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BUSINESS MEETING MINUTES

Western Section, American Society of Animal Science

June 23, 2011
Miles Community College, Miles City, MT

President Andy Roberts called the meeting to order at 7:30
AM.

Acceptance of 2010 WSASAS Minutes

After a call for addition or amendments, minutes of the 2010
WSASAS Business Meeting were accepted as printed in the
2011 Western Section ASAS Proceedings.

2010 Financial and 2011 Meeting Reports

Glenn Duff, Secretary-Treasurer, Montana State
University

The WSASAS financial report as of December 31, 2010 was
summarized. In the 2010 calendar year, the Section total
revenue was $28,128.96 and total expense was $24,844.26,
leaving a balance of $58,404.68. The detailed report is
included in these minutes as an appendix.

The 2011 Western Section ASAS meeting was held at Miles
Community College in Miles City, MT. There were 141
registrants for the WSASAS meeting. There were 94 papers
accepted for publication in the Proceeding of the WSASAS;
15 Graduate Student Competition Papers, 37 other oral
presentations and 45 posters. There were 109 registered for
the awards banquet.

Necrology Committee Report
Gary Moss, Past-President, University of Wyoming

Two WSASAS members passed away during 2010-2011:
Dr. Howard H Stonaker, Fort Collins, Colorado
Dr. Roy Ax, University of Arizona

The report was followed by a moment of silence in memory
of these members.

Nominating Committee Report

Committee Members

G.E. Moss, Past President, University of Wyoming
R. Battaglia, University of Idaho

K.C. Olson, South Dakota State University

Nominees for 2011 WSASAS elections were:

President Elect: Glenn Duff, Montana State University

Secretary Treasurer: Bret Taylor, USDA-USSES

Graduate Student Representative: Laun Hall, North Dakota
State University
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Elections results were:

President-Elect: Glenn Duff, Montana State University

Secretary Treasurer: Bret Taylor, USDA-USSES

Graduate Student Representative: Leticia (Ely) Camacho,
New Mexico State University

Extension Symposium Committee Report
Not applicable this year

Beef Symposium Committee Report

The 2011 WSASAS Beef Symposium was held from 8:00
AM to 5:00 PM on June 21, at the Fort Keogh Livestock
& Range Research Laboratory. Fort Keogh was especially
fitting because the first four annual meetings of Western
Section of ASAS (1928 through 1931) took place at the
Research Center. The symposium this year included a tour
that will gave participants a brief overview of the rich history
of Fort Keogh (established August 1876 following Battle
of the Little Bighorn in June 1876, where General George
A. Custer met his demise) and highlight ground breaking
animal and range research that has occurred since Fort
Keogh was transferred from the military to the United States
Department of Agriculture for establishment of the United
States Range Experiment Station in 1924. Featured speakers
at the symposium were Drs. Robert E. Short and Robert B.
Staigmiller. The “Bobs” shared their memorable experiences
and accomplishments over the 94 scientific years of their
careers at Fort Keogh. This information will be presented
during a tour of the historic horse barn, where many “firsts”
in animal research took place. Other presentations included:
Natural history of the Northern Great Plains (Dr. Kurt
Reinhart), significant range science findings in the last 80
years (Dr. Mark Petersen), significant range nutrition findings
in nearly 40 years (Dr. Richard Waterman), significant beef
cattle genetic findings in nearly 80 years (Dr. Mike MacNeil),
and recent research on factors affecting pregnancy (Dr. Tom
Geary) and beef cattle efficiency (Drs. Andy Roberts and
Rachel Endecott).



Academic Quadrathlon Committee Report

2011 Academic Quadrathlon Report
Dan Rule, University of Wyoming, AQ committee chair

J. B. Lamb (BYU-Idaho)

S. A. Soto-Navarro (NMSU)
R. D. Weidemeier (USU)

H. Han (CSU)

The Western Regional Academic Quadrathlon contest was
held in conjunction with the Western Section American
Society of Animal Science meetings in Miles City, Montana
in June, 2011. The contest categories included a written
challenge, an oral presentation on a topic of current relevance
to animal agriculture, a laboratory practical challenge with
application of applied knowledge in up to 10 disciplines
and species, and finished with a double elimination quiz
bowl. Participating universities included the University of
Wyoming, (placed first in each category resulting in top
score for overall winner), New Mexico State University (2™
overall), Colorado State University (3™ overall), Oregon
State University, and BYU-Idaho. This year’s overall
winning team, The University of Wyoming, will compete in
the national Academic Quadrathlon beef quiz bowl contest
that will be held in Nashville, Tennessee in February, 2012
in conjunction with the annual National Cattleman’s Beef
Association convention.

University of Wyoming team: Dr. Dan Rule (Advisor), Steph
Schroeder, Mandy Thomas, Dr. Doug Hixon (Animal Science
Department Head), Colin Yorges, and Brice Macintosh.

Special thank you for the 2011 AQ contest goes out to Dr.
Rachel Endecott of Montana State University (stationed
at USDA ARS Fort Keogh, Miles City) who organized the
contest for this year’s regional competition. The many hard
working folks who provided assistance with the event also
deserved our sincerest thanks.

Subsequent to the contest lengthy discussion on future AQ
events and the national AQ quiz bowl occurred during the
business meeting. The 2012 Western Section meetings and
AQ contest will be held during the national ASAS meetings
in Phoenix, Arizona in July. Organization of next year’s
Western AQ are currently underway and tentatively include
lab practicum events at Arizona State University, Tucson. The
other events require a few rooms for written challenges, oral
presentations, and the quiz bowl. Imperative to the timing of
the AQ, the quiz bowl rounds need to be part of the reception
for the meetings.

Timing and location of the national AQ beef quiz bowl was also
discussed. Major discussion pertained to conducting the national
contest during the national meetings in 2012, as well as during
future national ASAS meetings. No firm recommendations
were decided upon; however, the idea of conducting the 2012
national AQ quiz bowl right after the Western Section AQ so
that the national AQ quiz bowl was held during the reception
of the 2012 meetings in Phoenix has merit and will be subject
to further discussion among Western Section AQ participating
schools and the national ASAS office.
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Awards Committee Report
A. J. Roberts President-Elect (11, USDA, ARS, Ft. Keogh)

T. E. Engle (11, Colorado State University)

J. M. Thompson (11, Oregon State University)

M. D. MacNeil (11, USDA-ARS-LARRL)

A. L. Van Eenennaam, (13, Univeristy of California-Davis)
A. Ahmadzadeh (13, University of Idaho)

2011 Recipients
DISTINGUISHED SERVICE AWARD

Recipient:  Dr. John Paterson, Montana State University
Sponsor: DSM Nutritional Products, Inc
c/o Scot Williams and Yvonne Towns
Parsippany, NJ 07054-1298
Nominators: Dr. Glenn Duff and Mo Harbac, Montana State

University

DISTINGUISHED TEACHING AWARD

Recipient:  Dr. Daniel C. Rule, University of Wyoming
Sponsor: Elanco Animal Health
c/o Dr. Todd Armstrong
2001 W. Main Street
PO Box 708
Greenfield, IN 46140-2714
Nominators: Drs. Doug Hixon and Paul Ludden, University
of Wyoming
EXTENSION AWARD
Recipient:  Dr. Steven Paisley, University of Wyoming
Sponsor: Western Section ASAS

Nominator: Dr. Doug Hixon, University of Wyoming

YOUNG SCIENTIST AWARD

Recipient:  Dr. Shawn Archibeque, Colorado State
University

Sponsor: Western Section ASAS

Nominator: Dr. Terry Engle, Colorado State University

Dr. Andy Roberts and Denny Crews presented awards at
the banquet. Andy Roberts thanked all who submitted
nominations and encouraged nominators to get to work early
and nominate our colleagues in 2012.

Applied Paper Awards

Connie Larson, Chair

1st Place - J. E. Sprinkle!, D. W. Schafer!, S. P. Cuneol, D.
Tolleson!, and R. M. Enns?. Effects of a long acting trace min-
eral rumen bolus upon range cow productivity. 'University
of Arizona, Tucson, AZ 85721; *Colorado State University,
Fort Collins, CO 80523

2nd Place - R. N. Funston, J. A. Musgrave, T. L. Meyer, and
D. M. Larson. Effect of calving period on ADG, reproduc-
tion, and first calf characteristics of heifer progeny. Universi-
ty of Nebraska West Central Research and Extension Center,
North Platte.



3rd Place - N.L. Hojer!, M.B. Hubert!, D.L. Gay!, V.N. Ow-
ens?, A.D. Ressett!, R.H. Pritchard?, K. Karges®, and K.C.
Olson'. Response of beef cows and calves after supplemen-
tation with a novel distiller’s grain during gestation. !South
Dakota State University, Rapid City, SD; 2South Dakota
State University, Brookings, SD; *POET Nutrition, Sioux
Falls, SD

Graduate Student Competition Committee
Report

Darrin Boss, Montana State University, Northern
Agricultural Research Center, Havre, MT Chair

Members:

D. L. Boss (11, MSU-Havre), Chair
H. L. Neibergs (12, WSU)

S. L. Ivey (12, NMSU)

R. L. Endecott (12, MSU)

R. K. Peel (12, CSU)

S. L. Lake (13, UW)

E. J. Scholljegerdes (13, NMSU)
C. Mueller (13, OSU)

Darrin Boss will complete his three year term this year. The
committee has a few names nominated as a replacement
and we will forward them upon confirmation and those
expressing interest. Holly Niebergs has agreed to assume the
responsibilities of Committee Chair.

The WSASAS Graduate Student Competition Committee
reviewed fifteen abstracts and all were accepted or accepted
with revision for inclusion into the proceedings. All fifteen
Graduate students completed their papers and all were
allocated time for the oral portion of the competition. As in
the past the abstracts were not included in the overall score
of the competition and both the oral and written portions
were equally weighted (50% each). University student
participation was: Colorado State University — 2, Oregon
State University — 2, University of Arizona — 2, New Mexico
State University — 3, Montana State University — 2, University
of Wyoming — 1, Oklahoma State University — 1, and Ohio
State University — 1. Three universities were not eligible for
the Zinpro Graduate Institution Award (UWy, OK and Ohio).
The committee would like to congratulate all the participants
and encourage increased participation in the future so all
schools that fit the criteria for the Zinpro Graduate Institution
Award in the Section to qualify for the award. Again in 2010
- 2011 as in years past the committee had the pleasure of
reviewing some wonderful work and research presentations
of the Graduate Students of WSASAS.

3. K. Quinn, New Mexico State University

CXCL12 and CXCR4 expression in peripheral blood from
pregnant and non-pregnant sheep: implications in pregnancy
diagnosis. K. Quinn and R. Ashley, New Mexico State
University, Las Cruces, NM, USA.
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2. N. P. Miller, New Mexico State University

Effects of flaxseed level and processing on site and extent
of digestion in beef cows fed native hay. N. P. Miller*!, S.
L. Kronberg?, and E. J. Scholljegerdes', 'New Mexico State
University, Las Cruces, NM, USA> *USDA-ARS,Northern
Great Plains Research Laboratory, Mandan, ND, USA.

1. F. M. Abreu, Ohio State University

The effect of follicle age on pregnancy rate in beef cows. F.
M. Abreu*'2, L. H. Cruppe', C. A. Roberts?, E. M. Jinks?, K.
G. Pohler’, M. L. Day', and T. W. Geary?, 'The Ohio State
University, Columbus, Ohio, USA, *USDA-ARS Fort Keogh
LARRL, Miles City, Montana, USA, *University of Missouri,
Columbia, Missouri, USA.

Zinpro Graduate Student Institution Award
New Mexico State University

It would be my recommendation to no longer accept word
documents. It is no longer a financial hardship or a very
difficult task to convert all documents to a pdf format. By
requiring pdf it will remove the competition committee from
any disagreement in formatting what is submitted. The paper
is in the format exactly as entered and is unaltered on other
computers format or versions of word. The paper is evaluated
as presented by the author, different Word version and print
format still affect presented paper.

Advising and Coordinating Committee Report
Prepared by J. B. Taylor, Chair

Members:

J. K. Ahola

J. E. Bruemmer

K. M. Cammack

R. R. Cockrum (Graduate Student Representative)
J. B. Glaze

D. M. Hallford

B. J. May

M. P. Shipka

For FY2011, the Advising and Coordinating Committee made
recommendation to the Executive Committee on one item.

On February 16, 2011, R. R. Cockrum submitted a proposal
for a Graduate Student Lunch and Learn Session to be
included in the 2011 Western Section American Society
of Animal Science annual meeting program. After several
modifications, R. R. Cockrum submitted a finalized draft
of the proposal titled, “Active involvement in professional
societies to assist in the transition form graduate student
to animal scientist;” a copy of the proposal is attached. On
March 9, 2011, the proposal was forwarded to the Advising
and Coordinating Committee members for review and
comment. K. M. Cammack, J. B. Glaze, D. M. Hallford,
and M. P. Shipka applauded the idea and recommended
that the proposal be forwarded to the Executive Committee
for consideration. M. P. Shipka suggested that the program
should start at 12:30 pm in order to provide time for people



to gather, finish their lunches, and visit. No objections from
any committee member were made. On March 17, 2011,
the proposal was forwarded to the Executive Committee for
consideration.

