concentrations This research was just one portion added fat and lysine levels.

of intracellular organelles and cell ofthe National Pork Producers Council Following slaughter, bellies were

wall components, per unit of tissue, Quality Lean Growth Modeling (QLGM) removed from one side of each carcass
resulting in whiter colored fat. It project, which was comprised of 1,588 and cut to common industry specifica-
appears that a number of factors com- pigs in three test groups. The meattions. Bellies were then individually
bine to affectlean color as each animal quality portion of the project evaluated vacuum packaged, frozen and shipped
production parameter in this study the yield and processing characteris-to the Loeffel Meat Laboratory at the
affected lean color in a different way. tics of the bellies, loins and hams from University of Nebraska where they were
While values were statistically dif- these animals. Variables of interest held in frozen storage to await further
ferent between treatments (P <0.05), included genetic line, target slaughter processing.

results from this study show bacon weight, actual slaughter weight, diet,
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Using industrial equipment and Table 1.Bacon proximate composition as affected by genetic line, dai‘%g sex, target

common industry procedures and for- slaughter weight group and sampling location as main effects.
mulations, raw bellies were processedEffect Fat (%) S.E. Moisture (%) S.E. Ash (%) S.E. Protein (%) S.E.
into cooked bacon slabs, which were | ; .«
then held in frozen storage. Slabs were; 54.74 0.83 34.384 0.65 1.792 0.06 9.14ad 0.26
transported in a refrigerated truck to a 2 42.65 0.81 43.3§d 0.63 218 0.06 11.7§e 0.25
cooperating commercial bacon proces-3 45-92, 0.81 40.69° 0.63 2.06° 0.06 11.30° 0.25
in Omaha where thev were presse 47.7 0.80 39.57  0.63 1.98  0.06 10.69° 0.25
sorin _ y P 41.99 0.81 43.9% o0.64 2.15°  0.06 11.99 0.25
and sliced. Retail-style bacon slabs wereg 45.7¢ 081 41.08 0.3 219% 006 11.0€ 0.25
sliced to approximately nine slices per Diet*
inch. Sliced bacon slabs were placed on, 45.08 0.74 41687 0.58 2117  0.06 1127 0.22
cardboard sheets, placed in plastic bage 4493 0.74 416" 0.58 2.102 0.06 11.36  0.22
and boxed for transfer, by refrigerated 3 46.14 074 4068 059 207 006 11.24 0.23
49.7€ 0.74 3817 0.58 1.977 0.06 1018 0.22

truck, to the University of Nebraska 4
Meat Laboratory. Sliced slabs were held Sex*

in frozen storage until evaluation. Barrow 48.26° 0.66 39.04 0.53 204 0.06 1067 0.19
: Gilt 4469 066 41.88 053 204 006 11.37 0.19
Upon evaluation, damaged and
partial bacon slices were removed from Weight, 1b* .
50 43.02 0.74 43.0° 0.58 0.06 11.86  0.22

both ends of the slab. The slab was the

46.46 0.69 40.48 0.56 10.98 0.21

ENEN)
© ok
S f

)

o

o

measured and divided into five equal 33 49.95 0.71 37.9F 0.57 0.06 1014 021
segments. The first two slices of the N

teri d of each section were Location
anterior en ach s re 43.48 0.40 4222  0.33 228 0.05 12.07 0.12
removed for machine vision analysis. 2 477 040 39.8% 0.33 20° 005 10438 0.12
These sample slices were packaged irs 51.029‘1 0.40 37.45; 0.33 1.88Cb 0.05 9.64; 0.12
paper to exclude light, which could cause 4 48.95  0.40  38.7 0.33 2.00,  0.05 10.2 0.12

4466 0.40 41.7¢ 0.33 212% 005 11.44 o0.12

color changes, and stored in a refriger-

ated area until machine vision analysis. 2*9eans with the same superscript within the same column and main effect were not significantly

A machine vision system consisting of different (P < 0.05).
adigital RGB camera housed in awooden Proximate composition values derived from all bacon slabs studied (individual and composite).

. . . **Proximate composition values derived from bacon slabs of animals fed diets 1 and 4 only
chamber with a fixed light source con- (individual).

nected to a computer with the neces-
sary hardware and software was used.

