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Foreword
The mission of the Department of Animal Sciences is to discover and communicate knowledge
about animals and their products. The delivery
of this mission is directed to the students of The
Ohio State University (OSU), the citizens of Ohio
and other parts of the world, the scientific community, stakeholders in the Department, and others who are interested in animals used for food
production, fiber, recreation, and companion purposes. Issues facing food animal agriculture today demand that this Department concentrate on
this mission and deliver cutting-edge, sciencebased information in order to best serve the needs
of society.

of meat science focus within the Department, and
we anticipate that this will continue.
While we have seen a maintenance in or renewal of traditional strengths in the Department
of Animal Sciences, we have also seen notable
changes as well. The Department has experienced
a dramatic increase in the amount of competitive
federal funding within the last year and continues a strong record in gaining industry and private funding. We have several new faculty and
staff members who are contributing to the
strength of the Department and adding their
unique blend of talents to the mixture. Undergraduate education continues to be a primary
mission of the Department of Animal Sciences;
we are undergoing curriculum revision and advising changes to meet the needs of our students
and better prepare them for their future in the
food animal industry. The faculty members of this
Department will be committing themselves to
meeting the challenges facing agriculture
proactively in multi-discipline, multi-department,
and multi-university collaborative efforts to serve
the needs of agriculture and society in the most
effective means possible.

In the past year, the Department of Animal Sciences has undergone a visioning process in an effort to more closely align the Department with
the needs of its clients, both students and industry. The initiation of the process coincided with
Project Reinvent in the College of Food, Agricultural, and Environmental Sciences. As a result of
this process, the Department of Animal Sciences
developed a holistic vision leading to a strategic
plan that will be used as a template for making
hiring and facility development decisions within
the Department of Animal Sciences for the next
10 years. This strategic plan shapes the teaching,
research, and outreach activities of the Department and establishes a common premise for all
departmental faculty and students, namely that
the understanding of life processes of our animals
and their integration into farming methods and
societal needs is fundamental to the endeavors
of this Department. Integration is emerging as a
common attribute of most disciplines and will
consequently spread into and impact activities by
bringing multiple-discipline views to species-related issues or problems. The traditional focus of
the Department on food animal species will continue; however, we plan to augment this focus to
include recreational/ companion animals and an
animal health and welfare perspective. In addition, we have developed research initiatives in the
area of microbial ecology, with emphasis on waste
stream management and evaluation of the development of anitibiotic resistance as a result of the
use of antibiotics in food animal production. In
the past year, we have experienced a resurgence
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I have enjoyed working with the faculty members, staff, and students in the Department of Animal Sciences in the past year. As I stated in the
1999 Research and Reviews, my focus will continue to be on the faculty and staff members of
this Department. To meet the needs of our students, those involved in food animal agriculture
and the allied industries, our stakeholders, and
society as a whole, we will need to function in an
efficient and effective manner. A continued focus
is on leading the Animal Sciences Building Initiative to develop state-of-the-art building and
livestock facilities that will allow the personnel
within the Department to function to their full
potential. I look forward to continued partnership
with the citizens of the State of Ohio in our educational and building initiatives.
Sincerely,

James E. Kinder
Professor and Chair
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Undergraduate Program
An important facet of undergraduate education
in the Department of Animal Sciences is the
education of students through "hands on
experiences." Each student in the Department is
required to complete an internship experience of
at least 200 work hours. Students are also
involved in departmentally sponsored, studentmanaged organizations such as the Buckeye
Dairy Club, Horsemen's Association, Poultry
Science Club, and Saddle and Sirloin Club, as well
as judging teams: the Livestock Selection and
Evaluation Team, the Equine Selection and
Evaluation Team, the Dairy Cattle Judging Team,
the Meat Judging Team, and the Poultry
Evaluation and Selection Team. These teams
represent The Ohio State University in regional
and national competitions, affording their
members an opportunity to meet students from
across the U.S. and to gain an appreciation of
current industry standards for livestock. Team
members also gain skills in observation, logical
thinking, and communication. In addition, each
year teams of four students compete in an
academic quadrathlon designed to test students'
comprehensive knowledge of the animal sciences.
The quadrathlon includes a laboratory practicum,
quiz bowl, public presentation, and a written
exam. The winning quadrathlon team represents
The Ohio State University in a regional contest
held in conjunction with the annual meeting of
the Midwest sections of the American Society of
Animal Science and the American Dairy Science
Association.

The Department of Animal Sciences is the
largest department in the College of Food,
Agricultural, and Environmental Sciences, with
more than 450 undergraduate students. The
Department offers the degrees of Bachelor of
Science in Agriculture and Bachelor of Science in
Nutrition. Also offered are minors in Animal
Sciences and Equine Science.
The mission of the Animal Sciences
undergraduate program is to educate qualified and
motivated students in the animal sciences so that
they are equipped to succeed in areas of food
animal agriculture . The Animal Sciences
curriculum is designed to instill knowledge of, and
to discover interrelationships between
mathematics, statistics, and the physical, chemical,
biological, social, and environmental sciences as
related to animal production and well-being, and
products of animal origin. The main disciplines
in the curriculum are animal breeding and
molecular genetics, nutrition, physiology, safety
and quality of animal products, management and
production, and science I preprofessional interests.
The animal species of focus in the curriculum
include beef and dairy cattle, poultry, horses,
sheep, and swine. Graduates of the major will be
qualified for employment in any number of
positions requiring sophisticated knowledge of
animals, their management, and economical
production. Qualified graduates of the major will
also possess strong credentials necessary for
acceptance into graduate and professional degree
programs.

For more information about the Department of Animal Sciences' undergraduate program contact: Ms. Amy
Lahmers, Student Services Coordinator, Department of Animal Sciences, 116 Plumb Hall, 2027 Coffey Road,
Columbus, Ohio 43210-1094; phone: (614) 292-7156, email: lahmers.8@osu.edu; Dr. Peter Spike, Undergraduate
Coordinating Advisor, 116 Plumb Hall, 2027 Coffey Road, Columbus, Ohio 43210-1094, phone: (614) 688-3112,
email: spike.l@osu.edu; or Dr. Keith Irvin, Undergraduate Program Coordinator, Department of Animal Sciences,
110 Animal Science Building, 2029 Fyffe Road, Columbus, Ohio 43210-1095, phone: (614) 292-6407, email:
irvin.3@osu.edu. Web site: http://www.ag.ohio-state.edu/-ansci/
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Graduate Program
The mission of the graduate program is to
attract and train intelligent and highly motivated
students to become highly proficient contributors
to society throughout their careers. Basic
knowledge of the sciences and their application
to questions of the function of animals is imparted
in formal courses offered both within the
Department and in departments offering
graduate level courses in the sciences,
mathematics, and statistics.

A sense of appropriate ethical behavior and the
ability to make appropriate decisions regarding
ethical matters is conveyed primarily by the
example set by faculty. However, such training is
also conveyed more explicitly in formal and
informal meetings of faculty and students and in
portions of formal courses offered by the
Department.
The figure below shows the total number of
domestic and foreign students in the Department
since the year (A= Autumn Quarter) before the
merger of the Animal, Dairy, and Poultry Science
programs.

Growth and versatility of students as scientists
is fostered by having them work, at all phases of
the scientific process, with faculty who are actively
engaged in research. Every opportunity is given
to students to hone their abilities to communicate
effectively. All students serve as teaching assistants
and are required to prepare and deliver seminars.
All students prepare written proposals of research
that they are to perform.

We have granted 70 Master of Science degrees
and 36 Doctoral degrees in the last seven years.
For Autumn 2001, we received over 40
applications to our graduate program, with
admitting fewer than one-half.
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For more information contact: Ms. Debra Gallagher, Graduate Program
Coordinator, Department of Animal Sciences, 101 Plumb Hall, 2027 Coffey Road,
Columbus, Ohio 43210-1094; phone (614) 292-7131, fax (614) 292-7116, e-mail:
gallagher.7@osu.edu or Dr. Jefferey L. Firkins, Graduate Studies Committee Chair,
Department of Animal Sciences, 223 Animal Sciences Building, Columbus, Ohio
43210-1094; phone (614) 688-3089, fax (614) 292-1515, e-mail: firkins.l@osu.edu.
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F.R. Allaire, Professor, Columbus. Offers a capstone
course where students, working in teams, learn to manage change
that serves a client's vision. Works with the Agroecosystems
Management Program to inform and facilitate knowledge management networks to support farmers in their pursuit of systemic
change in their respective enterprises and communities. Works to
have animals add value to community life and land.

W.L. Bacon, Professor, Wooster. Dr. Bacon's main research focus is avian reproduction. The effects of environmental
lighting on semen quality and quantity, and the control of
photorefractoryness in the male turkey are being studied. The
effects of environmental lighting on circulating hormones at the
initiation of photostimulation, and the ovarian-pituitary relationship during the ovulatory surge in the female turkey are also
being studied. In female Japanese quail, the effect of yolk precursor lipoprotein concentration on lipid composition of the precursor, and metabolic rate of the precursor is determined.

S.L. Boyles, Associate Professor, Columbus. Dr. Boyles is
responsible for the state beef cattle education outreach program.
His Extension program includes coordinating the activities of the
OSU Extension Beef Team and conducting local education workshops. Dr. Boyles' research program emphasizes improved forage
utilization through grazing strategies and hay storage systems.
Dr. Boyles also is working with commodity organizations on Beef
Quality Assurance programs.

M.E. Davis, Professor, Columbus. Dr. Davis' teaching
duties include: Data Analysis and Interpretation for Decision
Making (AS 260), Principles of Animal Improvement (AS 320),
Research Methods in Animal Genetics I and II (AS 820.02 and
820.04). Research responsibilities include genetics research with
the beef herd at the Eastern Ohio Resource Development Center
and emphasize selection for blood serum insulin-like growth
factor I (IGF-I) concentration, identification of polymorphisms in
genes that influence economically important traits in beef cattle,
and determination of associations of such polymorphisms with
economically important traits in beef cattle. Dr. Davis also is
Director of the Animal Genetics Lab, which conducts blood and
DNA typing for parentage verification for several of the major
beef cattle breed associations.

ilitjm'l1btJlmi@hi!1J Department of Animal Sciences
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M.L. Day, Professor, Columbus. Dr. Day's research
program in reproductive physiology emphasizes the study of
puberty, regulation of follicular development and estrous synchronization in cattle. He teaches the Beef Production and Management and Introductory Animal Sciences courses and advanced
reproduction and endocrinology for graduate students. He serves
as Faculty Supervisor of the OSU Beef Center.

B.A. Dehority, Professor, Wooster. Dr. Dehority's teaching responsibilities include a course in Rumen Microbiology
taught every other year during the summer quarter at Wooster,
and he advises graduate students. His research interests are in
the area of rumen microbiology, including studies on the individual roles of the bacteria, protozoa and fungi in the rumen and
their interactions, the isolation and characterization of rumen
bacteria responsible for the breakdown of forage structural carbohydrates, factors affecting protozoal numbers, cultivation of
rumen protozoa in vitro, cryopreservation of rumen protozoa,
geographical distribution and specificity of gastrointestinal
protozoa, as well as various other specific studies in rumen
microbiology.
M.L. Eastridge, Professor, Columbus. Extension and
research responsibilities in dairy cattle nutrition and serves as the
Coordinator of the Extension Program in Animal Sciences, faculty
supervisor for the Waterman dairy facility in Columbus, and leader
of the Ohio Dairy Industry Task Force. He conducts outreach
educational programs in the area of nutrition. Research includes
the impact of fats and feed additives on animal performance and
milk composition, and study of optimum fiber in diets for lactating
cows. Teaching responsibilities include advising graduate students
and co-teaching and serving as leader for an applied dairy nutrition course designed primarily for veterinary students.

K.E. Fike, Assistant Professor, Columbus. Dr. Pike's area
of research interest is bull physiology focusing on management
techniques that can be used to decrease age at puberty and enhance fertility. She is specifically focusing on the use of the
hormone GnRH or its agonists to affect testicular development,
testosterone production, and spermatogenesis. Dr Fike teaches
Introductory Animal Sciences and is the faculty coordinator for
the Animal Sciences undergraduate internship program.

liitliliifiJibt\j@illJM!ij Department of Animal Sciences
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J.L. Firkins, Professor, Columbus. Dr. Firkins' research
activities include evaluation of by-products as fiber sources and
fat and protein sources for dairy cattle. He studies how these
feeds and feeding combinations affect site of nutrient digestion
and efficiency of microbial protein synthesis in the rumen of
cattle. Dr. Firkins teaches AS 330, Principles of Animal Nutrition;
AS 530, Comparative Animal Nutrition; and AS 730.02, Research
Techniques in Animal Nutrition.

F.L. Fluharty, Research Scientist, Wooster. Dr. Fluharty's
responsibilities include conducting research in beef cattle and
sheep nutrition. His primary research areas are determining the
effects of energy and protein intake on animal growth and carcass
composition and the nutritional requirements of stressed feeder
calves. His research includes work with ruminal microbiology
and digestion, as well as cattle and sheep performance studies.
He currently is conducting research to determine the effects of
nutrition and genetics on animal growth and meat tenderness and
the effects of early-weaning beef calves on subsequent feedlot
performance and carcass composition. He also teaches AS 540
(Feedlot Management).
J.S. Hogan, Associate Professor, Wooster. Dr. Hogan's
research is in the area of bovine mastitis: hygiene procedures to
reduce bovine intramammary infection; relationships among
normal and transit teat skin bacterial flora; and milk quality
enhancement. He also conducts research relative to the development of a mastitis vaccine, and he teaches the undergraduate
lactation course.

K.M. Irvin, Professor, Columbus. Dr. Irvin's research
focuses on swine genetics. Primary consideration is made to the
combination of population genetics and molecular genetics.
Teaching responsibilities include Principles of Genetic Improvement; Application of Genetic Improvement to Swine; Population
Genetics I and 11; Advanced Swine Production; Current Issues in
Animal Sciences, Capstone and Third Writing Course; Seminars;
Independent Studies; and Internships. Extension functions
include presentations, allied industry and producer interactions.

lli§il@ijMfjlffl!l!J@lj Department of Animal Sciences
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C. Johnston, Professor, Wooster. Dr. Johnston's research
interests are in the areas of modification of non-milk ingredients
for inclusion in milk replacers for cattle and sheep, and dietary
macromolecular absorption by cattle and sheep.

J.E. Kinder, Professor and Chair, Columbus. Dr. Kinder
along with the Associate chair, Dr. Joy Pate, provides the leadership
for administering the various programs in the Department of
Animal Sciences. Dr. Kinder also supervises graduate students and
conducts research in the area of hormonal regulation of the reproductive function. The focus of his research program is on hormonal
regulation of sexual maturation and the reproductive cycle of
cattle. He also has an active research program in developing
practical technologies to control reproductive cycles of cattle.

R.C. Kline, Associate Professor, Columbus. Dr. Kline's
responsibilities include teaching the horse courses: AS 201, AS
271, and AS 541. His extension activities include conducting
eleven state-wide events each year for the 4-H Program, writing
horse materials for both youth and adult programs, and answering the daily requests for information from the horse industry. He
oversees the University horse herd and its use for classes and
research. Present research involves equine behavior and reproductive physiology in horses.
C.L. Knipe, Associate Professor, Columbus. Primary

responsibilities include processed meat extension activities for the
Ohio meat industry. He is also involved in research and teaching
and has a joint appointment with the Department of Food Science
and Technology. In addition to providing technical assistance to
small and large companies, within Ohio and nation wide, his
extension activities have focused on Hazard Analysis and Critical
Control Point (HACCP) training and implementation assistance for
Ohio meat plants. Dr. Knipe' s research interests include: identification of processing methods which optimize the functional quality
of pork, identification of processing procedures which limit shelflife and/ or safety of meat products, and shelf-life determination of
such products, maximizing the functionality of high-collagen meat
raw materials. He advises graduate students in Meat Science and
teaches Animal Science 550 (Meat Processing).
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J.D. Latshaw, Professor, Columbus. Dr. Latshaw' s teaching responsibilities include an introductory course in animal
nutrition and one in poultry science. Also, he teaches half of the
second nutrition course and half of a course combining nutrition
and physiology in support of reproduction. His research interests
include documenting all nutrient deficiencies and excesses in
broiler chicks and examining the use of energy by birds.

D.G. Levis, Associate Professor, Columbus. Dr. Levis' s
primary responsibility is coordinating out-reach educational
programs of the OSU Ohio Pork Industry Center (OPIC) and the
Ohio Pork Producer's Council. The OPIC is composed of County
Extension Agents, District Extension Specialists, the Agricultural
Technical Institute, School of Natural Resourses and the following
departments: Animal Sciences; Agricultural, Environmental and
Development Economics; Veterinary Preventive Medicine; Food
Science & Technology; and Food, Agricultural & Biological Engineering. His research interests are in swine reproductive physiology and design of swine breeding-gestation facilities.

M.S. Lilburn, Associate Professor, Wooster. Dr. Lilburn' s
research focuses on different aspects of avian nutrition and avian
embryonic development. His teaching responsibilities include a
graduate course in protein nutrition and he coordinates a poultry
nutrition course in conjunction with the Midwest Poultry Consortium at the University of Wisconsin.

S.C. Loerch, Professor, Wooster. Dr. Loerch's primary
research responsibilities are in beef cattle and sheep nutrition and
management. Current projects include: effects of controlling
intake on feedlot performance and proportion of carcass lean and
fat; use of extended grazing and corn as alternative feeds for ewes
and wintering beef cows, and nutritional strategies for stressed
feeder calves. He supervises the OARDC Beef Center, the
OARDC Sheep Center, and the cow herd at the North Appalachian Experimental Watershed Branch in Coshocton. He teaches
an undergraduate practical nutrition course and a graduate level
advanced ruminant nutrition course.

iiitj.Jiffiffltjllffl!lifo!!Tj Department of Animal Sciences
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D.C Mahan, Professor, Columbus. Dr. Mahan's research responsibilities involve evaluating the nutritional requirements and feeding programs
of swine at various stages of production, with primary emphasis on the sow
and weanling pig. Nutritional areas of investigation currently include
vitamin E and selenium, where he is evaluating the efficacy of organic and
inorganic selenium sources for sows and pigs. In addition the studies are
evaluating vitamin C and sodium and dtloride requirements of young pigs,
and the evaluation of carbohydrate and energy sources for the weanling pig.
He is involved in using the ileal digestibility technique in growing pigs to
evaluate the effect of different factors to enhance amino add digestibility from
soybean meal. He currently teaches undergraduate courses in animal Growth
and Development, and Feeds and Feeding course.

KE. McOure, Assistant Professo~ Woostei: Dr. McGure's research
interest is ruminant nutrition with emphasis on forage utilization Research
efforts include grazing experiments with legumes and cool-season grasses
using lambs. The objective is meat production that maximiz.es lean and
nUnllnizes fat for health conscious consumers. Strategies that involve grazing
and/ or comparative supplemental energy, protein, vitamins, and minerals
that are adaptable to the sheep enterprise are a primary objective. Emphasis is
also directed to the use of the com plant and other forages in the basal diet of
the ewe flock and breeding rams to economically meet their nutritional
requirements. Extension participation includes phone consultations, forage
related farm visits, and meeting with producer groups.

S.J. Moell~ Associate Professo~ Columbus. Dr. Moeller's Extension responsibilities include swine genetics, production management and
mortality composting. He serves as the leader of the OSU Swine Educators
Team and works with county and state groups to develop training programs
and educational materials for producers in Ohio and the United States. His
primary research interests are in the genetics of muscle quality and ultrasonic
evaluation of fat and muscle in swine. Teaching responsibilities include
undergraduate Genetics and Swine Production

M Morrison, Associate Professor, Columbus. Dr. Morrison is the
leader of a research team called MAPLE (Molecular Analysis of Prokaryotes
from Livestock Environments, see www.ag.ohicrstate.edu/ -ansd/ maple).
MAPLE is currently involved with several microbiology research projects
including the molecular biology of cellulose-degradation, bacterial adhesion
to surfaces, and the microbial ecology of antibiotic resistance genes. His
undergraduate teaching responsibilities include Microbiology 661: General
Microbial Physiology and a new Freshman Research Seminar Program open
to Honors students, to be offered in 2002.

il@lilfiibtjlbilil@lij Department of Animal Sciences
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F.V. Muir, Professor, Wooster. Dr. Muir's primary outreach interests are in the areas of the management of layers and
broilers, especially the application of computers in the production
of eggs and poultry meat. The use of computers to integrate egg
production or growth data, feed consumption, poultry house
environment, feed formulation, and record keeping are important
considerations in remaining competitive. Course responsibility Commercial Poultry Management.

K.E. Nestor, Professor, Wooster. Dr. Nestor's research
interests include population genetics of turkeys and Japanese
quail, genetics of disease resistance in the turkey, genetic relationships between growth and reproduction, and genetics of leg
strength in the turkey. He advises graduate students and is host
to several visiting scholars. Dr. Nestor is a Fellow of the Poultry
Science Association and a member of Gamma Sigma Delta.

H. W. Ockerman, Professor, Columbus. Dr. Ockerman' s
teaching responsibilities include Advanced Meat Technology,
Laboratory Analysis of Meat Products, Quality Control Interpretation, Global Food and Agriculture, Food in International Agriculture, Meat Science Seminars, as well as internships and individual studies. He is also involved in International Education.
His research programs include biochemistry, microbiology,
processing, quality, food safety, shelf life, and economics of
muscle tissue from slaughter to consumption in all species.
Extension duties include short courses, consulting, legal evaluation, and trouble-shooting industry concerns.

J.S. Ottobre, Professor, Columbus. Dr. Ottobre's research
is in the area of reproductive physiology. The primary focus of
this research is the regulation of the function of the corpus luteum. He teaches Introductory Animal Science, Reproductive
Physiology, and Advanced Reproductive Physiology. Dr. Ottobre
has a joint appointment in the Department of Physiology in the
College of Medicine.

iiltjililf1btJlmi@f1!ij! Department of Animal Sciences
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D.L. Palmquist, Professor Emeritus, Wooster. Dr.
Palmquist' s research is in the area of dairy cattle nutrition, including digestive physiology and nutrient utilization of high-energy
diets, especially fats, and regulation of milk synthesis and composition. He teaches graduate courses in ruminant nutrition, and
lipid and energy metabolism.

J.L. Pate, Associate Chair, Columbus. Dr. Pate is a reproductive physiologist specializing in the area of corpus luteum function. Primary research interests focus on the regulation of luteolysis,
prostaglandin production by the corpus luteum, the interactions
between the immune system and the reproductive system, and
nutritional I metabolic effects on fertility. She teaches Physiology of
Reproduction and Advanced Reproductive Endocrinology.

W.F. Pope, Professor, Columbus. Dr. Pope's primary
research interests are in embryonic mortality in swine. Secondary
investigations are examining factors affecting fertilization, estrous
cycle control, uterine secretions, and isoforms of the estradiol
receptor. His teaching responsibilities include the core physiology course (310), and reproductive physiology (410). Extension
duties include working closely with commercial sheep producers
through field days and site visits.

F.L. Schanbacher, Professor, Wooster. Dr. Schanbacher's
research interests are in the areas of physiology, biochemistry, and
molecular biology of bovine mammary development and milk
protein synthesis. Studies are focused at whole animal, cellular, and
molecular biology levels for synthesis and secretion of milk protein,
mammary cellular growth and development, and growth regulation.
He teaches the advanced course in Physiology of lactation.

lirtjiliHiJ1fflt!j@i@@{TI Department of Animal Sciences
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K.L. Smith, Professor, Wooster. Dr. Smith's research is in
the area of diagnosis, therapy, and control of bovine mastitis in
dairy herds; natural factors of disease resistance associated with
the bovine mammary gland; and environmental and nutritional
factors associated with increased mastitis in dairy herds. He
advises numerous M.S. and Ph.D. students.

P.W. Spike, Associate Professor, Columbus. Dr. Spike
has appointments in Extension and teaching, including Extension
responsibilities in youth work (4-H and FFA), genetics, and
management. His teaching duties include dairy cattle evaluation,
dairy herd management, and dairy farm management. He also
coaches the dairy cattle judging teams and advises the Buckeye
Dairy Club.

N .R. St-Pierre, Associate Professor, Columbus. Dr. StPierre specializes in the area of dairy farm management. Research interest is in the control function of management. Ongoing research projects are focused on quantitative methods for
evaluating animal systems (production, reproduction, mammary
health); the value of milk urea nitrogen (MUN) as a nutrition
management tool; reduction of nitrogen excretion by dairy cows
and feed cost optimization and nutritional economics; production
risks and risk management for dairy farms. Extension programs
are focusing on three inter-dependent areas: long-term strategic
planning of dairy enterprises; production and financial benchmarks for evaluating short-, medium-, and long-term results; and
nutritional management, herd structure and cost control.
T.B. Turner, Assistant Professor, Columbus. Dr. Turner's
primary research interest is beef cow performance, including milk
production, preweaning calf performance, age at weaning, and
matching feed resources to calving and weaning management.
His teaching responsibilities include Beef Cattle Production and
Management, Livestock Selection and Evaluation and Applied
Beef Cattle Genetics, and he coaches the Intercollegiate Livestock
Selection and Evaluation Team. Extension responsibilities include programs in beef cattle genetic improvement and in livestock selection and evaluation. He also advises undergraduate
and graduate students.
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S.G. Velleman, Associate Professor, Wooster. Dr.
Velleman' s research focuses on how the extracellular matrix
influences skeletal muscle growth and function. She teaches AS
618, Molecular Events in Tissue Growth.

W .P. Weiss, Professor, Wooster. Dr. Weiss' research is in
the general areas of feed evaluation, energy utilization by dairy
cows, and nutritional factors affecting cow health. Specific research projects include determining the energy value of corn
silages, developing methods to estimate starch availability to
cows, and effects of vitamins and trace minerals on hoof and
mammary gland health. Extension duties include working with
the Ohio Dairy Ration Program, and teaching dairy nutrition
short courses.

M.P. Wick, Assistant Professor, Columbus. Dr. Wick's
research focuses on the role of sarcomeric proteins in the mechanisms controlling skeletal muscle growth, development, and meat
quality. Teaching responsibilities include AS 355.01, Principles of
Meat Science; AS 620, Applied Animal Molecular Genetics; and
AS 868, Molecular Biology Techniques.

L.B. Willett, Professor, Wooster. For the past 30 years, Dr.
Willett has been conducting original research and has been responsive to issues of chemical agents in the environment of food
producing animals. His studies have addressed chemicals that
have an adverse impact toxicologically and sociologically on
agriculturally important livestock and human foods produced by
livestock. He has created methods to eliminate or satisfactorily
reduce the presence of these chemicals in the environment, livestock, and/ or human foods. He also studies undesirable and
odorous gasses emitted from stored manures plus physiological
adaptive changes that occur in calves immediately after birth. His
teaching responsibilities are in the graduate toxicology courses
and advising graduate students in physiology and toxicology. Dr.
Willett also advises independent study students in a collaborative
effort with the College of Wooster.
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D.L. Zartman, Professor, Columbus. Dr. Zartrnan's areas
of interest and expertise include biotelemetry to improve animal
performance through increased physiological data for improved
decision making or through modification of cellular processes.
He advocates intensive grazing and seasonal dairying research
and also works in genetics, cell culture, and reproductive physiology. Classes taught include animal welfare I rights issues and
management intensive grazing.

H.N. Zerby, Assistant Professor, Columbus. Dr. Zerby's
research interest is in the area of carcass and meat product quality
resulting from different live animal production and management
strategies. He focuses more specifically in the areas of enhancing
taste and tenderness in whole muscle meat products. Dr. Zerby's
teaching responsibilities include Principles of Meat Science and
Meat Animal and Carcass Evaluation, and he also works with the
Intercollegiate Meat Evaluation Team.
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Effects of Calpain and Calpastatin
Genotypes on Growth of Angus Bulls
H Y Chung, M E. Davis 1, and H C. Hines
The Ohio State University Department ofAnimal Sciences

Abstract
Effects of cal pain genotypes on growth and
insulin-like growth factor-I (IGF-1) concentration
were examined in 233 purebred Angus calves divergently selected for blood serum IGF-1 concentration at the Eastern Ohio Resource Development
Center (EORDC). Genotyping was performed
by polymerase chain reaction - single strand conformation polymorphism (PCR-SSCP) and restriction fragment length polymorphism (RFLP) analysis of the cal pain and calpastatin loci. The PCR
primers were selected from the calpain II regulatory subunit (CAPN4L4) and calpastatin domain
I (CASTl) . The IGF-1 concentration on d 28
(IGF28), 42 (IGF42), and 56 (IGF56) of the 140-d
postweaning test was determined. Birth weight
(BW), weaning weight (WW), on-test weight
(ONW), weight on day 28 (W28), 42 (W42), and
56 (W56) of the postweaning test, and off-test
weight (OFW) were also measured. Fixed effects in this analysis were genotypes, year of birth
(1995 and 1996), season (spring and fall), IGF-1
selection line (high and low), sex of calf (bull or
heifer), age of dam, and a covariate for age of calf.
Genetic polymorphisms among individuals were
observed for both loci (AA, AB, and BB). Differences in CAPN 4L4 genotypes were found (P =
1
For more information, contact at: 221 Plumb Hall, 2027
Coffey Road, Columbus OH 43210, 614-292-4984, Fax
614-292-7116, Email: davis.28@osu.edu
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0.01) for WW, and CASTl genotypes influenced
ONW (P = 0.01), W28 (P = 0.09), W42 (P = 0.06),
W56 (P = 0.03), and IGF56 (P = 0.05). Genetic
variants discovered in this study may provide useful information for future selection programs.