WSASAS 2011 Proposal
Graduate Student Lunch and Learn Session 6/21/11 or 6/22/11
12:00 PM - 2:00 PM

Title: “Active involvement in professional societies to assist
in the transition from graduate student to animal scientist”

Abstract. National ASAS recently released a survey to gauge
what direction and programs graduate student members
would like to see provided by their professional society.
Western Section ASAS graduate student members were
specifically interested in student and employer networking
opportunities, more workshops, and sectional graduate
student societies. The relationship between students and
their chosen professional societies should be a symbiotic
one. As the society promotes student involvement and career
advancements the student will continue to support their
society through membership and participation in activities.
Currently, 55% of graduate student members of WSASAS
are unsure if they will continue membership with ASAS.
After graduation, 50%, 47.7%, 29.5%, and 25% of current
WSASAS graduate student members anticipate pursuing
a career in academia, industry, extension, and government,
respectively. Therefore, I propose to conduct a Lunch and
Learn session with graduate students to 1) provide information
on the benefits and items available for graduate students that
assist in networking and job placement, 2) determine what
items are missing or needed to ensure success of students, and
3) provide an open forum discussion using animal scientists
representing government, industry, academia, and extension
to provide a prospective on how ASAS has impacted their
careers and their transition from student to their respective
career. Below is a brief itinerary detailing the Graduate
Student Lunch and Learn session.

INTRODUCTION:

R. R. Cockrum 5 min.
WSASAS Graduate Student Director

FEEDBACK DISCUSSIONS:

Rebecca R. Cockrum 20 min.

WSASAS Graduate Student Director

“How WSASAS can enhance your graduate student
experience”

Items to discuss:

e Graduate BULLetin

e Webinar

e ASAS website

* ASAS graduate student website
e ASAS Facebook

» e-Career Tool

e ASAS Twitter account

Allison Meyer 20 min.

Past National ASAS Graduate Student Director

“What does WSASAS need to provide to enhance graduate
student experience”

OPEN FORUM PANEL:

Dr. Jennifer Hernandez Gifford
Assistant Professor, Oklahoma State University
jah.hernandez_gifford@okstate.edu

10 min.

Dr. Doug Hixon 10 min.
Department Head, University of Wyoming

dhixon@uwyo.edu

Dr. Connie Larson 10 min.
Research Nutritionist, Zinpro

CLarson@Zinpro.com

Dr. Bret Taylor
Research Animal Scientist, USDA Agricultural
Research Service
bret.taylor@ars.usda.gov

10 min.

Questions 20 min.

Closing: R. R. Cockrum
WSASAS Graduate Student Director

5 min.

Report from the ASAS President

Dr. Margaret E. Benson, President Elect ASAS, Washington
State University

Meghan Wulster-Radcliffe, ASAS Executive Director

Transfer of the Gavel

Denny Crews transferred the WSASAS Presidency to Andy
Roberts and Past-President Denny Crews as presented with
the Presidential plaque.

The 2011 Western Section Business Meeting was adjourned
by President Roberts at 9:00 AM.



APPENDIX
WSASAS Detailed Financial Report: December 31, 2010

Glenn C. Duff, Secretary-Treasurer

Actual @ 12/31/10
Balance as of January 1 $55,119.98
REVENUE AND SUPPORT
Dues-ASAS 1,520.00
Registrations 75.00
Ticketed Events 2,610.00
Donations-Awards 4,150.00
Symposium Support-ASAS 3,000.00
Proceedings 11,707.91
Investment Earnings Gain(Loss) 5,066.05
Total Revenue and Support 28,128.96
EXPENSES
Awards/Plaques 6,331.00
Quadrathalon 3,100.00
Convention Center 3,047.94
Travel-Staff 533.67
Proceedings 447.57
Postage, Shipping & Supplies 62.79
Miscellaneous 3,000.00
Insurance 225.00
Telephone 48.59
General Printing 1,641.82
Staff Support 6,405.88
Total Expenses 24,844.26
Net Revenue over Expense 3,284.70

Balance as of December 31 $58,404.68

xi
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BEFORE YOU CHARGE FORWARD, MAKE SURE YOU LOOK BACK

J.A. Paterson

Department of Animal and Range Sciences, Montana State University, Bozeman

INTRODUCTION

Students of Animal Science history learn to respect those
scientists who dedicated their lives to improving animal
protein production, dissemination of research information
and the training of graduate students. Conducting research is
where new facts are discovered and new concepts, methods
and techniques are formulated for use in the teaching of
students, farmers and ranchers and consumers. As a graduate
student matures through the processes of scientific inquiry,
communication through both written and oral presentations,
and success in finding that first position, this evokes a
professor’s pride. Among the numerous achievements that
students and their major professors have been responsible
for in the beef industry include producing more beef with
fewer animals. Each pound of beef has been produced with
less feed energy, less land, less water, less fossil fuel and has
resulted in a significant decrease in total carbon emissions.
However, as one reads theses or dissertations, are the efforts
of professors and graduate students who published their
research more than 50 yr ago which lead to these dramatic
improvements appreciated? For example, Dr. George Seidel
from Colorado State University (presentation at the 2011
Range Beef Cow Symposium) said that prior to the 1950s
there was no frozen semen, no disposable tools for Al, no
EPDs, no estrus synchronization, no embryo transfer and
minimal vaccination for reproductive diseases. The intent
of this presentation is to encourage the appreciation of the
research breakthroughs by animal science professors over
the past 50 yr.

THE PHILOSOPHY OF TEACHING FROM THE PAST

People learn from the experiences, successes and
failures of others. The student from the 1950s is in many
ways vastly different than the student of the 2010s. In the
1960s’ more that 65% of animal science students had farm/
ranch backgrounds compared with less than 30% by the
1990s (Taylor and Kauffman, 1983) and less than 15% today
(Cross, 2010; personal communication). In a “tongue and
cheek” description of the incoming freshman at Colorado
State in the 1950s, L.E. Wahsburn (1956) described the first
semester student as one who arrives screeching on campus
in a “souped-up” jalopy equipped with everything but a
thermo-nuclear warhead. His first question is “Where are
we going to keep the horse because the Ol Man is bringin’
him up at Home comin?” His speech was a peculiar and

irritating mixture of cowboy slang and bobby-soxer “pig
latin”. Prior to meeting with his academic advisor, the first
semester student has been told that the College consisted of
a “bunch of dopes” who didn’t know enough to farm or ranch
successfully, and consequently could do nothing but waste
taxpayers money. However, after four years of classwork
and educational experiences, Washburn hoped that a college
education provided the student the tools necessary to be a
life-long learner. His goal as an educator was to try and make
the animal science student, first and foremost, a thinking
man, and by doing so produce a competent professional.
Dr. Hubert Heitman (1917-1993) from the University of
California said that colleges and universities were not trade
schools and the professor’s job was to train students as
thinking, useful citizens and not to train drones. However,
Bill Tyznik from Ohio State University wrote (1968) that
he was concerned that teaching devices, rigid curricula and
testing programs seemed to be detrimental to the molding
of individuals and appeared to be leaning toward massive
cookie machines that cut out “gingerbread” boys and girls.
Graduate education must include both teaching and
research emphasis, working together, not separately.
Teaching a graduate student how to develop into a competent
scientist involves both a focused academic program as well
as tutoring by the major professor. Taylor and Kauffman
(1983) reported that an excellent teacher (mentor) was one
who 1) motivated students to think and learn, 2) was current
in knowledge of the subject, 3) knew how to teach, 4) was
concerned about the student and 5) was enthusiastic.

RESEARCH PHILOSOPHY

Research has always had the noble objectives of
prolonging life, the improvement of health and comfort, and
the achievement of a greater happiness. Then as now, efforts
by animal scientists are focused on improving the efficiency
of production, new product development and elimination of
waste. One of the earliest Presidents of the Western Section
was Dr. Claire Terrill. He defined research as “the serious
curiosity satisfied by logical and critical experimentation
to discover facts or truth”. Dr. M.E. Ensminger who was
the Chairman of the Department of Animal Husbandry at
Washington State said (1951) that the processes of teaching
a student to perform research involved the following
progression; 1) selecting a pertinent problem, 2) preparing
a project outline and work plan, 3) securing the necessary



funds, 4) conducting the research study, 5) publishing the
results and 6) interpreting and applying the results. He
believed that most projects did a commendable job carrying
out the first five steps but, scientists’lagged behind in the sixth
step because they were unable to disseminate research results
in a form that extension colleagues or anyone else could use.
J.E. Morrison the Director of Extension at Colorado State in
a paper presented in 1955 at the Western Section meetings
hosted by the University of WY wrote that research was
useless if it gained us nothing. We have no gain if no one
would accept the results of your research.

In 1964, Dr. Burr Ross, Dean of Agriculture from
Oklahoma State University was invited to make a Western
Section presentation at Montana State University. He told the
attendees that he was concerned about where animal research
would be done in the future and what kind of graduate
student would be produced. He believed that most federal
grants were made available to support basic and fundamental
research programs and that applied research for the most
part was not too attractive to the granting agencies. It was
his opinion that many of our departments were staffed with
people who did not have the competency or interest in the
kind of research projects which could qualify for many
kinds of federal grants. It was also his opinion that many
graduates had inadequate training or even the motivation to
be competitive in many areas of research. They were better
suited to go into extension or commercial jobs. Disagreeing
with this assessment, Dr. Glenn Frank, the former President
of the University of Wisconsin, believed that the future of
America was in the hands of two men—the investigator and
theinterpreter.America had an ample supply of investigators,
but there was a shortage of responsible interpreters, men and
women who could effectively be a communicator between
specialist and farmer/rancher.

Forty years after Dr. Ross’ delivered his critical
presentation, Dr. Marty Vavra (2005) from the Eastern
Oregon Agricultural Research Center wrote that the decline
in base funding for agricultural research and the resultant
increased need to capture grant funds has greatly weakened
the quality of research at Land Grant Universities. Long-
term research requires stable base funding and freedom from
the pressures of counting publications for tenure, promotion,
or salary increases. If funding is reduced, faculty positions
will not be refilled, and this results in reduced teaching
opportunities for the graduate student. As Ritchie and Corah
(1996) summarized, “Clearly, one of the most sobering
challenges we face is the question: “As research dollars
continue to dwindle, will the opportunities for graduate
training in the field of animal science decline, creating a
serious void in competent, properly trained personnel to
work in the various phases of the beef cattle industry?”

Even though the challenges from 50 yr ago remain today,
the work of graduate students and major professors in the
United States are still the envy of the world. Why else would
so many students without a farm or ranch background and
foreign students seek an education in our Animal Science
Departments? Because of this continuing influx of students,

Animal Science Departments have the largest enrollments in
many agricultural colleges.

SUCCESSES IN ANIMAL SCIENCE RESEARCH

In a presentation to the National Cattlemen’s Association
Research and Education Committee in 1996, Harlan Ritchie
and Larry Corah summarized many breakthroughs that have
impacted the beef industry. These include:

* A method for freezing and storing bull semen that
resulted in a significant increase in the use of Al by the
seed stock sector.

* The in vitro Tilley and Terry Method and the Van Soest
fiber methods gave researchers a rapid and economical
method for studying the effects of numerous factors on
the digestibility of nutrients.

* Animal breeding research led to the formation of the
Beef Improvement Federation.

* An energy system devised by University of California
scientists’ partitioned net energy into maintenance
(NEm) and gain (NEg) which is the foundation of ration
formulation.

* Research in the 1970s led to the release of the
ionophores monensin and lasalocid which resulted in
feed savings in excess of $250 million/year and even
greater improvements in production efficiency with the
use of growth promoting implants.

* Results by physiology researchers were successful
in discovering numerous hormonal interrelationships
that impacted reproduction, growth and environmental
adaptability.

An animal scientist cannot have a successful career
without a solid scientific foundation of knowledge in their
chosen area if study. Becoming a member of the American
Society of Animal Science should be mandatory for the
serious graduate student who wants to remain current in
cutting edge research. Reading the history of beef cattle
nutrition research is fascinating. One starting place for the
beginning ruminant nutrition student is to read the review
of beef cattle nutrition research from 1908 until 1958 by John
Riggs from Texas A&M (1958). This paper is interesting
because these scientists conducted the majority of their
work without many of the modern instruments and methods
available to animal scientists today. Conversely, if the student
is interested in knowing if the projections about beef cattle
nutrition were accurate for the years 1958-2008, the student
should read the paper by William Beeson (1958).

Scientists from our Western Section universities
and research stations have made outstanding research
contributions. One of the excellent overviews of research
focused on techniques for cattle grazing rangelands is the
paper by Joe D. Wallace (1993) from New Mexico State
University. Beginning in the 1950s and ending in the

1990s, this paper outlines the “players” in range nutrition
research. Among these professors were Tony Lesperance
and V.R. Bohman (NV), Don Clanton (NE), Brent Theurer
(AZ), Bob Raleigh (OR), Lorin Harris (UT) C.J. Kercher



(WY), Oscar Thomas and Mark Peterson (MT), John Butcher
(UT), Joe Wallace (NM), Jim Oldfield and Marty Vavra
(OR), and R.J. Kartchner from USDA-ARS at Ft. Keogh
(MT). Animal scientists interested in the foundation of range
research methodologies should find and read this paper.

The improvement in the production and sustainability of
beef cattle in the US has been remarkable over the past 50
yr. Research has been responsible for producing beef cattle
which require 10% less feed energy, 30% less land, 14%
less water and produce 18% less green-house gases. Beef
produced per cow has more than doubled during the past 50 yr
and yet we have the lowest cow inventory since 1952. Thirty
years ago it required approximately 600 d to grow calves
from birth to slaughter; today it requires 480 d. Research
has shown the benefits of crossbreeding, and it effects on
weaning weights (25% improvement), genetic correlations,
survivability, stayability, performance testing, accurate
selection decisions based on EPDs and evaluation of sires
based on residual feed intake (RFI). Selection of animals
for low RFI can result in 10% lower feed intakes and a 25%
reduction in methane production — clearly desirable under
drought conditions. Using DNA from a Line 1 Hereford was
the basis of a bacterial artificial chromosome library and the
bovine genome sequence.