The system was equipped with and LeanScore was the average value Results and Discussion
SAMPLEX® software to classify and of the five cured meat color classes
analyze digitalimages. (very pale, pale, medium, medium dark All treatments affected color and

Bacon samples were prepared andand very dark). FatScore values of 1, Oproximate composition of bacon
digital images were captured by the and -1 were assigned, respectively, to(P <0.05). Genetic line had the greatest
machine vision system. The color clas- the white, beige and dark fat color classeseffect on bacon composition with an
sification system used in this project LeanScore values of 2, 1, 0, -1 and 2,approximately 13% difference in fat
was previously developed at the Uni- were assigned, respectively, to the verycontent between the fattest and leanest
versity of Nebraska specifically forthe pale, pale, medium, medium dark and genetic lines. Dietary lysine level also
classification of bacon color. Data verydarklean color classes. Equationshad a major effect. Diets with lysine
reported by SAMPLEX® were in the used to determine FatScore andlevels below NRC guidelines resulted
form of pixel counts for each of the nine LeanScore were as follows: in bacon with significantly (P <0.05)
programmed classes: one for background higher fat contents (Table 1) than
color, five for lean color, and three for FatScore = [((white pixel#x 1) + (beige those containing lysine levels within
fat color. pixel#x0) + (dark pixel#x-1))/total pixel or exceeding the guidelines agreeing

Bacon color was divided into two #] LeanScore =[((very pale pixel#x2) with previous research showing
groups: overall fat color (FatScore) and + (pale pixel#x 1) + (medium pixel#x0) increased daily gain of adipose tissue
overall lean color (LeanScore). Each + (dark pixel#x-1) + (very dark pixel# with decreased dietary lysine levels.
was a composite color score repre-x-2))/total pixel #] Bacon from barrows was found to have
senting an average value obtained by a higher fat (P<0.05) content than that
combining the color classes recognized Proximate composition for protein, from gilts. Bacon derived from heavier
by the machine vision system. FatScoremoisture, fat and ash was determinedweight animals was found to be have a
was the average value of the three curedor the vision samples of each bacon higher fat content.

fat color classes (white, beige and dark) slab. (Continued on next page)
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Table 2.Bacon lean and fat color as affected by genetic line, diet, sex, target slaughter cessing condition or their intramuscu-

weight group and sampling location as main effects. lar fat content affects overall fat color at
Effect FatScord S.E. LeanScoré S.E. these Iocatlon§.

. In comparison to all other treat-
Line ments, sampling location had the larg-
1 0.37* 0.14 0.37* 0.04 '

2 0.26* 0.14 0.41* 0.04 est effect on lean color of bacon. For
3 0.31* 0.14 0.36* 0.04 location, lean color and fat content
g" g-gi: g-ij 8-;;‘: 8-81 followed similar trends, with the excep-
6 0. 26+ 014 0.47* 0.04 tion of Iocatlon 1 where increasing fat-
. ness resultedin a palerlean color. Bacon
Diet ; ;
1 0.2 0.14 039+ 0.04 fr031 II’?C(?“OP 1h clolsestdtclJ the anterior
2 0.2 0.14 0.39% 0.04 end, had a light colored lean, compa-
3 0.28" 0.14 0.39* 0.04 rable to bacon from the fattest location
4 0.36 0.14 0.4* 0.04 (3). Of all locations, bacon from loca-
Sex tion 1 tended to have the least super-
Barrow 0.323 0.14 0.423 0.03 ficial muscle area on the medial surface
Gilt 0.27 0.14 0.38 0.03 ofthe slice. The majority of muscle area
Weight, b atlocation 1 consisted of the Pectoralis
250 0.23* 0.14 0.43* 0.04 profundiand the Latissimus dorsi, which
290 0.30 0.14 0.40 0.04 are situated deep in the slab. These
330 0.35* 0.14 0.38* 0.04 . .
muscles tended to be lighter in color
'ioca“on 0.30+ 0.14 0.48 0.03 than those located superficially. One
5 0.35+ 014 0.36* 0.03 possible exp!anatlpn, for the light Igan
3 0.34* 0.14 0.50* 0.03 color atlocation 1, is that muscles situ-
4 0.25* 0.14 0.37* 0.03 ated deep within the slab may have an
5 0.22* 0.14 0.30* 0.03 increased moisture content, compared

*Igecause of significant interactions the significance of main effects were not analyzed. to superficial muscles. Superficial

34 eans with the same superscript within the same column and main effect were not significaff\IScles would be exposed to more

different (P < 0.05). severe conditions during heat pro-

FatScore is the average value of three fat color classes recognized by the machine vision sy i i

€LeanScore is the average value of five lean color classes recognized by the machine vision sy%@g.smg’ which could lead to a reduced
ofsture content and a darker color.