Introduction
Understanding the biochemical and physiological mechanisms underlying growth is one of
the major subjects of interest in the cattle industry.
Several studies have investigated the growth factors and growth hormones that influence growth.
However, it is still unclear whiCh genes and how
many genes are involved in the process of growth.
Therefore, studies on a molecular level to identify
genetic and environmental effects associated with
growth traits are essential. Calpain, which is an
endogenous protease (EC 3.4.22.17, Ca2+ dependent cysteine proteinase), has been studied (Goll
et al., 1983; Goll et al., 1992), along with several
growth factors, to investigate their effects on
growth, and cell growth and differentiation (Murray
et al., 1997; Temm-Grove et al., 1999). Cottin et
al. (1994) studied the effects of the calpain system
and IGF-1 on cell growth at early embryonic stages,
and found that the calpain system may influence
cell growth. If the calpain system is highly heritable, and has moderate to high genetic correlations with economic traits of interest, its use in a
selection program may increase the rate of genetic
change. Therefore, this study was carried out to
investigate the effects of calpain genotypes on
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units ofTaq DNA polymerase (Gibco BRL, Grand
Island, NY). After denaturation for 2 min at 95°C,
PCR cycles for CASTl were adapted to 94°C for
1 min for denaturation, 57°C for 1 min for anMaterials and Methods
nealing, and 72°C for 1.5 min for polymerization.
Conditions for CAPN4L4 were 94 °c for lmin,
Animals
60°C for 1 min, and 72°C for 1.5 min, with a total
Two hundred-thirty three purebred Angus
of 3 5 cycles (MJ Research Inc , PTC -200,
calves were born in the fall of 1995 and 1996 at
Watertown, MA). For the genotyping of all loci,
the EORDC, and were fed a postweaning corn and
8 µL of sample was diluted with 16 µL of distilled
soybean meal diet, which was formulated to meet
water and 8 µL of loading buffer (0.25% broNRC (1984) requirements for growing beef cattle.
mophenol blue, 0.25% xylene cyanol FF, and 70%
The calves were from lines divergently selected
glycerol). After heating at 95°C for 5 min, amplifor blood serum IGF-I concentration, and were
fication products were placed on ice. Polymorweaned at an average age of approximately 140
phisms for the CASTI locus were detected by
days.
single strand conformation polymorphism (SSCP)
with 1.5 x MDE (mutation detection enhancement;
Traits Measured
FMC, Rockland, ME) polyacrylamide gels. The
The BW, WW, ONW, W28, W42, W56, and
mixture was electrophoresed in 0.5 x TBE buffer
OFW were measured. In addition, IGF-I concenfor 10 hat 250 V and 12°C. Gels were visualized
tration was determined on day 28 (IGF28), day 42
by silver staining. Polymorphisms for CAPN4L4
(IGF42) , and day 56 (IGF56) of the 140-day
were detected using the Hha I restriction enzyme.
postweaning test. Mean IGF-I concentration (average ofIGF28, IGF42, and IGF56) was also calStatistical Analysis
culated for each calf (IGFM).
Least squares means and standard errors were
determined for all measurements with a model inDesign of Primers
The PCR primers for CASTl were designed cluding fixed effects of genotypes, age of dam, year
based on the bovine calpastatin cDNA of domain (1995 and 1996), season (spring and fall), IGF-I
I (Killefer and Koohmaraie, 1994; GenBank ac- selection line (high and low), sex of calf (bull vercession no . L14450 ), and primers for CAPN4L4 sus heifer), and a covariate for age of calf. Analywere based on domain IV of the cal pain regula- sis of variance was conducted using statistical
tory gene (McClelland, et al. , 1989; GenBank ac- analysis system (SAS) general linear models
cession no. J05065). Forward and reverse primer (GLM) procedures, and least squares means were
sequences
of
CASTl
were compared using Fisher' s least significant differCTTGTCATCCGACTTCACCT,
and ence test (SAS, 1985) with a comparison error rate
TCTTCTTTTCTCTTTGGGTGGA, respectively. of 0.05.
Forward and reverse primer sequences of
CAPN4L4 were TGGCTTTGGCATTGACAC, Results and Discussion
and GCCTGCCACTTTTTGATG, respectively.
weight and IGF-I traits to provide genetic information for improvement of these traits.

Polymorphism Detection
The PCR was conducted with a final volume
of 30 µL , including 3 µL of 10 X reaction buffer
(10 mM Tris, pH 8.3 , 50 mM KCl, 0.1 % Triton X100, 1.5 mM MgC1 2 ), 10 µM dNTP, 10 pM of
each primer, 50 ng of genomic DNA, and two
The Ohio State University Department of Animal Sciences
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Genetic Variants
A 500 bp PCR product for the CASTl locus was observed, which was the same size as the
PCR product from ovine (Roberts et al. , 1996).
Single strand conformation polymorphism analysis detected genetic variants for the CASTl locus;
two alleles (A and B) were observed (Figure 1). A
2001 Research and Reviews

Table 1. Least squares means (LSM) and standard errors (SE) for birth weight (BW),
weaning weight (WW), on-test weight (ONW), and weight at day 28 (W28) by genotypes.
BW,kg
Locus

LSM

CASTl
AA

AB
BB

AA

AB
BB

SE

p
0.22
33.93 ± 1.13
35.11 ± 0.62
35 .11 ± 0.58
p

CAPN4L4

a,b

WW,kg

ONW,kg

W28,kg

LSM

LSM

Genotype

=
34.57 ±
33.82 ±
35.75 ±

0.87
0.65
0.63
1. 05

LSM

SE

p = 0.34
152.61 ± 12.65
153.55 ± 6.94
153.68 ± 6.54
p

= 0.01
165.18 ± 7. 29a
149.06 ± 7. 01 b
145.58 ± 11.71b

SE

p = 0.01
205.43 ± 7. 82b
212.78 ± 4. 2 gab
215.02 ± 4. 04a

SE

p = 0.09
232.89 ± 0.53
245.01 ± 4.68
246.47 ± 4.41
p

p

= 0.43
213.75 ± 4.32
214.24 ± 4.33
205.25 ± 7.24

= 0.35
243.87 ± 4.92
244.29 ± 4.72
236.24 ± 7.90

Means in the same column and locus without a common letter differed at P < 0.05.

AAAB BBAA BBABAA BB BB BB BB BB BB

Figure 1. The PCR-SSCP polymorphism in domain L of the bovine CASTl locus, demonstrating

three genotypes (AA, AB, and BB). the SSCP was conducted at 10°C for 14 hours using 0.5 X mutation
detection enhancement (MDE) gels.
M AB AA BB AA AA BB AA AB AA

Figure 2. The PCR-RFLP polymorphism for CAPN4L4 locus of bovine calpain IV after digestion

with Hha I at 37°C for 3 hours, demonstrating three genotypes (AA, AB, and BB).
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Table 2. Least squares means (LSM) and standard errors (SE) for weight at day 42 (W42)
and 56, off-test weight (OFW), and average daily gain (ADG) by genotypes.
W42,kg
Locus

OFW,kg

W56,kg

ADG,kg / day

Genotype
LSM

CASTl

SE

= 0.06

p
AA

AB
BB

244 . 38
258.09
259.33

±
±
±

p

CANP4L4
AA

AB
BB

LSM

255.78
257.92
248 .1 0

±
±
±

LSM

SE

= 0.03

p

8.46
4.64
4.37

261 . 56
276.49
278.99

0 . 42
4.88
4.68
7 . 83

p

= 0.23

p

274.12
276.76
266.17

5 . 03
4.83
8.07

370.88
372.25
367.03

±
±
±
±
±
±

= 0.05

p

8. 71a
4. 78b
4. sob

LSM

SE

359.17
375.01
375.98

= 0.24

p

±
±
±

10. lOa
5.54b
5. 22b

=

0.34
5 . 83
5.60
9.35

±
±
±

SE

1.09
1.16
1.15

0 . 04
0 . 02
0.02

±
±
±
p

1.12
1.13
1.1 6

= 0.93

±
±
±

0 . 02
0.02
0.03

a,bMeans in the same column and locus without a common letter differed at P < 0.05 .

Table 3. Least squares means (LSM) and standard error (SE) for insulin-like (IGF-1; ng/mL)
at 28, 42, and 56 days postweaning and average IGF-1 across days (IGFM) by
CASTl and CAPN4L4 genotypes.
IGF28

IGF42

IGF56

IGFM

Locus Genotype
LSM

CASTl
AA

AB
BB

p = 0.29
208.91 ± 20.43
218.88 ± 11 . 20
222.17 ± 10.15
p

CANP4L4
AA

AB
BB

LSM

SE

p = 0.44
213. 35 ± 23.15
239 . 92 ± 12.69
233 . 17 ± 11. 96
p

= 0.83

216.05 ± 11.78
211.18 ± 11. 3 1
222 . 74 ± 18 . 91

SE

= 0.68

219 . 98
2 3 1.67
234.79

1,600 bp PCR product was generated using the
CAPN4L4 locus; genetic variants were observed
with Hha I restriction enzyme (Figure 2). Allele
frequencies were calculated as 0.27 and 0.73 for
the A and B allele of CASTl , and 0.67 and 0.33
for the A and B allele of CAPN4L4, respectively.
Effects of Genotypes
Statistical significance was observed for the
effects of the CAST I genotypes on ONW, W56,
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±
±
±

13 . 35
12.82
21.43

LSM

SE

LSM

p = 0 . 08
209.96 ± 23.77
262 . 19 ± 13. 04
248 . 95 ± 1 2 .28
p

±
±
±

p = 0 . 21
212 .1 7 ± 19 . 71
240.28 ± 10.81
234.77 ± 10.18

p

= 0 . 23

237 . 95
238.16
244.99

13. 71
13 . 17
22 . 0 1

SE

= 0 . 56

225.19
227.37
234 . 66

±
±
±

11. 37
10.92
18 . 25

and OFW (Tables 1 and 2). The CAPN4L4 genotypes had a significant effect on WW (Table 1).
The CASTl genotypes explained some variation
in W28 (P = 0.09) and W42 (P = 0.06). Least significant differences were observed for ONW at the
CAST I locus. The least squares mean of the BB
genotype (215.02 kg) was significantly different
from that of the AA (205.43 kg) and AB (212.78
kg) genotypes. Least significant differences for
W56 were also observed at the CAST I locus with

2001 Research and Reviews

the BB genotype having the highest mean. The BB
CASTl genotype tended to have the highest mean
for all of the weight traits. This genotype may be
a good marker to use in marker assisted selection
programs. At the CAPN4L4 locus, least significant differences were observed for WW. The least
squares mean of the AA genotype was significantly different from the means of the other genotypes.
According to Cottin et al. (1994 ), the
calpain system was detected in the early cell culture growth stage, and interacted with IGF-1. The
calpain system may be a cofactor for increasing
muscle differentiation. Bamoy et al. (1999) and
Hitomi et al. (2000) also suggested that the calpain
system is associated with the initial stages of cell
differentiation. Therefore, the cal pain system may
be involved in the process of growth at early embryonic developmental stages or late skeletal
muscle developmental stages. Genetic variants of
CASTl in this study accounted for some variation
in weight and also tended to be associated with
postweaning growth. The CASTl genotypes
tended to influence IGF56 (P = 0.08), but no significant effects on IGF-I traits were found for either locus (Table 3).

Conclusions
Least significant differences among CASTl
genotypes were found for ONW (BB>AB>AA),
W56 (BB>AB>AA), and OFW (BB>AB>AA).
However, no significant differences for weight
traits other than WW were observed among
C A PN4L4 genotypes. Neither CASTl nor
CAPN4L4 genotypes influenced IGF-I concentration. These results imply that calpain and
calpastatin genotypes explain some variation in
weight, and that the calpain and calpastatin genotypes may be used in marker assisted selection programs.
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Relationship of Two PCR-RFLP in
the Bovine Calpastatin Gene with
Calpastatin Activity, Meat
Tenderness, and Carcass Traits
HY Chung, ME. Davis 1, and HC. Hines
The Ohio State University Department ofAnimal Sciences

Abstract
Relationships of the calpastatin system with
calpastatin activity, meat tenderness and carcass
traits were examined in 4 7 purebred Angus bulls
from the Eastern Ohio Resource Development
Center (EORDC) . The bulls were from two lines
divergently selected for blood serum insulin-like
growth factor-I (IGF-1) concentration. Genotyping
was performed by polymerase chain reaction-restriction fragment length polymorphism (PCRRFLP) analysis at the calpastatin locus. Following selection of PCR primers based on the bovine
cDNA sequences, one set of primers was generated from calpastatin domain I (CAST67), and a
second set from domain IV (CAST28). Bulls approximately 13 to 15 months of age were slaughtered, and carcass traits, including fat thickness
(FAT), longissimus muscle area (LMA), percentage of kidney, pelvic and heart fat (KPH), hot carcass weight (HCW), marbling score (MAR) and
quality grade (QUL) were measured. In addition,
the activity of calpastatin (CAC), and WarnerBratzler Shear Force (WBS) were measured. The
statistical model for this analysis included fixed
effects of calpastatin genotypes, age of dam, IGFI selection line, and a covariate for age of bull.
Genetic polymorphisms among individuals were
1

For more information, contact at: 221 Plumb Hall, 2027
Coffey Road, Columbus OH 43210, 614-292-4984, Fax
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The Ohio State University Department of Animal Sciences

27

observed for both domains of the calpastatin locus
(AA, AB, and BB). Significant differences among
CAST67 genotypes were found for KPH (P < 0.01)
and CAC (P < 0.05). Genotypes ofCAST28 also
influenced KPH (P < 0.01) and CAC (P < 0.05).
Least significant differences among CAST67 and
CAST28 genotypes were found at the P = 0.05 level
for KPH (BB>AB>AA) and CAC (BB>AB>AA).
CAC was highly correlated with FAT and MAR
(P < 0.05). It may be possible to use calpastatin
genotypes classified by PCR-RFLP and SSCP in
marker assisted selection programs to improve
carcass traits and calpastatin activity.

Introduction
Providing the meat tenderness that consumers desire is one of the major problems facing the
meat industry, because postmortem meat tenderization is highly variable between carcasses. Therefore, it is essential to study at the molecular level
biochemical mechanisms that relate to postmortem muscle breakdown. Myofibril proteins, whose
function is to maintain structural integrity of myofibrils, are involved in intermyofibrillar (desmin
and vinculin) and intramyofibrillar (titin, nebulin,
and troponin-T) protein. Recent findings suggest
that cal pain-mediated proteolysis of myofibril proteins is mainly responsible for improvement of
meat tenderness during postmortem storage of carcasses (Ouali and Talmant, 1990; Goll et al., 1992;
Koohmaraie, 1992; Koohmaraie, 1994). Postmortem tenderization of meat is widely hypothesized
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to be the result of degradation and weakening of
the myofibril proteins near the Z-disks (Goll et
al., 1992; Kendall et al., 1993; vanden HemelGrooten et al., 1997). Postmortem proteolysis,
change of muscle protein, also causes change in
pH, which is related to myofibril breakdown during the postmortem period, and, therefore, meat
undergoes metabolism for oxidation or glycolytic
activities. It is possible to explain the process of
meat tenderization by analyzing myofibril proteins,
because postmortem change in myofibril proteins
is one of the main causes of the change in meat
structure. If differences in the rate and content of
proteolysis of these specific proteins account for
differences in the rate and content oftenderization,
then variation in the tenderness of meat at the consumer level could be controlled by genetic and biochemical methods.

Materials and Methods
Animals
Forty-seven purebred Angus bulls were born
in the fall of 1996 at the EORDC. Bulls were divergently selected in high and low lines for blood
serum IGF-I concentration. Calves were weaned
at an average age of approximately 140 days, and
were fed a corn and soybean meal diet, which was
formulated to meet NRC requirements for growing beef cattle. After a 140-day postweaning performance test, bulls were slaughtered at a commercial packing facility in Columbus, OH at 13 to 15
months of age. Longissimus muscles, which were
separated between the 12th and 13th ribs, were
removed from the carcasses at 2 days postmortem.

Warner-Bratz/er Shear Force
The method of WBS was described by
Koohmaraie ( 1994) and was used to measure meat
tenderness. Shear force was reported in kilograms
and was scored from 1 to 10 (lower score indicates more tender meat).
Myofibril Fragmentation Index
Myofibril isolation was performed using a
modification of the method described by
Uytterhaegen et al. (1994); 5 grams of muscle was
used. The MFI was calculated after measuring
absorbence at 590 nm using 200 x absorbency.
pH
pH was measured after homogenizing the meat
samples with homogenizing buffer (50 mM Tris
and 10 mM EDTA, pH 7.0).
Calpastatin Activity
The assay of calpastatin activity was described
by Koohmaraie et al. (1994 ); 5 grams of muscle
tissue were extracted for this analysis. The Angstrom 278 was determined, and calpastatin activity
was reported as units of activity per gram of tissue.
Carcass Traits
The following carcass measurements were
obtained: Backfat thickness (FAT) between the
12th and 13 111 rib; kidney, pelvic, and heart fat percentage (KPH); marbling score (MAR) (1 =devoid,
2 = practically devoid, 3 = traces, 4 = slight, 5 =
small, 6 =modest, 7 =moderate, 8 = slightly abundant, 9 =moderately abundant, and 1O= abundant);
loineye area (LEA); hot carcass weight (HCW);
and quality grade (QUL) (6 =standard-, 7 = standard, 8 = standard+, 9 = select, 10 = select, 11 =
select+, 12 =choice-, 13 =choice, and 14 =choice+).

Sample Preparation
Steaks were cut approximately 5 cm thick from
the longissimus muscle. After removing all external fat and peripheral connective tissue, the samples
PCR Conditions
were prepared for measurement of activity of CAC,
The PCR conditions were 94°C I 1 min,
WBS, pH, and myofibril fragmentation index
63°C I 1 min, 72°C I 2 min for CAST28, and 94
(MFI).
°C I 1 min, 60 °c I 1 min, 72 °C I 1.5 min for
CAST67 using a themocycler (MJ Research, Inc,
PTC-200, Watertown, MA).
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Table 1. Primer sequences for the calpastatin locus.
Locus

Primer Sequences

Positions

GenBank Accession

No.

CAST28

Forward GTGCCCAGGACCCCATTG
Reverse AGCAGGCTTCTTGTCTTTGTC

Calpastatin domain IV 1

Ll4450

CAST67

Forward AGCAGCCACCATCAGAGAAA
Reverse TCAGCTGGTTCGGCAGAT

Calpastatin domain L

Ll4450

1

Calpastatin cDNA sequence (Killefer and Koohmaraie, 1994).

Table 2. Allele frequencies of the calpastatin and calpain loci of the 233 Angus bulls.
Segment

Allele

CAST28

A

Frequency

B

A

CAST67

B

Enzyme

Detection Method

0.27
0.73

Taq I

PCR-SSCP

0.67
0.33

Xmn I

PCR-RFLP

Table 3. Least squares means (LSM) and standard error (SE) for fat thickness (FAT),
loin-eye area (LEA), and kidney, pelvic and heart fat (KPH) by genotypes.
LEA, cm2

FAT,cm
Locus

LSM

SE

LSM

p

CAST28
AA

AB
BB

0.98
0.63 ± 0.05
0.63 ± 0.05
0 . 61 ± 0.12
p

CAST67
AA

AB
BB
06

KPH,%

Genotype
SE
p

= 0.83

28.93 ± 1. 34
28 . 79 ± 1. 62
27.17 ± 3.14

= 0.96

p

= 0.80

29.05 ± 1. 34
28.54 ± 1. 62
27.17 ± 3.14

0 . 63 ± 0.05
0.63 ± 0.05
0 . 61 ± 0 . 12

SE

LSM
p

= 0.01

± 0. llb
± 0.14b
2.96 ± 0. 27a

1. 63
1. 77

p

= 0.01

± 0 .11 b
± 0.14b
2.95 ± 0. 27a

1. 63
1. 79

Means in the same column and locus without a common letter different at P < 0.05.
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Table 4. Least squares means (LSM) and standard errors (SE) for hot carcass weight
(HCW), marbling score (MAR), and quality grade (QUL) by genotypes.

MAR

HCW,kg
Locus

QUL

Genotype
LSM

LSM

SE

0.34
582.17 ± 16.75
562.00 ± 20.11
540.67 ± 39.16

AA

AB
BB

4.33 ± 0.11
4.50 ± 0.14
4.34 ± 0.27

p = 0 . 22

CAST67

p = 0.45

4.33 ± 0.11
4.50 ± 0.14
4.33 ± 0.27

584.69 ± 16 . 51
557.17 ± 20.08
541.32 ± 38.74

AA

AB
BB

SE

LSM

p = 0 . 53

p = 0 . 47

p

CAST28

SE

9.71 ± 0.31
10.01 ± 0.38
9 . 29 ± 0 . 74
p = 0 . 49
9 . 70 ± 0.31
10.02 ± 0.38
9.27 ± 0.73

Table 5. Least squares means (LSM) and standard error (SE) for calpastatin (CAC),
Warner-Bratzler Shear Force (WBS), (pH), and myofibril fragmentation index
(MFI) by genotypes.

pH

WBS

CAC

MFI

Locus Genotype
LSM
CAST28
AA

AB
BB
CAST67
AA

AB
BB

SE

LSM

SE

LSM

SE

LSM

SE

p = 0.02
4.03 ± 0. 26b
4.18 ± 0 . 31b
5.63 ± 0. 61 a

p = 0.69
3 . 54 ± 0.29
3.55 ± 0.35
3.73 ± 0.69

p = 0.97
6.44 ± 0 . 04
6.46 ± 0.05
6 . 56 ± 0.10

p = 0.48
83.93 ± 7.96
74.01 ± 9.56
54.12 ± 18.61

p
0.02
4.00 ± 0 . 25b
4.23 ± 0 . 31b
5 . 63 ± 0. 60a

p = 0.68
3.46 ± 0.29
3.70 ± 0.35
3 . 75 ± 0 . 68

p = 0.78
6.45 ± 0.04
6 . 43 ± 0.05
6.55 ± 0.10

p = 0.44
84 . 10 ± 7.91
73 . 49 ± 9 .6 1
54 .6 3 ± 18.55

abMeans in the same column and locus without a common letter differed at P < 0.05.
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Statistical Analysis
Least squares means and standard errors were
determined for all measurements with a model that
included fixed effects of calpastatin genotypes, age
of dam, line, and age of bull as a covariate. Analysis of variance was conducted using statistical
analysis system (SAS) general linear models
(GLM) procedures, and least squares means were
compared using Fisher's least significant difference test (SAS, 1985) with a comparison error rate
of 0.05.

Results and Discussion

lian inheritance with no significant departures from
expected values. Genetic variants for calpastatin
domain L and IV, which are unique and repetitive
domains, respectively, have not been previously
reported.
Significant Effects
Least squares means for FAT, LEA, KPH,
and HCW classified by genotypes are shown in
Table 3. Significant differences among CAST67
genotypes were found for KPH (P < 0.01) and CAC
(P < 0.05) (Table 5). Genotypes for CAST28 also
influenced KPH (P < 0.01) and CAC (P < 0.05).
The BB genotype of CAST28 and CAST67 had
much higher values for KPH and CAC than the
other genotypes. Least significant differences
among means for CAST67 and CAST28 genotypes
were found for KPH (BB>AB>AA) and CAC
(BB>AB> AA). No significant differences among
genotypes were detected for FAT, LEA, HCW,
MAR, QUL, ADG, MFI, pH, or WBS (Tables 3,
4, and 5). It may be possible to use calpastatin genotypes classified by PCR-RFLP and SSCP in marker
assisted selection programs to improve KPH and
calpastatin activity.

Genetic Variants
Polymerase chain reaction generated a 1,400
bp fragment for CAST28anda1,600 bp fragment
for CAST67 (Table 1). No polymorphism in the
CAST28 segment was found using several restriction enzymes including Hae III, Hinfl, Hha I, Ava
II, Xmn I, Msp I, Pst I, Mae III, and Rsa I. A
polymorphism was detected in the CAST28 segment using SSCP (Figure 1). A restriction fragment length polymorphism (RFLP) was found in
the CAST67 segment using Xmn I (Figure 2). Two
alleles were detected for the CAST28 and CAST67 Residual Correlations
segments. Allele frequencies were calculated for
A positive low correlation between CAC and
both segments (Table 2). Allele frequencies were WBS was detected (Table 6); this correlation was
tested for chi-square goodness of fit for Mende- lower than in previous studies (r = 0.48,
AA

AA

BB

AB

AA AB AB

AA

Figure 1. The PCR-SSCP polymorphism for CAST28 locus in bovine calpastatin domain IV after
digestion with Taq I at 65°C for 3 hours, demonstrating three genotypes (AA, AB, and BB). The SSCP
was conducted at I0°C for 14 hours using 0.5 X MDE gel.
The Ohio State University Department of Animal Sciences
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MAAABAA BBAB BBABABAA AA M

Figure 2. The PCR-SSCP polymorphism for CAST67 locus in bovine calpastatin domain L after
digestion with Xmn I at 37°C for 3 hours, demonstrating three genotypes (AA, AB, and BB).
Koohmaraie, 1994; r= 0.31, Lonergan et al., 1995;
r = 0.42, Wulf et al., 1996; r = 0.83, Morton et al.,
1999). Uytterhaegen et al. (1994) and Koohmaraie
et al. (1994) also reported a positive correlation
between CAC and WBS. Goll et al. (1985) and
Ouali and Talmant (1990) suggested that the activity of endogenous proteolytic enzymes in muscle
tissue plays a major role in the conversion of
muscle proteins. The CAC was correlated with
FAT and MAR (P < 0.05), and was negatively correlated with most of the meat traits. Wiklund et al.
(1997) suggested that meat with different pH values has different collagen contents, and, therefore,
pH may be related to meat traits . Koohmaraie
(1990) and Dransfield (1992) also suggested that
pH is one of the main determinants of meat tenderness. However, a significant correlation between pH and WBS was not detected in the current stduy. The pH was not significantly correlated
with any of the meat traits other than KPH. Positive relationships were detected between pH and
KPH (r = 0.40, P < 0.01) and between KPH and
FAT (r = 0.40, P < 0.01).
The calpain-calpastatin system was examined
to determine its involvement in the rapid tenderization of fast glycolysing muscle. O'Halloran et
al. (1997) reported that fast glycolysing muscles
were rated more tender in sensory analysis and had
a lower shear force than slow glycolysing muscles.
Therefore, slow glycolysing muscles had shorter
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sarcomere lengths, as reflected in the MFI. Consequently, MFI is expected to be correlated with
meat tenderness and pH, but significant correlations were not found in this study.

Conclusions
Genotypes for CAST28 and CAST67 significantly influenced KPH, and also explained significant variation in calpastatin activity. The BB genotypes for both segments had the highest KPH values (BB> AB> AA). Calpastatin activity was somewhat related to WBS (r = 0.26, P = 0.09). Significant negative correlations between CAC and FAT,
and CAC and MAR were observed. The KPH
was highly correlated with pH and FAT. It may
be possible to use calpastatin genotypes classified
by PCR-RFLP and SSCP in marker assisted selection programs to improve KPH, as well as
calpastatin activity and meat tenderness.

References
Dransfield, E. 1992. Modeling postmortem
tenderisation - III: Role of calpain I. Meat Sci.
31 :85-94.
Goll, D.E., T. Edmunds, W.C. Kleese, S.K.
Sathe, and J.D. Shannon. 1985. Some properties
of the Ca2+ dependent protease. Prog. Clin. Biol.
Res. 180: 151-164.

2001 Research and Reviews

Table 6. Residual correlations among meat and carcass traits.
CAC

WBS
pH
MFI
FAT
LEA
KPH
HCW
MAR
QUL

.26
.05
-.21
-.32*
.04
-.16
- .13
-.31*
-.24

WBS

-.10
-.01
-.11
-.08
-.12
-.18
.02
.03

pH

FAT

MFI

.09
-.01
-.03
.02
.10
.40** -.01
-.09
- .18
-.18
.18
-.16
.18

.00
.40**
.20
.18
.19

LEA

.13
.35*
.04
.04

KPH

.19
.00
.03

HCW

.08
-.02

MAR

.87**

* p < 0.05
** p < 0.01
1

CAC =Activity of calpastatin, WBS = Warner-Bratzler Shear Force, MFI = myofibril, fragmentation index, FAT= fat
thickness, LEA= loin-eye area, KPH= kidney, pelvic, and heart fat, HWC =hot carcass weight, MAR= marbling score,
and QUL = quality grade.