Sixty years ago, ranchers did not have ready access
to frozen semen, estrus synchronization, prostaglandins,
ultrasound, freezing of embryos and vaccines for reproductive
diseases. One of the most widely adapted management
strategies has been the use of body condition scoring and
it relationship with return to estrus, conception rates, and
feeding strategies. Research has shown the consequences
of protein restriction of the cow on the depression in the
productivity of her calves (fetal programming). In order to
improve nutrient utilization, routine usage of ionophores
($250 million dollar savings in feed), implants, grain
byproducts and non-protein nitrogen usage has been widely
adopted. One of the major accomplishments was the research
with P and protein supplementation to increase forage intake,
growth and reproductive efficiency.

Laboratories that routinely provide nutrient analyses
are using methods based on forage and grain chemistry
research with confirmatory trials conducted during the 1970s
and 1980s. Consumer concerns over animal care resulted in
implementation of beef quality assurance programs starting
in the mid 1980s. Beef cattle production in the western United
States in the future will continue to depend on the utilization
of high forage diets for the cowherd.

TODAY AND TOMORROW

I believe that Dean Burr Ross would have generally been
pleased with our teaching and research productivity since he
delivered his 1964 challenge to the Western Section.

However, Dr. Russell Cross from Texas A&M University
was asked by the Beef Production and Research Committee of
the National Cattlemen’s Beef Association (2010) to give an
overview of the challenges facing tomorrows Animal Science
Departments. Compared with 50 yr ago, Animal Science
Departments will continue to shift toward more fundamental

research and away from applied production research. There
will be a more complex clientele because of the changing
view of animals by society. Stakeholder needs will continue
to change and students, faculty and facilities will evolve to
meet those needs. The demographics of students will also
continue to change: 70% female; 80% urban; 85% entering
with a preference for horses or companion animals and these
students may have a minimal background in food-animal
production. There will continue to be a shift in research focus
where departments follow the money vs. the public good.
Students will be more diverse and learning will occur in
multidisciplinary settings. Departments of Animal Science
will persist and survive but will look different that they do
currently.
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ABSTRACT: A study was conducted to determine if intake
of honey mesquite (Prosopis glandulosa Torr.) leaves by
sheep could be increased by supplementing four levels of
activated charcoal supplemental (0.0, 0.33, 0.67 and 1.00
g/kg of BW). Twenty wether lambs (36.6 + 0.6 kg) were
randomly assigned to the 4 treatment levels. Lambs were
fed 2.0% of body weight of low-quality Sudan-grass hay
(Sorghum bicolor) and 80 g/d of molasses for 7 days, and then
for following 16 days lambs were fed 1.9% of body weight
of low-quality Sudan-grass hay and 80 g /day of molasses
mixed with the assigned level of activated charcoal. After
the 7-d acclimation period, lambs were also given ad libitum
access to honey mesquite leaves that had been thawed before
feeding. Repeated measures analyses were used to determine
iflevel of activated charcoal fed to lambs affected daily intake
of mesquite leaves. No differences (P = 0.52) in the intake
of mesquite leaves were detected. Mean intake of mesquite
leaves was 20.7 + 3.7, 23.8 = 3.8, 20.2 + 3.7, and 27.3 £
3.7 g/day for the 0.0, 0.33, 0.67 and 1.0 levels, respectively.
Consumption of mesquite leaves varied greatly among lambs,
ranging from 1.24 to 6.25% of the diet. Differences in hay
intake (P = 0.23) and lamb weight gain (P = 0.58) were not
detected among supplemental charcoal treatments. Future
studies examining the consumption of honey mesquite leaves
by sheep should consider the potential variability in intake
among individual animals.

Key words: activated charcoal, honey mesquite, molasses,
Sudan-grass hay, wethers.

INTRODUCTION

Honey mesquite (Prosopis glandulosa) is a highly
invasive species found throughout the Southwest. It
outcompetes other plant species in search for water, light and
nutrients, and reduces amount of desirable foraging species.
Control methods such as mechanical and chemical removal
are often not cost-effective. Therefore, using mesquite as a
forage resource in southwestern rangelands could increase
the sustainability of livestock operations (Witmore, 2009).

Potentially, mesquite could be a valuable forage resource,
because its crude protein content and fiber levels are similar to
moderate quality alfalfa hay. However, phenolic compounds
in its leaves can be detrimental for ruminant animals (Lyon
et al., 1988). Poage et al. (2000) used activated charcoal to
increase intake of bitterweed, which contains sesquiterpenes.

Authors suggested activated charcoal reduced toxicosis and
ultimately increased bitterweed consumption. Witmore
(2009) also indicated supplementation of activated charcoal
might enhance intake of mesquite leaves by livestock.

The objective of this study was to evaluate free choice
consumption of mesquite leaves by sheep with activated
charcoal supplementation. We hypothesized that there would
be a non-linear relationship between intake of activated
charcoal (medicine) and mesquite leaves (source of toxins).

MATERIALS AND METHODS

The New Mexico State University Animal and Use
Committee approved the research protocol.

Feeding Trials. Our study was conducted during the
winter of 2012 (mid-January to early February) and lasted 24
days. Twenty yearling Rambouillet wether lambs (36.6 = 0.6
kg) were randomly assigned to 4 treatments in a completely
randomized design. Treatments consisted of 4 levels of daily
supplementation of activated charcoal: 0, 0.33, 0.67 and 1g/
kg of BW. Lambs were kept in individual pens and fed daily
at 0800 and 1700 h. Lambs were weighed before and after
the study. During a 7-d adjustment period, lambs were fed
Sudan grass hay (Sorghum bicolor) at 2.0% of BW (DMB)
and 80 g of molasses. Following the acclimation period,
a 17-d feeding trial was conducted. Lambs were fed low
quality hay at 1.9% of BW (DMB) and a mixture of molasses
(80 g) plus activated charcoal each day. The mixture of
molasses and activated charcoal was placed on top of the hay
in a rubber pan. Mesquite leaves were offered ad libitum in
a separate pan. Mesquite leaves were harvested by hand at
the Chihuahuan Desert Rangeland Research Center located
35 km north of Las Cruces, NM and placed in a cooler with
ice for a maximum of 3 h and then frozen and stored until
the trial. About 2/3 of the mesquite leaves were harvested on
June 15 2011 and remaining leaves were harvested on June
29 2009. All lambs were fed leaves from each harvest date
an equal number of days. Mesquite leaves were thawed in a
refrigerator the night before feeding. Based on intake levels
observed by Witmore (2009), we initially placed 11 g DM
of mesquite leaves in each feeder during the morning when
hay and molasses were fed. In the evening (1700 h), feeders
were monitored and more mesquite was placed in the feeder
if 75% of the mesquite leaves were consumed. During the
first 4 days, all lambs received the same amount of leaves
unless 75% of the leaves were consumed in the morning meal.



After 4 days, an additional 11 g DM of mesquite leaves were
offered per meal if lambs consumed all leaves the previous
day. The amount of leaves was reduced if lambs consumed
less than 50% of the leaves the previous day. Our approach
was to ensure lambs had ad libitum access to mesquite leaves
without feeding excessive amounts of harvested mesquite
leaves.

Hay and mesquite orts were collected each morning.
Orts were weighed daily and stored until the end of the trial.
Hay and mesquite orts were dried at 50°C for 48 h and ground
in a Wiley mill to pass a I-mm screen. Hay, mesquite leaves,
and orts were composited across days and analyzed for CP,
NDF, and ADF (SDK Labs, Hutchison, KS) using standard
analytical procedures. All intakes and nutrient concentrations
are expressed on a DM basis.

Statistical Analysis. Intake of mesquite leaves was
analyzed using the repeated measure of PROC MIXED (SAS
Inst. Inc., Cary NC). The model included treatment (level of
activated charcoal supplementation), day, and treatment by

day interaction. Lamb was used as the subject and covariance
between repeated records was modeled using autoregressive
orderl, compound symmetry, and unstructured covariance
structures (Littell et al., 1996). Of the three covariance
structures evaluated, the structure resulting in the lowest
Akaike’s Information Criterion (AIC) value was selected.
Mean mesquite and hay intake after the acclimation period
was evaluated with PROC MIXED using a model that
contained treatment.

RESULTS AND DISCUSSION

Chemical Analyses. The Sudan grass hay used in
this study was low quality with a relative feed value of 78.
Crude protein concentration was 10.51%. The NDF and
ADF values were 63.57% and 45.80%, respectively. In
contrast, the relative feed value of mesquite leaves (143) was
equivalent of moderate quality alfalfa hay. The crude protein
concentration of mesquite leaves was 16.10% and NDF and
ADF levels were 40.73 and 33.65%, respectively. Regarding
crude protein content, our results differ with those of Lyon et
al. (1988), where nutritive values of 6 mesquite species were
compared with alfalfa (Medicago sativa L); the lowest CP
content was for Prosopis alba with 15%. Conversely, NDF
and ADF values reported by Lyon et al. (1988) were similar
to those in our study (35.5 and 43.3% for P. nigra and P.
alba). Similarly, Witmore (2009) reported similar NDF and
ADF values for small (40.9 and 27.2%) and large mesquite
leaves (36.4 and 29.2%), but CP concentrations in that study
for small and large leaves (21.3 and 20.7%, respectively)
were greater than those observed in this study. Crude protein
values in this study are similar to those obtained by Riveros
(1992) for Prosopis tamarugo leaves.

Mean Intake. No differences (P = 0.23) in hay intake
were detected among treatments (Table 1). Similarly, no
differences among treatments (P = 0.61) were detected in
mean mesquite leaf intake. When expressed as a percentage
of the diet, mesquite intake averaged 3.65% and varied from
1.24 to 6.25% of the diet. During the first half of the trial

(first 8 d), mesquite intake varied from 0.06 to 7.42% of the
diet. During the second half of the study (d 9 to 16), mesquite
leaves comprised 1.44 to 7.58% of the diet. Negative post-
ingestive feedback has been reported with inclusions of
more than 5% of the diet as honey mesquite (Witmore, 2009;
Baptista and Launchbaugh, 2001). However, a 6-mo study
conducted by Abedelnoor et al. (2009) feeding P. juliflora
leaves at varying levels (5 to 15%) with silage to sheep
revealed that organic matter digestibility was improved when
mesquite was added to the diet at 5 and 10%. Moreover, they
suggested sheep could tolerate this species with silage at up
to 15% of the diet. Abedelnoor et al. (2009) indicate that if
appropriately mixed with other forages, mesquite is a viable
feeding source during dry seasons.

No differences in lamb weight gain were detected (P =
0.58). Overall lambs lost 2.32 + 0.62 kg during the study.

Duaily Intake. No differences in daily intake of mesquite
leaves were detected (P = 0.52). Intake of mesquite leaves
changed (P < 0.001) during the course of the study. Lambs
consumed more mesquite as the study progressed (Figure 1).
Intake of mesquite leaves followed a cubic function of day
of study:

Intake (g/d) = -6.62 + 8.87*day — 0.94*day’ + 0.04*day>

Intake of mesquite leaves varied greatly among lambs
during the study (Figure 2). Mesquite intake often followed
cyclical patterns. Periods of high intake were often followed
by periods where lambs consumed few, if any, mesquite
leaves. Witmore (2009) reported a similar trend in which
intake of mesquite leaves varied cyclically.

In contrast to this study, intake of forages with plant
secondary metabolites has been enhanced by supplementation
in other studies. Banner et al. (2000) conducted 3 experiments
to determine the effect of activated charcoal and barley on
sagebrush intake by lambs. In the first experiment, activated
charcoal and barley increased sagebrush intake significantly
(304 g) compared with the treatment with just barley (248
g). However, Banner et al. (2000) suggested barley had a
pivotal role on sagebrush consumption because it has sulfur-
containing amino acids that facilitate detoxification. Witmore
(2009) observed increased intake of honey mesquite leaves
with supplementation of activated charcoal. That study
utilized a crossover design with lambs as their own control
and a shorter feeding period (Witmore, 2009).

IMPLICATIONS

Honey mesquite is a shrub found extensively throughout
the Southwest that has a relatively high nutrient content
compared with grasses during late spring and early summer.
Little research has been conducted to assess its effects on
livestock or on mechanisms to increase intake. Further
studies are needed to understand how honey mesquite affects
livestock and how it can serve as a forage to enhance the
sustainability of livestock grazing in the southwestern United
States and arid regions around the world.



Table 1. Mean intake of Sudan hay and honey mesquite leaves of lambs supplemented with four levels of activated

charcoal

Level of Activated Charcoal Sudan Hay, g/d

Mesquite Leaves, g/d

Mesquite Leaves in Diet, %

Supplementation
Item Mean SE Mean SE Mean SE
0.00 g/kg BW 612.4 334 20.8 4.3 3.00 0.66
0.33 g/lkg BW 540.8 334 24.8 4.3 4.02 0.66
0.67 g/kg BW 563.0 334 20.2 4.3 3.18 0.66
1.00 g/ kg BW 512.0 334 27.3 4.3 4.41 0.66
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ABSTRACT: Cows in a negative energy balance after
calving often have reduced reproductive performance,
which is suggested to be mediated by metabolic signals. The
objective of this 3-yr study was to determine the association
of serum metabolites, resumption of estrus, milk production,
cow BW change, BCS, and calf performance on conception
date in 2- and 3-yr-old beef cows (n = 131) grazing native
range at the Corona Range and Livestock Research Center.
Cows were classified by conception date in a 60-d breeding
season as early conception (EC; conceived in the first 15 d of
breeding) or late conception (LC; conceived during the last
45 d of breeding). Date of conception was calculated from the
following year calving date. Starting d 30 postpartum, blood
samples were collected twice/wk for progesterone analysis to
estimate days to resumption of estrus and serum metabolite
analysis. As a chute-side measure of nutrient status and
glucose sufficiency, whole-blood B-hydroxybutyrate (BHB)
concentrations were measured 2 wk prior to breeding.
Whole-blood BHB and serum glucose concentrations were
lower (P < 0.04) in EC cows than LC cows. Serum insulin
concentrations were greater (P = 0.03) in EC cows relative to
LC cows. Serum NEFA and urea N concentrations were not
different (P > 0.32) by cows classified by conception date.
The initial calving date during the year of the study was not
different (P = 0.19) between EC and LC cows. The interval
required for resumption of estrus after calving was shorter
(P =0.04) in EC cows, which is expected due to treatment
classification. Milk production was not different (P = 0.28)
between EC and LC cows. Cow BW and BCS and were not
different (P > 0.12) at any period between EC and LC cows.
Calf weaning (205-d) BW was not different (P = 0.67) by
date of conception. This study indicates that elevated BHB
concentrations prior to breeding is coupled with prolonged
postpartum anestrus in young beef cows as measured by a
delayed time of conception.