Additionally, intermuscular fat may act

For all treatments except sampling lular organelles and cell walls on fat as a hydrophobic barrier preventing
location, increased fat content resultedcolor. the escape of moisture from muscle
in whiter fat color in bacon, suggesting Sampling location was the only located deep within the slab.
a link between the two criteria. Anum- treatment that deviates from the above  While it appeared that fat color
ber of different factors could contrib- trend. Sampling location interacted and fat content were related, there
ute to this link. One possibility is that (P < 0.05) with weight group for fat were no obvious linkages in regards
fat cell size and/or density influences color, with the generaltrend in fat color to lean color. This research suggests
fat color. Previous research has shownacross locations being the same forthat a number of factors combine to
that increased fat content after five or each weight group. While fat content influence lean color, as each produc-
six months age in the pig is causedincreased similarly from either end tion parameter seemed to affect lean
primarily by hypertrophy (an increase towards the middle of the slab, fat color color in a different way.
in size) of existing fat cells rather than did not follow the same trend. For all Inthis study, reduced dietary lysine
hyperplasia (increase in number of weightgroups (Table 2), samplingloca- levels in the diet led to lower fat con-
fat cells). Following this logic, leaner tions 1, 2 and 3 each had significantly tents and darker lean colors agreeing
bellies would have a higher density of whiter colored fat than the two poste- with previous research finding that
fat cells per unit of tissue. This could rior-mostlocations (4 and 5). When the decreased fat deposition resulting in a
lead to a darkening of fat color caused general makeup of locations | through darker colored lean. This could be a
by increased concentrations of intra- 3 are considered it is seen that theseconsequence of decreased intramus-
cellular organelles and cell wall com- locations each contain tHeectoralis  cular fatdeposition. However, we found
ponents. Increased cellular lipid content profundi and the Latissimus dorsi opposite results for slaughter weight,
of fatter bellies would lead to a lower muscles, which are found at no other with darker colored lean found in bacon
density of fat cells per unit of tissue. locations. Perhaps either the way in produced from fatter, heavier weight
This could dilute the effect of intracel- which these muscles respond to pro-animals.
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Divergent results suggest that a Bacon Slab Locations Muscles
number of factors combine to effect .
le color. Color has been found to 1 - Seraws ventrala

muscie color. “ha 1ato, 2 - Pectoralis profundi
be affected by genetic differences within A—m 3 - Latissimus dorsi
and between breeds as well as by 7 4 - Cutaneus trunci
changes in animal production practices. 2 ” n 5- Rectus abdominia .
a tg - p le fib pt g h . 6 - Obliquus externus abdominus

actors such as muscle fiber type an 2 7 - Intercostalis exteri
pigment concentrations have been found ! 8 - Serratus dorsalis caudalis

to influence lean color. Prior research
has found a significant variation in the
metabolic profiles of muscles between 3
breeds. Differences in sensory proper-
ties of meat have been attributed to
differences in the enzymatic activities
of muscles. Additionally, differences 4
have been found in the concentration
of heme pigments in muscles of differ-
ent breeds.

Conclusions

Lean-to-fat ratio and lean and fat Figure 1.Orientation of belly muscles at each sampling location (Garza, 2001).

colors have been reported to be the
most important attributes in consumer
purchasing of bacon. Bacon with alean
content of 40% or more, when com-
pared to bacon of higher fat contents, /
has been found to be more desirable to
consumers. However, increased lean-
ness can lead to a decrease in belly
thickness, which could affect consumer
preference. Furthermore, it has been
demonstrated that leaner bacon gener-
ally contains a higher percentage of i
unsaturated fatty acids than fatter
bacon. This is of concern because |/ _V
unsaturated fat has a greater suscepti- /%1 2 3 4 5
bility to the development of oxidative _
rancidity than saturated fat, which could Slice
decrease bacon shelf-life. Of all design
criteria considered in this study, no
individual treatment or combination of
treatments resulted in bacon with an
average fat content of more than 55%.
Only animals of genetic line 1 produced the “pale lean” category. The “pale- of their customers. Research on the
bacon that, on average, exceeded 50%ess” of the overall lean scores is consumer acceptance of differencesin
fat. probably due to the contribution of color of bacon lean and fat should be
While fat and lean color differed muscles deep within the slab as theseconsidered as it would allow a more
significantly across treatments, the datamuscles tended to be lighter in color complete use of this data set.
shows color to be relatively consistent. than those located superficially.
Average color values for fat and lean Like most products, there are no
fell within a relatively narrow range of universal standards for “perfect” Y. E. Mann is in graduate school at
the color scales used. Fat colors tendechacon. However, pork processors can!€xas Tech. Univ., Lubbock, Tex., R. W.
S . . . Mandigo and D. E. Burson are faculty at the
to fall within the “white fat” category use data from this projectto help selectumversity of Nebraska, R. Garza is with
while lean colors tended to fall within raw materials that best fit the demandsexcel Corp. Wichita, Kan.