Goll, D.E., V.F. Thompson, R.G. Taylor,
and J.A. Christiansen et al. 1992. Role of the
calpain system in muscle growth. Biochimie. 74:
225-237.
Kendall, T.L., M. Koohmaraie, J. R.
Arbona, S. E. Williams, and L. L. Young. 1993.
Effect of pH and ionic strength on bovine mcalpain and calpastatin activity. J. Anim. Sci. 71:
96-104.
Killefer, J ., and K. Koohmariae. 1994. Bovine skeletal muscle calpastatin: cloning, sequence
analysis, and steady-state mRNA expression. J.
Anim. Sci. 72: 606-614.
Koohmaraie, M. 1990. Quantification of
Ca2+ dependent protease activities by hydrophobic and ion-exchange chromatography. J. Anim.
Sci. 68: 659-665.
Koohmaraie, M. 1992. The role of Ca2+dependent proteases (calpains) in post mortem proteolysis and meat tenderness. Biochimie. 74:239245.
Koohmaraie, M. 1994. Muscle proteinases
and meat aging. Meat Sci. 36:93-98.
Koohmaraie, M., T.L. Wheeler, and S.D.
Shackelford. 1994. Beef tenderness: Regulation
and prediction. Proc. Beef Vanguard Intil Cong.
pp 81-96.

The Ohio State University Department of Animal Sciences

33

Lonergan, S.M., C.W. Ernst, M.D. Bishop,
C.R. Calkins, andM. Koohmaraie. 1995. Relationship of restriction fragment length polymorphisms
(RFLP) at the bovine calpastatin locus to
calpastatin activity and meat tenderness. J. Anim.
Sci. 73:3608-3612.
Morton, J.D., R. Bickerstaffe, M.P. Kent,
E. Dransfield, and G.M. Keeley. 1999. Calpaincalpastatin and toughness in M. longissimus from
electrically stimulated lamb and beef carcasses.
Meat Sci. 52:71-79.
O'Halloran, G.R., D.J. Troy, D.J. Buckley
and W.J. Reville. 1997. The role of endogenous
proteases in the tenderization of fast glycolysing
muscle. Meat Sci. Vol.47 No. 314, 187-210.
Ouali, A., and A. Talmant. 1990. Calpains
and calpastatin distribution in bovine, porcine and
ovine skeletal muscles. Meat Sci. 28: 331-348.
SAS. 1985. SAS User's Guide: Statistics.
SAS Inst. Inc., Cary, NC.
Uytterhaegen, L., E. Claseys, and D.
Demeyer. 1994. Effects of exogenous protease effectors on beef tenderness development and myofibrillar degradation and solubility. J. Anim. Sci.
72: 1209-1223.
vanden Hemel-Grooten, H.N.A., M.F.W.

2001 Research and Reviews

Wiklund, E., V.M.H. Barnier, F.J.M.
te Pas, T.J. van den Bosch, G.J. Garssen, V.V.A.
M. Schreurs, and M.W.A. Verstegen. 1997. Smulders, K. Lundstrom, and G. Malmfors. 1997.
mRNA levels of the calpain system in longissi- Proteolysis and tenderization in reindeer ( Fangifer
mus muscle of young pigs during prolonged feed- tarandus tarandus L.) bull longissimus thoracis
ing of a protein-free diet. J. Anim. Sci. 75:968- muscle of varying ultimate pH. Meat Sci. Vol.
974.
46:33-43.
Wulf, D.M., J.D. Tatum, R.D. Green, J.B.
Morgan, B.L. Golden, and G.C. Smith. 1996. Genetic influence on beef longissimus palatability in
Charolais- and Limousin-sired steers and heifers.
J. Anim. Sci. 74: 2394-2405.

The Ohio State University Department of Animal Sciences

34

2001 Research and Reviews

Relationships of Polymorphisms in
the Pit-1 Gene with
Growth Traits in Beef Cattle
Qun Zhao, ME. Davis 1, and HC. Hines
The Ohio State University Department ofAnimal Sciences

Abstract
The Pit-1 is a pituitary specific transcription
factor that helps regulate the expression of growth
hormone (GH). Therefore, the Pit-1 gene was chosen to be a candidate gene for growth traits in beef
cattle. Growth traits, which are under the control
of multiple genes, are economically important traits
in livestock. Detecting genetic variations in the Pit1 gene and relating them to growth traits could be
helpful in development of marker-assisted selection (MAS) programs in animal breeding. Experimental animals used in this research were Angus
beef cattle, which were divergently selected for
high versus low blood serum insulin-like growth
factor-I (IGF-1) concentration, starting in 1989.
Three polymorphisms, including one single strand
conformation polymorphism (SSCP) detected in
intron 5, one Mspl polymerase chain reaction-restriction fragment length polymorphism (PCRRFLP) in intron 2, and a PCR-RFLP Hinfl polymorphism (Woollard et al. , 1994) in exon 6, were
studied. The intron 5 SSCP was examined in 185
cattle, the exon 6 Hinfl RFLP in 416 cattle, and
the intron 2 Mspl RFLP in 80 cattle. We found
genotypes AB and BB with frequencies of 0.09
and 0.91, respectively, for the intron 5 polymorphism. No AA individuals were found in this

Introduction
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614-292-7116; Email: davis.28@osu.edu
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sample. For the Hinfl RFLP, genotypic frequencies of0.11, 0.45 and 0.44 were observed for CC,
CD, and DD, respectively. Finally, three genotypes,
EE, EF, and FF, were detected with frequencies of
0.16, 0.48, and 0.36, respectively, for the Mspl
RFLP. The associations of the polymorphisms with
growth traits were also analyzed using the General Linear Model (GLM) procedure in the Statistic Analysis System (SAS). For each polymorphism, a linear model was fitted for birth weight,
weaning weight, preweaning gain, on-test weight,
off-test weight, weight at day 28 and d 56 of the
140-day postweaning test, and IGF-I concentration. For the intron 5 SSCP, no significant associations between the genotypes and these growth
traits were found. A moderate association of genotypes with weight at day 56 was found (P = 0:08),
with genotype AB having a higher day 56 weight.
Therefore, allele A could be associated with superior day 56 weight. Significant associations were
found between the Hinfl genotypes and birth
weight (P = 0.03) and pre-weaning gain (P = 0.01).
Therefore, this Pit-1 polymorphism appears to affect growth traits in Angus beef cattle and may be
a candidate for use in MAS. The Mspl polymorphism was not found to be significantly related to
any of these traits. Further study of these polymorphisms in a larger sample is warranted.

The Pit-1, which is also called growth hormone factor-1, is a pituitary specific transcription
35
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factor that has been shown to positively regulate
the expression of GH, prolactin (PRL) and thyrotrophin~ subunit (TSH-~) (Nelson et al. , 1988)
and to play a role in pituitary cell differentiation
and proliferation (Anderson and Rosenfeld, 1994).
Mutations in the Pit-1 gene lead to the absence of
growth hormone and pituitary hypoplasia in mice
(Li et al., 1990) and a syndrome of congenital hypothyroidism, dwarfism, and prolactin deficiency
in human (Pfaffle et al., 1992). Therefore, the Pit1 gene may be a good candidate for genetic-marker
associated effects upon growth traits. Detecting genetic variations in the Pit-1 gene and relating them
to growth traits could be helpful in the discovery
of useful genetic markers that can be used to facilitate selection and breeding through MAS programs.
Polymorphisms in the Pit-1 gene have been
associated with production traits in pigs and cattle.
Pit-1 was found to be related to weaning weight,
average daily gain (Yu et al., 1995), backfat thickness (Yu et al., 1995; Stancekova et al., 1999), birth
weight (Yu et al. , 1996), and lean to fat ratio in
pigs (Stancekova et al., 1999). In cattle, pit-1 was
found to be associated with body weight, and milk,
protein, and fat yields (Renaville et al. , 1997).
The objectives of this study were to examine
the Pit-1 gene for possible mutations using PCRSSCP and PCR-RFLP, and to test the association
of these polymorphisms with growth traits in Angus beef cattle.

Simmen, 1997). A total of 185 (cattle born in
spring, 1995 through spring, 1996), 426 (cattle born
in spring, 1995 througn fall, 1997) and 80 (cattle
born in spring, 1995) cattle were genotyped for the
intron 5 SSCP, exon 6 Hinfl, and intron 2 Mspl
polymorphisms, respectively.

Methods
Genomic DNA was isolated from blood
samples collected during the IGF-1 selection experiment. Polymerase chain reaction (PCR) was
used to amplify the regions of interest. For the intron 5 variation, a fragment of 360 bp was amplified
with
primers
(forward
5' CCTCTGTCCATGGGATTTTC-3' and reverse
5 '-AAATGTCCCCCAGAACTCAG-3 ') . The
PCR was performed in a 30 µl reaction volume
containing 10 pmol of forward primer and the same
amount ofreverse primer, 200 µM dNTP's, lx reaction buffer, which contained 1.5 mM MgC1 2, 1
unit of Taq-DNA polymerase, and 100 ng of genomic DNA as template. Conditions were 97°C for
2 min, followed by 35 cycles of 95 °C for 45 seconds, 63 °C for 1 min, and 72°C for 90 seconds.
After 35 cycles, reactions were finished by an extension of 5 min at 72 °C, and finally bulked at 4
°C in a DNA Thermal Cycler.
For the exon 6 Hinfl polymorphism, the primers were designed and the PCR conditions were
followed as previously described (Woollard et al.,
1994). The PCR reaction mixture was the same as
the one for the intron 5 variation described above.
For the intron 2 Mspl polymorphism, a 3,000 bp
Materials and Methods
fragment was amplified with primers (forward 5 ' CTGTTCCTTTCTGTCATTAT-3 ' and reverse 5 ' Animals
AGGAAAACCATGACTCAA-3'). The PCR reAngus beef cattle, which were divergently seaction mixture was again the same as the one for
lected for blood serum IGF-1 concentration, were
intron 5 described above. Conditions were 97°C
used as the experimental animals. Selection began
for 2 min, followed by 35 cycles of 95 °C for 45
inl 989 at the Eastern Ohio Resource Development
seconds, 52 °C for 1 min, and 68 °C for 90 seconds.
Center (EORDC), using 100 spring-calving (50 .
After 35 cycles, reactions were finished by an exhigh line and 50 low line) and 100 fall-calving (50
tension of 5 min at 72 °C and finally bulked at 4
high line and 50 low line) purebred Angus cows oc.
with unknown IGF-1 levels. Each year, four bull
When amplification of the 360 bp intron 5 fragcalves with the highest and four bull calves with
ment was achieved, SSCP was performed to screen
the lowest IGF-1 concentration were selected for
for mutations within the amplified segment. The
breeding within the selection lines (Davis and
The Ohio State University Department of Animal Sciences
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samples were loaded on 8% polyacrylamide gels
and run in 1x TBE buffer at 200 to 250 volts for 16
to 20 hours at a constant temperature of 10°C. Gels
were stained with 0.01 % Ethidium Bromide for
10 min and viewed under UV light. A total of 185
Angus cattle were genotyped for this marker.
To genotype animals for the two RFLPs, the
corresponding PCR products were digested with
restriction enzymes Hinfl and MspI, respectively,
and the digested DNA was run on an agarose gel.
The gels were viewed under UV light. A total of
416 and 80 animals, respectively, were genotyped
for these two polymorphisms.

Statistical Analysis
Associations of the animal genotypes with
growth traits and IGF-I concentrations were determined by analysis of variance of quantitative traits,
which included birth weight, weaning weight,
preweaning gain, on-test weight, weight at day 28
and 56 of the 140-day postweaning test, off-test
weight, weight gain during the 20-day period between weaning and the beginning of the postweaning test, postweaning gain, and serum IGF-I concentration on days 28, 42, and 56, and the mean
serum IGF-I concentration, using GLM procedures
in SAS. Fixed effects of Pit-1 genotypes, year of
birth, season of birth (spring vs fall), age of dam,
sex, and IGF-I selection line (high vs low) were
included as independent variables in the linear
model. Age of calf was treated as a covariate in
the model. To test for possible differences in the
association between genotypes and growth traits
in the high and low selection lines, data were also
analyzed separately within each selection line using the same model, except that selection line was
deleted from the model.

Results
Three polymorphisms-a new SSCP site
detected in Pit-1 intron 5, a new MspI polymorphism in Pit-1 intron 2, and a PCR-RFLP Hinfl
polymorphism previously reported (Woollard et al.,
1994) in Pit-1 exon 6- were observed in Angus
beef cattle. For the intron 5 polymorphism, we
found genotypes AB and BB with frequencies of
The Ohio State University Department of Animal Sciences
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0.09 and 0.91 , respectively. No AA individuals
were found in this sample. Genotypic frequencies
were not different between the high and low IGFI selection lines (P value for X2 test was 0.48). For
the exon 6 polymorphism, genotypic frequencies
of 0.11, 0.45, and 0.44 were observed for CC, CD,
and DD, respectively. Again the genotypic
freqencies did not differ between the high and low
IGF-I selection lines (P value for X2 test was 0.91).
For the MspI site, a fragment of 3,000 bp starting
in exon 2, including intron 2, and ending at exon
3, was amplified. The PCR product was digested
with MspI and revealed three genotypes, EE, EF,
and FF, with frequencies of 0.16, 0.48, and 0.36,
respectively. The genotypic frequencies were significantly different between the high and low IGFI selection lines (P value for X2 test was 0.03). In
the high line, the genotypic frequencies were 0.22,
0.25, and 0.53 for EE, EF, and FF, respectively. In
the low line, the genotypic frequencies were 0.09,
0.51, and 0.40 for EE, EF, and FF, respectively. In
these 80 animals, the frequency of EE was significantly higher in the high IGF-I selection line than
in low line (Table 1).
Relationships of these genotypes with growth
traits and IGF-I concentration were also analyzed
using the GLM procedure of SAS. For the intron 5
polymorphism, no significant associations between
the genotypes and the growth traits were found.
However, animals with genotype AB tended to
have higher values than animals with genotype BB .
for every trait except birth weight. A moderate association of genotypes with weight at day 56 (P =
0.08) and with IGF-I concentration at day 56 (P =
0.09) was found for this polymorphism (Table 2).
Significant associations were found between
Hinfl genotypes and birth weight (P = 0.03) and
preweaning gain (P = 0.01). Animals with genotype DD had higher birth weight but lower
preweaning gain. A moderate association of genotypes with weight gain during the 20-day period
between weaning and the beginning of the
postweaning test (P = 0.07) was found for this polymorphism and animals with genotype CC had
higher value (Table 3). For the MspI polymorphism, no significant association was found be-
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Table 1. Genotypic frequencies by IGF-1 selection line for three
1
pit-1 gene polymorphisms •
Polymorphism

Genotypes

Low line

High line

Intron SSCP

AB
BB

0.10
0 .90

0 .07
0.93

HinjlRFLP

cc
CD
DD

0.11
0.43
0.46

0 . 11
0.44
0.45

EE
EF
FF

0.22
0.25
0.53

0.09
0.51
0.40

Msp/RFLP

1

P value for X2 test was 0.91, 0 .91, and 0.03, respectively, for the three
polymorphisms. The Mspl genotypic frequencies were significantly
different between the two selection lines.
2
IGF-I = insulin-like growth factor-I, SSCP =single strand conformation
polymorphism, and RFLP = restriction fragment length polymorphism.

Table 2. Least-squares (LS) means and standard errors (SE) and standard errors for
single strand conformation, polymorphism (SSCP) in Pit-1 Intron 5.
AB (n = 17)
LS Means
Birth weight (kg)
Wearing weight (kg)
On-test weight (kg)
Off-test weight (kg)
Day 28 weight (kg)
Day 56 weight (kg)
Preweaning gain (kg)
Postweaning gain (kg)
Gain20 2 (kg)
IGF-P on day 28 (ng/mL)
IGF-I on day 42 (ng/mL)
IGF-I on day 56 (ng/mL)
Mean IGF-I (ng/mL)

33.33
189.17
214.47
395.30
260.04
296.19
153.49
166.38
27.54
263.04
255.60
321.60
278.48

SE
1.23
5.90
6.58
9.49
7.98
8.16
3.37
5.02
2.10
20.47
24.16
23.92
19.16

BB (n = 168)
LS Means

SE

34.41
188.34
213.57
381.52
251.65
281.93
158.48
161.68
25 .92
245 .06
252.31
282.38
260.52

0.63
3.00
3.35
4.83
4.07
4.16
6.61
2.56
1.07
10.43
12.31
12.19
9.76

P-value

0.38
0.89
0.89
0.14
0.29
0.08 1
0.47
0.33
0.42
0.36
0.89
0.09 1
0.33

1

P < 0.10
Weight gain during the 20-day period between meaning and the beginning of the postweaning test.
3
lnsulin growth like factor-I.
2
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Table 3. Least- squares LS means and standard errors (SE) for Hinfl polymerase chain reactionrestriction fragment length nolymoq~hism (PCR-RFLP) in Pit-1Exon6.
CC(n=46)
CD (n = 187)
DD (n = 183)
P-value
LS means
SE
LS means
SE
LS means
SE
1
Birth weight (kg)
34.03
32.54
0.73
0.44
34.45
0.45
0.03
Weaning weight (kg)
161.96
3.70 162.34
2.24
160.53
2.68
0.72
On-test weight (kg)
220.27
4.59 218.18
2.79
218.63
2.84
0.90
Off-test weight (kg)
384.19
7.42 386.44
4.52
384.73
4.59
0.91
Day 28 weight (kg)
252.84
5.85 251.86
3.56
252.26
3.62
0.98
Day 56 weight (kg)
289.75
6.73 287.66
4.09
285.23
4.16
0.73
1
Preweaning gain (kg)
141.36
119.48
5.48 126.72
3.33
3.39
0.01
Postweaning gain (kg)
163.47
4.23 169.33
2.59
165.78
2.63
0.24
3
2
Gain20 (kg)
19.96
1.80
16.44
1.10
15.85
1.12
0.07
IGF-r4 on day 28 (ng/mL) 242.36
18.12 256.41
11.02
254.01
11.22
0.36
IGF-I on day 42 (ng/mL) 273.37
20.39 285.96
12.41
280.34
12.63
0.80
IGF-I on day 56 (ng/mL) 254.70
10.98
280.81
11.18
18.06 273.91
0.33
Mean IGF-I (nglmL)
257.31
16.69 272.07
10.15
271.68
10.33
0.65
I
p < 0.05
2
p <0.10
3
Weight gain during the 20-day period between weaning and the beginning of the postweaning test.
4
Insulin growth like factor-I.

Table 4. Least-squares (LS) means and standard errors (SE) for Mspl polymerase chain reactionrestriction fragment length nolymoq~hism (PCR-RFLP) in Pit-1Intron2.
EE(n = 13)
EF (n = 38)
FF (n = 29)
P-value
LS means
SE
LS means
SE
LS means
SE
Birth weight (kg)
35.10
1.31
33.32
0.88
34.69
0.98
0.25
Weaning weight (kg)
217.05
7.24
205 .54
4.92
211.05
5.37
0.28
On-test weight (kg)
232.35
223.56
7.89
5.32
230.76
5.85
0.31
Off-test weight (kg)
385.16
11.05
374.92
7.46
385.22
8.29
0.42
Day 28 weight (kg)
10.08
246.56
6.80
259.61
7.57
253.13
0.26
Day 56 weight (kg)
289.86
280.24
9.92
6.70
291.37
7.45
0.31
Preweaning gain (kg)
172.29
8.09
165.09
5.46
170.98
6.07
0.53
Postweaning gain (kg)
161.56
4.73
157.14
3.19
158.21
3.55
0.66
1
21.00
2.84
25 .31
1.92
27.66
2.13
0.12
Gain20 (kg)
2
222.63
14.30
IGF-1 on day 28 (ng/mL)
260.27
19.05
234.47
12.86
0.21
14.15
250.72
15.74
0.43
IGF-1 on day 42 (ng/mL)
280.97
20.96
263 .89
28.31
262.92
19.11
271.38
21.25
0.31
IGF-1 on day 56 (ng/mL)
307.86
14.00
0.25
Mean IGF-I (ng/mL)
282.45
254.72
12.59
247.93
18.66
1
P < 0.05
2
P< 0.10
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Use of GNRH to Increase the Precision
of Estrus and Augment Timed
Insemination in Heifers Treated With
Melengesterol Acetate and PGF2 a
SK. Johnson*, JE. Huston **, D.E. Grum**, and ML. Day1 **
*Kansas State University Department ofAnimal Sciences
**The Ohio State University Department ofAnimal Science

Abstract

Introduction

The potential of adding gonadotropin-releasing hormone (GnRH) to an MGA-PGF 2a
based synchrony system to increase the precision
of synchronized estrus and augment timed AI was
investigated. Yearling heifers were fed
melengestrol acetate (MGA) daily for 14 days.
Nineteen days after the last feeding of MGA, all
heifers were administered prostaglandin F 2a
(PGF2a) (day 0). Heifers receiving no further treatment served as the untreated controls. In the second treatment, heifers received an injection of
GnRH on day - 7. Both groups of heifers were
artificially inseminated 12 hours after detection of
estrus. Heifers in the third treatment received
GnRH on day - 7 and day 2 and were time bred at
the time of the second GnRH injection. In comparison to a MGA-PGF 2a synchronization system,
addition of GnRH on day - 7 did not increase the
degree of synchrony of estrus. The addition of two
injections of GnRH (day -7 and day 2) facilitated
timed artificial insemination (AI); however, pregnancy rate for timed AI was lower than pregnancy
rate when AI was performed 12 hours after detection of estrus.

The MGA-PGF 2a synchronization system (Brown
et al. , 1988) has been highly effective for facilitating the use of AI in heifers. A modification of the
original program that has increased the precision
of heat has been to increase the interval between
the last feeding ofMGA and the injection of PGFp
from 17 to 19 days. Various permutations of timed
AI and/or double inseminations have been tried
with the MGA-PGF 2a system in order to circumvent or minimize the need to observe heifers for
estrus and inseminate accordingly. However, these
approaches present a relatively high degree of risk
since no method to precisely control the timing of
ovulation is included in this program. A preliminary report (Wood et al. , 1999) with limited numbers of animals, suggested that addition of an injection of GnRH seven days before PGF2a in an
MGA- PGF 2a system would increase the precision of estrus and to the degree that would facilitate timed AI. The objectives of this study were to
determine if addition of one injection of GnRH,
one week before PGFp in the MGA-PGF 2 a system, would indeed increase the precision of estrus
and furthermore to see if this approach might be
used to develop a timed AI protocol in yearling
heifers.

1

For more information, contact at: 2027 Coffey Road,
Columbus, OH 43210, 614-292-6583 , FAX 614-2927116; E-mail: day.5@osu.edu

The Ohio State University Department of Animal Sciences

Experimental Procedures
Yearling heifers from four herds (n = 709)
were used in the study: Herd A, 439 head of black
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and black baldy heifers; Herd B, 100 head of Angus cross, Angus x South Devon and Angus x
Limousin heifers; Herd C, 83 head of Angus and
Angus x Simmental heifers; and Herd D, 87 head
of Angus and Angus x Simmental heifers. All heifers were fed melengestrol acetate (MGA; 0.5 mg/
head) daily for 14 days (days -32 to day-19 of the
experiment). Nineteen days after the last feeding
of MGA, all heifers were administered 25 mg of
PGF p (Lutalyse®; day 0). Heifers receiving no further treatment served as the untreated controls
(Control; n = 253) and were artificially inseminated
12 hours after detection of estrus. In the second
treatment, heifers received an injection of GnRH
(Cystorelin®; 100 µg) on day-7 (GnRH, n = 260)
and were artificially inseminated 12 hours after
detection of estrus. Heifers in the third treatment
received GnRH on day -7 and day 2 (2XGnRH, n
= 196) and were time bred at the second GnRH
injection. Heifers in the 2XGnRH treatment that
were detected in estrus early (before day 1.5) were
bred 12 hours after detection. For purposes of data
summary, we defined the synchrony period as days
0 to 7 after PGF2a.

Results and Discussion
There were no significant effects of location or location by treatment interactions for any
of the variables studied. The timing of estrus in
the Control and GnRH groups for Herd A and B is
shown in Figure 1. For both groups, the greatest
numbers of heifers were detected in heat at 60 hours

after PGF p. Proportion of heifers exhibiting estrus from days 0 to 7 after PGF 2a (83.4 and
86.5%), and the average day of insemination during the synchrony period (day 3.0 ± 0.09 and 2.8
± 0.08) did not differ between the Control and
GnRH treatments, respectively (Table 1). In the
2XGnRH group, 18/196 (9.2%) heifers were detected in heat before day 1. 5 and were bred 12 hours
after detection of estrus. Conception rate for this
sub-group of heifers was 72.2%. Removal of these
18 heifers from the timed insemination group resulted in 178 heifers being time-inseminated on
day 2, in conjunction with an injection of GnRH
(196-18 = 178). In Herds A, C, and D, heifers in
the 2XGnRH group were observed for estrus after
timed Al. In Herd A, 23/107 (21.5%) heifers exhibited heat after the timed breeding between days
5 to 8. These heifers were bred 12 hours after detection of estrus and the assumption was made that
they did not conceive to the timed Al. Conception
rate for the 23 2XGnRH heifers that were bred
between days 5 and 8 was 91 .3%. In Herds C and
D, no heifers were observed in heat during this time
period.
Conception rate during the synchrony period for Control (160/211 ; 75.8%) and GnRH (160/
225; 71.1 % ) treatments did not differ and was
greater (P < 0.05) than the conception rate following timed AI in the 2XGnRH treatment (83/178 ;
46.6%). Similarly, pregnancy rate during the synchrony period did not differ for Control and GnRH
treatments (63.2 and 61 .5%, respectively) but was

Table 1. Pregnancy rate during the synchrony period and breeding season.
Treatment
Variable

Control

GnRH

2XGnRH

253

260

196

Days 0 to 7

63.2·

61.5

Breeding season

92.1

90.8

Number of heifers

1

Pregnancy rate(%):
a

42.3

b*

89.3

a,bMeans with different superscripts differ (P < 0.05).
*Timed artificial insemination only.
1
GnRH = gonadotrophin-releasing hormone.
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greater (P < 0.05) than pregnancy rate in the
2XGnRH treatment when only pregnancies resulting from timed Al were considered (83/196;
42.3%). If pregnancies in the 2XGnRH group that
resulted from AI 12 hours after estrus, either before (13/18) the timed AI period, or to a second AI
after timed AI (21/23) were considered, the pregnancy rate during the synchrony period in this treatment was 59. 7%. Thus a combination of timed AI
and some heat detection resulted in a similar pregnancy rate in the 2XGnRH as compared to the
Control and GnRH groups. While time was still
spent on heat detection in this case, time and sorting stress on the heifers was reduced. This labor
and stress savings would be most relevant to producers synchronizing larger groups of heifers and
would need to be weighed against the cost of two
injections of GnRH per animal. Pregnancy rate
for the entire breeding season did not differ among
treatments.

dling; however, this program has the added cost of
2 injections of GnRH/female and equivalent pregnancy rates cannot be attained without the addition of 4 to 7 days of heat detection.
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SuppleIDents for Hay-Based
Cattle Diets
Steven C. Loerch 1
The Ohio State University Department ofAnimal Sciences

Abstract
Com grain, soybean hulls, and wheat middlings are inexpensive feeds available as energy
supplements for cattle fed low quality hay. One
hundred sixty crossbred steer calves (initial weight,
600 lb) were used in a 2 X 2 factorial (plus control) experiment. The objectives were to determine
effects of feeding two carbohydrate types (fiber
versus starch) and two supplemental protein
sources (soybean meal versus urea) on the performance of growing cattle fed low quality grass hay.
Cattle fed chopped hay diets supplemented at 35%
of the diet with a combination of wheat midds and
soyhulls, benefited from protein supplementation.
Cattle fed supplements containing soybean meal
grew 6.6% faster and were more efficient than those
fed supplements containing urea. Supplements
based on com grain and the midds/soyhull combination resulted in similar daily gains suggesting
they have equal "effective" energy value when fed
with a forage based diet.