Key words: beef cows, conception date, 3-hydroxybutyrate

Introduction
Cows grazing primarily dormant range in the semi-
arid southwest experience negative energy balance during
early lactation. Changes in blood metabolites and metabolic
hormones during early lactation, resulting from negative
energy balance (NEB) after calving, can act as signals to allow
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or inhibit reproduction (Beam and Butler, 1999). DiCostanzo
et al.,, (1999) demonstrated that intraruminal infusion of
acetate for 96 h in ovariectomized heifers experiencing
negative energy balance resulted in increased plasma
concentrations of acetate, whole-blood [-hydroxybutyrate
(BHB), and NEFA, which reduced mean concentrations and
pulse amplitude of LH. In dairy cows, a decreased serum
BHB concentration was associated with increased pregnancy
rates after first AI (Walsh et al., 2007) and decreased interval
to first ovulation (Reist et al., 2000).

Efficient nutrient utilization or energy metabolism in
young cows identified by faster glucose and acetate clearance
rates was found to be related to reproductive performance
(Waterman et al., 2006 and Mulliniks et al., 2011;
respectively). However, the metabolic signals mediating
reproduction are not fully understood. The hypothesis of our
research was that young beef cows grazing native dormant
range that conceive earlier in the breeding season would have
improved metabolic responses to nutrient limitations and
nutrient demands of lactation shown by decreased whole-
blood BHB concentrations. Therefore, the objective of this
study was to determine the association of serum metabolites,
resumption of estrus, milk production, cow BW and BW
change, BCS, and calf performance on conception date in 2-
and 3-yr-old beef cows grazing native range at the Corona
Range and Livestock Research Center.

MATERIALS AND METHODS

All animal handling and experimental procedures were
in accordance with guidelines set by the New Mexico State
University’s Institutional Animal Care and Use Committee.

Studies were conducted over 3 yrs at New Mexico State
University’s Corona Range and Livestock Research Center
(CRLRC). Average elevation for CRLRC is 1,900 m with
an average rainfall of 401 mm, most of which occurs in July
and August (Torell et al., 2008). Forages at this study site
were primarily blue grama (Bouteloua gracilis), threeawns
(Aristida spp.), and common wolftail (Lycurus phleoides).
Pasture was 762 ha and contains approximately 355 kg/ha
of standing forage (A. Cibils, New Mexico State University,
personal communication). The pasture used in this study
was stocked at a rate that was 50% less than the NRCS
recommended rate so that forage availability was assumed
not to limit cow productivity (USDA-NRCS, 2002). Three



ruminally cannulated cows were used to collect diet extrusa
samples for analysis of CP (AOAC, 2000) and NDF (Van
Soest et al., 1991). Extrusa samples were collected in April
prior to breeding via ruminal evacuation techniques described
by Lesperance et al. (1960). Extrusa samples from study
pasture averaged (OM basis) 11.3, 5.1, and 8.1% CP and
80.0, 78.6, and 85.9% NDF for yr 1, 2, 3; respectively.

Cows were 2- and 3-yr-old (n = 131) that were primarily
of Angus breeding with some Hereford influence. Four cows
were not pregnant at the end of the experiment and therefore,
were not utilized in the analysis. Management before calving
and after calving was similar in all years and among all cows.
At least 60 d prior to the initiation of calving, cows were
fed 1.6 kg/cow of a 36% CP cube once per week. Cow/calf
pairs were moved to a common pasture within 10 d after
calving, where a 36% CP supplement was fed 2x/wk at a rate
of 908 g/(cow-d"). Date of conception for the study year was
estimated from the subsequent years calving date (minus 285
d for gestation). Cows were retrospectively classified as early
conception (EC) or late conception (LC). A 60-d breeding
season was utilized in all years and was initiated in mid-May
with a bull-to-cow ratio of 1:26. Cows conceiving within
the first 15 d of the breeding season were considered as EC
cows and the last 45 d for LC cows. Cows were moved to
an ungrazed (in previous year) pasture prior to the initiation
of breeding in all years. Initiation of breeding occurred on
average 67 + 2 d postpartum across all years.

Serum samples were collected twice weekly on days
of supplementation (Monday and Friday) via coccygeal
venipuncture (Corvac, Sherwood Medical, St. Louis, MO)
beginning approximately 35 d postpartum (by cow) for
analysis of progesterone to determine days to first estrus (2
consecutive progesterone concentrations > 1.0 ng/mL). After
supplementation, blood samples were collected, cooled, and
subsequently centrifuged at 2,000 x g at 4°C for 20 min after
collection. Serum was harvested and stored at -20°C in plastic
vials for later analysis. Serum was analyzed for progesterone
concentration by solid phase RIA (Coat-A-Count, Diagnostic
Products Corp., Los Angeles, CA) as described by Schneider
and Hallford (1996). Inter- and intra-assay CV were less than
10%. Cows were diagnosed pregnant by rectal palpation
at weaning or a few weeks later. Serum samples were also
analyzed for insulin, glucose, NEFA, IGF-I, and serum urea
N. To evaluate nutrient status of each cow, serum samples
were composited by cow for a pre-breeding serum sample.
Composited serum samples were analyzed using commercial
kits for NEFA (Wako Chemicals, Richmond, VA) and Urea
N (Thermo Electron Corp., Waltham, MA). Glucose was
analyzed with a commercial kit (enzymatic endpoint, Thermo
Electron Corp., Waltham, MA). Insulin was analyzed by
solid-phase RIA (Count-A-Coat, Siemens Medical Solutions
Diagnostics; Los Angeles, CA) as reported by Reimers et
al. (1982). Serum IGF-I samples were quantified by double
antibody RIA (Berrie et al., 1995). Inter- and intra-assay CV
were less than 10%. As a chute-side measure of nutrient status
and glucose sufficiency, whole-blood f-hydroxybutyrate
(BHB) concentrations were measured (MediSense/Abbott
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Laboratories, Abingdon, UK, validated by Byrne et al., 2000;
Endecott et al., 2004; Voyvoda and Erdogan, 2010) in early-
May, 2 weeks prior to breeding.

A subsample of cows was randomly selected to be
an equal representation of age were milked by a portable
machine (Porta-Milker, Coburn Company, Inc., Whitewater,
WI) approximately 57 d postpartum. Milking procedures
were a modified weigh-suckle-weigh technique described
by Waterman et al. (2006). Milk weights were recorded to
calculate 24-hr milk production. Milk samples were analyzed
for lactose, butterfat, solids non-fat, and protein by Pioneer
Dairy Labs, DHIA (Artesia, NM).

After calving, cows were weighed weekly until
termination of the breeding season, and at weaning. Days to
BW nadir was calculated from the lowest BW after calving.
Body condition scores (1 = emaciated, 9 = obese; Wagner et
al., 1988) were assigned to each cow by visual observation
and palpation prior to calving, at branding, and weaning by 2
trained technicians. Calves were weighed at birth, branding,
and weaning in each year. Branding weights and weaning
weights were adjusted for a 55-d branding and 205-d weaning
weight with no adjustments for sex of calf or age of dam.

Statistical Analysis

Normality of data distribution and equality of variances
of measurements were evaluated using PROC UNIVARIATE,
the Levene test, and PROC GPLOT, respectively. Data were
analyzed as a completely randomized design with cow as
the experimental unit using the Kenward-Roger degrees of
freedom method. The MIXED procedure (SAS Inst. Inc.,
Cary, NC) was used to test all main effects and all possible
interactions. The model included fixed effects of conception
date groups, cow age, year, sex of calf, and their interactions.
All interactions remained in the model regardless of
significance. Separation of least squares means was performed
by the PDIFF option of SAS when a significant (P < 0.05)
effect of treatment was detected.

RESULTS AND DISCUSSION

Increased concentrations of BHB are indicative of
metabolic dysfunction resulting from poor adaptation to
negative energy balance (Herdt, 2000). Cows classified as
EC had reduced (P = 0.04; Table 1) concentrations of BHB
2 wk prior to breeding relative to cows classified as LC.
In dairy cows, a decreased serum BHB concentration pre-
breeding was associated with increased pregnancy rates from
first service Al (Walsh et al., 2007) and decreased interval
to first ovulation (Reist et al., 2000). Iwata et al. (2011)
reported elevated BHB concentrations suppressed LH pulse
frequency and amplitude and proposed that ketone bodies
might function as a negative energy signal to inhibit gonadal
functions through suppression of gonadotropin secretion.

Serum glucose concentration was less (P = 0.02) in
EC cows compared with their counterparts. The decrease in
serum glucose and BHB concentrations suggests that serum
glucose clearance rate was increased, while increased tissue
uptake of glucose improved oxidation of acetate and deterred



the subsequent rise in BHB concentration. Serum insulin
concentrations were greater (P = 0.03) in the EC cows relative
to LC cows, which may have facilitated glucose metabolism.
In addition, increased serum insulin concentrations may
have had a positive effect on the restoration of LH pulse
frequency as reported by Chagas (2003). Insulin, when
glucose is available, can stimulate release of GnRH from the
hypothalamus (Arias et al., 1992). However, Pushpakumara
et al. (2003) reported no differences in serum concentrations
of glucose or insulin concentrations between dairy cows
conceiving early or late in the breeding season.

Serum NEFA and serum urea N concentrations were not
different (P > 0.32) between EC and LC cows. In contrast to
the current study, Ospina et al. (2010) reported that NEFA
concentrations have a stronger association with reproductive
performance than BHB in dairy cows. The severity of
negative energy balance between a dairy cow and range beef
cow, due to a4 to 5 fold greater milk yield, may explain some
of these differences. Pushpakumara et al. (2003) reported
that serum BHB concentration prior to breeding was a better
indicator of metabolic status than serum NEFA and glucose
concentrations.

Insulin-like growth factor-1 has been suggested to be a
better indicator of rebreeding performance of first calf heifers
than BCS or BW change (Roberts, 2008). In this study, serum
concentration of IGF-I was not different (P = 0.28) between
EC and LC cows. Pushpakumara et al. (2003) reported a
tendency for decreased IGF-I concentrations prior to breeding
in late pregnancy cows relative to early pregnancy cows.

Twenty-four-hour milk production 10 d before onset
of breeding did not differ (P = 0.28) between EC and LC
cows. Concentrations of milk butterfat, protein, lactose, and
solids-non-fat also were not different (P > 0.24) between
EC and LC cows. Pushpakumara et al. (2003) reported no
difference in 24-h milk production between dairy cows
that become pregnant to an early or late service. However,
increased acetate utilization as detected by decreased BHB
and glucose concentrations indicates alterations in whole
blood nutrient availability, which could result in decreased
milk production.

Calving date during the initial year of the study was not
different (P = 0.19) between EC and LC cows. As designed,
EC cows conceived early in the breeding season relative to
LC cows (P < 0.01). Interval from calving to resumption
of estrus was shorter (P = 0.04) in EC cows compared with
LC. Early conception cows returned to estrus 7 days before
LC cows. Increasing the number of young cows becoming
pregnant early in the breeding season would increase their
opportunity to remain in the herd by calving early in the
subsequent calving seasons.

Days to BW nadir and interval from BW nadir to estrus
were not different (P > 0.18; Table 3) between EC and
LC classification groups. Cow BW and BCS were similar
between EC and LC cows at all measurement times (P >
0.12). However, BW loss from the initiation of the study to
the beginning of breeding was greater (P = 0.01) in LC cows
relative to EC cows. The difference in BW loss could be due
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to differences in efficiency of energy utilization during early
lactation. Late conception cows did gain more (P =0.04) BW
from BW nadir to the end of breeding with no differences (P
> (.14) in BW change at any other time period. Calf BW at
birth, branding, and weaning were not influenced (P > 0.46)
by conception date classification group.

In conclusion, serum metabolite differences during early
lactation was an effective means to segregate cows based on
classification of young beef cows according to their conception
date. This study indicates that elevated p-hydroxybutyrate
concentrations prior to breeding are related to or may have
a detrimental effect on the interval to resumption of estrus
in young beef cows and thereby prolong time of conception.
A decreased concentration of B-hydroxybutyrate resulted
in an earlier conception date in young lactating beef cows.
Therefore, BHB concentrations prior to breeding may be a
useful predictive indicator of days to resumption of estrus
and conception date. In addition, chute-side measurement
of B-hydroxybutyrate concentrations may provide producers
opportunity to manage cows differently to improve overall
reproductive efficiency.
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Table 1. Association of pre-breeding blood ketones, serum metabolites, and milk production with 2-
and 3-yr-old cows grazing native range classified as early or late conception

Conception date'”

Pre-breeding measurement EC LC SEM P-value
n= 65 62 -- --
Blood Ketones, pmol/L
Whole-blood B-hydroxybutyrate 297 371 20 0.04
Serum Metabolites
Glucose, mg/dL 52.9 58.1 1.7 0.02
Insulin, ng/mL 0.81 0.56 0.07 0.03
NEFA, mmol/L 501 491 19 0.69
Urea N, mg/100 mL 9.07 9.74 0.48 0.32
IGF-1, ng/mL 45.78 42.04 3.46 0.42
Milk’, g/d
24-h milk Production 5991 6510 335 0.28
Lactose 298 320 16 0.34
Protein 159 175 9 0.24
Solids-non-fat 512 553 28 0.31
Butterfat 197 215 15 0.41

'Conception date was estimated from the subsequent years calving date.