Anterior
Jolie1sod

Sampling Location

Figure 2.Bacon sampling diagram.
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Effectiveness of Pork Quality Assurance
Training for Youth

Rosie Nold production and use their skills in that training materials exist for adult audi-
manner, but all will be consumers. ences; however, these materials have a
Food safety has been and will con- strong emphasis on technical knowl-
Summary and Implications tinue to be an issue to consumers.edge, with little discussion of responsi-
These youth will be consumers and bilities. In addition, these materials were
Over 3,500 youthin Nebraskawere should have a better appreciation designed for adult audiences and con-
trained and certified in Pork Quality and understanding of the meas- sist of lengthy manuals and lecture
Assurance (PQA) in 1999. Quality ures that livestock producers take programs. These characteristics make
assurance training had an impact on to ensure a safe, high quality, and the existing materials difficult to use

the youths’ opinions about quality wholesome food supply. with youth audiences. Hence, the goal
assurance and consumers and on the of this project was to develop a more
youths’ knowledge of quality assur- Background age appropriate quality assurance train-
ance practices. Emphasis on charac- ing program for youth.

ter development and decision-making When young people begin a project

skills translated into positive responses where the final product is food, they Materials and Methods

about the responsibilities of a live- also assume a legal and moral obliga-

stock producer to animals and con- tion to produce a quality, wholesome, Materials

sumers. While most youth understoodand safe product for consumers. It is

at least some of their responsibilities critical that young producers are con- Existing adult materials were
prior to completing the training, the sciously aware of these responsibili- modified to be more relevant and inter-
guality assurance training served to ties and understand the implications. active. In order to accommodate the
reinforce the understanding of those Only with such an understanding will entire span ofagesin 4-H (from 8to 18
youth and also to help all youth they deliberately adopt practices and years) the materials were designed to
recognize the breadth of the respon- procedures that allow them to fulfill appeal to characteristics of 9to 11 year
sibilities that they have as livestock their obligations to consumers. Becauseolds, as well as to some of the charac-
producers. Educating youth about of a desire to instill this understanding teristics of older youth. Research
qguality assurance will also benefit in youth, quality assurance education identifying the needs for each age
the livestock industry. The youths’ has become a major focus of the groupwas usedindeveloping program
knowledge of quality assurance prac- Nebraska 4-H livestock program. As contentand design. For example, char-
tices will strengthen the livestock youthlearntoimplementquality assur- acteristics of 9- to 11-year-old youth
industry’s standards for producing safe ance practices, they will develop an that were considered included: 1) Are
and wholesome food products, both awareness and skills that will affect more interested when activelyinvolved
currently and in the future. While the their current projects. In addition, they in making or doing something, 2) Enjoy
livestock produced by these youth maywill develop an appreciation for food working in groups, and 3) Are begin-
not represent a large proportion of safety andresponsibility that willform ning to accept responsibility for their
today’s livestock industry, the youth the foundation for their future contri- own actions. The characteristics of
themselves represent the future of thebutions as producers, consumers, orolder youth thatwere considered were:
livestock industry. Only a small pro- both. 1) Cantake responsibility in evaluating
portion may be directly involved in Quality assurance programs and their own work, 2) Are beginning to
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Table 1.Summary of quality assurance knowledge questions and answers.

develop a community consciousness,
3) Are developing a growing concern

Possible answers for Possible answers for 12 -
8 to 11 age group and over age group for the well-being of others (Karns and
Question topic (*indicates correct answer) (* indicates correct answer) Myers-Walls, 1996).
Proper injection sites ANeck* A. Neck* Considering these characteristics,
B. Loin B. Elbow* the materials included numerous hands-
C. Rump C.Loin on activities and interactive discus-
D. Ham D. Ham .
sions where younger and older youth
Needle usage A. 16 gauge, 1 1/2 inches Same as 8 to 11 age grougyorked together. Furthermore, using