Introduction
Com grain, pelleted soybean hulls, and
wheat middlings are relatively inexpensive feeds
available to cattle feeders . Although the metabolizable energy value of com is listed as being 50%
1

For more information, contact at: 114 Gerlaugh Hall,
1680 Madison Ave., Wooster, OH 44691-4096, 330-2633900, Fax 330-263-3949; Email: loerch. l @osu.edu
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greater than that of wheat middlings and soyhulls,
in practice this may not be the case. Most of the
metabolizable calories from com come from starch.
In feedlot diets, fermentation of starch lowers rumen pH and inhibits fiber digestion. Soybean hulls
do not contain starch. The calories in soybean hulls
are derived from the fermentation of the high quality, readily digestible fiber. While com starch may
depress fermentation of dietary fiber, soybean hulls
actually may enhance fiber fermentation. In this
case, actual energy value of the diet may be greater
than what would be predicted from book values.
This phenomenon is called a "positive associative
effect". The protein characteristics of com and
these readily digestible fiber sources differ. As a
result, the most effective supplemental protein
source (true protein versus non-protein N) may differ depending on the energy source being fed. The
objectives of this trial were to compare the effects
of feeding two carbohydrate types (wheat midds/
soy hulls versus com) and two supplemental protein sources (soybean meal versus urea) on the performance of growing cattle fed low quality grass
hay.
Daily gain, dry matter (DM) feed intake,
and feed efficiency data were collected. Data were
analyzed using GLM procedures of SAS . The
model contained effects due to carbohydrate
source, protein source, the interaction of these main
effects, and the contrast of the low protein negative control versus others. Pen served as the experimental unit.

2001 Research and Reviews

Experimental Procedures
One hundred sixty crossbred steer calves
(initial weight, 600 lb) were used in a 2 X 2 factorial (plus control) experiment. Steers were allotted to 20 pens with 8 steers per pen and 4 pens per
treatment. Treatments were as follows:
Treatment
number
I
2

3
4

5

Description
Carbohvdrate tvne

Sunnlemental nrotein

Wheat midds/soy hull s
Wheat midd s/soy hulls
Wheat midds/soy hulls
Corn
Corn

None
Soybean meal
Urea
Soybean meal
Urea

Feedstuffs were analyzed weekly for DM and feed
samples were collected and composited every 14
days. On a monthly basis (every 28 days)
composited feed samples were analyzed for dry
matter, protein, and fiber.
The trial was 70 days in duration and began on 11/18/99. Initial and final weights were
determined using the average weight from two
consecutive days. Interim weights were taken every 14 days. All steers were implanted with
Synovex-S at the initiation of the trial. Pens (15 X
15 ft) were constructed of metal gates and cable,
had slatted floors, and were located in an opensided barn. There was 22 inches of bunk space
per steer.
Daily gain, DM feed intake, and feed efficiency data were collected. Data were analyzed
using GLM procedures of SAS. The model contained effects due to carbohydrate source, protein
source, the interaction of these main effects and
the contrast of the low protein negative control
versus others. Pen served as the experimental unit.

Carbohydrate and protein sources were combined
in five pelleted concentrates. Cattle were fed
chopped orchardgrass hay and their respective concentrate as outlined above. Total rations contained
approximately 65% hay and 3 5% concentrate on a
dry matter basis. However, concentrates were fed
on an amount per head basis and hay was offered
free choice to facilitate feeding.
Supplement compositions are in Table 1.
All supplements provided 200 mg/head/day of
Results
Rumensin.
Two steers were removed from the trial on
Steers were fed once daily beginning at
0900 hours. Feed offered was recorded on a daily day 56 due to lameness. Cause of removal was
basis and weigh-backs were taken as necessary. not associated with dietary treatment. Hay was
1

Table 1. Supplement composition for Trial 1 (as fed basis).
Ingredients
Control Corn/SBM Com/Urea

Soyhulls
Wheat midds
Com, ground
Molasses
Limestone
Trace mineral salt
Calcium sulfate
Vitamin A, 30,000 IU/kg
Vitamin D, 3,000 IU/kg
Vitamin E, 44 IU/g
Selenium, 201 mg/kg
Rumensin 80
Urea, 281 % CP
Soybean meal (SBM), 44% CP

41.927
42.500
8.990
3.000
1.150
1.200
0.450
0.030
0.030
0.090
0.583
0.050
0
0

0
20.000
56.267
3.000
1.650
1.200
0.200
0.030
0.030
0.090
0.583
0.050
0
16.9

0
20.000
70.367
3.000
1.700
1.200
0.400
0.030
0.030
0.090
0.583
0.050
2.550
0

Midds/SBM

Midds/Urea

42.076
42.000
0
3.000
1.100
1.200
0.350
0.030
0.030
0.090
0.583
0.050
0
9.50

45.717
46.500
0
3.000
1.050
1.200
0.450
0.030
0.030
0.090
0.583
0.050
1.300
0

1

Diets were approximately 65 % orchardgrass hay and 35 % supplement.
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approximately 70% neutral detergent fiber (NDF)
and 10% crude protein (CP). Total diets were approximately 14% CP during the first half of the
trial and 12.5% CP during the second half (Table
2). This difference was not intentional and the
cause is speculative. The Control diet had 1.5 to 2
percentage units less protein than the protein
supplemented diets. All pens were fed 5 lb/head
of their designated supplements from day 1 to 19.
Supplement was 38.7% of total DM intake (DMI)
during this time (free choice chopped hay was
61.3% of the diet). During the trial, hay intake
gradually increased. In order to keep supplement
intake at about 35% of the ration, from day 20 to

70, all pens were fed 6 lb of supplement per head.
Actual supplement percentage of the total ration
averaged 34. 7 during days 20 to 70.
Performance data are presented in Tables
3 and 4. All treatment means are presented in Table
3. In general, gains were excellent; well over 2 lb/
day. This was likely due in large part to feeding
hay in a chopped form. There were no significant
interactions for measures of performance. Cattle
supplemented with soybean meal (SBM) had the
best gains and feed conversion (P < 0 .04) whether
they were fed com or the midds/soyhull diet; those
fed the Control diet (without supplemental protein)
had the poorest performance and those supple-

Table 2. Feed analyses(%, dry matter basis).

Total diet
Control
Com/SBMct
Corn/Urea
Midds/SBM
Midds/Urea
Supplement
Control
Corn/SBM
Corn/Urea
Midds/SBM
Midds/Urea
Hay

Feed composites from samples on days 5, 19, and 33
62.81
37 .20
11.95
52.36
29.45
13.29
51.27
28.66
13.62
62.08
36.46
14.64
63.46
37.62
14.08

Total diet
Control
Corn/SBM
Corn/Urea
Midds/SBM
Midds/Urea
Supplement
Control
Corn/SBM
Corn/Urea
Midds/SBM
Midds/urea
Hay

Feed composites from samples on days 47 and 61
63.37
36.57
11.14
52.52
27.55
12.51
28.06
12.71
51.92
62.18
35.31
11.93
63.06
36.36
12.77

49.06
22.05
19.24
47.17
50.75
71.49

50.52
19.06
17.34
47.07
49.63
70.14

27.48
7.44
5.41
25.55
28.57
43.34

29.97
7.76
5.31
27.81
29.35
40.05

14.75
18.19
19.06
21.69
20.25
10.19

14.11
17.16
18.68
16.42
18.84
9.57

•Neutral detergent fiber(%).
bAcid detergent fiber (% ).
cCrude protein(%).
dSoybean meal.
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mented with urea were intermediate. In Table 4,
the main effects of energy and protein source are
presented. Source of energy did not affect rate of
gain (P > 0.79) or feed/gain (P > 0.26). In these
diets, the effective energy value of the midds/
soyhull supplement was equal to com grain. This
effect may have been due to positive associative
effects of the midds/soyhull on hay digestibility
or negative effects of com supplementation on hay
digestibility or most likely, a combination of both.
Total intake was similar for cattle fed both energy
sources. If the midds/soyhull supplement resulted
in a positive associative effect on digestibility, it
did not result in an increase in feed intake. Cattle
fed diets supplemented with SBM gain 6.6% faster

than those supplemented with urea (P < 0.01). Feed
intake was not affected (P > 0.18) by source of
protein; therefore, feed conversion was improved
(P < 0.02) for SBM supplemented cattle. In summary, cattle fed chopped hay diets supplemented
at 35% with a combination of wheat midds and
soyhulls benefit from protein supplementation.
Cattle fed supplements containing soybean meal
grew 6.6% faster and were more efficient than those
fed supplements containing urea. Supplements
based on com grain and the midds/soyhull combination resulted in similar daily gains suggesting
they have equal "effective" energy value when fed
with a forage-based diet.

Table 3. Steer ~rformance data (dietary means{
Item
No. of steers
No. of pens
Initial weight, lb
Final weight, lb
Gain, lb/day
DM intake, lb/day
Feed/gain

Control

32
4
603
769
2.31
14.5
6.15c

Com
SBM

Com
Urea

32
4
604
684
2.58ab
14.5
5.64ab

31
4
602
771
2.41bc
14.3
5.91bc

Midds
SBM

Midds
Urea

32
31
4
4
599
598
769
779
2.43abc
2.59a
14.2
14.0
5.49a
5.77bc

SE

1.8
3.5
0.05
0.16
0.12

P-value

0.11
0.03
0.04
0.12
0.02

a~eans in the same row without a common superscript differ (P < 0.05).
l
SBM = soybean meal and SE = standard error.

Table 4. Steer performance data (main effects of carbohydrate (CHO) source and protein source)
CHO Source

Protein Source
CHO

Item
Control
Midds
Com
No. of steers
32
63
63
No. of pens
4
8
8
603
600
603
Initial weight, lb
Final weight, lb
769
662
777
Gain, lb/day
2.37
2.46
2.49
DM intake, lb/day
14.5
14.2
14.4
5.78
5.77
Feed/gain
6.15
I
SBM = soybean meal and SE = standard error.
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SBM
64
8
601
781
2.58
14.4
5.56
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Urea
62
8
600
770
2.42
14.l
5.84

SE

(C)

1.3
2.5
0.04
0.1
0.09

0.02
0.31
0.79
0.07
0.25

1
•

P-values
Protein

(P)

0.87
0.01
O.Ql

0.18
0.04

e xp

0.50
0.67
0.96
0.81
0.96

Control vs
others

0.20
0.03
0.04
0.12
O.Ql
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High Oil Corn for Finishing Steers
Steven C. Loerch 1
The Ohio State University Department ofAnimal Sciences

Abstract
One hundred sixty steers were used to determine the effects of com processing (whole versus rolled) and com source (high oil corn versus
normal com) on performance and carcass characteristics. Steers were allotted to 20 pens and were
fed 73% com-based diets for 133 days. Processing high oil corn did not improve intake, feed efficiency or carcass characteristics. The main effect
of com type revealed that high oil com did not affect gain but resulted in slight reductions in intake,
improved feed conversion, and slightly higher average Yield Grade versus normal com. Corn type
did not affect percentage of Yield Grade 4 or 5
carcasses.

Introduction
Plant breeders have been able to modify
com genetics to increase the oil content of com
grain. Only limited information is available on
the efficacy of high oil corn for finishing cattle.
Grinding or rolling normal corn grain increases its
energy value although this increase is less significant when low fiber finishing diets are fed. The
physical characteristics of high oil com kernels may
differ from normal com, thus, the impact of processing may differ between the two grain types.
For more information, contact at: 114 Gerlaugh Hall,
1680 Madison Ave. , Wooster, OH 44691-4096, 330-2633900, Fax 330-263-3949; Email: loerch. l@osu.edu
1
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The objectives of this trial were to determine the
effects of corn processing (whole versus rolled)
and corn source (normal com versus Optimum®
high oil corn) on performance and carcass characteristics of finishing steers.

Experimental Procedures
The trial began on 1/27100. The trial was a
2 X 2 factorial investigating two corn types and
two processing methods. One hundred sixty steers
were allotted to 20 pens. Pens (15 X 15 feet) were
constructed of metal gates and cable, had slatted
floors, and were located in an open-sided barn.
There were 22 inches of bunk space per steer. Each
pen had the same approximate average starting
weight (77 4 lb). Cattle were weighed on two consecutive days initially and at the termination of the
trial, and every 28 days during the trial. A two
week adjustment period using three transition rations was used to adjust cattle to their finishing
rations. Final diets were 73% com, 12% com silage, and 15% supplement (on a dry matter basis).
Diet composition is in Table 1.
Feed was delivered once daily beginning
at 0900 hours. Daily feed offered and weighbacks
were recorded. On a dry matter basis, diets were
formulated to contain 13.7% CP, 27 g Rumensin/
ton, 10 g of Tylan/ton, 0.63% Ca and 0.36% P.
Feedstuffs were analyzed weekly for DM and feed
samples were composited and analyzed for protein and fiber every 28 days. Steers were implanted
with Synovex-S 70 days before the trial began and
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Table 1. Diet composition.
Item

% Dry matter basis

Ingredient

Normal com

Oil Com

Coma

73.0

73.0

Com silage

12.0

12.0

Ground com

2.842

5.012

Soybean meal

8.482

6.312

Urea

0.70

0.70

Animal-vegetable fat

0.40

0.40

Potassium chloride

0.40

0.40

Magnesium oxide

0.15

0.15

Limestone

1.40

1.40

Trace mineral saltb

0.50

0.50

Rumensin-80

0.016

0.016

Tylan-10

0.010

0.010

Selenium, 201 mg/kg

0.050

0.050

Vitamin A, 30,000 IU/g

0.010

0.010

Vitamin D, 3,000 IU/g

0.010

0.010

Vitamin E, 44 IU/g

0.030

0.030

Nutrient composition, %c
Crude protein

13.7

13.7

Calcium

0.63

0.63

Phosphorus

0.36

0.36

Potassium

0.72

0.72

•corn was fed either whole or rolled and as normal com or high oil com. Ingredient
inclusion rates were altered based on nutrient composition of com.
bContained: > 93% NaCl, 0.35% Zn, 0.28 % Mn, 0.175 % Fe, 0.035% Cu, 0.007 % I, and
0.007 % Co.
°Calculated.
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were reimplanted with Revalor-S on day 28 of the deleted from the data set due to random problems
associated with tracking carcasses at the packing
trial. The trial was terminated on day 13 3.
High oil com (purchased courtesy of Opti- plant (four missing carcasses that did not get graded
mum Quality Grains, Des Moines, IA) was ob- and three sets of duplicate tag numbers; hot cartained from a Central Ohio grain farmer. This com cass weight (HCW) were similar between dupliand "normal" com (grown by OSU) was fed either cates). Daily gain, DM feed intake, feed converwhole or was rolled through a roller mill. Median sion, and carcass characteristics were determined.
particle size for both com types was approximately Data were analyzed using the GLM procedures of
0.1 inch. Particle size distributions for rolled com SAS. The model contained effects due to com
of both types is shown in Figure 1.
source, processing type and the interaction of these
On day 56, fecal grab samples were col- main effects. Pen served as the experimental unit.
lected (during weighing; before feeding) from three
steers per pen. Half of the composited fecal sample Results
from each pen was dried and analyzed for N and
Diet means for steer performance are preacid-ether extract. Apparent digestibility of ether
sented in Table 2. The trial was 133 days and steers
extract was determined using CP as a marker
started with an initial bodweight (BW) of 774 lb.
(NRC, 1985). Digestible protein was calculated
Daily rate of gain was not affected (P = 0.27) by
by: 0.9 (% dietary CP) - 3. Indigestible CP and
dietary treatment. Daily DM intake was greater
fecal CP concentrations were used to determine
(P < 0.01) for steers fed the rolled normal com
fecal DM output.
diet than those fed the other three diets. This reThe trial was terminated when cattle were
sponse is somewhat surprising; processing injudged to be approximately 80% choice (based on
creased intake of normal com diets but not high
visual appraisal). Cattle were slaughtered by
oil com diets (type x processing interaction, P =
Moyer Packing Co., Souderton, PA. Carcass data
0.07; Table 3). The main effect of com types on
were collected by a trained, experienced meats
feed conversion was significant (P < 0.06); Table
specialist from Penn State University. Although
3). Improved feed conversion for high oil com
160 steers began and finished the trial, carcass data
diets likely reflects their higher energy content.
are summarized for 150 steers. Ten carcasses were
Table 2. Steer performance (treatment means).
Normal corn
Item

Whole

Oil corn

Rolled

Whole

Rolled

SE

1

p

40

40

40

40

5

5

5

5

Days

133

133

133

133

Initial weight, lbs

773

774

774

774

3.1

0.48

Final weight, lbs

1271

1302

1292

1292

10.7

0.26

Number of steers
Number of pens

Gain, lb/day
DM intake, lb/day
Feed/gain
Ether extract digestibility, %

3.74

3.97

3.89

3.89

20.8b

l 9.9a

19 .9a

5 .36

5.26

5 .12

5 .13

60.5b

n.o•

53.4 b

58 .2b

20.0

3

0.08

0.27

0 .2

0.01

0.09

0.23

3.7

0 .02

a.bMeans in the same row without a common superscript differ (P < 0.05).
1
SE =standard error.
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Digestibility of acid ether extract was estimated
on fecal grab samples utilizing N as a marker to
determine fecal output. The rolled normal corn
diet had higher (P < 0.02) ether extract digestibility than the whole normal corn diet and both of the
oil corn diets. Cautious interpretation of this digestibility value is warranted. This trial was not
designed to determine digestibilities accurately and
a more comprehensive investigation of digestibility may be revealing.
Treatment means and main effects on carcass characteristics are presented in Tables 4 and
5, respectively. There was an interaction of corn
type and processing for hot carcass wt (P < 0.04;
Table 5). Rolling normal corn increased carcass
wt while rolling high oil corn tended to decrease
carcass weight. Dressing percentage, marbling
score, and USDA Quality were not affected (P >
0 .10) by corn type or processing. Steers fed whole
normal corn had less backfat than those fed rolled
normal corn while processing high oil corn did not
affect backfat (interaction; P < 0.07; Table 5).
Internal fat(% KHP), ribeye area, and USDA yield
grade were not affected (P > 0.10) by diet. Steers
fed normal whole corn had the greatest (P < 0.03)
percentage of Yield Grade 1 carcasses, but the percentage of Yield Grade 4 and 5 carcasses were not
affected (P > 0.51) by dietary treatment. As was
planned, about 80% of the carcasses from cattle in
this trial graded Choice. The percentage of carcasses grading low choice and above was not affected (P < 0.40) by corn type or processing. Cattle
fed high oil rolled corn had the lowest percentage
of carcasses grading average choice or above;
whole and rolled normal corn was highest and
whole high oil corn was intermediate.
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Corn particles recovered in fecal grab
samples were characterized and results are presented in Table 6. It must be pointed out that the
values presented are concentrations of corn in the
fecal DM and do not represent total fecal output.
Whole corn kernels represented about 9% of fecal
DM for both normal corn and high oil corn. For
all diet combinations, recoverable corn represented
about 20% of fecal DM. Based on particle size
distribution due to rolling (Figure 1) and corn recovered in feces, it seems there are not meaningful differences in the physical characteristics of normal and high oil corn. The ether extract (EE) content of fecal-recovered corn reflects the differences
in ether extract content of these two corn sources
before feeding (4.4 7% EE for normal corn and
8.21 % EE for high oil corn). Ether extract concentration of fecal corn would be affected by digestibility of non-lipid components as well as the
lipid fraction.
In summary, processing high oil corn did
not improve intake, feed efficiency or carcass characteristics. The main effect of corn type revealed
that high oil corn did not affect gain but resulted in
slight reductions in intake, improved feed conversion, and slightly higher average Yield Grade versus normal corn. Corn type did not affect percentage of Yield grade 4 or 5 carcasses.
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Table 3. Steer performance (main effects).

1

Co rn ty pe
Norma l

Ite m

C orn processing

Oil

W h ole

R olled

P-valu es
SE

T

p

TxP

N um ber of steers

80

80

80

80

N umber of pens

10

10

10

10

Days

133

133

133

133

Initial weight, lb

77 3

77 4

77 4

774

0.5

0 .34

0.3 4

0.49

Final weig ht, lb

12 87

1292

1297

7 .6

0 .63

0 .16

0. 17

0.06

0 .64

0. 17

0.18

0. 14

0 .02

0. 05

0 .07

5 .24
5.20
0.06
0 .06
Feed/gain
5.31
5.13
SE =standard error, T = effect of corn ty pe, an d P = effect of corn processing.

0.63

0.54

3.85

Gain, lb/day
DM in take, lb/d ay

128 1
3.82

3.89

20.4

19.9

20.0

3.93
20 .3

1

Table 4. Carcass characteristics (treatment means).
0 ii corn

Norm al corn
Whole

Item
Numb er of steers

39

Hot carcass weight, lb
Dre ss ing, %

769b
60.63

Marbli n g score

d

329

Q u ality grade (QG) e

3.0

Ro ll ed

Who l e

37
796

3

61.05

Ro ll e d

37

37

794 a

7 8 9 •b
61.25

6 1 .32

329

32 1

3.0

SE

310

3 .0

2.8
2

2

p

7 .1

0.06

0 .2 7

0.30

8.1

0 .33

0 .1

0 .42

0 .02

0.10

0 .52 b

o.5 8.

0 .60

2.44

2.44

2 .58

2 .46

0.05

0 .13

12.9 8

1 3 .3 6

13 .20

1 3 .04

0 .23

0 .64

3 .06

3 . 12

3 .32

3 .2 7

0 .08

0 .11

% YG 1

1 0 .6 a

2 .8 b

ob

2 .6b

2 .3

0.03

% YG2

46 .2

28 .4

3 6.4

29.4

6 .9

0 .27

% YG3

3 3 .o •

62 .6b

52 .2 b

5 8 .Ob

8 .1

0.09

% YG4

8.4

5 .6

8 .8

5 .2

4 .1

0. 89

% YG5

2 .6

0

2 .6

5 .4

2.5

0 .51

79 .3

7 8 .6

85 .1

13 .3 b

1 6 .4 be

Back fat , inches
KHP fat,%
Ribeye area, inches
Y ie ld grade (YG)

2

o.5 8

YG Distribution

Q G Distribution
Ch

%

~

%

~

%

~ C h+

0

%

~Pr

0

Ch

0

73 .2

7.3

0 .72

2 .5 ab

o•

5 .1

0 .10

0

0

0

0

0

0

abcMea n s in the same row witho ut a common Jetter in their superscript differ (P < 0 .10).
d300 to 390 =Choice.
<3 =Choice~ 4 = Avg. Cho ice.
1
SE = standa r d error an d KHP = kidney, heart an d pelvic .
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Table 5. Carcass characteristics (main effects).
Corn type
Item

Hot carcass weight, lb
Dressing, %

Whole

Rolled

76

74

76

74

783

791

793

781

60.8

Marbling score

a

329

61.3
316

P-values

Corn processing

Oil

Norma
1

Number of steers

1

61.0
325

61.2
320

SE

T

p

TXP

5.0

0.26

0.14

0.04

0.2

0.12

0.53

0.37

5.7

0.12

0.50

0.50

Quality grade (QG)b

3.0

2.9

3.0

2.9

0.07

0.33

0.33

0.33

Backfat, inches

0.55

0.59

0.56

0.58

0.02

0.11

0.43

0.07

KHP,%

2.44

2.52

2.51

2.45

0.03

0.10

0.20

0.20

0.23

0.83

0.63

0.25

0.02

0.96

0.50

Ribeye area, inches

2

13.2

13.1

13.1

13.2

3.09

3.29

3.19

3.19 0.06

%YG1

6.7

1.3

5.3

2.7

1.7

0.03

0.28

0.04

%YG2

37.3

32.9

41.3

28.9

4.9

0.53

0.09

0.44

%YG3

47.8

55 .1

42.6

60.3

5.8

0.38

0.04

0.16

%YG4

7.0

7.0

8.6

5.4

2.9

1.0

0.45

0.92

%YG5

1.3

4.0

2.6

2.7

1.8

0.29

0.97

0.29

78.9

79.2

82.2

75 .9

5.2

0.97

0.40

0.45

14.9

1.3

7.9

8.2

3.6

0.02

0.95

0.59

Yield grade (YG)
YG distribution

QG distribution
%

~ ch -

%?~Ch

0

•300 to 390 =Choice- .
b3 =Choice- ; 4 = Avg. Choice.
1
SE = standard error, T = effect of corn type, P =effect of corn processing, and KHP =kidney, heart, and pelvic fat.
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Table 6. Corn particle sizes recovered in fecal grab samples.
Normal com
Item

Whole

Oil com

Rolled

Whole

Rolled

----------------- Fecal com content, % of fecal DM ------------------

8.6

1.3

9.3

0.4

Particles

13.5

18.3

13.5

23.9

Total

22.0

19.6

22.8

24.3

Whole kernels

------------- % Ether extract in com recovered in feces ------------Whole kemelsa

5.51

Particles

3.33

NAb

NAb

8.08

3.11

4.69

3.77

"Acid ether extract of normal corn grain and high oil corn grain (prior to feeding) was 4.47 and 8.21 %,
respectively.
blnsufficient sample to analyze; thus, NA =not available.

Figure 1. Rolled corn particle size.
-

Regular Corn

High Oil Corn

60

.:E
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Cl
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(f)

30
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en

<I>

u

:eCll

20

Cl..
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0

10

0
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0.187

0.132

0.157

0.0787

0.0555

0.0278
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Effects of Trainer Cows
on Performance of
Newly Received Feedlot Calves
S. C. Loerch 1 and F. L. Fluharty
The Ohio State University Department ofAnimal Sciences

Abstract

Introduction

Two trials were conducted to determine the
efficacy of using trainer cows to improve the health
and performance of newly arrived feedlot calves.
For both trials, trainer cows were given 3 week to
adapt to the feedlot before arrival of the feeder
calves and initiation of the trials. Trainer cows
were present with newly received feedlot calves
for 14 days after calf arrival and then were removed
from the pens for the remaining 14 days of the experiments. Newly received calves were allotted to
24 pens with 8 or 9 calves/pen. Twelve pens contained a trainer cow and the remaining 12 pens had
calves without a cow.
In Trial 1, overall gains were 10% greater
(P < 0.06) and final body weight (BW) was higher
(P < 0.10) for calves with trainer cows than for
those without trainers. Trainer cows resulted in a
substantial reduction (P < 0.01) in calf morbidity
compared with calves housed alone (45 versus 65%
morbidity, respectively). In Trial 2, trainer cows
did not improve performance or health of newly
received calves. A higher (P < 0.07) percentage of
calves were eating 5 min post-feeding on days 1,
2, 4 and 8 for calves with trainers vs those without. In these trials, trainer cows had a significant
effect on eating behavior of newly received calves,
but health and performance benefits were variable.

Calves undergo significant physiological
and psychological stress during weaning, transportation and adjustment to the feedlot environment
(Loerch and Fluharty, 1999). These stresses are
responsible for poor calf performance, morbidity,
and mortality resulting in an estimated annual cost
to the U.S. beef industry of $500 million (NASS,
1996).
Newly weaned calves undergo a period of
depressed feed intake during the first two weeks
following feedlot arrival (Cole and Hutcheson,
1988; Fluharty et al. , 1994b). This depression in
feed intake occurs at the same time that the calves
need to mount an immune response to pathogens
and vaccines given at the time of arrival. Recent
research has shown that the reduction in dry matter intake (DMI) normally associated with newly
arrived feedlot calves is not due to a reduction in
the digestive capability of the ruminal microbial
population (Cole, 1991; Fluharty et al. , 1994a;
Fluharty et al. , 1996). Opportunities to modify
stress-associated behavior as a mechanism to improve DMI of newly received calves has not been
thoroughly explored. Prior to weaning, calves are
reared in a hierarchical society, with the brood cow
as the dominant figure. When newly weaned calves
are grouped together in a feedlot, they are placed
in an environment where the feed and water sources
are foreign, and the social hierarchy is destroyed.
In much of the United States, there is an abundant
supply of cows in the fall that have not re-bred and

1

For more information, contact at: 114 Gerlaugh Hall,
1680 Madison Avenue, Wooster, OH 44691-4096, 330263-3900, Fax 330-263-3949; Email: Ioerch. l@osu.edu
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are destined for market. These cows may be ideal
trainer animals for newly weaned feedlot calves,
because they could possibly show the calves how
to eat from a feed bunk and drink from a waterer.
Furthermore, due to their thin condition, efficiency
of gain may be excellent for these animals when
given a feedlot receiving diet (Cranwell et al., 1996;
Schnell et al., 1997). The objective of these trials
was to determine the effects of trainer animals on
performance, health, and eating behavior of newly
arrived feedlot calves.