’EC = Early conception (conceived with the first 15 d of breeding); LC = late conception (conceived
during the last 45 d of breeding season).

*Milk production was evaluated in a subset of cows approx. d 57 postpartum (10 d before onset of
breeding).

Table 2. Association of calving date and reproductive measurements with 2- and 3-yr-old
cows grazing native range classified as early or late conception

Conception date'”

Measurement EC LC SEM P-value
Calving date’, Julian d 62 65 2 0.19
Reproductive
Conception date, Julian d 142 165 1 <0.001
Resumption of estrus®, d 71 78 2 0.04
BW nadir, d 59 57 4 0.71
Nadir to estrus’, d 13 22 5 0.18

'Conception date was estimated from the subsequent years calving date.

*EC = Early conception (conceived with the first 15 d of breeding); LC = late conception
(conceived during the last 45 d of breeding season).

*Calving date of the study year.

‘flnterval from calving to resumption of estrus.

“Interval from BW nadir to resumption of estrus.
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Table 3. Association of cow BW and BW change, BCS, calf weight change with 2- and 3-yr-old cows
grazing native range classified as early or late conception

Conception date'”

Measurement EC LC SEM P-value
Body condition score
Initial 4.5 4.6 0.04 0.81
Branding 4.4 4.2 0.05 0.12
Weaning 4.6 4.7 0.06 0.80
Cow BW, kg
Initial 449 454 5 0.41
Nadir 368 368 4 0.97
Begin of breeding 393 388 5 0.39
End of breeding 400 408 5 0.19
Weaning 447 453 5 0.37
Cow BW change, kg
Initial to begin of breeding -56 -67 3 0.01
Initial to nadir -81 -87 4 0.24
Initial to end of breeding -49 -46 4 0.59
Nadir to end of breeding 32 40 3 0.04
Nadir to weaning 79 85 3 0.14
Initial to weaning -2 -1 4 0.87
Calf BW, kg
Birth 34 33 1 0.46
Branding’ 70 68 2 0.49
Weaning® 203 205 4 0.67

'Conception date was estimated from the subsequent years calving date.

*EC = Early conception (conceived with the first 15 d of breeding); LC = late conception (conceived during
the last 45 d of breeding season.

’Branding BW adjusted for 55-d BW.

*Weaning BW adjusted for 205-d BW.
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ABSTRACT: Crossbred wethers (n = 40; initial BW =
45.3 kg + 3.5) were used in a randomized complete block
design to evaluate the effects of titrated concentrations of
algal meal as a protein supplement on live performance,
live health status and carcass characteristics. Wethers were
blocked by time and randomly assigned to one of the 5
treatments. Treatments included: 1) soybean meal and rice
meal as protein supplementation sources (CON); 2) 5% of
algae meal on a DM basis as a protein replacement (5%A);
3) 10% of algae meal on a DM basis as a protein replacement
(10%A); 4) 15% of algae meal on a DM basis as a protein
replacement (15%A); and 5) 20% of algae meal on a DM
as a protein replacement (20%A). All diets were isocaloric
and isonitrogenous All wethers were fed a high concentrate
finishing diet once daily in individual stalls. Wethers were
individually weighed on d -1, 0, 21, and 28. On d 22, wethers
were transported to metabolic crates for determination of
nutrient digestibility and retention. On d 28, animals were
transported to a commercial abattoir for harvest. Initial (45.4
kg) and final (44.5 kg) BW, average daily gain (ADG) for
adjustment period (0.24 kg/d), ADG for metabolism period
(-0.84 kg/d), DMI (1.38 kg/d), and gain-to-feed (0.187) were
similar (P> 0.05) across treatments. Furthermore, hot carcass
weight, subcutaneous adipose depth, Longissimus muscle
area, calculated YG, marbling score, dressing percentage,
muscle percentage, body wall thickness, Leg score, Leg
circumference, flank streaking, quality grade, carcass
conformation and carcass length were also similar (P > 0.05)
across treatments. Research results suggest that feeding up
to 20% of algae co-product meal as a replacement protein
source to finishing wethers is feasible with limited impact on
performance and carcass characteristics as compared with the
standard protein sources that have been used by the industry.
Further research may be necessary to determine the response
of different levels of supplementation of algal meal for sheep,
effects on animals in a different physiological stage or effects
on other ruminants in the finishing diet on performance and
carcass merit.

Key words: algae, co-product, protein, ruminant nutrition

INTRODUCTION
Animal nutrition is considered the most costly component
in modern animal production (ARS-USDA, 2012). To be
biologically, economically and environmentally sustainable,
the development of new technologies and alternative feedstuffs
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are necessary to enhance performance and quality of animal
protein products for the future. With grain commodity and
fuel prices rising in the past three years (ERS-USDA, 2012),
development of alternative sources of fossil fuels such as
corn ethanol and biofuels is of the utmost importance.

Some co-products from the ethanol industry have been
utilized in animal diets such as wet distillers grains, distillers
solubles, corn gluten feed, and their efficiency have been
tested over the years among different species (Gill et al.,2008;
Klopfenstein et al., 2008; Dib et al., 2010; Schoonmaker et
al., 2010; Bremer et al., 2011). The main hypothesis is that
algal meal would behave in the rumen like soybean meal not
affecting live growth performance, carcass characteristics
and health status.

As a result, algae biodiesel industry increases as a
potential future fuel resource also producing a high protein
and fiber co-product where ruminant production systems
could take advantage, utilizing it as a replacement of soybean
meal, corn gluten meal, and distillers grains, among others.
The use of an algal meal could be a valuable, economic, and
environmentally sustainable substitution for these common
agricultural crops. Since algal meal has not yet been approved
for feeding livestock, there is a paucity of data regarding their
use by large ruminant animals.

Therefore, this experiment was designed to determine the
effects of varying inclusions of algal meal supplementation
on performance, blood chemistry and live health status, and
carcass characteristics of finishing wethers.

MATERIALS AND METHODS

The experiment was conducted to conform to the Guide
for the Care and Use of Agricultural Animals in Agricultural
Research and Teaching (FASS, 1999) and was approved by
the Institutional Animal Care and Use Committee. Animals
were inspected by a veterinarian before the study started and
also once a week throughout the experiment.

Animals and Treatments. Forty yearling crossbred
wethers were evaluated in a randomized complete block
design for DMI, feed efficiency, ADG, blood chemistry and
live health status, live final BW and carcass characteristics to
address the effects of titrated concentrations of algal meal.
The animals were blocked by time with each block consisting
of 10 animals starting on treatments one week apart from each
other. Animals were randomly assigned to 1 of 5 treatments
of the experiments and every block had two animals in each
treatment per block.



The experiment consisted of two periods; 1) adjustment
period (21 d) and 2) metabolism period (7 d). The treatments
(n = 8 wethers/treatment) for the experiment consisted of:
1) soybean meal and rice meal as protein supplementation
sources; 2) 5% of algac meal on a DM basis as a protein
replacement; 3) 10% of algae meal on a DM basis as a protein
replacement (10%A); 4) 15% of algae meal on a DM basis
as a protein replacement (15%A); and 5) 20% of algae meal
on a DM as a protein replacement (20%A); All diets were
isocaloric and isonitrogenous. All wethers were fed a high
concentrate finishing diet once daily. Table 1 represents the
nutrient analyses for the algal meal and table 2 represents
the diets for the 5 treatments. Both treatment diets were
formulated to meet or exceed the NRC (1996) requirements
for CP, Ca, K and P.

Table 1. Analyzed nutrient analysis for algal meal, % DM

Nutrient content %, DM
Crude Protein, % 21.12
Acid Detergent Fiber, % 11.875
Neutral Detergent Fiber, % 23.16
Fat (EE), % 1.96
Calcium, % 6.01
Phosphorous, % 0.435
Potassium, % 0.52
Magnesium, % 0.74
Sodium, % 5.685
Chloride, % 4.25
Sulfur, % 0.85
Copper, mg/kg 19.95
Iron, mg/kg 5355
Lead, mg/kg 3.785
Zinc, mg/kg 41.6

Experiment Facilities. Each individual pen was 1.5 x
2.0 m, concrete floor, wood shavings for animal bedding,
allowed for ad libitum access to water, feed bunk and the
facility was covered and had a wall on the north side and
was open on the south side. When the study began, wethers
weighed 45.3 = 3.5 kg. Feed intake was measured for a 28 d
period using individual bunks. Wethers were fed once daily
at 0730 h and feed refusals were collected, frozen at - 20°
C, composited by animal and week, and dried to calculate
DMI. Wethers had ad libitum feed access to one of the five
treatment diets CON, 5%A, 10%A, 15%A and 20%A.

Data Collection. Blood samples and body weights
were measured on d 0, 21 and 28 of the feeding period.
On d 22, wethers were transported to metabolic crates for
determination of nutrient digestibility and retention. On d
28, animals were transported to a commercial abattoir for
harvest. Blood chemistry data was obtained utilizing VetScan
iSTAT (Abaxis, CA) with the EC8+ and CG8+ cartridges that
includes: glucose, Na, K, Cl, PCO,, Total CO,, pH, ionized
Ca, hematocrit, hemoglobin, PO,, HCO,, Base Excess,
soluble O,, blood urea nitrogen and anion gap.

Individual BW gain was calculated by the difference in
BWond21andd0,and d 28 and d 21, on study and reported
as adjustment period ADG and metabolism period ADG.
During the adjustment period, initial BW, final BW, DMI, and
blood samples were collected. Final BW for the adjustment
period was utilized as initial BW for the metabolism period.
During the balance trial, feed, orts, total feces and total urine
were collected and 10% of the daily amount was aliquoted
over the 5 d balance trial, frozen and retained for subsequent
analysis. Final BW and blood were collected immediately
following the completion of the balance trial.

Statistical Analysis. All data were analyzed using the
MIXED procedures (SAS Inst. Inc., Cary, NC). The model
consisted of fixed effects of treatment and block, and random
effect of animal. Live performance data were analyzed not
only for the entire adjustment feeding period, but also for the
metabolism period separately.

Table 2. Finishing diets for yearling wethers using algal meal compared with standard industry soybean meal diet

at0, 5, 10, 15, or 20% of the dietary DM

Treatment
Ingredient, % CON 5% algal meal 10% algal meal 15% algal meal 20% algal meal
Corn 49.25 48.90 49.25 49.60 49.90
Soybean Meal 15.25 13.75 12.00 10.30 8.75
Rice meal 29.00 26.25 23.00 19.70 16.25
Algal Meal 0.00 5.00 10.00 15.00 20.00
Limestone 1.50 1.10 0.75 0.40 0.10
Supplement 5.00 5.00 5.00 5.00 5.00
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RESULTS AND DISCUSSION

Results for live performance are presented on table 3.
During the feeding period, initial (45.4 kg) and final (44.5 kg)
BW, average daily gain (ADG) for adjustment period (0.24
kg/d), ADG for metabolism period (-0.84 kg/d), DMI (1.38
kg/d), and gain-to-feed (0.187) were similar (P> 0.18) across
treatments.

Results for carcass characteristics are presented on table 4.
Furthermore, hot carcass weight, subcutaneous adipose depth,
Longissimus muscle area, calculated YG, marbling score,
dressing percentage, muscle percentage, body wall thickness,
Leg score, Leg circumference, flank streaking, quality grade,
carcass conformation and carcass length were also similar
(P = 0.27) across treatments. Significant differences were
observed on leg score measurements (P < 0.01), with greater
values presented on treatment 10%A followed by treatments
20%A, CON, 5%A and 15%A respectively. Since no pattern

was observed across treatments it is possible to assume that
the differences were artifactual.

Blood chemistry results presented all measurements
within a normal range from pre-study period until harvest
time. No difference was observed across treatments for health
status. According to veterinarian inspections, no side effects
were observed due to treatment and behavior and vital signs
were considered the same across treatments. Additionally,
during harvest, there were no apparent abscesses of the
internal organs noted upon inspection.