B. 18 gauge, 1/2 inch*
C. Burred
D. 18 gauge, 1 inch, bent

Records information APig ear notch* Same as 8 to 11 age group
B. Amount of drug*
C. Withdrawal time*
D. Date given*

Drug misuse conseguences Monetary* Same as 8 to 11 age group
B. Livestock show reputation*
C. 4-H’er reputation*
D. Consumer confidence*

Proper handling A. Sorting panels* Not asked
B. Electric prods
C. Slapping ham
D. Working with before show*

the Character Counts! (Josephson
Institute of Ethics, 1992) model as a
framework, hypothetical situations
applicable to quality assurance and
livestock projects were developed. The
situations emphasized responsibilities
involved in producing food and exhib-
iting animals, including the ultimate
responsibility of producing safe food
for consumers.

For ease of use, all materials were
combined into a “kit” that was utilized
by county extension staff. Items in
the kit included a reference manual

Responsibilities as exhibitor ~A. Feed & water* Same as 8 to 11 age group ¢ technical knowledge teaching

B. Proper handling*

C. Profit

D. Safe product for consumers*
E. Purple ribbon showmanship

Table 2.Change in opinions from pre- to post-training, %.

Question Strongly Strongly Chi
number Statement Agree  AgreeDisagree Disagre&quare
1 “Consumers have a Pre-test 91.7 7.4 0.6 0.3 <0.001

right to expect the
pork they eat is safe

and wholesome.” Post-test 97.0 2.4 0.4 0.2
2 “Most consumers Pre-test 52 28.1 29.3 37.4 <0.001
don't care about
how pigs are treated Post-test 42 12,5 19.0 64.3
and handled.”
3 “It is the responsibility Pre-test 86.5 11.4 15 0.6 <0.001
of every hog producer
and exhibitor to producePost-test 94.5 4.0 11 0.4
a safe and wholesome
product.”
4 “If a 4-H member Pre-test 50.7 36.1 10.0 3.2 <0.001
forgets to record a
drug injection....drug Post-test 79.7 15.4 2.4 2.5

residue....4-H member
viewed as irresponsible.”

5 “Using a tranquilizer Pre-test 13.2 29.1 24.2 33.5 <0.001
...calm wild steer...
is responsible because Post-test 93 154 17.0 58.3

protecting public.”

methods, posters, stuffed pigs for use
in practicing quality assurance proce-
dures, hypothetical drug labels, and
syringes with various needle sizes.

To provide continuity among
county programs across the state,
inservice sessions were delivered to
extension educators and assistants. Once
trained, these staff delivered programs
across the state, often with the assis-
tance of local veterinarians. Over 3,500
youth were trained and certified in Pork
Quality Assurance (PQA) during the
five month period of March 1999 to July
1999.

Testing Procedure

Todetermine theimpact of the train-
ing on youths’ opinions about and
knowledge of quality assurance prac-
tices, pre- and post-tests were com-
pleted by youth who attended the training
sessions. The instrument for youth ages
12 years and over included five state-
ments to evaluate their opinions
toward quality assurance and consum-
ers of pork or meat products, and five
guestions to test their knowledge of
quality assurance practices. The test
for youth ages 8 to 11 years included

(Continued on next page)
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Table 3.Change in knowledge from pre- to post-training, of quality assurance practices,

12 and over age group.

Question Question topic %Response Difference
number & answers Pre-test Post-test +(Std. Err.)
1 Injection sites:
A. Neck* 84.7 96.7 +12.0 + 2.5%
B. Elbow* 30.7 79.4 +48.7 + 3.7%
C. Loin 4.8 0.6 - 42+ 1.4%
D. Ham 37.3 5.3 32.0 + 3.3%
2 Records Information:
A. Pig ear notch* 63.2 86.5 +24.3 + 3.6%
B. Amount of drug* 74.7 93.9 +19.2 + 3.0%
C. Withdrawal time* 42.9 91.8 +48.9 + 3.4%
D. Date given* 86.6 93.9 + 7.3+ 25%
3 Needle usage:
A. 16 gauge, 1 1/2 inches 28.9 14.3 -14.6 + 3.4%
B. 18 gauge, 1/2 inch* 71.5 89.9 +18.4 + 3.3%
C. Burred 1.6 0.5 - 12+ .9%
D. 18 gauge, 1 inch, bent 3.3 2. 1.1+ 1.4%
4 Drug misuse consequences:
A. Monetary* 45.2 67.3 +22.1 + 4.2%
B. Livestock show reputation* 56.8 80.3 +23.5 + 3.9%
C. 4-H'er reputation* 63.1 82.6 +19.5 + 3.7%
D. Consumer confidence* 73.3 82.3 + 9.0+ 3.6%
5 Responsibilities:
A. Feed & water* 89.2 95.8 + 6.6+ 22%
B. Proper handling* 77.2 90.8 +13.6 + 2.1%
C. Profit 20.6 29.4 + 88+ 3.7%
D. Safe product for consumers* 78.3 89.6 +11.3 + 3.1%
E. Purple ribbon showmanship 14.1 20.9 + 6.8+ 3.3%