Experimental Procedures
General Management
Mature cull cows previously adapted to the
feedlot were used to determine the effects of trainer
animals on performance and health of newly arrived feedlot steers. The trainer cows were allowed
a 3-week pen and diet adaptation period prior to
arrival of the newly weaned calves. During the
adaptation period, the trainer animals were fed a
60% corn silage, 16% CP feedlot receiving diet
(Table 1). Cows were culls from the Coshocton
Branch of the Ohio Agricultural Research and Development Center (OARDC). Cows were culled
based on poor production or because they were not
pregnant. Cows were transported to the OARDC
Feedlot 1 week after weaning and began the adaptation period immediately upon arrival. Nonpregnant cows were implanted with Synchromate-B
(Upjohn Co., Kalamazoo, MI) and given an injection of prostaglandin 3 days before the experiment
began to prevent them from coming into heat when
they were serving as trainers of the experimental
animals. Cows were reimplanted 10 days later.
Trainer cows were weighed at the beginning and
end of the adaptation period and individual feed
intakes were recorded.
The experimental animals were crossbred
beef steer calves originating from three locations;
a Virginia sale barn, and newly weaned calves from
the Coshocton Branch of OARDC, or the Ohio
State University herd in Columbus. Calves were
transported approximately 520, 40, and 95 miles
(respectively) to the OARDC feedlot and all calves
The Ohio State University Department of Animal Sciences
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(within a trial) arrived on the same day. Upon arrival, calves were given a 2 hour rest period during which they had access to hay and water prior
to being weighed, ear-tagged, and dewormed with
Ivomec (Merck, Rahway, NJ). The purpose of the
rest period was to allow the calves an opportunity
to eat some hay and drink their fill of water prior
to being weighed so as not to have an arbitrarily
low starting weight. Calves were vaccinated
against IBR, PI 3 , 7-way Clostridial bacterin,
Haemophilus somnus, and Pasteurella upon arrival.
Initial and final weights were determined using the
average of weights measured on two consecutive
days. Interim weights were taken every 7 days,
immediately before feeding, to determine weekly
performance. Both trials were 28 days in duration. After processing, newly arrived steers were
allotted to 15 X 15 ft pens with eight or nine steers
per pen. Procedures for use of the trainer animals
and experimental design will be described later for
each trial. For both trials, trainer animals were
present with the experimental animals for the first
14 days of the trial and were then removed from
the pens. Pens were constructed of metal gates,
cables, and concrete slatted floors and were located
in an open sided barn. Steers were fed once daily
(0900 hours) and ad libitum intake of each pen was
recorded. Cattle were fed using a conveyor belt
and a plow that purged feed into the individual
bunks for each pen. Feed bunks were 15 feet long.
Mixing and delivery of feed took approximately 5
minutes for each pen. Experimental animals were
fed the same diet used during adaptation of the
trainer animals (Table 1).
Health status of the animals was determined
by visual analysis and rectal temperature. Any
steers visibly anorexic, showing nasal mucous discharge, coughing, or breathing rapidly were removed from their pen, and their rectal temperatures were determined using a manually read veterinary thermometer. Any animal with a rectal
temperature greater than 103°F was treated with
antibiotics. Animals were returned to their pen of
origin immediately after their rectal temperature
was determined, and any needed antibiotic treatments were administered. Animal care procedures
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Table 1. Diet composition.

Item
---------% DM basis ----------

Ingredient:
Shelled corn

10.00

Corn silage

60.00

Ground corn

10.84

Soybean meal

15.85

Urea

0.40

Limestone

0.90

Dicalcium phosphate

0.59

Trace mineral salta

0.50

Vitamin A, 30,000 IU/g

0.01

Vitamin D, 3,000 IU/g

0.01

Selenium, 201 mg Se/kg

0.05

Aureomycin-S 700

0.10

Potassium chloride

0.35

Dynamate

b

0.40

Calculated composition:
Crude protein, %

16.00

Calcium,%

0.63

Phosphorus, %

0.43

Potassium, %

1.24

NEm, Meal/kg

1.77

NEg, Meal/kg

1.16

aContained > 93% NaCl, 0.35% Zn, 0.28% Mn, 0.175% Fe, 0.035% Cu, 0.007% I, and 0.007% Co.
bMagnesium sulfate and potassium sulfate. Contained 22% S, 18% K, and 11 % Mg (International Minerals and
Chemical, Terre Haute, IN).

were according to accepted standards (Consortium,
1988).
Trial 1. Twelve mature Simmental X Angus cows (BW, 1279 ± 26 lb) were penned individually and used as trainer animals in a completely
randomized design experiment. After processing,
216 newly received calves were allotted by weight
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to 24 pens with nine calves per pen. Twelve of
these pens each contained a previously adapted
trainer cow. Calves in pens without a trainer cow
were housed so they were not in visual contact with
calves in pens containing trainer cows.
Eating behavior of experimental animals
was determined using a point in time assessment.
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Table 2. Effects of trainer cows on performance of newly received steers in Trial 1.
Trainer animal
No cow

With cow

SE

1

P value

Cow Performance
On test weight (day 1), lb

1292 ± 26

Interim weight (day 7), lb

1272 ± 29

Off test weight (day 14), lb

1327

Average DM intake (day -6 to day 1), lb/day

±

26

34 ± 2

Calf performance
Number of calves

108

108

Initial weight, lb

536

538

2.0

0.45

Final weight, lb

606

613

2.6

0.10

Gain, lb/day

a

Week 1

2.78

3.15

0.33

0.44

Week2

2.34

2.93

0.31

0.19

Week3

3.48

4.08

0.33

0.23

Week4

1.43

0.90

0.33

0.24

Overall

2.51

2.76

0.09

0.06

3.8

0.01

Morbidity, %

65

45

3

Effect of week on daily gain was significant (P < 0.01).
SE =standard error.

1

At four points in time (5 , 15, 30, and 60 minutes)
after feed delivery to a pen, the number of calves
in the pen that were eating was recorded. Feed
delivery to the pens was staggered at 5 minute intervals due to mixing and delivery time constraints;
this facilitated data collection. Point in time assessments of eating behavior were conducted on
days 1, 2 and 4 after arrival of the calves. Data
were analyzed using the GLM repeated measures
procedures of SAS (1988) for a completely randomized design experiment. The model contained
effects due to trainer cow status, and repeated mea-
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sures over time. Time and interactions with time
were tested using residual mean square as the error term. Pen served as the experimental unit.
Trial 2. Twelve mature Simmental X Angus cows (BW, 1274 ± 79 lb) were penned individually and used as trainer animals in a completely
randomized design experiment. After processing,
207 newly received calves were allotted by weight
to 24 pens with eight or nine calves per pen. All
procedures were as described for Trial 1, except
point in time assessment of eating behavior was
conducted on days 1, 2, 4, 8, 13 and 15. Day 15
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represented eating behavior the first day after
trainer cows were removed from the pens.

Results and Discussion
Trial 1. Trainer cows in Trial 1 gained 35
lb during the 14-day experimental period when they
were housed with newly received calves (Table 2).
Trainer cows exhibited a temporary drop in BW
during the first week after calf arrival. Calves
housed with trainer cows had numerically greater
gains during the first 3 weeks than those without
trainers but the differences were not significant (P
> 0.10). However, overall gains were 10% greater
(P < 0.06) and final BW was higher (P < 0.10) for
calves with trainer cows than for those without
trainers. Trainer cows resulted in a substantial reduction (P < 0.01) in calf morbidity compared with
calves housed alone. Daily gains changed (P < 0
.01) over time, but the treatment X week interaction was not significant (P > 0.20). Trainer cows
resulted in numerical increases in the percentage
of calves eating within 30 minutes post-feeding on
d 1, but these differences were not significant (P >
0.20); Table 3). Trends due to the presence of
trainer cows disappeared with time post-feeding
(P < 0.01) and with days post-arrival at the feedlot.
Trial 2. Cows in Trial 2 gained 159 lb during their 5 weeks in the feedlot and did not exhibit
the decrease in gain during the first week of calf
arrival as was observed previously (Table 4). Cows
in this trial gained over 4.5 lb/day in the feedlot,
had a feed intake of approximately 23 lb/day and
were very efficient. Unfortunately, trainer cows
did not improve performance or health of newly
received calves in this trial. Calves with or without trainer cows had gains greater than 2.9 lb/day
despite a morbidity incidence of greater than 60%.
Point in time assessment of eating behavior was
conducted on six separate days in Trial 2 (Table
5). A higher (P < 0.07) percentage of calves were
eating 5 minutes post-feeding on days 1, 2, 4 and
8 for calves with trainers versus those without. On
days 1 and 8 this difference persisted at 15 minutes post-feeding. By 30 and 60 minutes post-feed-
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ing, trainer cows did not affect eating behavior on
any of the observation days. It is interesting to
note that there was a numerical decrease in percentage of calves eating on day 15 (after the cows
were removed) than on day 13 when cows were
still present.
Use of cull cows as trainer animals for
newly received feedlot calves affected calf eating
behavior during the first few days after calf arrival.
Calves housed with trainer cows had improved
gains and health status in Trial 1, but the response
was not consistent in Trial 2. When the presence
of trainer animals improved gains, incidence of
morbidity was decreased.
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Table 3. Effects of trainer cows on eating behavior of newly received steers
in Trial 1.
Item

No cow

With cow

SE

1

P -value

---------- Percentage of calves eating ----------Day 1
ab

34

45

5.2

0.16

15

38

47

4.6

0.17

30

23

32

4.4

0.20

60

19

23

4.7

0.62

5b

43

38

6.2

0.57

15

31

33

4.7

0.80

30

22

23

4.2

0.78

60

19

11

4.1

0.16

5b

56

63

5.1

0.32

15

64

68

3.9

0.55

30

57

58

4.9

0.91

60

43

41

4.1

0.67

5

Day 2

Day 4

"Time post-feeding (minutes).
bEffect of time post-feeding was significant (P < 0.01) .
1
SE = standard error.

I
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Table 4. Effects of trainer cows on performance of newly received steers in Trial 2.
Trainer animal
No cow

SE

With cow

1

P value

Cow performance
Initial weight (day -21), lb

1274 ± 79

On test weight (day 1), lb

1358 ± 71

Interim weight (day 7), lb

1393 ± 75

Off test weight (day 14), lb

1433 ± 75

Total gain, lb

159 ± 13

Average DM intake (day -21 to day 1), lb/day

23.1 ± 0.4

Calf performance
Number of steers

103

104

Initial weight, lb

542

542

1.1

0.83

Final weight, lb

624

628

2.9

0.39

Gain, lb/day

a

Week 1

2.12

2.03

0.24

0.93

Week2

3.06

3.40

0.40

0.66

Week3

3.81

4.03

0.33

0.42

Week4

2.78

2.71

0.29

0.88

Overall

2.93

3.09

0.09

0.31

Morbidity,%

3

Week 1

16.5

16.8

4.5

0.95

Week2

38.5

39.8

7.3

0.90

Week3

21.9

25.8

4.4

0.53

Week4

2.9

2.1

1.5

0.70

Overall

64.5

63.7

5.6

0.92

Effect of week on daily gain was significant (P < 0.01).
SE = standard error.

1
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Table 5. Effect of trainer cows on eatine: behavior of newlv received
steers in Trial 3.
Item

No cow

With cow

SE

1

P-value

----------Percentage of calves eating ----------Day 1

5•b

42

61

5.6

0.02

15

35

54

6.1

0.04

30

32

37

6.0

0.60

60

26

32

5 .1

0.47

Sbc

26

50

5 .1

0.01

15

36

42

6.1

0.50

30

31

34

5.9

0.73

60

27

29

5.6

0.77

41

57

6.1

0.07

15

52

53

4.3

0.78

30

31

28

5.5

0.72

60

29

21

4.0

0.16

5 bc

62

88

5.8

0.01

15

65

89

4 .6

0.01

30

53

69

7.0

0.13

60

52

38

6.4

0.14

Sb

72

80

5 .1

0.28

15

58

73

6.5

0.11

30

48

52

6.5

0.69

60

45

39

7.0

0.52

5b

68

63

6.3

0.54

15

63

59

6.2

0.65

30

37

40

6.1

0.74

60

24

16

5.6

0.35

Day 2

Day 4

5

bc

Day 8

Day 13

Day 15

3

Time po s t-feeding (minutes).
bEffect of time post-feeding was sig nificant (P < 0.04).
cTi me x cow status (P < 0 .04) .
1

SE = standard error.
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Effects of a Brief Pasture Period and
Trainer Cows on Performance of
Newly Received Feedlot Calves
S. C. Loerch 1 and F.L. Fluharty
The Ohio State University Department ofAnimal Sciences

Abstract

Introduction

A 28-day trial was conducted with 216
steers (body weight= 552 lb) to determine the efficacy of two potential management strategies for
reducing stress of newly arrived feedlot calves. Effects of placing newly received feedlot calves in
pasture paddocks vs feedlot pens and effects of
trainer cows on performance and health were determined. Half of the calves were placed in pasture paddocks and half were placed in feedlot pens.
Half of the calves in each of these groups were
housed with a mature beef cow to serve as a trainer.
Calves were exposed to pasture and trainer cows
for the first 14 days after arrival and then all calves
were housed in feedlot pens (24 pens, 9 steers/pen)
for the remaining 14 days of the trial. The presence of trainer cows the first two weeks did not
affect (P > 0.27) gains; however, calves placed on
pasture after arrival had lower (P < 0.03) gains
during week 1 than those housed in the feedlot.
Calves placed in pasture paddocks upon arrival had
more than twice (P < 0.01) the incidence of morbidity vs those placed directly in the feedlot.

Calves undergo significant physiological
and psychological stress during weaning, transportation and adjustment to the feedlot environment
(Loerch and Fluharty, 1999). Opportunities to
modify stress-associated behavior as a mechanism
to improve dry matter intake (DMI) of newly received calves has not been thoroughly explored.
Prior to weaning, calves are reared in a hierarchical society, with the brood cow as the dominant
figure. When newly weaned calves are grouped
together in a feedlot, they are placed in an environment where the feed and water sources are foreign, and the social hierarchy is destroyed. Placing newly received calves on pasture for a brief
period prior to feedlot placement may reduce environment stress. Additionally, use of trainer cows
may reduce social and psychological stresses on
these calves.
The objectives of this trial were to determine effects of placing newly received calves in
pasture paddocks versus feedlot pens and the effects of trainer cows on performance and health.

Experimental Procedures
Mature cull Simmental X Angus cows
served as trainers and were allowed a 3 week pen
and diet adaptation period prior to arrival of the
newly weaned calves. During the adaptation period, the trainer cows were fed a 60% com silage,
16% CP feedlot receiving diet (Table 1). Cows
were culls from the Coshocton Branch of the Ohio

1

For more information, contact at: 114 Gerlaugh Hall,
1680 Madison Avenue, Wooster, OH 44691-4096, 330263-3900, Fax 330-263-3949; Email: loerch. l@osu.edu
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Table 1. Diet composition.
Item
lngredien t :

-- -- --- -- % D M basis ------ --- -

Shelled corn

10.00

Corn silage

60 .00

Ground corn

10 .84

Soybean meal

15 .85

Urea

0.40

Limestone

0.90

Dicalcium pho sphate

0 .59

Trace mineral salt"

0.50

Vitamin A, 30,000 IU/g

0 .01

Vitamin D , 3 ,000 IU/g

0.01

Selenium, 201 mg Se/kg

0.05

Aureomycin-S 700

0 .10

Potassium chloride

0.35

Dynamate

b

0.40

Calculated composition :
Crude protein , %

16.00

Calcium ,%

0 .63

Phosphorus, %

0.43

Potassium, %

1.24

NEm , Meal/kg

1.77

NEg, M e al/kg

1.16

' Contained > 93% N a Cl , 0 .3 5 % Zn , 0 .28 % Mn , 0.175 % F e, 0.035 % Cu , 0 .007 % I , a nd 0.007 % C o .
bM ag nesium sulfate and potass ium sulfate . C ontained 2 2% S , 18 % K , and 11 % M g (Inte rn a tion a l Min e ra ls and
Chemical, T e rre Hau te , IN) .

Agricultural Research and Development Center
(OARDC). They were culled based on poor production or because they were not pregnant. Cows
were transported to the OARDC Feedlot 1 week
after the calves were weaned and began the adaptation period immediately upon arrival. Nonpregnant cows were implanted with Synchromate-B
(Upjohn Co., Kalamazoo, MI) and given an injection of prostaglandin 3 days before the experiment
began to prevent them from coming into heat when
they were serving as trainers of the experimental
animals. Cows were reimplanted 10 days later.
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The experimental animals were crossbred
beef steer calves originating from three locations;
a Virginia sale barn, and newly weaned calves from
the Coshocton Branch of OARDC, or The Ohio
State University herd in Columbus. Calves were
transported approximately 520, 40, and 95 miles
(respectively) to the OARDC feedlot and all calves
arrived on the same day. Upon arrival, calves were
given a 2-hour rest period during which they had
access to hay and water prior to being weighed,
ear-tagged, and dewormed with Ivomec (Merck,
Rahway, NJ). The purpose of the rest period was
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to allow the calves an opportunity to eat some hay
and drink their fill of water prior to being weighed
so as not to have an arbitrarily low starting weight.
Calves were vaccinated against IBR, PI 3 , 7-way
Clostridial bacterin, Haemophilus somnus, and
Pasteurella upon arrival. Initial and final weights
were determined using the average of weights
measured on two consecutive days . Interim
weights were taken every 7 days, immediately before feeding, to determine weekly performance.
The trial was 28 days in duration. The trial was a
completely randomized design experiment with a
2 X 2 factorial arrangement of treatments. Factors
were trainer cow status (calves housed with or without trainer cows) and placement of calves after arrival (feedlot or pasture). After processing, 216
newly weaned calves were allotted by weight to
24 pens with nine calves per pen. Twelve of these
pens contained a previously adapted train~r cow.
Immediately after calf allotment to pens, six pens
of calves without trainers ( 54 calves) were grouped
and placed in a two acre pasture paddock adjac~nt
to the feedlot. Likewise, six pens of calves with
trainer cows were grouped and placed in another
two acre pasture paddock. The paddocks were
separated by a 200 yard buffer zone. Animals in
both groups were moved (after 7 days) to adjacent
two acre paddocks (for an additional 7 days) and
were then returned to their respective feedlot pens
on day 14. Pastures were comprised primarily of
orchardgrass which had not been harvested for 30
days prior to the experiment. While located in the
pasture paddocks, all animals were offered the f~ed
lot diet ad libitum, in bunks. On day 14, tramer
cows were removed from the calves (feedlot and
pasture groups) and all pasture calves were returned
to their assigned feedlot pens.
Data were analyzed using the GLM procedure of SAS (1988) for a completely randomized
design experiment with a 2 X 2 factorial arrangement of treatments. The model contained effects
due to trainer cow status, location, and their interaction. The REPEATED statement of SAS (1988)
was included in the model to determine effects of
time on gain. Assigned allotment pen served as
the experimental unit.
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Results and Discussion
It was hypothesized that placing calves in

pasture paddocks with trainer cows upo~ arrival. at
the feedlot would alleviate stresses associated with
adaptation to a new environment. Few attempts
have been made to enhance health and performance
of newly weaned calves through modification of
stress associated behavior. Stookey et al. (1997)
conducted a trial comparing remote vs contact
weaning (fence-line social contact with dams was
allowed). Similar to results presented above,
Stookey et al. (1997) reported that there were no
long-term benefits on growth rate, however, behavioral indicators of comfort suggested that the
well being of newly-weaned calves was improved
when they were allowed social contact with their
dams. In another trial conducted by these scientists, Schwartzkopf et al. (1997) reported that
trainer cows penned with newly arrived feedlot
calves altered eating behavior, but not performance
and health of the calves.
In our trial, weight gains were lower in the
first week than in the remaining three weeks (week
effect; P < 0.01) (Table 2). The presence of trainer
cows the first 2-weeks did not affect (P > 0.27)
gains; however, calves placed on pasture after arrival had lower (P < 0.03) gains during the first
week than those housed in the feedlot. This difference did not persist in subsequent weeks. There
was an interaction (P < 0.01) between trainer cow
status and location for gains during the third week.
These effects were residual effects from the previous weeks because during wk 3, all calves were
housed in feedlot pens without trainer cows (calves
were moved off pasture and cows were removed
on day 14). Moving calves to the feedlot and ~e
moving the trainer cows resulted in a greater mcrease in calf gain during week 3 than removing
trainer cows from calves previously housed in the
feedlot. The reason for this response is unknown.
The response is not supported by DM intakes of
calves during week 3; previous location and trainer
cow status did not affect (P > 0.40) intake during
week 3 but did affect (P < 0. 01) intake during week
4. Overall morbidity was numerically lower for
calves in the feedlot that were housed with trainer
2001 Research and Reviews

Table 2. Main effects of trainer cows and receiving calves on pasture or in the feedlot on performance.

Item

No cow

?-value

Pasture

Feedlot
With

COW

No cow

With cow

SE

1

c•

Lb

CxL

54

54

54

54

Initial weight, lb

553

551

553

553

0.07

0.02

0.77

0.05

Final weight, lb

642

646

635

644

5.3

0.21

0.41

0.71

Number of steers

Gain, lb/day

c

Week 1

1.15

1.01

0.33

0.13

0.37

0.67

0.03

0.95

Week 2

3.64

3.79

5.93

4.01

0.77

0.27

0.12

0.21

Week 3

4.06

4.52

2.71

5.27

0.26

0.01

0.26

0.01

Week 4

3.62

4.23

3.88

3.92

0 .29

0.24

0.93

0.35

Overall

3.13

3.40

3.22

3.33

0.24

0.45

0.97

0.77

DM intake, lb/day
Week 3

12.6

12.6

13.0

12.8

0.4

0.85

0.40

0 .61

Week 4

14.3

15 .2

13.2

14 .8

0.4

0.01

0.09

0.41

Week 1

12.8

3.7

25.7

23 .8

4 .5

0.24

0.01

0.43

Week 2

3.7

0

14.7

16.5

4.3

0 .83

0.01

0.53

Week 3

1.8

3.7

7.3

0

2.8

0.33

0.74

0.11

Week 4

1.8

5.5

0

1.8

2.3

0.24

0.24

0.69

Overall

20.2

11.0

40.7

36.8

7.0

0.37

0.01

0.71

Morbidity,%

aCow effect.
bLocation effect.
cTime, time x cow, and time x location effects were significant (P < 0.01).
1
SE = standard error.

cows (most evident during the first 2 weeks before
cows were removed. However, the greatest effect
on calf health was due to location. Refuting our
original hypothesis, calves placed in pasture paddocks upon arrival had more than twice (P < 0.01)
the incidence of morbidity vs those placed directly
in the feedlot. The increased incidence of morbidity with calves placed in pasture paddocks is difficult to explain, because reducing the stocking rate
(area) that calves have is generally related to increased morbidity, and outside environmental
stresses are not normally as important as superior
air quality in reducing the incidence of respiratory
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disease (Webster, 1983). Both groups had the same
diets delivered to them in feedbunks. Consumption of lower energy pasture and( or) increased
movement may have contributed to increased morbidity of calves received on pasture.
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Effect of Source and Color of
Cattle on Performance of Steers
in the OARDC Feedlot
S. C. Loerch 1, F.L. Fluharty, and P.A. Tirabasso

The Ohio State University Department ofAnimal Sciences

Abstract
The Ohio Agricultural Research and Development Center (OARDC) Beef Center receives
cattle from several sources and with a variety of
hide colors. From 1996 through 1999, cattle were
received from the Coshocton Branch of OARDC,
the OSU Beef Center in Columbus, and were purchased at graded feeder calf sales in Virginia or
West Virginia. Cattle were assigned a hide color
designation upon processing to allow assessment
of this factor on performance and carcass characteristics. After processing, cattle were assigned to
pens for cattle performance studies. This paper
summarizes performance and carcass data collected
on steers fed at the OARDC Beef Center.

Procedures
From 1996 through 1999, performance and
carcass data were collected on 738 steers. These
steers were identified upon arrival based on their
source and hide color. Steers weighed between
500 and 600 lb, were received the first week of
October (each year), and were approximately 7 to
8 months of age. Approximately 25 steers per year
were from the Coshocton Branch of OARDC.
These calves were born in March or April. Cows

For more information, contact at: 114 Gerlaugh Hall,
1680 Madison Avenue, Wooster, OH 44691-4096, 330263-3900, Fax 330-263-3949; Email: loerch. l @osu.edu
1
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at this location are crossbreds, with Simmental,
Charolais, and Angus being the primary genetic
base. Over the past 18 years, the Ohio Bull Test
has been the sole source of bulls for this herd and
all replacement heifers were raised on the farm.
Sires of the calves reported in this summary were
either Simmental or Angus. These sires were purchased at the Ohio Bull Test.
Approximately 15 steers per year were received from the OSU Beef Center. Sires of these
steers were predominantly Angus or Simmental AI
sires and dams were predominantly Angus, Simmental or Angus H Simmental. These steers were
also born primarily in March and April.
Approximately 180, 500 lb steers were purchased annually from graded feeder calf sales. In
1996, 1997, and 1998 steers were purchased in
Virginia. In 1999, steers were purchased in West
Virginia. These steers were transported to the
OARDC feedlot so that they arrived on the same
day as calves from the two Ohio State University
herds. Calves were processed and went through a
4-week receiving period prior to random placement
on performance research trials. Although management and diets changed somewhat from year to
year, the cattle were basically all placed on high
grain diets and fed until the group was predicted
to average about 80% USDA Choice. All cattle
were implanted twice during the feeding period.
Steers were fed in pens of 8 or 9 head per pen.
Carcass data was collected by trained University
employees so that carcass characteristics could be
assessed.
2001 Research and Reviews

Results and Discussion
Effects of year are presented in Table 1.
Steer initial weight was about 640 lb the first three
years and 523 lb in 1999. These initial weights
are not pay weights, but are the weights when they
started on research trials after a 4-week receiving
period. Final weight averaged 1255 lb in 1996 and
was as high as 1332 lb in 1999. Average daily
gains were quite good and show a trend upwards
over time, topping off at 4.01 lb/day in 1999. Hot
carcass weight reflects differences in final weight.
Backfat was about 0.4 to 0.5 inches except in 1999
when cattle were fed to a higher final weight and
averaged 0.62 inches of back fat. Over 80% of
these cattle graded Choice except in 1998 when
65% of the cattle graded low choice or above. No
explanation for these differences are readily apparent. Ribeye area averaged over 12 square inches
and no pattern due to year was apparent. The USDA
Yield grades averaged about three, except in 1999
when steers were heavier and fatter at the time of
slaughter.
Effects of cattle source on performance are
presented in Table 2. Calves from the Coshocton
Branch were about 15 lb heavier than purchased
calves initially and were about 80 lb heavier at
slaughter. The Coshocton steers gained 0.4 lb/day
faster than the purchased steers; gains of the Columbus steers were intermediate. The Columbus
calves were 16 lb lighter than Coshocton calves
initially and were 23 lb lighter at slaughter. Backfat
was about 0.1 inches greater for Columbus calves
than for the other two sources. Yield grade followed the same pattern. Ribeye area was greatest
for the purchased calves, lowest for the Columbus
calves, and intermediate for the Coshocton calves.
It is evident from these data that genetics based on
s_ires from the Ohio Bull test allow for the production of excellent feeder calves. These sires are
generally only one generation from the top AI sires
in the country. The Ohio Bull Test should be con-
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sidered an excellent source of genetics for commercial beef producers in Ohio.
Effects of hide color on performance are
presented in Table 3. Hide color did not affect
gains, final weights, or hot carcass weights. Red
and white hided cattle had 0.05 inches less backfat
than black or smoke colored cattle. On the other
hand, black and smoke colored cattle had the highest marbling scores, while reds were the lowest
'
and white hided cattle were intermediate. Red and
white hided cattle had the largest ribeye area; blacks
and smokes had the smallest ribeye area, and white
cattle with a black nose were intermediate. Following the same trend, steers with red or white
hides had the best yield grades, blacks and smokes
had the poorest yield grades, and white cattle with
black noses were intermediate.
Effect of health history on performance is
presented in Table 4. We treated approximately
50% of these newly weaned calves over the four
year period. The data set does not include
"realizers" that never were deemed fit to be placed
on a finishing experiment. Therefore, the data set
includes only animals that responded to antibiotic
therapy and recovered from their respiratory illness. Steers that were treated multiple times had
lower initial weights than those never treated or
only treated once. This reflects the initial set back
inyerformance one would expect in calves strugglmg to recover from respiratory disease. No carcass characteristics were affected by health history
except marbling score. There was a significant
relationship between antibiotic treatment and marbling. This relationship is not a result of indirect
effects on growth rate or subcutaneous fat accretion; these factors showed no relationship with
health history. While the cause of this reduced
marbling response is unknown, it is possible that
the initial bout with illness upon arrival may have
long lasting negative effects on intramuscular fat
cells and any genetic predisposition for marbling.
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Table 1. Effects of year on cattle performance at the OARDC Beef Center.
1996

1997

1998

SE

1999

P-values

Number of animals

202

209

183

144

Weight on, lb

631 a

640a

640a

523b

5.85 <0.0001

Weight off, lb

1255c

1302b

1291 b

1332a

11.83 <0.0001

3.42c

Gain, lb/day

758c

Carcass weight, lb

3.48c

4.0la

3.77b

810a

782b

790b

0.06 <0.0001
7.72 <0.0001

Backfat, inches

0.41 c

0.46b

0.42c

0.62a

0.02 <0.0001

%KPH

2.98c

3.29b

3.6la

2.47d

0.06 <0.0001

Marbling score

2

385b

Dressing, %
Ribeye area, inches

2

Yield grade

327c

266d

452a

13.22 <0.0001

60.38

60.65

60.63

60.83

0.25

0.24

12.70a

12.37b

12.91 a

12.88a

0.17

0.0003

2.93b

3.36a

3.lOC

3.5la

0.09 <0.0001

abcdMeans within same row without a common superscript differ (P < 0.05).
SE =standard error and KPH= kidney, pelvic, and heart fat.
2
Marbling score of 200 to 290 =SELECT, marbling score of 300 to 390 = CHOICff, and marbling score of 400 to
490 =CHOICE+.
1