This study was one of the first studies to feed lipid
extracted algal meal as a feedstuff for ruminant animals
consuming a high concentrate diet. Previous research in our
lab evaluated the use of algal meal in the diets of growing rats
(Howe et al., 2010) and rabbits (Howe et al., 2011). There was
some limitation upon growth parameters and gain:feed in the
rats, but not in the rabbits. This was speculated to be due to

Table 3. Live growth performance of yearling wethers (n = 8/treatment) consuming finishing rations with 0, 5, 10, 15, or

20% of the dietary DM as algal meal

Treatment
1 5% Algal 10% Algal 15% Algal  20% Algal
Item CON Meal Meal Meal Meal SEM  P-value
Initial BW, kg 46.4 45.2 45.6 44.6 449 091 0.68
Final BW, kg 453 44.6 459 44.8 42.0 1.15 0.18
ADG adjustment, kg 0.22 0.24 0.25 0.26 0.22 0.04 0.96
lf;\;G metabolism, -0.81 -0.82 -0.70 -0.81 -1.03 018  0.78
G:F 0.139 0.170 0.164 0.189 0.149 0.05 0.77
DMI, g 1,409.5 1,258.2 1,482.9 1,354.9 1,376.2 90.41 0.55

Table 4. Carcass characteristics of yearling wethers (n=8/treatment) consuming finishing rations with 0, 5, 10, 15, or 20% of

the dietary DM as algal meal

Treatments CON' S‘VK/It;%al IO‘K(;[:;llgal 15;@[;11%1 200@[211‘%2‘1 SEM  P-value

HCW, kg 234 23.1 23.1 229 21.8 0.73 0.59
Dressing, %" 51.6 51.6 50.2 51.1 51.7 0.64 0.49
12" rib fat, cm 0.34 0.39 0.51 0.57 0.40 0.11 0.57
Marbling score” 48.29 48.09 47.36 47.17 48.27 0.44 0.27
LM area, cm® 13.54 13.50 12.95 12.54 13.26 0.61 0.76
USDA yield grade® 1.77 1.93 2.42 2.67 2.00 0.43 0.57
Percentage of muscle,% 48.29 48.09 47.36 47.17 48.27 0.44 0.27
Body Wall Thickness, cm 1.32 1.44 1.66 1.63 1.39 0.13 0.32
Leg Score 11.257 10.75% 11.457 10.12* 11.37* 0.18 <0.01
Leg Circumference, cm 64.80 63.40 64.43 63.22 63.38 0.73 0.46
Carcass Length, cm 108.06 107.69 107.69 108.38 106.94 0.77 0.75

aDressing percentage = carcass weight / average live weight (4% shrink).
"USDA marbling score where 450 = slight50, 500 = small0, and 550 = small50

‘USDA calculated yield grade = (Fat thickness in inches * 10) + 0.4

¥* Least square means within a row without a common superscript differ (P < 0.05)



the more advanced symbiosis between animal and digestive
microflora in the cecotrophic rabbits, which allowed them to
more fully utilize the highly fibrous algal meal. Similarly, the
wethers used in the current study similarly were able to utilize
the product similar to the diets without algal meal. This further
confirms that algal meal may serve as a viable feedstuff for
animals that have a symbiotic relationship that allows for use
of feeds with larger amounts of fiber, in this case 23.16% NDF.
Understanding the nutritional values of Nannochloropsis oc.
as a potential animal supplement, Archibeque et al. (2009)
compared the nutrient profiles of Nannochloropsis biomass,
Nannochloropsis meal (lipid extracted), soybean meal, and
steam flaked corn. As a result, the comparison showed that
the NDF and ADF fiber composition of Nannochloropsis
meal was greater than soybean meal, and steam flaked corn,
%, 25.12% vs. 11.45% and 9.59%), and 6.64 vs. 5.89, 2.92%
respectively.

IMPLICATIONS

Lipid extracted algal meal might be feasible alternative
for protein supplementation for ruminants in the future.
Further research may be necessary to determine the response
of different levels of supplementation of algal meal for
sheep and other ruminants, effects on animals in a different
physiological stage or effects on other ruminants in the
finishing diet on performance and carcass merit.
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ABSTRACT: The objective of this study was to evaluate
the effects of dried distillers grains with solubles (DDGS)
on ram lamb feedlot performance, carcass characteristics,
serum testosterone concentration, and semen quality. One
hundred twenty ram lambs (40.4 + 9.1 kg; western whiteface
x Suffolk) were used in a completely randomized design
to determine the effects of DDGS on feedlot performance
and carcass characteristics. Rams were allotted into one of
four dietary treatments (n = 4 pens/treatment; 10 rams/pen):
1) ODDGS: 85% corn and 15% commercial market lamb
pellet; 2) 15DDGS: 15% DDGS substituted for corn on a
% DM basis, 70% corn, and 15% commercial market lamb
pellet; and 3) 30DDGS: 30% DDGS substituted for corn
on a % DM basis, 55% corn, and 15% commercial market
lamb pellet. Rams were weighed on consecutive days at the
beginning (d 0, 1) and end (d 96, 97 and d 116, 117) of the
trial. Scrotal circumference was measured on all rams on d
84, 96, and 116. Semen and blood samples were collected
on a subset of 48 rams (4 rams/pen; 16 rams/treatment; n =
4). Blood samples were collected every 14 d throughout the
study. Semen samples were collected on d 84, 98, and 112.
Rams were fed to market weight, shipped to a commercial
abattoir, and harvested for carcass data collection. Initial
BW, final BW, change in scrotal circumference, days on feed,
carcass characteristics, serum testosterone concentrations, and
spermatozoa motility score were not different (P > 0.23)
due to dietary treatment. However, DMI increased linearly
(P <0.001) as DDGS increased in the ration, resulting in a
linear increase (P = 0.02) in ADG. Additionally, spermatozoa
concentration decreased linearly (P = 0.05) as DDGS
concentration increased in the ration. Increasing DDGS in the
diet did not have anegative impact on ram feedlot performance
or carcass characteristics; however, in this preliminary
study, sperm production may have been negatively affected,
necessitating the need for additional research on the impact
of distillers grains on ram development.

Key words: dried distillers grains with solubles, rams, semen
quality

INTRODUCTION

Ethanol production has increased from 1.5 million
gallons in 2000 to approximately 13 million gallons in 2010
in the United States (Renewable Fuels Association, 2012).
With this expansion brings an affordable and viable feed
source for ruminants, dried distillers grains with solubles
(DDGS). Research involving the feeding of DDGS to
ruminants has become more prominent in the past few years
due to the rising costs of feedstuffs, particularly corn. During
the growing and finishing phase, DDGS fed to steers at 30%
of the diet did not affect any performance variable or carcass
characteristic (Leupp et al., 2009). Similar results were
observed by Schauer et al. (2008) and Neville et al. (2010)
where finishing lamb performance and carcass characteristics
were not negatively impacted when lambs were fed DDGS at
60% of the total diet.

We are not aware of research evaluating the effects
of DDGS on male reproductive performance; however,
research is available on feeding increased dietary CP to
growing males (an artifact of increasing DDGS in rations,
as DDGS is relatively high in CP). Rams fed a high energy
and protein diet had increased testosterone concentrations at
the beginning of the trial, but as the trial duration increased,
the differences in testosterone concentrations were reduced
(Martin et al., 1994). Hotzel et al. (1998) observed an
increase in testosterone concentrations in Merino rams fed a
diet above energy requirements.

We hypothesized that feeding increasing levels of DDGS
(0, 15, and 30% of DM) would have no deleterious effects
on ram feedlot performance or carcass characteristics, but
would reduce semen quality and have a negative impact
on testosterone concentrations. Therefore, the objectives
of this study were to evaluate the effects of DDGS on ram
lamb feedlot performance, carcass characteristics, serum
testosterone concentration, and semen quality.

MATERIALS AND METHODS

All procedures were approved by the animal care and
use committee of North Dakota State University. This study

'Partial support for this research was provided by the North Dakota Corn Council. We thank Poet Nutrition and Kip Karges for the donation
of the dried distillers grains with solubles for the project. The authors also thank David Pearson, Don Stecher, and Donald Drolc for their
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was conducted at the Hettinger Research Extension Center in
Hettinger, North Dakota.

Animals and Diets. One hundred twenty crossbred rams
(40.4 + 9.1 kg; western whiteface x Suffolk; approximately
90 d of age) were used in a completely randomized design.
Rams were allotted into one of four isocaloric dietary
treatments (n = 4 pens/treatment; 10 rams/pen; Table 1): 1)
0DDGS: 85% corn and 15% commercial market lamb pellet;
2) 15DDGS: 15% DDGS substituted for corn on a % DM
basis, 70% corn, and 15% commercial market lamb pellet;
and 3) 30DDGS: 30% DDGS substituted for corn on a %
DM basis, 55% corn, and 15% commercial market lamb
pellet. Rams had ad libitum access to the ground ration
via self-feeders. Rams had continuous access to water and
shade. Rams were weighed on two consecutive days at the
beginning (d 0, 1) and end of the trial (d 96, 97 and d 116,
117), and weighed once every 28 d. Scrotal circumference
was measured on d 84, 96, and 116 of the trial. Two slaughter
dates were utilized for the trial. The first slaughter date
included all rams weighing at least 67 kg except those
involved with the semen quality and testosterone portions of
the trial. The second slaughter date included all remaining
rams on trial. Hot carcass weight was recorded on the day
of slaughter. All other carcass characteristics were recorded
following a 24 h chill. At each slaughter date, rams were
shipped to Superior Farms in Denver, CO for carcass data
collection. One ram was removed from the trial prior to being
shipped for slaughter due to non-treatment related purposes.

Sampling and Laboratory Analysis. Ground ration
samples were collected every 14 d and dried at 55°C for
48 h to determine DM and ground to pass a 2-mm
screen. Ground ration samples were composited within
dietary treatment. Dietary composite samples were shipped
to a commercial lab (Midwest Laboratories, Inc., Omabha,
Nebraska) for proximate analysis and mineral concentrations.
Orts were collected and weighed every 28 d throughout the
study to determine DMI.

Reproductive Performance. Forty-eight rams (a sub-
sample of the 120 rams in the feedlot study described above;
4 rams/pen; 16 rams/treatment; n = 4) were chosen for
semen quality and serum testosterone concentration analysis.
Semen from 48 rams was collected on d 84, 98, and 112
of the study via electro-ejaculation. Spermatozoa motility
score and concentration of spermatozoa in the ejaculate, via
a hemocytometer on the fresh ejaculate sample, were used
to determine semen quality. The spermatozoa motility score
(rate of forward movement; RFM) was determined on a 1
to 4 scale, with 1: no forward movement, all dead; 2: slow
forward movement; 3: moderate forward movement; and
4: fast forward movement. Every 14 days throughout the
duration of the trial, a 10 mL blood sample was collected
via jugular venipuncture from each of the 48 rams and
immediately placed on ice until serum could be harvested
post- centrifugation. Blood samples were collected via a 20
gauge X 1 inch vacutainer needles into serum separator 16
x 100 mm tubes. Serum was frozen at -20°C until serum
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testosterone analysis (IMMULITE 1000 Total Testosterone;
LKTW1; Siemens Diagnostic; Los Angeles, CA). The intra-
and inter-assay CVs were 8.1 and 8.5%, respectively.

Statistical Analysis. Ram feedlot performance, carcass
characteristics, and scrotal circumference were analyzed
using the MIXED procedure of SAS (SAS Inst. Inc., Cary,
NC) with pen serving as the experimental unit. The fixed
effect included in the model was dictary treatment with the
random effect of pen nested in treatment. The fixed effect
of day was utilized in the repeated measures analysis
for testosterone concentrations, and spermatozoa motility
score and concentration. The model included the fixed
effects of dietary treatment, day, and treatment x day. When
a significant F-test was observed (P < 0.15), pre-planned
comparisons of linear and quadratic contrasts were utilized to
partition treatment effects. Significance was determined at P
< 0.05. All interactions that were not clearly significant (P >
0.20) were removed from the model. To partition day effects
and treatment x day interactions, LS Means was utilized (P
<0.05).

RESULTS AND DISCUSSION

Feedlot and Carcass Characteristics. Initial BW was
not different (P = 0.89; Table 2) between dietary treatments
by design. Final BW and days on feed were not affected (P
> 0.50) by dietary treatment. Average daily gain increased
(P = 0.02) linearly as DDGS in the diet increased. Previous
research has suggested that lambs consuming rations
containing DDGS have increased ADG compared with
those lambs consuming no DDGS (Schauer et al., 2008).
Dry matter intake increased linearly (P <

0.001) as the amount of DDGS increased in the ration.
These results are similar to those observed by Schauer et al.
(2008) when DDGS inclusion was increased to 60% of the
ration as a replacement for barley. In the current study, the
linear increase in DMI led to a linear reduction (P < 0.001) in
G:F as the inclusion of DDGS in the diet increased. Although
G:F was negatively affected, this did not negatively impact
days on feed (P = 0.54); therefore, as expected, the DDGS did
not have any deleterious effects on ram feedlot performance.

No differences in carcass characteristics were detected
(P > 0.26; Table 2) by dietary treatment. These results
were similar to Schauer et al. (2008) and Neville et al.
(2010) in which there were no deleterious effects on carcass
characteristics with DDGS inclusion in the diet of feedlot
lambs. Based on our research, DDGS can be safely substituted
for corn in ram finishing rations without causing a negative
impact on carcass characteristics.

Reproductive Performance. No difference in the change
in scrotal circumference was detected (P = 0.61; Table 2).
Contrary to the results in the current study, Martin et al.
(1994) noted an increase in scrotal circumference in rams
fed the high protein and energy rations compared with the
rams fed the low energy and protein rations. Hotzel et al.
(1998) also observed an increase in the change in scrotal



circumference throughout the study in rams fed to have an
increased rate of gain. Similar results were also observed in
bulls, in which bulls were fed increased energy diets (Coulter
and Kozub, 1984) with a resulting increase in testicular size.
Although TDN was not different between diets in our trial,
the CP of the diets increased with increasing concentrations
of DDGS. Therefore, the results in the current study were
not expected. There was no treatment x day interaction (P
= 0.86; Figure 1) or treatment effect (P = 0.97) on plasma
testosterone concentrations. However, there was a day effect
(P <0.001) for testosterone concentrations, with testosterone
concentration increasing as the trial progressed. This was
expected as rams became more mature throughout the study;
therefore, the testosterone concentrations would be expected
to increase as the rams reached maturity. Contrary to the
current study, testosterone concentrations were decreased in
mature Merino rams fed a sub- maintenance diet compared
with those fed a supra- maintenance (Hotzel et al., 1998).
Martin et al. (1994) observed similar results to Hotzel et al.
(1998), in which the high and intermediate energy and protein
fed rams had increased testosterone concentrations compared
with the low energy and protein fed rams.