*Indicates correct answer.

only questions designed to test their Statistical Analyses

knowledge of quality assurance prac-
tices and responsibilities.

is presented in Table 1.

To determine opinions toward and over age group and 584 pre-tests
quality assurance and consumers ofand 612 post-tests for the 8 to 11 age
meat products, participants were askedgroup. The sample sizes for statistical
tocircle one of the following: “Strongly analyses were lower than the actual
number of youth participating in the
agree,” or “Strongly disagree,” for each training because of the need to have

agree,” “Slightly agree,” “Slightly dis-
of the five statements listed in Table 2.
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Chi-square analyses were used to
To evaluate the knowledge of quality determine if there was a difference in

assurance practices, multiple choicethe outcomes between pre- and post-
tests were used. The test for the 8 to 11tests in the opinions of youth partici-

age group included six questions, with pating inthe training. Because the quality
multiple correct answers per question. assurance knowledge questions ha
Youth were instructed that multiple morethan one possible correct answer,
answers were possible. Questionsthe percentage of responseswas calcu
regarding injection sites and needle lated for each possible answer. The
usage used pictures, rather than worddlifference in the probability of having

as choices. The test for the 12 and overa response on the pre-test versus th
age group included only five ques- probability of havingthe same response
tions, but also with multiple correct on the post test was calculated and
answers per question. A summary of compared using a 95% confidence
guestion topics and possible answersinterval. The sample consisted of 1,054
pre-tests and 1,040 post-tests forthe 12

e

parental consent forms signed before
youth could respond to the pre- and
post-tests.

Results and Discussion
Opinions

Chi-square analyses showed
changes (P <0.001) in opinions for all
statements. For questions 1, 3 and 4,
the most desirable opinion, based on
guality assurance principles, would be
“Strongly Agree.” The percentage of
individuals who slightly or strongly
agreed with statements 1, 3, and 4 in the
pre-test was high, but a shift toward
even stronger agreement was seen in
the post-test. Similarly, for questions 2
and 4, for which the most desirable
answer would be “Strongly Disagree,”
from pre- to post-test there was shift
toward more “Slightly Disagree” and
“Strongly Disagree” opinions. Results
are shown in Table 2.

Quality Assurance Knowledge

Between pre- and post-tests, there
were significant increases (P<0.05) in
correct answers for every knowledge
based question for the 12 and over
group (Table 3). For all except one of the
guestions that also had distinctly
incorrect answers, there were signifi-
cantdecreases (P<0.05) inthe percent-
age of incorrect answers. For questions
where all possible answers were cor-

drect, there were increases in the per-

centage of correct responses for all
possible responses. Especially obvi-
ous differences were seen in recogni-
tion of the ham as anincorrect place for
injections and the elbow pocket as an
appropriate place for injections (ques-
tion 1), and recognition of information,
particularly withdrawal times, that should
be included in records (question 2).
Correctresponses from nearly 90%
or more of the youth for injection site
placement (question 1), information
necessary inrecords (question 2), proper
needle usage (question 3), and respon-
sibilities of a producer (question 5)
indicate a good overall understanding



of quality assurance by this group of Table 4.Change in knowledge from pre- to post-training, of quality assurance practices,

youth. 8 to 11 age group.
The only question for which there Question Question topic %Response Difference
was an increase in incorrect responseswumber & answers Pre-test Post-test +(Std. Err.)

was question 5. This may be due an;