Table 2. Effects of source on cattle performance at the OARDC Beef Center for years
1
1996 through 1999.
Columbus

Coshocton

Purchased

SE

P-values

59

93

586

Weight on, lb

603ab

619a

604b

8.32

0.03

Weight off, lb

1307a

1330a

1248b

16.82

<0.0001

0.09

<0.0001

10.98

<0.0001

Number of animals

3.67b

Gain, lb/day

794a

Carcass weight, lb

3.87a
800a

3.47c
760b

Backfat, inches

0.56a

0.45b

0.43b

0.03

0.0001

%KPH

3.31 a

2.88b

3.07c

0.09

0.0001

374

Marbling score
Dressing,%
Ribeye area, inches
Yield grade

2

347

352

18.80

0.31

60.77ab

60.22b

60.89a

0.36

0.02

12.43b

12.78ab

12.93a

0.24

0.0972

3.59a

3.15b

2.93c

0.13

<0.0001

abcMeans within same row without a common superscript differ (P < 0.05).
1
SE =standard error and KPH= kidney, pelvic, and heart fat.
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Table 3. Effects of hide color on cattle performance at the OARDC Beef Center for
1
years 1996 through 1999.
B
Number of animals

260

94
3

Weight on, lb

611

Weight off, lb

1300

Gain, lb/day

3.70

Carcass weight, lb
Backfat, inches

3.11
3
376

2

w

3

610

1277

1289

3.12
340b

3

17.10

0.11

0.09

0.18

11.17

0.26

0.473b

0 .03

<0.0001

3.00

0 .10

0.68

19.12

0.03

60.79

0.37

0.63

3

12.79ab

0.25

0.02

3.11 b

3. l 9ab

0.14

<0.0001

3.73
795

0.45b

3.08
3
366

3.13
358 3b

60.51

60.81

60.51

60.51

Ribeye area, sq. inches

12.51 b

12.89a

12.50b

12.89

3

3.06b

3.35

3.41

1308

3.69

3

3

3

0.03

Dressing,%

Yield grade

614

787

o.51

P values

32

1301

3.64

SE

8.45

611

780

0.45b

WBN

102

596

776
3

s
198

3.59

786
o.52

% KPH
Marbling score

R

343•b

abcMeans within same row without a common superscript differ (P < 0.05) .
1
B = Black, R = Red, S = Smoke, W =White, WBN = White with Black nose, SE= standard error, and KPH =
kidney, pelvic, and heart fat.
2
Marbling score of 300 to 390 = Choice·

Table 4. Effects of health on cattle performance at the O ARDC Beef Center for years
1
1996 through 1999.
0

Number of animals

383

Weight on , lb

615

Weight off, lb

1296

Gain, lb/day

28 7
3

614

3

3.68

787

SE

P-value

6.54

0.01

13.23

0.33

0.07

0.39

8.64

0.53

68

1303

3 .64

Carcass weight, lb

2

1

789

597b
1286
3.69
779

Backfat, inches

0.49

0.46

0.49

0.03

0.17

% KPH

3.13

3.08

3 .05

0 .07

0.28

14.79

0.09

Marbling score

2

370

3

358ab

345b

Dressing ,%

60.71

60.51

60.65

0 .28

0.47

Ribeye area, sq. inches

12.76

12.87

12.51

0 .19

0.13

3.24

3 .14

3.29

0 . 11

0 . 16

Yield grade

abcMeans within same row without a common superscript differ (P < 0.10).
1
0 =never treated for respiratory illness, 1 = treated once for respiratory illness, 2 =multiple treatments for
respiratory illness. SE = standard error and KPH = kidney , pelvic , and heart fat.
2
Marbling score 300 to 390 = Choice'.
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Effects of Limit-Feeding Grain or
Altering the Proportion of Dietary
Corn Silage on Performance of
Feedlot Steers
J.E. Rossi and S. C. Loerch 1
The Ohio State University Department ofAnimal Sciences

Abstract

Introduction

Steer calves (n = 106; initial body weight
(BW) = 604 ± 4 lb) were allotted by BW to 12
pens and fed in three periods as described in Rossi
and Loerch, 2001. Four feeding regimens were
investigated: 1) AL; steers were offered a 15%
com silage diet ad libitum in all three periods; 2)
PI; dry matter intake (DMI) was restricted to
achieve a predicted gain of2.5 lb/day in Period 1,
3.0 lb/day in Period 2, and feed was offered ad
libiturn in Period 3; 3) CS-HLL; prescription intake as described above except diets contained 85,
15, and 15% com silage in Periods 1, 2, and 3,
respectively; and 4) CS-HIL; same feeding regimens as CS-HLL, except diets were 85, 50, and
15% com silage in Periods 1, 2, and 3, respectively.
Steers were offered feed ad libitum in Period 3.
Overall average daily gain (ADG) was lower (P <
0.05) for steers in the CS-HLL and CS-HIL feeding regimens compared with steers in the AL and
PI regimens. Feed efficiency was greatest for steers
in the PI regimen similar between steers in the AL
and CS-HLL regimens, and lowest for steers in the
CS-HIL regimen (0.206, 0.194, 0.191, and 0.183
lb gain/lb feed, respectively; P < 0.01). Effects of
feeding regimen on carcass characteristics were
minimal.

Feeding cattle to achieve stepwise increases
in rate of gain has been shown to result in similar
performance and carcass characteristics as steers
offered feed ad libitum throughout the feeding period (Knoblich et al., 1997; Rossi et al., 2000).
Cattle consuming roughage-based diets
have greater gastrointestinal tract weights than
cattle consuming concentrate-based diets (Rompala
et al., 1988), which may increase maintenance requirements and negatively affect rate of gain during compensatory growth. Diets consisting of high
proportions of com silage (Loerch, 1990) or hay
(Gunter et al., 1998) have been used to limit rate
of gain in the first half of the feeding period with
little effect on subsequent rate of gain during the
finishing phase. However, no information is available on optimal roughage levels in feeding systems that restrict DMI to achieve stepwise increases
in growth rate. Further, effects of proportion of
dietary roughage on performance responses to subsequent increases in DMI are unknown. Objectives were to determine effects of proportion of
com silage during periods of feed restriction on
performance and carcass characteristics of steers
fed to achieve stepwise increases in rate of gain.

Materials and Methods
One hundred six crossbred steers (initial
BW = 604 ± 4 lb) were stratified by BW and randomly allotted to 12 pens with eight or nine steers

'For more information, contact at: 114 Gerlaugh Hall,
1680 Madison Ave., Wooster, OH 44691-4096, 330-2633900, Fax 330-263-3949; Email: loerch. l@osu.edu
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per pen and three pens per treatment. Four feeding regimens were investigated comparing diets
consisting ofhigh (H), intermediate (I), or low (L)
proportions of com silage. Steers in the first feeding regimen were offered a 92% concentrate diet
(Table 1) ad libitum throughout the experiment
(AL). The remaining steers were fed different dietsineachofthefollowingthreeperiodsofgrowth:
Period 1 (604 to 811 lb BW), Period 2 (811 to 1107
lb BW), and Period 3 (1107 to 1265 lb BW). Steers
in the second feeding regimen were fed diets containing a low (15%) proportion of com silage
throughout the experiment, but a prescription intake (PI) feeding strategy was used. In Period 1,
DMI was restricted to achieve a predicted gain of
2.5 lb/day (NRC, 1984; net energy gain equation

for large-framed steer calves). In Period 2, DMI
was restricted to achieve a predicted gain of 3.0
lb/day. Feed was offered ad libitum in Period 3.
Steers in the third feeding regimen (CS-HLL) were
fed a diet containing a high (83.5%) proportion of
com silage in Period 1, and DMI was restricted to
achieve a predicted gain of 2.5 lb/day. In Period
2, DMI of a diet containing a low (15%) proporti on of com silage was restricted to achieve a predieted gain of 3.0 lb/day. In Period 3, a diet containing a low ( 15%) proportion of com silage was
offered ad libitum. Steers in the fourth feeding
regimen (CS-HIL) were fed adiet containing ahigh
(83.5%) proportion of com silage in Period 1 and
DMI was restricted to achieve a predicted gain of
2.5 lb/day. In Period 2, DMI of a diet containing

Table 1. Composition of diets(% DM basis).
Ingredient
Whole shelled high moisture com
Com silage
Ground com
Soybean meal
Urea
Animal-vegetable fat
Dicalcium phosphate
Limestone
Trace mineral saltb
Rumensin, 17 6 glkg
Ty Ian, 220 g/kg
Selenium, 201 mg/kg
Vitamin A, 30,000 IU/g
Vitamin D, 3,000 IU/g
Vitamin E, 44 IU/g
Nutrient composition, %c
Crude protein
Calcium
Phosphorus
Potassium
NEm, Meal/kg
NEg, Meal/kg

AL
70
15
1.158
10.35
0.82
0.40
0.35
1.30
0.50
0.017
0.0050
0.050
0.010
0.010
0.030
14.08
0.60
0.42
0.63
2.08
1.42

CS-85
0
83.5
0.827
11.963
0.96
0.44
0.96
0.64
0.57
0.019
0.0057
0.057
0.012
0.012
0.034
13.80
0.62
0.43
1.05
1.70
1.10

Dieta
CS-50
35
50
1.49
10.18
0.80
0.40
0.55
0.95
0.50
0.017
0.0050
0.050
0.010
0.010
0.030

PI-2.5
60
15
2.904
17.5
1.10
0.40
0.82
1.46
0.65
0.022
0.0050
0.063
0.013
0.013
0.039

PI-3.0
65
15
3.257
12.85
0.92
0.40
0.48
1.40
0.55
0.019
0.0056
0.055
0.011
0.011
0.033

13.36
0.60
0.42
0.83
1.90
1.26

18.06
0.78
0.54
0.75
2.04
1.40

15.57
0.67
0.46
0.67
2.07
1.41

3

AL =high concentrate diet offered ad libitum; CS-85 = 85% corn silage diet fed to achieve a predicted gain of 2.5
lb/day; CS-50 = 50% corn silage diet fed to achieve a predicted gain of 3.0 lb/day; PI-2.5 =prescription intake diet
fed to achieve a predicted gain of 2.5 lb/day; and PI-3.0 =prescription intake diet fed to achieve a predicted gain of
3.0 lb/day.
bContained: >93% NaCl, 0.35% Zn, 0.28% Mn, 0.175% Fe, 0.035% Cu, 0.007% I, and 0.007% Co.
cCrude protein content was determined by analysis and remaining values were calculated.
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an intermediate (50%) proportion of corn silage
was restricted to achieve a predicted gain of 3.0
lb/day. In Period 3, a diet containing a low (15%)
proportion of corn silage was offered ad libitum.
The diet for steers in the AL feeding regimen was
formulated to contain 13% CP, 27 g Rumensin/
ton, and 10 g Tylan/ton (Provided courtesy of
Elanco, Greenfield, IN). Concentrations of CP,
vitamins, minerals, Rumensin, and Tylan were increased in Periods 1 and 2 in the diets fed to steers
in the PI, CS-HLL, and CS-HIL regimens to provide the same daily intakes of these components
as steers fed the AL diet. Steers were implanted
with Synovex-S on day 0 and Synovex Plus on
day 84 (Provided courtesy of Fort Dodge Animal
Health, Overland Park, KS).
Steers were fed once daily beginning at
0800 hours. Feed refusals were weighed, recorded,
and discarded daily. Feed samples were analyzed
weekly for DM to adjust feed intake for dietary
moisture content. Composite feed samples were
dried in a forced-air oven at 55°C, ground to pass a
1-mm screen, and analyzed for DM (Goering and
Van Soest, 1970) and N by a combustion type
autoanalyzer (Leco FP-2000, Leco Corp., St. Joseph, MI). Pens were constructed of metal gates
and cable, had concrete slatted floors, and were
located in an open-sided barn.
Initial and final BW was determined using
the average weight from two consecutive days.
Steers were weighed every two weeks, and DMI
of steers in the limit-fed regimens was adjusted to
meet maintenance requirements as BW increased.
All steers in a pen were harvested when the average BW of steers within a pen was approximately
1265 lb. Carcass data were collected by trained
university personnel.

Statistical Analysis
Data were analyzed using GLM procedures
of SAS (1998) for a completely randomized design. Treatment means were compared using the
PDIFF statement of SAS when protected by a significant (P < 0.10) F value. Pen served as the experimental unit for all analyses.
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Research animal care protocols for both
experiments followed guidelines recommended in
the Guide for the Care and Use of Agricultural
Animals in Agriculture Research and Teaching
(Consortium, 1988).

Results and Discussion
Performance data are presented in Table 2.
In Period 1, ADG was greatest for steers in the AL
regimen, intermediate for steers in the PI regimen,
and lowest for steers in the CS-HLL and CS-HIL
feeding regimens (P < 0.01). In previous programmed gain studies (Knoblich et al., 1997; Rossi
et al., 2000), ADG was similar to predicted ADG
when steers were fed to gain 2.5 lb/day. Although
actual ADG was greater than predicted, the relative differences in ADG between steers consuming the PI and AL diets in the present experiment
were similar to those described in the experiments
cited above. Feed efficiency was increased (P <
0.01) 22% in steers consuming the PI versus the
CS-HLL and CS-HIL diets. Feed efficiency of
steers in the AL feeding regimen was lower (P <
0.01) compared with steers in the PI regimen, but
greater compared with steers in the CS-HLL and
CS-HIL regimens. Feed efficiency of steers fed
the 85% corn silage diet was lower than that of
steers fed the AL diet. In Period 2, ADG was not
different among feeding regimens (P = 0.84). Daily
DMI was similar (P = 0.43) between steers in the
AL and CS-HIL feeding regimen, and both were
greater (P = 0.06) than steers in the PI and CSHLL regimens. Feed efficiency was similar (P =
0.49) between steers in the PI and CS-HLL feeding regimens and was increased (P = 0.08) compared with that of steers in the AL regimen. Steers
in the CS-HIL feeding regimen had a comparable
(P = 0.49) feed efficiency to steers in both the AL
and PI regimens but a lower (P = 0.08) feed efficiency than for steers in the CS-HLL regimen.
Concentration of corn silage in diets fed in Period
1 had little carryover effects on ADG, DMI, and
feed efficiency in Period 2 when steers were
switched to the same diet (PI vs CS-HLL). In Period 3, ADG of steers was not different among treat-
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Table 2. Effects of corn silage proportion and feeding system on performance of steers.
Item
Number of steers (pens)
Initial BW, lb
Final BW, lb
Period 1
Gain, lb/day
DMI, lb/day
Gain/feed, lb/lb
Days
Period 2
Gain, lb/day
DMI, lb/day
Gain/feed, lb/lb
Days
Period 3
Gain, lb/day
DMI, lb/day
Gain/feed, lb/lb
Days

AL
27 (3)
604
1254

PI
27 (3)
604
1266

Treatmenta
CS -HLL
CS-HIL
27 (3)
27 (30
604
606
1259
1268

SE
0.7
9.5

3.95b
17.2b
0.230c
70c

3.13c
13.0c
0.242b
66d

2.75d
14.1 d
0.196d
74b

2.80d
14.1 d
0.198d
74b

0.06
0.1
0.003
0.0

3.62
19.8
0.183f
84

3.70
18.0
0.206e
80

3.79
17.7
0.214e
78

3.75
19.7
0.191f
79

0.16
0.1
0.008
9.5

3.17
21.5
0.146
23c

3.97
22.6
0.176
40b

3.46
22.0
0.157
46b

3.22
22.2
0.144
52b

0.37
0.6
0.013
5.1

3.24c
18.3c
0.177d
3750b
205b

0.05
0.2
0.002
56
1.3

Overall
Gain, lb/day
DMI, lb/day
Gain/feed, lb/lb
Total DMI, lb
Days

3.68b
19.0b
0.194c
3348dc
177c

3.55b
17.2ct
0.207b
3120d
186c

3.31 c
17.4ct
0.191c
3428c
198b

•AL = offered a 92% concentrate diet fed ad libitum throughout the experiment; PI = prescription intake of a 92%
concentrate diet fed throughout the experiment to achieve a gain of 2.5 lb/day in Period 1, 3.01 lb/day in Period 2, and
offered ad libitum in Period 3; PI-HLL =prescription intake of an 85 % corn silage diet fed to achieve a gain of 2.5
lb/day in Period 1, a 15 % corn silage diet fed to achieve a gain of 3.0 lb/day in Period 2, and a 15% corn silage diet
offered ad libitum in Period 3; and PI-HIL = prescription intake of an 85% corn silage diet fed to achieve a gain of 2.5
lb/day in Period 1, a 50% corn silage diet fed to achieve a gain of 3.0 lb/day in Period 2, and a 15 % corn silage diet
offered ad libitum in Period 3. SE= standard error, BW =body weight, and DMI =dry matter intake.
b,c,ctMeans within a row without a common superscript differ (P < 0.05).
e,fMeans within a row without a common superscript differ (P < 0.10).

ments (P = 0.44). There was a trend for steers consuming corn silage-based diets (CS-HLL and CSHIL) early in the feeding period to have lower ADG
in Period 3. Reasons for these differences are not
clear. However, stomach and large intestine
weights were reported to be larger for animals consuming high roughage diets (Rompala et al. , 1988),
which may have increased maintenance requirements of steers consuming corn silage-based diets. Because of the short duration of Period 3, any
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delay in the compensatory growth response would
negatively affect performance in this period. Overall ADG was lower (P < 0.01) for steers in the CSHLL and CS-HIL feeding regimens compared with
steers in the AL and PI regimens. A portion of the
lower overall ADG of steers in the CS-HLL and
CS-HIL feeding regimens compared with steers in
the PI regimen was a result of lower ADG in Period 1. When ADG was analyzed from the beginning of Period 2 until harvest, ADG was not dif2001 Research and Reviews

Table 3. Effects of corn silage proportion and feeding system on carcass characteristics of steers.

Item
Hot carcass weight, lb
Dressing percentage
Backfat thickness, inches
Longissimus area, sq. inches
KPH fat, %

b

Marbling scorec
Choice,%
Yield grade

AL
768.8
61.3
0.43
13.3
3.70
296.5
84.3
3.07

PI
766.5
60.6
0.41
13.2
3.67
271.0
77.3
2.97

Treatmenta
CS-HLL
763.2
60.6
0.41
12.7
3.89
253.0
59.3
3.13

CS-HIL
771.2
60.8
0.36
13.0
3.87
259.1
73.1
2.93

SE

8.3
0.4
0.04
0.3
0.12
16.1
9.1
0.11

aAL =offered a 92% concentrate diet fed ad libitum throughout the experiment; PI= prescription intake of a 92%
concentrate diet fed throughout the experiment to achieve a gain of 2.5 lb/day in Period 1, 3.0 lb/day in Period 2, and offered
ad libitum in Period 3; PI-HLL =prescription intake of an 85 % com silage diet fed to achieve a gain of 2.5 lb/day in Period
1, a 15% com silage diet fed to achieve a gain of 3.0 lb/day in Period 2, and a 15% com silage diet offered ad libitum in
Period 3; and PI-HIL =prescription intake of an 85% com silage diet fed to achieve a gain of 2.5 lb/day in Period I, a 50%
com silage diet fed to achieve a gain of 3.0 lb/day in Period 2, and a 15% com silage diet offered ad libitum in Period 3. SE
= standard error.
bKidney, pelvic, and heart fat.
c2 = select, 3 = choice -, 4 = choice, and 5 = choice+.

ferent between steers in the PI and CS-HLL regimens, but was lower (P < 0.05) for steers in the
CS-HIL regimen (3 .51 , 3.77, 3.64, and 3.53 lb/day
for steers in the AL, PI, CS-HLL, and CS-HIL feeding regimens, respectively). Overall daily DMI
was greatest for steers offered feed ad libiturn, intermediate for steers in the CS-HIL regimen, and
lowest for steers in the PI and CS-HLL regimens
(P < 0.05). Feed efficiency was greatest for steers
in the PI regimen, similar between steers in the
AL and CS-HLL regimen, and lowest for steers in
the CS-HIL regimen (P < 0.01). Total DMI was
lower (P < 0.05) for steers in the PI feeding regimen than for steers in the CS-HLL and CS-HIL
regimens. In addition, total DMI of steers in the
PI feeding regimen was similar to that of steers in
the AL feeding regimen. Compared with steers in
the AL feeding regimen, days fed were 9, 22, and
28 greater (P < 0.01) for steers in the PI, CS-HLL,
and CS-HIL feeding regimens, respectively. No
differences were observed for carcass characteristics (P > 0.22; Table 3).

Implications
Limit-feeding corn silage-based diets to
steers in a prescription intake feeding program resulted in compensatory growth and overall performance responses that were lower and more variThe Ohio State University Department of Animal Sciences
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able compared with steers limit-fed high-concentrate diets. Source of dietary energy had little effect on carcass characteristics.
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Altering the Proportion of Corn Silage
in Diets of Feedlot Steers Fed to
Achieve Stepwise Increases in Growth
J.E. Rossi and S. C. Loerch 1

The Ohio State University Department ofAnimal Sciences

Abstract
Steer calves (n = 107; initial body weight
(BW) = 602 ± 6.2 lb) were allotted to 12 pens with
eight or nine steers per pen and four pens per treatment to determine effects on performance of restricting feed intake of a high concentrate diet vs
various dietary proportions of com silage. Periods of growth were as follows: 602 to 806 lb BW
(Period 1), 807 to 1105 lb BW (Period 2), and 1105
to 1244 lb BW (Period 3). In two of the dietary
regimens, steers were offered feed ad libitum
throughout the experiment and were fed either a
grain-based diet containing 15% com silage in each
period (AL), or were fed an 85, 50, and 15% com
silage diet (CS) in Periods 1, 2, and 3; respectively.
In the third feeding regimen, a prescription intake
(Pl) feeding system was used. Steers were fed a
15% com silage diet in each period. However, feed
intake was restricted to achieve a predicted gain of
2.5 lb/day in Period 1, 3.0 lb/day in Period 2, and
feed was offered ad libitum in Period 3. In Period
1, average daily gain (ADG) was greatest (3.70 lb/
day) for steers offered the 15% com silage diet ad
libitum, intermediate (3 .35 lb/day) for steers in the
CS regimen, and lowest (2.87 lb/day) for steers in
the PI regimen (P < 0.01). Feed efficiency was
similar (P = 0.26) among treatments. For the en1
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tire experiment, ADG was similar (P = 0. 41) among
treatments and feed efficiency was lower (P < 0.10)
for steers in the CS regimen compared with steers
in the PI and AL regimens.

Introduction
Feeding cattle to achieve stepwise increases
in rate of gain has been shown to result in similar
performance and carcass characteristics as steers
offered feed ad libitum throughout the feeding period (Knoblich et al., 1997; Rossi et al. , 2000). Offering feed ad libitum and decreasing the proportion of dietary roughage as the feeding period
progresses may result in stepwise increases in rate
of gain similar to that observed with restricting
DMI of high-concentrate diets.
Cattle consuming roughage-based diets
have greater gastrointestinal tract weights than
cattle consuming concentrate-based diets (Rompala
et al. , 1988), which may increase maintenance requirements and negatively affect rate of gain during compensatory growth. Diets consisting of high
proportions of com silage (Loerch, 1990) or hay
(Gunter et al., 1998) have been used to limit rate
of gain in the first half of the feeding period; subsequent effects on rate of gain during the finishing
phase are unknown.
Objectives were to determine the effects of
varying the proportion of corn silage when fed ad
libitum throughout the feeding period versus a prescription intake feeding regimen on performance
and carcass characteristics of steers.
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gain of3 .0 lb/day for the next 298 lb of gain. Feed
was offered ad libitum for the final 139 lb of gain
One hundred seven steers (initial BW = 602
before harvest at an average of 1244 lb BW. Con± 6.2 lb) were stratified by BW and randomly alcentrations of CP, vitamins, minerals, Rumensin,
lotted to 12 pens with eight or nine steers per pen
and Tylan (provided courtesy of Elanco,
and four pens per treatment. Diets are presented
Greenfield, IN) were increased in diets fed to steers
in Table 1. Treatments were: 1) ad libiturn conin the PI regimens in Periods 1 and 2 to ensure
sumption of a 92% concentrate diet throughout the
equal intake of these components as steers fed the
experiment (AL); 2) ad libitum consumption of an
AL diet. Steers were implanted with Synovex-S
85% com silage-based diet for the first 205 lb of
on day 0 (provided courtesy of Fort Dodge Anigain followed by a 50% com silage-based diet for
mal Health, Overland Park, KS), and Revalor-S
the next 298 lb of gain and a 92% concentrate diet
on day 84 (provided courtesy of Hoechst-Roussel
for the final 139 lb of gain before harvest at an
Agri. Vet. Co., Overland Park, KS).
~verage of 1244 lb BW (CS); and 3) prescription
Steers were fed once daily beginning at
mtake (PI) of a 92% concentrate diet to achieve
0800 hours. Feed refusals were weighed, recorded,
stepwise increases in ADG. Steers in the PI regiand discarded daily. Feed samples were analyzed
men were fed to achieve a predicted gain of2.5 lb/
weekly for DM to adjust feed intake for dietary
day (NRC, 1984; net energy gain equation for
moisture content. Composite feed samples were
large-framed steer calves) for the first 205 lb of
dried in a forced-air oven at 55°C, ground to pass a
gain. Steers were then fed to achieve a predicted

Materials and Methods

Table 1. Composition of diets (% of DM).
AL
In redient
Whole shelled high-moisture corn
Corn silage
Ground corn
Soybean meal
Urea
Animal-vegetable fat
Dicalcium phosphate
Limestone
Trace mineral saltb
Rumensin , 176 g/lb
Tylan, 220 g/lb
Selenium, 201 mg/lb
Vitamin A, 30,000 IU/g
Vitamin D, 3,000 IU/g
Vitamin E, 44 IU/g
Nutrient compositionc
Crude protein
C alcium
Ph
p ~sp~orus

o assrnm
Meal/lb
g.' Meal/lb

N~m
N ,
a

.

CS-85

CS-50

PI-2 .5

PI-3 .0

70
15
2 .9
8.62
0.70
0.40
0.35
1.40
0.50
0.016
0.010
0.050
0.010
0.010
0.030

0
85
1.75
9.90
0.81
0.43
0.80
0.684
0.50
0 .016
0 .010
0.050
0.010
0.010
0.030

35
50
2.32
9.30
0.75
0.40
0.60
1.00
0.50
0.016
0.010
0.050
0.010
0.010
0.030

65
15
0.87
14.49
1.10
0.40
0.80
1.55
0.63
0 .020
0.013
0.063
0.013
0.013
0.043

70
15
0.88
10.04
0.97
0.43
0.55
1.45
0.54
0.018
0.011
0.054
0.011
0.011
0.033

14.2
O.6 3
0.42
0 .60
0.94
0 .64

13.7
0.64
0.42
1.03
0 .75
0.48

13.8
0.63
0.42
0.82
0.85
0.56

17 o
·
0.80
0.52
0 70
.

15 1
·
0.70
0.46
O 62
.

~:~~

~:~:

AL high .concentrate diet offere~ ad libitum; CS-85 _ 85% corn silage diet offered ad libitum; CS-50 =
50% corn _s liage diet offered a~ h?itu.m ; PI-2 . 5 =prescription intake diet fed to achieve a predicted ain of
and PI-3.0 = prescnption mtake diet fed to achieve a predicted gain of 3 .0 lb/day .
g
cContarned: .>93 % N aCL , 0 .35 % ~n , 0 .28 % Mn , 0 . 175 % Fe , 0 .035 % Cu , 0.007 % I, and 0 .007 % Co .
Crude protem content was determrned by analy sis a nd remaining v alues were calculated.

~.5 lb/~ay ,
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1-mm screen, and analyzed for DM (Goering and
Van Soest, 1970) and N by a combustion type
autoanalyzer (Leco FP-2000, Leco Corp., St. Joseph, MI). Pens were constructed of metal gates
and cable, had concrete slatted floors , and were
located in an open-sided barn.
Initial and final BW were determined using the average weight from two consecutive days.
Steers were weighed every two weeks, and DMI
of steers in the PI regimen was adjusted to meet
maintenance requirements as BW increased. All
steers in a pen were harvested when the average
BW of steers within a pen was approximately 1244
lb. Carcass data were collected by trained university personnel.
Data were analyzed using GLM procedures
of SAS (1998) for a completely randomized de-

sign. Treatment means were compared using the
PDIFF statement of SAS when protected by a significant (P < 0.10) F value. Pen served as the experimental unit for all analyses.
Research animal care protocols followed
guidelines recommended in the Guide for the Care
and Use of Agricultural Animals in Agriculture
Research and Teaching (Consortium, 1988).