There was not a treatment x day interaction (P =0.29)
for spermatozoa concentration. Spermatozoa concentration
was reduced linearly (P = 0.05; Table 2) as DDGS in
the diet increased. Coulter and Kozub (1984) observed a
reduction in epididymal spermatozoa reserves and motility
in bulls fed a high energy diet. The current results as well
as previous research (Coulter and Kozub, 1984), may
suggest increased protein or fat or both in the diet cause a
reduction in spermatogenesis. This may be due to increased
fat deposits within the scrotum and even the spermatic cord
(Senger, 2005). The spermatozoa concentration on d 98
was significantly less (P = 0.04; Figure 2) than on d 112.
This reduction on d 98 may have been due to the stage of
spermatogenesis the rams were in during the 47 d cycle
(Senger, 2005). The spermatozoa may have been mainly in
the immature, or proliferation, phase of spermatogenesis and
would not have been ejaculated at this time (Senger, 2005).
There were no effects of treatment (P = 0.23) or day (P =
0.24) on the spermatozoa motility score. However, there
was a treatment x day interaction (P = 0.02; Figure 3). The
15DDGS rams had a reduced (P = 0.006) motility score on
d 98 compared with d 112. Although not significant (P =
0.12; Table 2), there was a linear numerical reduction
in motility score as DDGS increased in the diet. Rocha
et al. (1995) did not observe any deleterious effects on
spermatozoa motility or semen volume when utilizing fish
meal as a rumen undegradable protein (RUP) source. Dried
distillers grains with solubles are often used as a source of
RUP; however, care must be taken when feeding DDGS
due to the increased sulfur content. Therefore, the increased
sulfur content of the DDGS may have led to the contradicting
results between the current study and Rocha et al. (1995).
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Figure 1. The effects of day and dried distillers grains with
solubles on testosterone concentrations of growing ram lambs.
Treatments were 0DDGS: 85% corn and 15% commercial
market lamb pellet; 15DDGS: 15% DDGS substituted for
corn on a % DM basis; and 30DDGS: 30% DDGS substituted
for corn on a % DM basis. P-values: treatment, P =0.97; day,
P <0.001; treatment x day, P = 0.86.
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Figure 2. The effects of day on spermatozoa concentration.
Spermatozoa were counted on a hemocytometer. P-values:
treatment, P = 0.13; day, P = 0.04; treatment x day, P =0.29.
b Bars with different superscript are different (P < 0.05).

IMPLICATIONS

The current research suggests that growing rams can
be fed up to 30% (DM basis) of DDGS without causing
deleterious effects to feedlot performance and carcass
characteristics. However, care must be taken when feeding
DDGS to growing rams due to a possible reduction in
spermatozoa concentration. Further research is needed to
elucidate why semen quality is affected and if actual fertility
of rams is compromised by feeding increasing concentrations
of DDGS.
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Figure 3. The effects of day and dried distillers grains
with solubles on spermatozoa motility score. Treatments
were ODDGS: 85% corn and 15% commercial market
lamb pellet; 15DDGS: 15% DDGS substituted for corn on
a % DM basis; and 30DDGS: 30% DDGS substituted for
corn on a % DM basis. Spermatozoa motility score (rate of
forward movent; RFM): 1 = no forward movement; 2 = slow
forward movement; 3 = moderate forward movement; and 4
= fast forward movement. P-values: treatment, P = 0.23; day,
P = 0.24; treatment x day, P = 0.02. *® Bars with different
superscript are different (P < 0.05).

Table 1. Ingredient and nutritional composition of diets
fed to feedlot ram lambs (DM basis)

Dietary Treatment'

Item 0DDGS 15DDGS 30DDGS
Ingredient, %
Corn 85.0 70.0 55.0
DDGS? — 15.0 30.0
Commercial Market
Lamb Pellet® 14.8 14.3 13.8
Calcium Carbonate* 0.2 0.7 1.2
Nutritional Composition
DM, % 89.5 90.1 91.0
TDN, % 84.6 84.6 84.3
CP, % 13.8 16.0 19.4
Ash, % 4.7 5.5 6.4
NDF, % 18.0 22.2 26.1
ADF, % 4.6 5.5 5.7
Crude fat, % 2.3 3.7 4.6
Sulfur, % 0.2 0.4 0.5
Phosphorus, % 0.5 0.5 0.6
Calcium, % 1.2 1.3 1.6

'Diets (DM basis) were balanced to meet or exceed
requirements of growing rams (NRC, 2007). Treatments
were 0DDGS: 85% corn and 15% commercial market
lamb pellet; 15DDGS: 15% DDGS substituted for corn
on a % DM basis; and 30DDGS: 30% DDGS substituted
for corn.

*Dried distillers grains with solubles.

*Commercial Market Lamb Pellet contained: 0.22 g/kg
Chlortetracycline; 38.0% CP; 3.75-4.75% Ca; 0.6% P;
3.0-4.0% salt; 1.2 ppm Se; 52,863 1U/kg Vitamin A; 5,286
IU/kg Vitamin D; and 209 [U/kg Vitamin E.

*Calcium carbonate was included in the diet to obtain a
Ca:P ratio of at least 2:1.
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Table 2. Effects of dried distillers grains with solubles on feedlot performance, carcass characteristics, and seminal

quality of growing rams

Dietary Treatment' Contrasts”
Item 0DDGS 15DDGS 30DDGS SEM?  P-value® Linear  Quadratic
Initial BW, kg 413 40.6 40.4 1.41 0.89 0.65 0.90
Final BW, kg 83.6 83.9 86.3 1.77 0.50 0.28 0.64
ADG, kg/d 0.44 0.45 0.47 0.01 0.06 0.02 0.52
DMI, kg/ram/d 2.05 2.34 2.53 0.06 0.001 <0.001 0.55
Days on Feed, d 109 108 107 1.6 0.54 0.27 0.90
GF, kg of gain/kg of DMI 0.19 0.17 0.17 0.004  <0.001 <0.001 0.09
HCW, kg 41.7 42.5 425 1.12 0.81 0.57 0.77
Dressing % 50.0 50.4 50.1 0.37 0.67 0.72 0.41
Ribeye Area, cm’ 3.05 3.09 3.08 0.07 0.90 0.74 0.74
Fat Depth,” cm 0.22 0.22 0.21 0.01 0.88 0.69 0.76
Body Wall Thickness, cm 1.05 1.11 1.13 0.04 0.26 0.11 0.70
Leg Score® 12 12 12 0.25 0.54 0.80 0.29
Conformation Score® 12 12 12 0.21 0.47 0.49 0.32
Flank Streaking’ 351 375 357 11.57 0.30 0.70 0.14
Quality Grade® 12 12 12 0.16 0.29 0.24 0.30
Yield Grade® 2.6 2.6 2.5 0.14 0.88 0.69 0.76
BCTRC,’ % 45.0 44.7 449 0.30 0.84 0.79 0.60
Scrotal Circumference Change, cm 1.50 1.25 1.73 0.34 0.61 0.65 0.39
Spermatozoa Concentration' 91.8 69.3 63.0 10.17 0.13 0.05 0.52
Spermatozoa Motility Score' 33 2.8 2.7 0.23 0.23 0.12 0.52

'Treatments were 0DDGS: 85% corn and 15% commercial market lamb pellet; 15DDGS: 15% DDGS substituted for
corn on a % DM basis; and 30DDGS: 30% DDGS substituted for corn on a % DM basis.

2
n=4
3P _value for the F-test of the mean.

*P-value for linear and quadratic effects of increasing dried distiller's grains with solubles.

>Adjusted fat depth and yield grades.

®Leg score, conformation score, and quality grade: 1 = cull to 15 = High Prime.
"Flank streaking: 100-199 = practically devoid; 200-299 = traces; 300-399 = slight; 400-499 = small; 500-599 = modest.

*Yield grade = 0.4 + (10 x adjusted fat depth).

‘Percent boneless, closely trimmed, retail cuts (% BCTRC) = [49.936 — (0.0848 x 2.204 x Hot Carcass Weight, kg) —
(4.376 x 0.393 x 12th rib fat thickness, cm) — (3.53 x 0.393 x body wall thickness, cm) + (2.456 x 0.155 x LM area,

cmz)].

1%Spermatozoa concentration in the hundreds of millions per milliliter counted on a hemocytometer.

“Spermatozoa motility score: 1 = no forward movement; 2 = slow forward movement; 3 = moderate forward movement;

and 4 = fast forward movement.
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ABSTRACT: We evaluated welfare and performance of beef
calves during receiving that had previously been subject to 1
of 3 ranch-of-origin weaning methods 28 d in duration: drylot
weaning + dam separation (D), pasture weaning + fence-
line contact with dams (PF), and pasture weaning + fence-
line contact with dams + supplemental feed delivered in a
bunk (PF+S). Calves assigned to D were fed a diet designed
to promote a 1-kg ADG at a DMI of 2.5% of BW (17.7%
CP and 0.93 Mcal NEg/kg); PF calves had access to native
forage only; and PF+S calves had access to native forage
and received a ration of the diet fed to D at a rate of 1% of
BW 3x weekly. Weaning-phase ADG tended (P = 0.08) to
be greater for D than for PF or PF+S; however, incidence
of undifferentiated fever during weaning was similar (P =
0.22) between treatments. At the end of the weaning phase,
all calves were transported 4 h to a feedlot, penned according
to treatment (n = 6 pens/treatment), and fed a receiving diet
(14.9% CP and 0.93 Mcal NEg/kg) ad libitum. Feed intake,
growth, and health were monitored during a 60-d receiving
period. Observations of calf behavior were made 3x daily for
the first 7d of receiving; the proportion of calves in each pen
that were eating, resting, or pacing was recorded by 2 trained
observers and reported as a pen average. During the first 30 d
of receiving, ADG was less (P < 0.01) for PF than for D and
PF+S; however, ADG of D was greater (P < 0.01) than that
of PF and PF+S during the entire 60-d receiving phase. Diet
DMI and G:F were also greater (P < 0.01) for D than for PF
calves during receiving. Fewer PF calves were observed at
the bunk during the first 4 d of receiving (treatment x day;
P <0.01) than D or PF+S calves; however, the numbers of
calves observed at the bunk were similar (treatment x day; P
= 0.64) across treatments by d 6. We interpreted these data
to suggest that animal performance and welfare during the
receiving period were not improved by pasture weaning +
fence-line contact with dams compared with drylot weaning
+ dam separation. Best-management practices for animal
welfare may involve initiating diet transitions from forage to
grain at the ranch of origin.

Key words: animal welfare, health, preconditioning

INTRODUCTION

Ranch-of-origin preconditioning has been advocated
as a means of improving the welfare and performance of
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beef calves by easing the stresses associated with weaning,
transport, diet change, and commingling (Cole, 1985).
Preconditioning methods that involve pasture weaning
coupled with maternal contact (i.e., fence-line weaning) have
been promoted as possible best-management practices for
minimizing stress (Smith et al., 2003). Fence-line weaning
reduced morbidity compared with drylot weaning (Boyles
et al., 2007; Mathis et al., 2008). Additionally, Price et al.
(2003) found that maintaining fence-line contact with dams
after weaning reduced behavioral distress when compared
with abrupt separation from dams. These studies focused
on performance and behavior during weaning on the ranch
of origin. Little information has been published relating
to carryover effects of fence-line weaning compared with
conventional drylot weaning on performance and behavior
during feedlot receiving. Therefore, our objectives were to
measure growth and health during a 28-d ranch-of-origin
weaning phase and during a 60-d feedlot receiving phase
among beef calves subjected to 1 of 3 ranch-of-origin
preconditioning programs: drylot weaning + dam separation,
pasture weaning + fence-line contact with dams, and pasture
weaning + fence-line contact with dams + supplemental feed
delivered in a bunk. In addition, we recorded incidences of
behavioral distress among these treatments during first 7 d of
feedlot receiving.

MATERIALS AND METHODS

Animal care practices used in our study were approved by
the Kansas State University Animal Care and Use Committee
(protocol no. 2978.1).

Angus % Hereford calves (n =460; initial BW =225 + 35
kg) originating from the Kansas State University commercial
cow-calf herds in Manhattan, KS and Hays, KS were used
in this experiment. Calves were weaned at approximately
180 d of age. All calves were de-horned and steer calves
were castrated before 60 d of age. At weaning, calves were
weighed individually and assigned randomly to 1 of 3 ranch-
of-origin weaning methods: drylot weaning + dam separation
(D), pasture weaning + fence-line contact with dams (PF),
and pasture weaning + fence-line contact with dams +
supplemental feed delivered in a bunk (PF+S).

All calves were individually weighed at the time of
maternal separation and were given initial vaccinations against
respiratory pathogens (Bovi-Shield Gold 5, Pfizer Animal



Health, Exton, PA), clostridial pathogens (Ultrabac 7, Pfizer
Animal Health), and H. somnus (Somubac, Pfizer Animal
Health). In addition, all calves were treated for internal and
external parasites (Ivomec, Merial Limited, Atlanta, GA).
Booster vaccinations were administered 14 d later.

Within location, calves assigned to PF and PF+S were
maintained for 28 d in a single native pasture (minimum area
=48 ha). Dams were maintained for the first 7 d of this period
in adjacent native pastures that afforded fence-line contact
with calves (minimum frontage = 200 m; 4-strand, barbed-
wire fence with the bottom 2 wires electrified). Fresh water,
salt, and mineral supplements were available continually.
Calves assigned to D were transported (< 48 km) immediately
after separation from dams and confined within location to a
single earth-surfaced pen (minimum area = 20 m%calf; bunk
space = 0.46 m/calf).