Injection sites:

overall increase in knowledge about A. Neck* 81.8 99.8  +18.0 + 3.1%
pork production and the accompany- B. Loin 9.6 2.8 - 6.8+ 2.7%
ing responsibilities. An increase in g' E;“m"p 1431'% 134% ';%fi';z;"
. . . B . (1)
overall awareness of pork production -
could lead the youth to view the an- 2 Eeig'e Usagleillz . s0.5 266 a7+ 5.1%
- . _ . gauge, inches . . -3.7+51%
swers about profit and ribbons as cor B. 18 gauge, 1/2 inch* 88 7 956 +6.94 3.0%
rectanswers. Furthermore, the low hog C. Burred 1.9 0.5 14 + 1.2%
prices of 1999 led to discussions about D. 18 gauge, 1 inch, bent 4. 0. 42 + 1.7%
profitin manydlffere.ntsnu.atlons.The 3 Records information:
presence of these discussions by adults A. Pig ear notch* 68.7 80.8  +12.1+ 4.9%
during or near the time of the PQA B. Amount of drug* 71.6 88.0  +16.4 + 4.5%
; ; C. Withdrawal time* 36.0 78.9 +42.9 + 5.0%
S may have Influenced e 5. Date guen 839 910 47137
program’s emphasis on responsibility 4 EFU’\% misuse consequences: 0.9 506 187+ 5.6%
: . onetary . . +18.7 + 5.6%
,may have led the yOUth to believe that B. Livestock show reputation* 41.2 64.4 +23.2 + 5.5%
increased responsibilities should also C. 4-Her reputation* 45.0 66.4  +21.4 + 55%
bring increased rewards, such as profit D. Consumer confidence* 54.6 77.6  +23.0+ 5.2%
and ribbons at a fair. 5 Pig handling:
Results (Table 4) forthe 8to 11 age A. Sorting panels* 68.9 86.5  +17.6 + 4.7%
group also showed significantincreases B. Electric prods 4.2 3.5 -0.7 + 2.2%
P<0. in corr nswers for all _ C. Slapping ham 21.3 11.3 -10.0 + 4.2%
Eiong Og)f S[:():gcizﬂ’litz ael’esd?ff:reqnuceess D. Working with before show * 90.3 94.0 + 3.7+ 3.1%
seen in recognition of the ham as an® Responsibilities: .
incorrect place for injections (question g' ';fgge?”ga‘ggﬁirg* g?i gzg N %gf ggojz
1), the recognition of information, par- C. Profit 22.1 31.8  + 9.7+50%
ticularly withdrawal times, that should D. Safe product for consumers* 74.6 89.4  +14.8 + 4.3%
beincludedinrecords (question 3), and E. Purple ribbon showmanship 20.2 24.3 + 41+ 47%

recognition of the possible conse- «
guences of drug misuse (question 4).
Following training, nearly 100% of the
youth recognized the neck as the proper
site for injections (question 1), over
95% correctly answered questions about
needle usage (question 2), and over
85% recognized atleast three items that
should be included in records (ques-
tion 3), proper pig handling techniques
(question 5) and the responsibilities of
aswine producer (question 6). We specu-
late that the 8 to 11 age group likely
used the same reasoning as did the
other age group in answering these
guestions.

!Rosie Nold is the extension youth
specialist, Department of Animal Science.
References are available upon request from
author.

Indicates correct answer.
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Explanation of Statistics Used

In This Report

Pigs treated alike vary in
performance due to their different
genetic makeup and to environmental
effect we cannot completely control.
When a group of pigs is randomly
allotted to treatments it is nearly
impossible to get an “equal” group of
pigs on each treatment. The natural

variability among pigs and the number |~

of pigs per treatment determine the
expected variation among treatment
groups due to random sampling.

At the end of an experiment, the [N

experimenter must decide whether
observed treatment differences are due
to “real” effects of the treatments or to

random differences due to the sample
of pigs assigned to each treatment.

]

i

"
ity
/

I/," T

Statistics are a tool used to aid in this

decision. They are used to calculate
the probability that observed
differences between treatments were
caused by the luck of the draw when
pigs were assigned to treatments.
The lower this probability, the
greater confidence we have that
“real” treatment effects exist. In fact
when this probability is less than
.05 (denoted < .05in the articles),
there is less than a 5% chance (less
than 1 in 20) that observed treatment
differences were due to random
sampling. The conclusion then is that
the treatment effects are “real” and
caused different performance for
pigs on each treatment. But bear in
mind that if the experimenter obtained
this resultin each of 100 experiments,
five differences would be declared to
be “real” when they were really due to
chance. Sometimes the probability
value calculated from a statistical
analysisis P <.01. Now the chance that
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random sampling of pigs caused
observed treatment differences is
less than 1 in 100. Evidence for real
treatment differences is very strong.