Results and Discussion
Performance data are presented in Table 2.
In Period 1, ADG was greatest (P < 0.01) for steers
in the AL feeding regimen and was greater (P <
0.02) for steers fed the CS versus PI diet. Daily
DMI was similar (P = 0.15) between steers in the
AL and CS feeding regimens, and both were greater

Table 2. Effects of corn silage proportion on performance.
Treatmenta
Item
AL
cs
PI
36 (4)
36 (4)
No. of steers (pens)
36 (4)
Initial B W, lb
602
602
603
Final BW, lb
1232
1255
1232
Period 1
3.34c
2.86d
3.70b
Gain, lb/day
15.4 b
12.9c
16.0b
DMI, lb/day
0.221
Gain/feed, lb/lb
0.232
0.217
73b
70c
60d
Days
Period 2
Gain , lb/day
3.34
3.48
3.56
18 .3c
20.0b
17.9c
DMI, lb/day
0.183 c
0.174c
0.200b
Gain/feed , lb/lb
84
86
83
Days
Period 3
Gain, lb/day
3.08
3.70
3.17
18.7c
19.2c
22.2b
DMI, lb/day
Gain/feed , lb/lb
0.161
0.167
0.170
49b
34c
29c
Days
Overall performance
Gain, lb/day
3.45
3.32
3.32
DMI, lb/day
17.5c
18.3b
16.7<l
Gain/feed, lb/lb
0.198b
0.182c
O. l 99b
Total DMI, lb
3189c
3587b
3158c
Days
183
195
190

SE
1.2

8.6
0.09
0.3
0.006
0.6
0.09
0.2
0.005
1.4
0.02
0.7
0.01
3.5
0.07
0.2
0.005
93.5
3.9

"AL= offered a 92% concentrate diet ad libitum throughout the experiment; CS= offered ad libitum consumption of
an 85 % corn silage, a 50% corn silage, and a 92 % concentrate diet in Period s 1, 2 , and 3, respectively; and PI=
prescription intake of a 92% concentrate diet throughout the experiment fed to achieve a gain of 2.5 lb/day in Period
1, 3 .0 lb/day in Period 2, and offered ad libitum in Period 3. SE = standard error and DMI = dry matter intake.
b,c,ctMean s within a row without a common sup erscript differ (P < 0.10) .
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(P < 0.01) than that for steers in the PI feeding
regimen. Feed efficiency in Period 1 was similar
(P > 0.26) for steers fed the CS and PI diets. Similar feed efficiencies between steers consuming com
silage-based versus com-based diets do not agree
with previous research (Glimp et al., 1989; Loerch,
1990; DiCostanza et al., 1998). Loerch (1990)
observed superior feed efficiency by steers fed a
high moisture com-based diet compared with those
fed a com silage-based diet. In Period 2, ADG
was not affected (P = 0.22) by diet. Similar ADG
between steers fed the AL diet and those fed the PI
diet in this period does not agree with similar experiments in which ADG was greater for steers in
the PI versus AL feeding regimen (Knoblich et al.,
1997; Loerch and Fluharty, 1998; Rossi et al.,
2000). Daily DMI was greater (P < 0.01) for steers
in the CS feeding regimen compared with steers
in the AL and PI feeding regimens. Animals can
compensate for lower energy intake of roughagebased versus concentrate-based diets by increasing DMI of the roughage-based diets (Smith et al.,
1984; Glimp et al., 1989; Hill et al., 1996). However, when compared with steers in the AL feeding regimen, steers in the CS feeding regimen did
not increase DMI to compensate for lower energy
intake in Period 1, but appeared to compensate in
Period 2 by consuming more DM than steers in
the AL regimen. Di Costanza et al. (1998) did not
observe a difference in DMI among diets consisting of 12, 24, or 36% com silage. In the current
experiment, feed efficiency was increased (P <
0.02) 9.3 and 14.9% in Period 2 for steers in the PI
feeding regimen compared with steers in the AL
or CS feeding regimens, respectively. Consistent
with Period 1, feed efficiency was not different (P
> 0.26) between steers consuming the AL or CS
diets. In Period 3, ADG was not affected by feeding regimen (P = 0 .16), although there was a trend
for higher ADG for steers in the PI regimen. In
Period 3, daily DMI was much greater (P < 0.02)
for steers in the PI feeding regimen vs steers in the
AL and CS regimens. Steers in the PI feeding regimen were offered feed ad libitum in Period 3. Feed
efficiency was similar among feeding regimens (P
= 0.80), which is inconsistent with results of pre-
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vious prescription intake studies (Knoblich et al.,
1997; Rossi et al., 2000). Overall ADG was not
affected (P = 0 .41) by feeding regimen. Overall
feed efficiency was reduced by approximately 9%
(P < 0.10) for steers in the CS feeding regimen
compared with steers in the PI and AL regimens.
Total DMI was approximately 14% greater (P <
0.02) for steers in the CS feeding regimen compared with those in the Al and PI regimens. Com
silage would have to be priced approximately 22%
lower than com to offset the costs of additional
feed consumed by steers in the CS feeding regimen compared with steers in the AL and PI regimens (assuming costs per lb of feed on an as-fed
basis= $0.035, $0.013, and $0.11 for com, com
silage, and supplement, respectively). Feeding
roughage-based diets in the early finishing period
may allow the flexibility of using more roughage
when grain prices are high relative to forage.
Carcass characteristics are presented in
Table 3. Steers in the PI feeding regimen had a
lower (P = 0.06) average hot carcass weight compared with steers in the AL and CS feeding regimens. Likewise, steers in the PI feeding regimen
had a lower (P < 0.03) average dressing percentage compared with steers in the AL and CS feeding regimens. Similar differences in carcass characteristics between steers fed using an AL versus
a PI feeding regimen have been observed in other
experiments (Rossi et al., 2000). Varying the proportion of dietary com silage has resulted in few
differences in carcass characteristics (Loerch, 1990;
DiCostanza et al., 1998).

Implications
Feeding roughage based diets early in the
feeding period may be an economically viable option when grain prices are high. However, although
some compensatory gain occurred feed efficiency
was reduced when a high proportion of com silage
was used early in the feeding period. Compensatory gains (in response to increased energy intake)
may be greater for prescription fed steers than for
those observed in steers fed decreasing percentages of com silage-based diets.

2001 Research and Reviews

Table 3. Effects of proportion of corn silage proportion on carcass characteristics.
Treatmenta
CS
PI
Item
AL
Hot carcass wt, lb
· percentage
D ressmg
Backfat thickness, in
Lon~ssimus area, sq. inches
KPH fat, %
Marbling scorec
Choice,%
Yield grade

754f
61 .3d
0.43
12.1
3.4
383
73
3.2

761 f
60.9d
0.44
12.2
3.6
456
91
3.5

734g
59.8e
0.41
11.7
3.3
444
94
3.4

SE
7.0
0 .32
0.04
0.23
0.10
28.8
9.8
0.17

"AL= offered a 92% concentrate diet ad libitum throughout the experiment; CS= offered ad libitum consumption of
an 85% com silage, a 50% com silage, and a 92% concentrate diet in Periods 1, 2, and 3, respectively; and PI=
prescription intake of a 92% concentrate diet throughout the experiment fed to achieve a gain of 2.5 lb/day in Period
1, 3.0 lb/day in Period 2, and offered ad libitum in Period 3. SE= standard error.
bKidney, pelvic, and heart fat.
c2 =select, 3 =choice-, 4 =choice, and 5 =choice+.
deMeans within a row without a common superscript differ (P < 0.05).
fgMeans within a row without a common superscript differ (P < 0.10).
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Effect of Age at Feedlot Entry on
Performance and Carcass
Characteristics of Bulls and Steers
JP. Schoonmaker, F.L. Fluharty, SC Loerch 1 , and TB. Turner
The Ohio State University Department ofAnimal Sciences

Abstract
Seventy Angus X Simmental crossbred
calves (initial body weight (BW) 366.5 ± 9.3 lb)
were used in a 3 X 2 factorial arrangement of treatments to determine the effect of age at feedlot entry and castration on growth, performance, and carcass characteristics. At 82 days of age (5-26-99),
calves in the steer group were castrated. Calves
were placed in the feedlot at 110 days of age (EW),
202 days of age (NW), or 371 days of age (Y).
Calves in the NW and Y group remained with their
dams until 188 days of age, and consumed pasture
until feedlot entry (202 and 3 71 days of age; respectively). Steers were implanted with SynovexS (when steers were 93 days from their terminal
implant), and with Revalor-S (when steers were
estimated to be 100 days from slaughter). Calves
were slaughtered on an individual basis when
backfat was estimated to be 0.5 inches. While in
the feedlot, Y calves gained faster (P < 0.01) than
NW and EW calves (4.15 , 3.71, and 3.57 lb/day);
however, when measured from 110 days of age
until slaughter, average daily gain (ADG) was
greatest for EW, intermediate for NW, and lowest
for Y calves (3.57, 3.25, and 2.67 lb/day; P < 0.01).
Early-weaned calves spent the most days in the
feedlot, followed by NW, and Y calves spent the

1
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fewest days in the feedlot (221, 190, and 163 days;
P < O.O1). Total dry matter intake (D MI) was similar (P > 0.22) between age groups; however, daily
DMI was the lowest for EW, intermediate for NW,
and the highest for Y calves (15.7, 17.9, and 23.1
lb/day; P < 0.01). Early-weaned calves were the
most efficient, followed by NW, and Y calves were
the least efficient (0.227, 0.207, 0.180 lb gain/lb
feed; P < 0.01). Weight at slaughter (1504, 1284,
and 1141lb;P<0.01) and hot carcass weight (911,
789, and 693 lb; P < 0.01) was greatest for Y calves,
intermediate for NW, and lowest for EW. Earlyweaned calves had the smallest rib-eye area, followed by NW, and Y had the largest rib-eye area
(12, 13, and 14 in2 ; P < 0.01). Early-weaned and
NW calves had lower yield grades (3.2, 3.1, and
3.5; P < 0.04) and produced fewer select carcasses
compared to Y calves (25 , 13, and 48 %; P < 0.01).
Bulls and steers both had an average daily gain of
3.8 lb/day while in the feedlot; however, bulls had
a greater (P < 0.09) hot carcass weight (816 versus
780 lb) and a larger (P < 0.01) rib-eye area (13.3
versus 12.6 in2) compared to steers. Earlier feedlot
placement results in higher quality beef.

Introduction
Castration alters growth rate and carcass
characteristics due to a change in hormonal status
(Anderson et al., 1988; Lee et al., 1990; Hunt et
al., 1991). Implants alter growth rate and carcass
composition in steers due to a change in hormonal
status as well (Hayden et al., 1992; Hongerholt et

2001 Research and Reviews

al., 1992; Johnson et al., 1996b). Managing bulls
and aggressively implanted steers in an earlyweaned system enables early intramuscular fat
deposition and allows for rapid and efficient
growth, as well as a lean, high quality carcass
(Schoonmaker et al., 1999c). Early-weaned bulls
deposit fat more favorably than do early-weaned
steers (Schoonmaker et al., 1999c) possibly due to
a gradual (Lee et al., 1990) increase (as testicles
grow) in hormone secretion rather than large fluctuations (as cattle are implanted) in hormone secretion. After steers are implanted, trenbolone
(Johnson et al., 1996a) and Insulin-like Growth
Factor-I (IGF-1) (Johnson et al., 1996b) concentration peaks, then gradually decreases As a result
muscle deposition slows (Johnson et al., 1996a),
and the opportunity for intramuscular fat deposition may be delayed to a later age for implanted
steers compared to bulls. However, waiting until
205 or 365 days of age to place bulls in the feedlot
may hinder their ability to deposit intramuscular
fat because the testicles are larger, hormone secretion is higher, and thus muscle deposition is more
likely. Therefore, delaying feedlot entry until 205
or 365 days of age in bulls may compromise carcass quality to a greater extent in bulls than aggressively implanted steers. Our objective was to
determine the effect age at feedlot entry on performance and carcass characteristics of bulls and aggressively implanted steers.

Materials and Methods
Seventy Angus X Simmental crossbred
calves (initial BW 366.5 ± 9.3 lb) were used to
determine the effect of age at feedlot entry and
castration on growth, performance, and carcass
characteristics (3 X 2 factorial arrangement). Cattle
were allotted to treatments based on sire, birth date,
and birth weight. At 82 days of age (5-26-99),
calves in the steer group were castrated. Calves
were placed in the OARDC feedlot in Wooster,
OH at 110 days of age (EW), 202 days of age (NW),
or 371 days of age (Y). Calves in the NW and Y
group remained with their dams and grazed in
southern Ohio on mixed pastures of orchard grass,
Kentucky bluegrass, clover, and tall fescue until
The Ohio State University Department of Animal Sciences
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188 days of age. From 188 days of age until feedlot entry, NW cattle grazed on orchard grass pastures in Wooster, OH. Cattle that did not enter the
feedlot until 371 days of age grazed on orchard
grass pastures and were offered a 26.06% CP
supplement, orchard grass hay, whole shelled com,
and com silage to achieve a gain of 1.45 lb/day
until feedlot entry. Four weeks before weaning
time, and upon arrival in Wooster, all calves were
vaccinated for protection against IBR, PI-3,
Haemophilus somnus, Pasteurella, and 7-way
clostridial bacterin (Quadraplex, Somnugen 2P,
and Dybelon, respectively; Bio-ceutic, St. Joseph,
MO) and de-wormed with Ivomec pour-on (Merck,
Rahway, NJ). Early-weaned steers were re-vaccinated when NW steers were placed in the feedlot.
Research protocols regarding animal care followed
guidelines recommended in the Guide for the Care
and Use of Agricultural Animals in Agricultural
Research and Teaching (Consortium, 1988).
Early-weaned, NW, and Y steers were implanted with Synovex-S (10 mg estradiol benzoate,
and 100 mg progesterone; Fort Dodge Animal
Health, Overland Park, KS) at 167, 202, and 291
days of age, respectively, and with Revalor-S (24
mg estradiol and 120 mg trenbolone acetate;
Hoechst-Roussel Agri. Vet. Co., Overland Park,
KS) at 264, 291, and 384 days of age, respectively.
Revalor-S was given when calves were estimated
to be 100 days from slaughter.
All calves were penned individually in a
totally enclosed feedlot barn. Pen construction consisted of metal gates and a slatted concrete floor.
Pens were 2.6 X 1.5 m, giving each animal 3.9 m2
of space. Cattle were fed a 70% concentrate, 18.1 %
CP receiving diet (Table 1) for the first 14 days
after feedlot entry. Initially, all calves were fed 10
lb ofDM and intake was gradually increased during the 14-day receiving period. A 70% concentrate, 14.3% CP intermediate diet, was fed to EW
calves from 124 to 202 days of age. From 202,
216, and 385 days of age, respectively, EW, NW,
and Y calves were fed an 85% concentrate, 14.1%
CP finishing diet. Cattle were offered feed ad libitum once daily, beginning at 0800 hours, and feed
refusals were recorded daily for each animal. Initial and final weights were determined, using the
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Table 1. Diet composition.
Receiving
Intermediate
Item
Finishing
---------- % Dry matter basis ---------Ingredient
Dry shelled com
40.0
45.0
High moisture com
65.0
Com silage
30.0
30.0
15.0
4.90
Ground com
6.40
4.00
Soybean meal
21.05
15.00
12.10
Urea
0.85
0.40
0.70
1.33
Limestone
1.33
1.33
0.40
0.40
Dicalcium phosphate
0.50
Trace mineral salt•
0.50
0.50
0.50
Vitamin A, 30,000 IU/g
0.01
0.01
0.01
Vitamin D, 3,000 IU/g
0.01
0.01
0.01
Vitamin E, 44 IU/g
0.03
0.03
0.03
Selenium, 201 mg/kg
0.05
0.05
0.05
Rumensin, 176 g/kg
0.017
0.017
0.017
Potassium choride
0.15
0.15
0.15
b
Dynamate
0.40
0.40
0.40
0.30
Animal-vegetable fat
0.30
0.20
c
Nutrient composition
Crude protein, %
14.3
14.1
18.1
Calcium,%
0.69
0.67
0.65
Phosphorus, %
0.45
0.43
0.46
Potassium, %
1.05
0.95
0.81
NEm, Meal/kg
1.94
1.96
2.05
NEg, Meal/kg
1.31
1.33
1.40
•contained> 93% NaCl, 0.35% Zn, 0.28% Mn, 0.175% Fe, 0.035% Cu, and 0.007% Co.
bMagnesium sulfate and potassium sulfate. Contained 22% S, 18% K, and 11 % Mg (International Minerals
and Chemical, Terre Haute, IN).
cCrude protein content was determined by analysis, and remaining composition values were calculated.

average of weights taken before feeding on two
consecutive days. Interim weights were taken every 28 days, before feeding. Average daily gain,
DMI, and feed efficiency (gain/feed) were determined for each 28 day period, as well as for the
entire trial. Feed samples were collected every 7
days throughout the trial and analyzed for DM according to the procedures of Goering and Van Soest
(1970). Monthly composites of feed were analyzed
for N content using a LECO 2000 N analyzer
(LECO Corporation, St. Joseph, MI). Health status of the steers was recorded daily. Rectal temperatures were measured in animals with decreased
feed intakes, or in those with severe nasal mucous
drainage and rapid or labored breathing. Any aniThe Ohio State University Department of Animal Sciences
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mal with a rectal temperature> 103.0°F, taken before feeding in the morning, was treated with antibiotics (Micotil, Elanco, Indianapolis IN; Nuflor,
Schering Plough, Union NJ) according to label
instructions. Antibiotic treatment continued until
rectal temperature was below 103.0°F.
At each feedlot entry date, cattle were
scanned between the 12th and 13th rib using a PIE
200 ultrasound machine (Classic Ultrasound
Equipment, Classic Medical Supply, Tequesta, FL)
to determine backfat depth and longissimus muscle
area. Calves were also measured at the hip at each
feedlot entry date to determine hip height. Calves
were removed from the trial on an individual basis
when they reached a pre-determined backfat thick2001 Research and Reviews

ness of 0.5 inches. Calves were required to be a
minimum weight of 1100 lbs when slaughtered.
Hot carcass weight, backfat depth, percentage of
kidney, pelvic and heart fat, longissimus muscle
area, and USDA quality and yield grades were determined by qualified OSU personnel at 48 hours
after harvest.
Data were analyzed using the GLM proce<lures of SAS ( 1996) for a randomized design with
Table 2. Performance of animals
Item
Number of animals
Age at early weaning time
Age at normal weaning time
Age at feedlot entry , day
Age at harvest, day
Days on feed
Body weight, lb
Day 110
Day 202
Day 371
Harvest
ADG, lb/day
Days 110 - 202

1

a 3 X 2 factorial arrangement of treatments. The
model included effects due to age at feedlot entry,
castration and the age at feedlot entry by castration interaction. Residual mean square was the error term and animal was the experimental unit.

Results and Discussion
Early-weaned cattle spent the most amount
of time in the feedlot, followed by NW, while Y

•

EW
24
111
203
111
333a
221 a

Weaning Status
y
NW
23
23
111
109
201
203
201
371
391 b
534c
163c
l 90b

353.6
677.9"

371.4
589.9b

1141 a

1284b

3.56a

Production status
Bull
Steer
34
36
110
110
202
202
423
195

416
188

374.4
365.2 367 .7
588.7b 626.9
610.7
830.0
1504c
1289
1330

2.38b

SE

?-value
Wean (W) Prod (P) WxP

3.2
3.2

0.92
0.9 1

0.91
0.91

0.97
0.97

7.2
6.9

0.01
0.01

0.42
0.37

0.48
0.38

9.3
12.0

0.23
0.01

0.81
0.25

0.38
0.52

26

0.01

0.18

0.06

2.33b

2.86

2.65

0.1

0.01

0.01

0.50

Days 202 - 371
Days 202 - harvest

3.57a

3.71 a

1.44
2.77b

1.40
3.32

1.47
3.38

0.08
0.1

0.01

0.56
0.52

0.08

Feedlot phase

3.57a

3.71 a

4.15b

3.82

3.80

0.08

0.01

0.84

0.43

2.67c

3.18

3.14

0.06

0.01

0.61

0.15

0.3
0.4

0.01

0.88
0.18

0.11

0.01

0.42

0.34

0.01
0.22

0.88
0.50
0.51

0.16
0.16

0.01
0.01

0.16
0.36
0.18

0.90
0 .98

0.82
0.30

0.28
0.50

0.87
0.75

0.01

0.04

0.67

Days 110 - harvest
Daily DMI, lb/day
Days 110 - 202
Days 202 - harvest

3.57a

3.25b

12.6
18.0 a

17 .9 a

23.l b

12 .5
19.4

12.6
19.9

17 .9b
23 .1c
15.7a
18.8
19.1
Feedlot phase
0.33
Total DMI, lb
Days 110 - 202
1143.6
1140.5 1146.7
29 .1
2328a
3424b
3761 b
Days 202 - harvest
147
3228
3113
Feedlot phase
3472
3424
147
3761
3609
3496
Gain/feed, g/kg
Days 110 - 202
285
292
278
7.0
208a
180b
199•
Days 202 - harvest
4.0
198
193
208b
l 80c
221·
Feedlot phase
208
202
4.0
Hip height, inches
Day 110
40.l
40.2
40.4
40.0
40.4
0.4
Day 202
45.5
45.4
44.6
45.0
45.3
0.5
Day 371
48.2
5 l.7b
53.5c
50.3"
Harvest
51.4
52.3
0.4
abcMeans within a row for weaning status without common superscripts differ. P < 0.05 .
1
EW =placed in feedlot at 110 days of age, NW = placed in feedlot at 202 days of age, Y
of age, SE= standard error, ADG = average daily gain, and DMI = dry matter intake.
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= placed in feedlot at 371 days
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calves spent the least amount of time in the feedlot
(P < 0.01) to achieve a similar backfat depth at
slaughter (Table 2). While in the feedlot, Y calves
gained faster (P < 0.01) than NW and EW calves,
resulting in the shorter stay in the feedlot. However, when measured from 110 days of age until
slaughter, ADG was greatest (P < 0.01) for EW,
intermediate for NW, and lowest for Y calves.
Thus, EW cattle were the youngest at slaughter,
by 58 days compared to NW cattle, and Y cattle
were the oldest at slaughter, by 143 days compared
to NW cattle (P < 0.01) due to faster overall gains,
and smaller mature size. Increased overall ADG
for EW cattle was a result their gaining approximately 50% faster (P < O.Ol)thanNW and Y calves
early on (110 to 202 days of age). When ADG was
measured from 202 days of age until slaughter,
NW, followed by EW cattle, gained faster (P <
0.01) than Y cattle. Normal-weaned calves may
have experienced some compensatory gain upon
entering the feedlot, while Y cattle were still on
pasture from 202 to 371 days of age. At slaughter,
Y cattle were 221 lb heavier than NW cattle, and
NW cattle were 143 lb heavier than EW cattle (P <
0.01). Hip height was similar (P > 0.30) between
age groups at 110 and 202 days of age, but at
slaughter Y calves were 1.8 inches taller than NW
calves, and NW calves were 1.4 inches taller than
EW calves (P < 0.01). Total DMI was similar (P >
0.22) between age groups, but daily DMI was the
lowest for EW, intermediate for NW, and the highest for Y calves (P < 0.01). Early-weaned calves
were the most efficient, followed by NW, and Y
calves were the least efficient (P < 0.01). Lower
daily intakes and greater feed efficiency for
younger calves is in agreement with Myers et al.
(1999), Schoonmaker et al. (1999a, 1999c), and
Story et al. (2000) and is a result of their consuming more feed when their maintenance energy requirements were low (NRC, 1996).
Both bulls and steers had an average daily
gain of 3.8 lb/day while in the feedlot and an average daily gain of 3.3 lb/day from 202 days of age
until slaughter. As a result, bulls and steers were
slaughtered at a similar age (P > 0.42) and spent a
similar (P > 0.37) number of days on feed. However, from 110 to 202 days of age bulls gained 7.9%
The Ohio State University Department of Animal Sciences
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faster (P < 0.01) than aggressively implanted steers.
However, a weaning status x castration interaction
existed for ADG from 202 days of age until slaughter, and for slaughter weight (P < 0.01). Earlyweaned bulls gained 8. 3 % slower (3 .41 versus 3. 72
lb/day), and were slaughtered at a lower weight
(1123 versus 1159 lb) compared to aggressively
implanted EW steers, which is in contrast to
Schoonmaker et al. (1999c ). Normal-weaned bulls
and steers gained similarly from 202 days of age
until slaughter (3 .71vs3.72 lb/day) and slaughter
weight was not different (1293 vs 1274 lb); however, Y bulls gained 5.6 % faster (2.84 versus 2.69
lb/day), and were slaughtered at a heavier weight
(1574 versus 1435 lb) compared to aggressively
implanted Y steers. This change in the pattern and
extent of growth between bulls and steers at different ages may be due to a gradual (as testicles
grow) increase in hormone secretion in bulls rather
than large fluctuations (as steers are implanted) in
hormone secretion. At 110 and 202 days of age,
bulls and steers were both 40 and 45 inches tall (P
> 0.28), respectively; however, steers were 0.9
inches taller (P < 0.04) than bulls at slaughter. Daily
DMI, total DMI, and feed efficiency were similar
(P > 0.16) between bulls and steers during all
phases of the trial.
Even though cattle were all slaughtered at
a similar backfat depth (P > 0 .13) as was planned,
EW calves had the smallest (P < 0.01) rib-eye area,
followed by NW, and Y had the largest rib-eye
area due in part to lower carcass weights for EW
cattle (Table 3). Yearling calves produced carcasses
that were 123 lb heavier than NW carcasses, and
NW calves produced carcasses that were 96 lb
heavier than EW carcasses (P < 0.01), indicating
that early feedlot placement may compromise product yield. Dressing percentage was similar between
age groups (P > 0.25). The pattern of backfat and
rib-eye area deposition was altered depending on
age at feedlot entry. Similar to Schoonmaker et al.
(1999b ), EW cattle were the fattest over the rib by
0.10 inches (P < 0.01), and had the largest rib-eye
area by 1.0 in2 (P < 0.01) at 202 days of age due to
the higher energy diet. Backfat depth and rib-eye
area for NW and Y cattle at 202 days of age was
not different (0.10 and 7.4 inches 2, respectively)
2001 Research and Reviews

Table 3. Carcass characteristics

1
•

Weaning Status
Production status
P-value
y
Item
EW
NW
Bull
Steer
SE Wean (W) Prod (P) WxP
Backfat depth, inches
d
O.Ql
Day 110
0.10
0.10
0.10
0.10
0.10
0.86
0.88
0.41
d
O.lOb
0.19a
0.09b
O.Ql
Day 202
0.13
0.13
0.01
0.67
0.96
d
Day 371
0.12
Harvest
0.50
0.50
0.57
0.52
0.52
0.27
0.13
0.93
0.94
Rib-eye area, sq. inches
d
6.7b
6.8b
5.9·
Day 110
0.16
6.5
6.4
0.2
0.01
0.39
d
7.4b
7.5b
8.4·
Day 202
7.9
7.6
0.2
0.01
0.28
0.79
d
Day 371
8.4
11.9a
13.3b
O.Ql
Harvest
0.28
13.7"
13.3
12.6
0.2
0.01
788.5b
911.4c
693.0a
Hot carcass weight, lb
17.9
0.01
0.09
0.05
815.5 779.8
Dressing percentage, %
60.8
60.6
61.2
60.5
0.3
0.25
0.08
0.18
61.3
2.6b
3.3·
3.2·
KPH fat, %
2.9
0.04
0.91
3.2
0.1
0.01
3.1a
3.5b
3.2"
Yield grade
3.2
3.4
0.1
0.04
0.23
0.77
3.5a
2.7b
3.2·
Quality gradee
3.1
0.2
0.01
0.96
0.25
3.1
f
370.4a
319.3b
Marbling score
393 .0"
361.7 360.1
18.1
0.02
0.94
0.40
25.0a
12.9a
48.1 b
Select,%
0.74
27.7
0.1
0.03
0.87
29.5
Low choice, %
41.7
34.5
0.1
0.85
0.74
0.47
34.5
38.9
34.8
Average choice, %
25.0
43.6
17.4
27.8
29.5
0.1
0. 15
0.87
0.99
High choice, %
8.3
9.0
0.0
5.6
6.2
0.1
0.33
0.93
0.04
abcMeans within a row for weaning status without common superscripts differ. P < 0.05.
dMeasured via ultrasound.
0
eStandard = 1.0, Select= 2.0, Choice· = 3 .0, Choice = 4.0, Choice+ = 5 .0, and Prime· = 6.0.
rPractically devoid= 100 to 199, slight = 200 to 299, small= 300 to 399, modest= 400 to 499, and moderate = 500 to
599.
1
EW = placed in feedlot at 110 days of age, NW = placed in feedlot at 202 days of age, Y = placed in feedlot at 371 days
of age, SE= standard error, and KPH= kidney, pelvic, and heart.

and had changed very little in 92 days. Earlyweaned and NW calves had lower yield grades (P
< 0.04), higher quality grades (P < 0.01), and produced fewer select carcasses compared to Y calves
(P < 0.01 ), indicating that earlier feedlot placement
results in higher quality beef. The percentage cattle
grading low choice, average choice, and high
choice was similar (P > 0.15) between EW, NW
and Y cattle.
Bulls had a greater (P < 0.09) hot carcass
weight, a higher dressing percent (P < 0.08), and a
larger (P < 0.01) rib-eye area at a similar (P > 0.93)
backfat depth compared to steers; however, ribeye area and backfat depth were not different (P >
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0.28) at all other stages of growth ( 110 or 202 days
of age) . Yield grade, quality grade, and quality
grade distribution did not differ (P > 0.23) for bulls
compared to aggressively implanted steers. However, a weaning status x castration interaction occurred (P < 0.04) for percentage of cattle grading
high choice. All of the bulls grading high choice
entered the feedlot at 110 days of age, while all of
the steers grading high choice entered the feedlot
at 202 days of age. This indicates that for bulls to
achieve a high level of intramuscular fat deposition, they must be fed a high energy diet at a young
age rather than at an older age, while aggressively
implanted steers still have the ability to grade high

2001 Research and Reviews

choice when entering the feedlot at an intermediate age. The gradual release of testosterone, estradiol l 7~, and growth factors (Lee et al. , 1990), and
eventual completion of puberty in bulls compared
to the rapid release and gradual decrease of
trenbolone and growth factors in implanted steers
(Johnson et al., l 996b) may explain this interaction.

Implications
Earlier feedlot placement results in faster
overall gains, and produces young, higher quality
beef, but with a lower yield of product. Feeding
bulls in an early-weaned system is a viable management option; however, feedlot placement after
150 days of age is not recommended for bulls. Beef
quality is decreased and the increased possibility
for overweight carcasses exists for bulls managed
in pasture based systems.
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Utilization of Corn and Soyhulls in
Lamb Finishing Diets
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Abstract

Introduction

Corn grain and pelleted soybean hulls are
two relatively inexpensive feeds available to lamb ·
feeders. Although the metabolizable energy value
of corn is listed as being 50% greater than that of
soyhulls (NRC, 1985), in practice this may not be
the case due to associative effects of starch and
fiber based feeds on digestion. The objective of
this trial was to determine the effect of substituting soybean hulls for corn on lamb performance
and cost of gain. One hundred (50 ewes and 50
wethers) Targhee x Hampshire lambs (initial
weight 61 ± 0.5 lb) were used in a randomized
complete block design experiment. Five diets were
investigated: 1) 2/3 alfalfa: 1/3 soyhulls; 2) 2/3 alfalfa: 1/3 corn; 3) 1/3 alfalfa:2/3 soyhulls; 4) 1/3
alfalfa:2/3 corn; and 5) 1/3 alfalfa: 1/3 soyhulls: 1/
3 corn. Replacing all or most of the corn in a lamb
finishing diet with soyhulls reduced profitability.
This occurred in diets where the roughage source
was alfalfa meal and there was a $16.80/ton spread
in price between soyhulls and corn (corn was priced
at $2.15/bu). Positive effects of soyhulls on fiber
digestion may be more critical when long stemmed
forage is used, due to increases in rate of passage
and digestion which can influence feed intake.

Corn grain and pelleted soybean hulls are
two relatively inexpensive feeds available to lamb
feeders. Although the metabolizable energy value
of corn is listed as being 50% greater than that of
soyhulls (NRC, 1985), in practice this may not be
the case. Most of the metabolizable calories from
corn come from starch. In feedlot diets, fermentation of starch lowers rumen pH and inhibits fiber
digestion. Soybean hulls do not contain starch.
The calories in soybean hulls are derived from the
fermentation of the high quality, readily digestible
fiber. While corn starch will depress fermentation
of dietary fiber, soybean hulls actually enhance fiber fermentation. In this case, actual energy value
of the diet may be greater than what would be predicted from book values. This phenomenon is
called a "positive associative effect". The substitution value of soybean hulls for corn in growing
lamb diets has not been previously determined.
The objective of this trial was to determine the effect of substituting soybean hulls for corn on lamb
performance and cost of gain.

For more information, contact at: 114 Gerlaugh Hall,
1680 Madison Avenue, Wooster, OH 44691-4096, 330263-3900, Fax 330-263-3949; email: loerch. l @osu.edu
1
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Experimental Procedures
One hundred (50 ewes and 50 wethers)
Targhee X Hampshire lambs (initial weight 61 ±
0.5 lb) were used in a randomized complete block
design experiment. The experiment was blocked
by both initial body weight (heavy and light) and
lamb sex. Five diets were investigated: 1) 2/3 alfalfa: 1/3 soyhulls; 2) 2/3 alfalfa:1/3 corn; 3) 1/3
2001 Research and Reviews

Initial and final weights of the lambs were
determined using the average of weights taken on
two consecutive days, and 14-day intermediate
weights were taken prior to feeding at 0800 hours.
Average daily gain, DMI, feed efficiency (gain/
feed), and days required to reach slaughter weight
were determined for all lambs. Lambs were removed from the trial on a pen basis, as each pen
reached the predetermined terminal weight (100
1b for ewes and 110 1b for wethers). The pens (5 X

alfalfa:2/3 soyhulls; 4) 1/3 alfalfa:2/3 corn; and 5)
1/3 alfalfa: 1/3 soyhulls: 1/3 corn. Alfalfa was 17%
protein, alfalfa meal, and all ingredients were combined and pelleted. The trial began in April, 2000
and ended in June, 2000. Lambs were allotted to
20 pens with 5 lambs per pen and 4 pens per diet.
Each diet was represented by a pen of heavy weight
ewes, a pen of light weight ewes, a pen of heavy
weight wethers and a pen of light weight wethers.
Diet compositions are shown in Table 1.
Table 1. Diet composition (dry matter basis).

Item

2/3 alfalfa
1/3 soyhulls

1/3 alfalfa
2/3 soyhulls

2/3 alfalfa
1/3 corn

1/3 alfalfa
2/3 corn

1/3 alfalfa
1/3 soyhull
1/3 corn

65.071

30.731

64.910

32.000

33.000

32.061

59.161

29.541

Ingredient, %
Alfalfa meal, 17% CP
Ground corn
33.000

64.530

Ammonium chloride

0.500

0.500

0.500

0.500

0.500

Bovatec, 68 g/lb

0.018

0.018

0.018

0.018

0.018

Monosodium phosphate

0.400

0.500

0.240

0.400

0.240

Salt, trace mineralized

0.500

0.500

0.500

0.500

0.500

Urea

0.090

0.600

0.250

0.600

0.600

Vitamin A, 30,000 IU/g

0.007

0.007

0.007

0.007

0.007

Vitamin D, 3,000 IU/g

0.018

0.018

0.018

0.018

0.018

Vitamin E, 44 IU/g

0.088

0.088

0.088

0.088

0.088

Selenium, 201 ppm

0.300

0.300

0.300

0.300

0.300

Zinc oxide

0.008

0.008

0.008

0.008

0.008

2.200

1.100

6.400

3.760

Soy hulls

Soybean meal

31.420

Calculated composition
Crude protein, %

17.36

17.35

17.34

17.34

17.34

Calcium,%

1.28

0.92

1.14

0.81

0.72

Phosphorus, %

0.33

0.35

0.34

0.33

0.32

2.05

1.99

2.44

2.75

2.35

I

ME, Meal/kg
ME= metabolizable energy.
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16 ft) were constructed using expanded metal
floors, with metal gates on three sides and a wooden
fence-line feed bunk (5 -feet long) on the fourth
side. Each pen had an automatic water cup so that
water was available at all times. Feed was provided ad libitum. Feed costs for lambs on each
diet were calculated based on ingredient costs of
$76.80/ton for corn, $114.00/ton for alfalfa meal,
and $60.00/ton for soyhulls.

Statistical Analyses
Statistical analysis was performed using the
GLM procedure of SAS (1988) for a randomized
complete block experiment (blocked by sex and
initial body weight). Pen served as the experimental unit. Treatment means were compared with the
PDIFF statement of SAS (1988) when protected
by a significant (P < 0.05) F-value.

Results and Discussion
Effects of substituting soyhulls for corn on
lamb performance are presented in Table 2. Substituting soyhulls for corn at 1/3 of the diet resulted

in a 13% increase (P < 0.01) in DM intake, but did
not increase daily gains. The smaller amount of
com-diet needed to achieve the same gains as occurred with the soyhull diet suggests that soyhulls
had less net energy than corn in this circumstance.
When corn and soyhulls were included at 2/3 of
the diet a similar response was observed. Lambs
fed com-based diets ate 20% less feed and gained
14% faster than those fed soyhull-based diets (P <
0.01). It seems apparent, that at both inclusion levels, soyhulls provided less net energy than corn.
Any positive associative effects of soyhulls or
negative associative effects of corn when fed with
alfalfa meal were over ridden by the inherent energy content of these feeds. The combination diet
containing one-third of each ingredient performed
in an intermediate fashion. When soyhulls were
substituted for half the corn in the 1/3 alfalfa:2/3
corn diet, intakes went up 8% and gains dropped
8% (P < 0.05). Because lambs fed 2/3 corn gained
the fastest, they required less (P < 0.01) time on
feed. They had the lowest total feed intake and
their feed costs were $1 .66 to $4.29 lower than for
lambs fed the other diets.
1

Table 2. Effects of levels of corn and soyhulls on lamb performance .

Item

2/3 alfalfa
1/3 soyhulls

1/3 alfalfa
2/3 soyhulls

2/3 alfalfa
1/3 corn

1/3 alfalfa
2/3 corn

1/3 alfalfa
1/3 soyhulls
1/3 corn

SEM

Number of lambs (pens)

20 (4)

20 (4)

20 (4)

20 (4)

20 (4)

Initial wt, lb

61.6

60.9

61. 1

61.6

61.3

0 .5

Final wt, lb

103.4

102.0

102.6

102.3

102.5

1.2

3

3

3.86b

3.42c

3.7 1b

0.06

0.8i

0.78f

0.79f

0.89c

0.81f

0.02

0 .188cd

0.181 d

0.203bc

0.258a

0.219b

0 .005

DMI, lb/day

4.38

ADG, lb
GIF, lb/lb

4.28

222.5"

227.3"

204.7b

157 .5ct

188.3c

4 .5

Days fed

50. 7"

53.0"

53 .0a

46.0b

51.0a

1.2

Feed cost/lamb, $g

14.13

12.91 b

13.49ab

1 l .50c

0.27

Total DMI, lb

3

9.84d

a.b,c,dMeans within a row with different superscripts differ (P < 0.01).
e.fMeans within a row with different superscripts differ (P < 0.05).
gCorn at $76.80/ton, alfalfa at $114.00/ton, and soyhulls at $60.00/ton.
1
SEM = standard error of mean, DMI = dry matter intake, ADG = average daily gain, and G/F = gain/feed.

The Ohio State University Department of Animal Sciences

97

2001 Research and Reviews

In summary, replacing all or most of the References
com in a lamb finishing diet with soyhulls reduced
NRC. 1985. Nutrient Requirements of
profitability. This occurred in diets where the
Sheep. 61h Ed. National Academy Press, Washroughage source was alfalfa meal and there was a
ington, D.C.
$16.80/ton spread in price between soyhulls and
SAS/STAT. 1988. SAS/STAT User's
com (com was priced at $2.15/bu). Although not
Guide: Statistics. SAS Institute, Inc., Cary, NC.
tested in this trial, positive effects of soyhulls on
fiber digestion may be more evident when long
stemmed forage is used, due to increases in rate of
passage and digestion which can influence feed
intake.
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Corn Grain or Soybean Hulls as a
Forage Replaceinent in Diets of
Lactating Ewes
S. C. Loerch 1 , G.D. Lowe, and D.D. Clevenger
The Ohio State University Department ofAnimal Sciences

Abstract

Introduction

Harvested forages are frequently the most
expensive component of sheep diets. Alfalfa is
frequently priced at greater than $100/ton. On the
other hand, com grain and soybean hulls are often
priced at less than $80/ton, despite the fact that
these two feeds contain substantially more energy
than alfalfa. As a result, inclusion of corn or
soyhulls as a replacement for forages in lactating
ewe diets may reduce feed costs without compromising performance. The objective of this trial was
to determine the efficacy of pelleted soybean hulls
vs whole shelled corn as a supplement in foragebased lactating ewe diets. Forty-eight ewes rearing twins and 12 ewes rearing singles were used in
a completely randomized experiment with a 2 x 2
factorial arrangement of treatments. Main effects
were source of energy supplement (corn versus
soybean hulls) and level of energy supplement (1.5
versus 3.0 lb/ewe/day). Performance of ewes and
lambs was measured. Results indicated that soybean hulls and corn can be used successfully as
energy supplements in alfalfa based lactation diets. Associative effects of source of energy were
not measurable. In formulating lactation rations,
the source of energy is not of importance as long
as energy intake is sufficient to meet the calorie
requirements of the animal.

Harvested forages are frequently the most
expensive component of sheep diets. Alfalfa is
frequently priced at greater than $100/ton. On the
other hand, corn grain and soybean hulls are often
priced at less than $80/ton, despite the fact that
these two feeds contain substantially more energy
than alfalfa. As a result, inclusion of corn or soybean hulls as a replacement for forages in lactating ewe diets may reduce feed costs without compromising performance. Although the metabolizable energy value of corn is listed as being 50%
greater than that of soybean hulls (NRC, 1985), in
practice this may not be the case. Most of the
metabolizable calories from com come from starch.
Fermentation of starch lowers rumen pH and inhibits fiber digestion. Thus, when corn is fed in
combination with forage, negative associative effects on digestion can occur. Soybean hulls do
not contain starch. The calories in soybean hulls
are derived from the fermentation of the high quality, readily digestible fiber. While corn starch may
depress fermentation of dietary fiber, soybean hulls
actually enhance fiber fermentation. In this case,
actual energy value of the diet may be greater than
what would be predicted from book values. This
phenomenon is called a "positive associative effect". The substitution value of soybean hulls for
corn in ewe lactation diets has not been previously
determined. Because lactating ewes are typically
fed forages, the impact of the source of supplemental energy on associative effects of digestion
may be important. Because forages are expensive,

1

For more information, contact at: 114 Gerlaugh Hall,
1680 Madison Ave., Wooster, OH 44691-4096, 330-2633900, Fax 330-263-3949; email: loerch. l@osu.edu
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reducing forage intake may be a benefit. These
aspects of source of supplemental energy on lactating ewe performance have not been investigated
previously. The objective of this trial was to determine the efficacy of pelleted soybean hulls vs.
whole shelled com as a supplement in forage-based
lactating ewe diets.

Experimental Procedures
Forty-eight ewes rearing twins and 12 ewes
rearing singles were used in a completely randomized experiment with a 2 X 2 factorial arrangement
of treatments. Main effects were source of energy
supplement (com versus soybean hulls) and level
of energy supplement (1.5 versus 3.0 lb/ewe/day).
The trial was initiated in February, 2000 and each
group of ewes was fed for 49 days. As ewes lambed
out, they were accumulated in pens such that each
pen had four ewes rearing twins and one ewe rearing a single. A total of 12 pens were used, thus
there were three pens for each of the following
treatment combinations (amounts presented are on
a per ewe basis): 1) 1.5 lb corn+ 0.5 lb SH-275 +
10 lb alfalfa haylage; 2) 1.5 lb soybean hulls+ 0.5
lb SH-276 + 10 lb haylage; 3) 3.0 lb corn+ 0.5 lb
SH-277 + 4.5 lb alfalfa haylage; 4) 3.0 lb soybean
hulls+ 0.5 lb SH-278 + 4.5 lb haylage.
Compositions of the soybean hull (SH)
supplements are presented in Table 1. Haylage
was stored in a bottom unloading concrete silo and
was 38% dry matter. Ewes averaged 3.2 years of
age (range= 2 to 10 years) and 180 ± 3 lb of body
weight at the beginning of the trial. Haylage was
increased by 2 lb/ewe for all pens on days 28 and
35 to adjust for increased energy requirements of
the ewes as lactation progressed. Lambs had access to creep feed (Table 1) from day 14 until day
49 when the trial ended. Three ewes and their
lambs were removed from the trial due to problems umelated to experimental treatment. Sore
mouth occurred randomly through this flock during the trial. Ewes were housed in 5 X 16 ft pens
located on an expanded metal floor. Pens were
constructed of metal gates on three sides and a
wooden fence-line feed bank (5 ft long) on the
fourth side. Each pen had an automatic water cup
The Ohio·State University Department of Animal Sciences

to provide water ad libitum. Creeps were constructed on day 14 so that ewes did not have access to creep feed. Ewes were fed at 0800 hours
daily. Intake and refusals of ewe feed and creep
feed were recorded daily. Ewes and lambs were
weighed and ewe body condition score (BCS) was
measured on days 0, 14, 28 and 49.
Statistical analysis was performed using the
GLM procedure of SAS (1988) for a completely
randomized design with a 2 x 2 factorial arrangement of treatments. The model contained effects
due to supplement source, supplement level, and
the interaction. Pen served as the experimental unit.

Results and Discussion
Ewes fed soybean hulls lost more than
twice as much weight during the trial (Table 2)
than those fed supplemental corn (P < 0.06). Although the interaction was not significant (P =
0.37), ewes fed 1.5 lb of soybean hulls lost 1.8
times more weight than those fed 1.5 lb of corn,
while those fed 3 lb of soybean hulls lost 2. 7 times
more weight than those fed 3 lb of corn. Despite
our hypothesis that associative effects might narrow the effective energy value of these feeds,
clearly corn had a substantially higher energy value
than soybean hulls. One would have expected negative associative effects of corn would be worse at
the higher supplementation rate. This did not occur; weight loss was similar between the 1.5 and
3.0 lb supplementation rate of corn. Ewe body
condition score changes fo llowed the same trends
as was observed for body weight. Feed intake was
not a dependent variable. Feed intake was established at a 10% lower rate for ewes fed the higher
amounts of supplemental energy because the corn
and soybean hulls are higher in energy than
haylage. Lamb performance and creep intake was
not affected (P > 0.30) by diet fed to the ewes.
In summary, soybean hulls and corn can be
used successfully as energy supplements in alfalfa
based lactation diets. Associative effects of source
of energy were not measurable. In formulating
lactation rations, the source of energy is not of
importance as long as energy intake is sufficient to
meet the calorie requirements of the animal.
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Table 1. Diet composition(% of DM, unless otherwise noted).
Supplement
Ingredient

SH-275a

SH-276b

SH-277c

SH-278ct

Creep feed
29.000

Alfalfa
91.141

Soybean meal
Ground com

97.541

91.431

48.571

95.601
6.40

Urea

16.000

3.200

0.500

Monocalcium-dicalcium
phosphate

1.095

Limestone

0.545

Selenium, 201 mg/kg

0.450

0.450

0.450

0.450

2.000

Bentonite
Trace mineralized salt

0.100

1.500

1.500

1.500

1.500

0.500

Ammonium chloride

0.500

Propionic acid

1.000

Zinc oxide

0.008

Monosodium phosphate

2.910

1.940

Vitamin A, 30,000 IU/g

0.071

0.071

0.071

0.071

0.007

Vitamin D, 3,000 IU/g

0.086

0.086

0.086

0.086

0.018

Vitamin E, 44 IU/g

0.352

0.352

0.352

0.352

0.088

Aureomycin, 50 g/lb

0.050

Bovatec, 68 g/lb

0.018

aFed with
bFed with
cFed with
dFed with

1.5 lb corn and haylage.
1.5 lb soyhulls and haylage.
3 lb corn and haylage.
3 lb soyhulls and haylage.
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Table 2. Effects of source(s) (S) and level(s) (L) of supplemental energy on ewe and lamb
1
performance .

Item
Number of ewes (pens)

1.5 lb

1.5 lb

3.0 lb

3.0 lb

Soybean
hulls

Corn

Soybean
hulls

Corn

15 (3)

15 (3)

15 (3)

15 (3)

Pvalue

SE

L

s

LXS

Ewe initial weight, lb

179.6

182.0

179.4

182.1

5.2

0.99

0.64

0.98

Ewe final weight, lb

168.5

175.7

159.5

174.8

4.5

0.31

0.04

0.40

Ewe weight change

-11.1

-6.3

-19.9

-7 .3

4.1

0.27

0.06

0.37

Ewe initial BCSa

3.0

3.1

3.1

3.2

0.2

0.61

0.61

1.00

Ewe final BCS

2.2

2.4

2.3

2.8

0.2

0.20

0.08

0.45

-0.7

-0.6

-0.7

-0.4

0.2

0.42

0.17

0.42

Ewe BCS change
Ewe DM intake, lb/day

5.78

5.84

5.09

5.25

Lamb initial weight, lb

13.8

13.8

14.0

14.1

0.7

0.75

1.00

0.96

Lamb final weight, lb

47.7

47.8

47.7

45.3

2.5

0.66

0.70

0.65

Lamb ADO, lb

0.68

0.69

0.69

0.63

0.04

0.49

0.54

0.44

Lamb DM intake, lb/day

0.56

0.52

0.42

0.50

0.07

0.31

0.80

0.44

•1 =thin and 5 = very fat.
1
SE =standard error, BCS =body condition score, DM =dry matter, and ADG = average daily gain.
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Effects of Limiting Feed Availability
on Performance of Lambs
S. C. Loerch 1 , P.A. Tirabasso, G.D. Lowe, and D. Clevenger
The Ohio State University Department ofAnimal Sciences

Abstract
Offering lambs unlimited access to feed has
been the standard feeding practice of the sheep industry for decades. A clean or slick bunk management system may improve feed efficiency by reducing feed wastage and eliminating wide variation in day-to-day intake. The objective of this
trial was to establish intake patterns so that bunks
were without feed (i.e., slick) for 0, 1.5, 3, or 6
hours daily to determine effects on lamb performance. Sixty-four Hampshire sired crossbred
wether lambs (89 ± 0.3 lb) were used in the 42day trial. Four bunk management strategies were
investigated: 1) 24 hour feed access ; or bunks
empty for the following times: 2) 1.5 hours slick;
3) 3 hours slick; or 4) 6 hours slick. Overall gains
were not affected by bunk management. Lambs
were easily trained to eat a full ration of feed in an
18-hour period. The clean bunk management strategies neither encouraged extra intake (through increased bunk competition) nor decreased intake
(due to insufficient time to eat).

Introduction
After lambs have successfully adjusted to
their new feedlot environment, management should
strive for an optimal feed delivery system. This is
1

For information, contact at: 114 Gerlaugh Hall, 1680
Madison Avenue, Wooster, OH 44691-4096, 330- 2633900, Fax 330-263-3949; Email : loerch. l @osu.edu
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commonly referred to as feed bunk management.
Offering lambs unlimited access to feed has been
the standard feeding practice of the sheep industry
for decades. In this system, the bunk is never empty
and lambs always have feed in front of them. This
is not bunk management; the effort stimulates a
high labor, high cost, self-feeder. A clean or slick
bunk management system may improve feed efficiency by reducing feed wastage and eliminating
wide variation in day-to-day intake. Robbi
Pritchard and his colleagues at South Dakota State
University have developed several innovative strategies for feed delivery (Bierman and Pritchard,
1996). In their studies, Prescription Intake feed
delivery reduced dry matter intake by 11 %, improved feed efficiency by 11 %, and did not decrease daily gains, compared to a feeding system
where bunks were infrequently slicked. Feed costs
were reduced by 5.3¢/lb of gain for the Prescription Intake system. Other studies have shown similar results, which should cause feedlot managers
to examine their objectives for feed bunk management. Just because a lamb does not have 24-hour
access to feed does not mean that the lamb's intake is limited. It may be possible to train lambs
to eat their daily feed ration in less than 24 hours.
If this can be done, it would put the producer in
charge of daily intake, rather than the animals. In
a pen of lambs, individual consumption can vary
greatly from day to day if feed is always available
in the bunks. This can create a roller coaster feed
intake pattern for individual lambs even though
total pen intake may be fairly constant from day to

103

2001 Research and Reviews

day. Consistent delivery and consumption of feed
may enhance performance while reducing metabolic disorders and off-feed problems.
By training lambs to eat in a prescribed
period of time, it may be possible to achieve more
consistent feed intake patterns. It may' even be
possible to actually increase daily feed intake if
the bunk is not always full due to increased competition at the feed bunk. The objective of this
trial was to establish intake patterns so that bunks
were without feed (i.e., slick) for 0, 1.5, 3, or 6
hours daily to determine effects on lamb performance.

Results and Discussion

Experiment Procedures
Sixty-four Hampshire sired crossbred
wether lambs (89 ± 0.3 lb) were allotted to 16 pens
with 4 lambs per pen. Four bunk management strategies were investigated: 1) 24 hour feed access; or
bunks empty for the following times: 2) 1.5 hours
slick; 3) 3 hours slick; or 4) 6 hours slick. The
experiment was a randomized complete block design, blocked by four initial body wt groups. Pens
were fed beginning at 1430 hours each day. Feed
delivery was adjusted daily to ensure that the 24
hour feed access pens always had feed present in
the bunks. Feed was removed from the bunks at
830, 1130, and 1300 hours for the 6, 3, and 1.5
hours slick management strategies, respectively.
Feed intake was adjusted to minimize feed present
at the above times. The diet used was 83% whole
shelled corn and 17% of a pelleted supplement
(Table 1).
The 42-d trial was initiated in September,
1999. Initial and final weights of the lambs were
determined using the average of weights taken on
two consecutive days, and 14-day intermediate
weights were taken prior to feeding. Average daily
gain, DMI, and feed efficiency (gain/feed) were
determined. The pens (5 X 16 ft) were constructed

The Ohio State University Department of Animal Sciences

using expanded metal floors, with metal gates on
three sides and a wooden fence-line feed bunk (5feet long) on the fourth side. Each pen had an automatic water cup so that water was available at
all times. Statistical analysis was performed using the OLM procedure of SAS for a randomized
complete block design. The model contained effects due to initial body weight and feeding strategy. Pen was used as the experimental unit. Treatment means were compared using the PDIFF statement of SAS (1998) when protected by a significant (P < 0.05) F-value.

Lambs adjusted rapidly to the various methods of bunk management and gains were as good
the first week as they were throughout the remainder of the trial (Table 2). Overall gains were not
affected (P > 0.70) and averaged 0.6 lb/day. Only
between days 8 and 21 did bunk slick-time affect
daily gains (1.5 hours slick resulted in slower (P <
0.06) gains than 6 hours slick while the other slick
times were intermediate. Feed intake was not affected (P < 0.70) by bunk slick-time.
It was concluded that lambs can be easily
trained to eat a full ration of feed in an 18-hour
period. The clean bunk management strategies neither encouraged extra intake (through increased
bunk competition) nor decreased intake (due to insufficient time). It is not known how much time is
required for a market lamb to consume a full ration of feed, but it is clearly less than 18 hours.

References
Bierman, S.J. and R.H. Pritchard. 1996.
Effect of feed delivery management on yearling
steer performance. South Dakota Beef Report.
South Dakota State Univ. pp. 17-21.
SAS. 1998. SAS/STAT User's Guide (Release 7.1). SAS Inst. Inc., Cary, NC.
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Table 1. Diet composition

3
•

Ingredient

%, as fed basis

Whole shelled corn

83.312

Soybean meal, 44% crude protein

12.700

Urea

0.200

Limestone

1.397

Dicalcium phosphate

1.167

Ammonium chloride

0.500

Trace mineral salt

0.500

Selenium, 201 mg/kg

0 .150

Vitamin A, 30,000 IU/g

0.007

Vitamin D , 3,000 IU/g

0.018

Vitamin E, 44 IU/g

0 .0 18

Bovatec, 68 g/lb

0 .031

aAll ingredients except corn were pelleted together prior to mixing with whole shelled corn. The diet was
formulated to be 14.4% crude protein.

Table 2. Effects of bunk slick-time on lamb performance

1
•

Bunk slick-time, hour
Item

0

1.5

3

6

SE

Number of lambs (Pens)

16 (4)

16 (4)

16 (4)

16 (4)

Initial weight, lb

89.0

89.3

88.5

89.0

0.3

Final weight, lb

118.8

117.5

119.3

120.5

1.6

Gain, lb/day
Days 0-7

0.80

0.72

0.87

0.84

0.08

Days 8 - 21

0.78ab

0.65a

0.77ab

0.9lb

0.06

Days 22-35

0.68

0.68

0.64

0.67

0.06

Days 36-42

0.67

0.65

0.65

0.51

0.07

Days 0 - 42

0.70

0.67

0.73

0.73

0.04

DM intake, lb/day

3.92

3.80

3.86

3.78

0.09

FIG

5.6

5.7

5.4

5.2

0.2

abMeans in the same row without a common superscript differ (P < 0.06).
1
SE = standard error, DM = dry matter, and FIG = feed/gain .
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