It is commonplace to say
differences are significant when
P <.05, and highly significant when

variability and the number of pigs in
the treatment. A treatment mean may
be givenas11+.8. The 11isthe mean
and the .8 is the SEM. The SEM or
SE is added and subtracted from
the treatment mean to give a range. If
the same treatments were applied
to an unlimited number of animals
the probability is .68 ( 1 = complete
certainty) that their mean would be in
this range. In the example the range
is10.2t011.8.

Some researchers repdihear
(L) andquadratic (Q) responses to
treatments. These effects are tested
when the experimenter used
increasing increments of a factor as
treatments. Examples are increasing
amounts of dietary lysine or energy,
or increasing ages or weights when
measurements are made. The L and
Q terms describe the shape of a line
drawn to describe treatment means.
A straight line is linear and a curved
line is quadratic. For example, if
finishing pigs were fed diets
containing .6, .7, and .8% lysine gained
1.6, 1.8 and 2.0 Ib/day, respectively

P <.01. However, P values can range we would describe the response to
anywhere between 0 and 1. Some |ysine as linear. In contrast, if the

researchers say that there is atendency daily gains were 1.6, 1.8, and 1.8 Ib/day

that real treatment differences exist
when the value of P is between .05

the response to increasing dietary
lysine would be quadratic. Probabilities

and .10. Tendency is used because we for tests of these effects have the same

are not as confident that differences
are real. The chance that random
sampling caused the observed
differences is between 1 in 10 and 1
in 20.

Sometimes researchers report
standard errors of means (SEM)r
standard errors (SE) These are
calculated from the measure of

interpretation as described above.
Probabilities always measure the

chance that random sampling caused
the observed response. Therefore, if
P < .01 for the Q effect was found,

there is less than a 1 % chance that
random differences between pigs on
the treatments caused the observed

response .=y






College of Agricultural Sciences
and Natural Resources

A college that’'s more than
just black

Majors and white...

AGRICULTURAL ScIENCES M AJOR

Agribusiness , Transfer Students
Agrlcultural Economics ¢ 2 + 2 Transfer agreements with severa
Agricultural Education community colleges and universities
AgriculturalJournalism * Transfer scholarships available
Agronomy Benefits of CASNR | MPORTANT
A,mmal S_Clence e 12:1 Teacher to student ratio
Blochemlstry ¢« 15:1 Computer to student ratio CONTACTS
Crop Protection )
Diversified Agricultural Studies Scholarships
Food Science and Technolo + CASNR awards over $300,000 in
Horticul gy scholarships annually Sue Voss
orticulture + $400,000 Plummer & Haskell Loan Recruitment & Retention

Mechanized Systems Managemer program available for enrolled students (402) 472-2541
Veterinary Science

svossl@unl.edu

Veterinary Technologist Educatlonal Opportunities

World class faculty dedicated to teaching

and advising students Student Ambassadors
NATURAL RESOURCES MAJORS . Travel abroad Opportunities (402) 472_2541

Environmental Studies e Grants for foreign study programs for casnr@unl.edu

i i BPTH credit
Fisheries and Wildlife * Veterinary school - agreement with Kansa:

Natural Resources & Environmente State allows students to apply through th .
Economics Nebraska applicant pool and attend fo RED-Y-Line

Range Science resident tuition (800) 742-8800 ext.2541
BRI SEEEE Career Opportunities

Outstanding opportunities for internships www.ianr.unl.edu/casnr/
PrREPROFESSIONAL PROGRAMS and after-graduation employment R
Preforestry ¢ Career Day held each fall Inaex.ntim
. . . « EastCampus Career Services office is staffe
Preveterinary Medicine by a CASNR Career
RELATED MAJORS Mlnonty Opportunities
Agricultural Engineering Academic and personal counseling We can help
Biological Systems Engineering : mANRRS Minorities in Agriculture, )
atural Resources and Related Sciences yOU d|SCOV8r
A national organization for internships,
employment and graduate school an( a CO“ege
scholarship opportunities . .
Special minority scholarships available ﬁ”ed Wlth

possibilities!

Nebiaska

Lincoln



	EC02-219 Nebraska Swine Report
	

	ec02-219