Calves assigned to D were fed a diet formulated to
promote 1 kg ADG at a DMI of 2.5% of BW during the
weaning phase of the study (Table 1). Calves assigned
to PF had access to native forage only (Table 2), whereas
calves assigned to P+S calves had access to native forage
and received a ration of the diet fed to D at a rate of 1% of
BW 3x weekly. No adjustments were made to feed delivery
rate during the weaning phase. Calves assigned to P+S were
sorted into a single pen located adjacent to the fence line
shared with dams at 0900 h on Mondays, Wednesdays, and
Fridays during the weaning phase. The ration was offered
in portable bunks (bunk space = 0.46 m/calf). Pens afforded
drinking water in open-topped tanks and consumption of the
ration was complete by 1100 h at each feeding episode.

Table 1. Composition of the weaning diet”

Ingredient composition DM, %
Alfalfa extender pellets 33.0
Corn gluten feed 18.2
Wheat middlings 14.6
Cracked corn 11.5
Cottonseed hulls 10.9
Dried distillers grain 7.8
Supplement 4.0
Nutrient composition Amount
CP, % of DM 14.28
NE,,, Mcal/kg 1.50
NE,, Mcal/kg 0.93

*Diet also contained salt, Zn sulfate, and Rumensin 80 (Elanco,
Greenfield, IN).

Table 2. Nutrient composition of native pasture forage
available to pasture-weaned beef calves (DM basis)

Nutrient Manhattan Hays
DM, % 89.5 91.3
CP, % 3.2 4.1
NDF, % 74.4 74.8
ADF, % 51.8 48.6
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All calves were monitored for symptoms of respiratory
disease at 0700 and 1400 h daily during the weaning phase
of our study. Calves with clinical signs of BRD, as judged
by animal caretakers, were removed from pens or pastures
and evaluated. Calves were assigned a clinical score (scale:
1 to 4; 1 = normal, 4 = moribund), they were weighed and
assessed for fever. Calves with a clinical illness score > 1 and
a rectal temperature > 40.0°C were treated with therapeutic
antibiotics according to label directions (1 incidence
Baytril, Bayer Animal Health, Shawnee Mission, KS; 2
incidence = Nuflor, Merck Animal Health, Summit, NJ).
Cattle were evaluated 72 h post-treatment and re-treated
based on observed clinical signs.

At the end of the 28-d weaning period, all calves were
transported 4 h from their respective ranch of origin to the
Western Kansas Agricultural Research Center in Hays,
KS and weighed individually upon arrival. At that time,
calves were stratified by sex and assigned to 1 of 18 pens
by treatment (6 pens / treatment). Animals were fed once
daily at 0700 h and bunks were evaluated each morning at
0630 h. If the previous days feed was consumed, total feed
delivered was increased by approximately 2% of the previous
days feed delivery. Bunks were managed using a slick-bunk
management method to minimize feed refusals (Pritchard and
Bruns, 2003). Dry matter intake was estimated based on feed
delivered to the pen. Calf health was monitored as during the
weaning phase of the study.

Beginning on the morning after feedlot arrival, animal
behavior was assessed 3% daily for 7 d by 2 trained observers.
The numbers of calves performing specific behaviors (eating,
pacing, vocalizing, drinking, resting, and ruminating) were
recorded for each pen. Observations were taken 1 h before
feeding, at the time of feeding, and 6 h post-feeding. In
addition, calves were weighed individually on d 30 and d 60
of the receiving phase of the experiment.

Weaning period performance, receiving intake, and
receiving performance were analyzed as a completely
randomized design (PROC MIXED; SAS Inst. Inc., Cary,
NC). Weaning period sickness was analyzed using PROC
GLIMMIX (SAS). All models included terms for treatment
and location, with pen replacing location in the receiving
analyses. When protected by a significant F test (P < 0.05),

Table 3. Composition of the receiving diet

Ingredient composition DM, %
Ground sorghum grain 47.8
Wet distillers grains 11.0
Ground sorghum hay 339
Supplement” 73
Nutrient composition Amount
CP, % of DM 16.82
NE.,, Mcal’/kg 1.50
NE,, Mcal/kg 0.93

" Supplement contained Rumensin 80 (Elanco, Greenfield, IN), Tylan
40 (Elanco), limestone, salt, and trace minerals.



Table 4. Performance of beef calves while subjected to 1 of 3 28-d ranch-of-origin preconditioning regimens

Item Drylot Pasture+Supplement Pasture SEM
Start weight, kg 226 228 228 14.4
End weight ', kg 235 220 218 10.6
ADG, kg/d 0.31° -0.28% -0.34° 0.184
Incidence of undifferentiated fever, % 5.01 0.63 1.91 1.825

"BW measured immediately upon feedlot arrival.

" Means within rows without common superscripts tend to differ (P = 0.08).

least squares treatment means were separated using the method
of Least Significant Difference. Receiving-period behavioral
observations were analyzed using PROC GLIMMIX (SAS).
Models included terms for treatment, pen, day, time, and all
appropriate interactions. Pre-planned contrasts were used
to elucidate treatment differences. Treatment differences in
performance and pregnancy data were discussed when P <
0.05; tendencies were discussed when P > 0.05 and < 0.10.

RESULTS AND DISCUSSION

Weaning Period. Calf ADG during the 28-d weaning
period tended (P = 0.08) to be greater for drylot-weaned
calves (D) than for pasture-weaned calves receiving no
supplement (PF; Table 4). Based on the chemical analyses
of our pasture forage, these results were expected. In
previous research, fence-line weaned calves gained 95%
more weight than abruptly-weaned calves during the first 2
wk of preconditioning and maintained that difference for 10
wk post-weaning (Price et al., 2003); however, calves in that
study were fed a single diet across treatments.

Our treatments were designed such that calves assigned
to D were on a greater plane of nutrition than calves assigned
to either PF or PF+S. This condition is typical of drylot- vs.
pasture-weaning programs in Kansas. Supplement provided
to PF+S in our study was designed to train pasture-weaned
calves how to eat out of a bunk rather than to promote BW
gains that were competitive with D. One causative feature
of poor initial feedlot performance is stress associated with
learning to eat from a bunk (Hutcheson and Cole, 1986).
Walker et al. (2007) weaned calves either in a drylot or
on pasture without supplement for 21 d. All calves were
subsequently moved into a feedlot. Drylot-weaned calves in
that study exhibited more vigorous feeding behavior during
the first 4 days in the feedlot than pasture-weaned calves. In
addition, BW gain was greater for drylot- weaned calves than
for pasture-weaned calves during a 30-d feedlot receiving
period.

Incidence of undifferentiated fever was not different
(P =0.22) among treatments during the weaning phase of our
study. Step et al. (2008) indicated that preconditioned calves
were less susceptible to disease during weaning and receiving
than calves sold through auction markets immediately after
separation from dams. Preconditioning was applied to both
drylot- and pasture-weaned calves in our study. Supporting
results were reported by Krebs et al. (2010) who noted that
serum acute phase protein concentrations were not different
in calves weaned either abruptly or in two-stages. Conversely,
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Walker et al. (2007) reported increased morbidity in drylot-
weaned calves compared with pasture-weaned calves.

Receiving Period. We observed calves at the time of
feeding as an indicator of their desire to eat from a bunk during
the first 7 d of receiving. A greater (Treatment x day; P <0.05)
proportion of D than PF came to the bunk at time of feeding
during the first 5-days of receiving (Figure 1). Similarly, a
greater proportion (Treatment X day; P < 0.05) of D than P+S
came to the bunk at time of feeding during the first 4-days
of receiving. Walker et al. (2007) also reported that drylot-
weaned calves had more favorable feeding activity during the
first 4 d in the feedlot than unsupplemented, pasture-weaned
calves.

Buhman et al. (2000) recorded feeding behavior of
recently-received calves purchased through an auction
market in an attempt to determine the number of observations
needed for appropriate statistical analyses of behavior in
feedlot environments. During the first 10 d of the receiving
period, these researchers indicated that the CV for feeding
behaviors were large and would have required 50 animals /
treatment to detect a 20% change in feeding behavior with
95% confidence coefficient. We were able to detect treatment
differences with similar sensitivity by averaging feeding
behaviors by pen within treatment (6 pens / treatment with
25-28 head per pen) in our study.

During the receiving period, D calves had greater (P <
0.01) ADG from arrival to d 60 and greater BW (P < 0.01)
on d 60 than either pasture-weaned treatment (Table 5). This
increase in performance was driven by greater (P < 0.01)
DMI by D than by PF or PF+S. In addition, G:F was greater
(P =10.01) for D than for PF calves; G:F of PF+S calves was
intermediate and similar to D and PF. Significantly, providing
calves with supplement in a bunk on pasture did not improve
receiving ADG (P > 0.05) or DMI (P > 0.05) compared with
pasture-weaned calves receiving no supplement.

Pasture-weaned calves in our study were supplemented
infrequently (3 x weekly for 4 wk) and ate less feed during
receiving that drylot-weaned calves. Conversely, Boyles et al.
(2007) reported no difference in feed consumption between
drylot-weaned calves and pasture-weaned calves that were
provided supplement daily. It may be possible to achieve
greater performance and feed intake with pasture-weaned
calves during receiving when supplementation is provided
more frequently than in our study.

Incidence of undifferentiated fever during the receiving
period was small (0.9%); therefore, we did not report
summary statistics on this data. Step et al. (2008) found that
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Figure 1. Proportion of calves observed at feed bunks immediately after feed delivery

(Treatment x time, P < 0.05; Maximum SEM = 4.71).

Table 5. Performance of beef calves subjected to 1 of 3 ranch-of-origin preconditioning regimens during a 60-d feedlot

receiving period

Item Drylot Pasture+Supplement Pasture SEM
Arrival BW, kg 235 220 218 10.6
BW on d 30, kg 265° 249° 242° 3.9
BW on d 60, kg 316 297° 292° 43
ADG, kg/d

Arrival to d 30 1.12° 1.09° 0.89° 0.040

Arrival to d 60 1.42° 1.33 1.28° 0.027
DMI (Arrival to d 60), kg/d 7.80° 7.70° 7.72° 0.007
Gain:feed (Arrival to d 60) 0.182° 0.173% 0.166" 0.0038

" Means within rows without common superscripts differ (P < 0.05).

ranch-of-origin preconditioned calves were less likely to be
treated for BRD and had lesser serum acute phase protein
concentrations than calves sold through common marketing
channels. Previous work (Boyles et al., 2007; Mathis et al,
2008) reported greater incidence of disease during receiving
in drylot-weaned calves compared with pasture-weaned
calves. In our study, the health of drylot-weaned calves was
equivalent to that of pasture-weaned calves.

Preconditioning is thought to add value to all segments
of beef industry through decreased calf morbidity, decreased
costs associated with morbidity, reduced drug use, increased
feed efficiency, greater weight gain, and greater beef quality.
In spite of this, adoption of preconditioning management
practices by the cow-calf segment of the beef industry has
been relatively slow (49.8% of cow-calf producers sold
their calves immediately at weaning, NAHMS, 2007). Calf
performance during preconditioning on the ranch of origin
is variable (Pritchard and Mendez, 1990; Step et al., 2008;
Thrift and Thrift, 2011). As a result, economic returns

associated with preconditioning are difficult to predict.
A majority of the reluctance to adopt preconditioning is
related to inconsistent financial rewards (King et al., 2006).
Pasture-weaning systems may be a lower-cost alternative to
conventional drylot-weaning systems; however, decreased
growth performance during pre-shipment weaning and
receiving may result.

IMPLICATIONS

We interpreted these data to suggest that animal
performance and welfare during the receiving period were
not improved by pasture weaning + fence-line contact with
dams compared with drylot weaning + dam separation.
Optimal growth during feedlot receiving was achieved when
calves were weaned in a drylot and fed a concentrate-based
diet during a 28-d ranch-of-origin preconditioning period.
The drylot weaned calves in our study were approximately
20 kg heavier at the end of the receiving period than calves
weaned in pastures. Weary et al. (2008) indicated that the
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most significant stressors associated with weaning were
maternal separation and dietary transition from forages
to concentrates. To our knowledge, no previous study has
attempted to elucidate which of these two factors has greater
relative influence calf performance during receiving. Based
on our behavior and performance data, it appeared that
previous experience consuming a concentrate-based diet
from a bunk paid greater dividends during receiving than
reducing stress associated with maternal separation through
fence-line contact with dams. Best-management practices for
animal welfare may involve initiating diet transitions from
forage to grain at the ranch of origin.
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ABSTRACT: The objective of this study was to evaluate
the effects of timing of the administration of a modified-live
respiratory viral vaccine (IBR-PL,-BRSV-BVD) on d 0 or
on d 14 of a receiving period on performance, feed intake
and febrile response in beef heifers. Our hypothesis was
vaccine timing will alter febrile response and feed intake of
feeder cattle. Thirty-six heifers (Angus and Angus crosses;
initial BW = 265 + 20 kg) were ranked by BW and assigned
to treatment pens (9 pens total) in a completely randomized
design. Treatments (3 pens/treatment with 4 heifers/pen)
included no vaccine (CON), vaccination on d 0 (DO), and
a delayed vaccination on d 14 (D14) of the receiving period.
Heifers were fed in 6 x 12 m pens with GrowSafe feeding
systems. Daily intakes were recorded and BW measured on
d -1, 0, 14, 27, and 28. Temperature probes were attached
to controlled intrauterine drug release devices (CIDR; active
compound was removed) and vaginal temperatures were
recorded every 5 min for the experiment; vaginal temperatures
were then averaged for every h before data analysis. All
data were analyzed using pen as the experimental unit. No
differences (P > 0.10) among treatments were observed for
initial BW, final BW, ADG for d 0 to end, or overall G:F. A
treatment x day interaction (P < 0.05) was observed for feed
intake. Daily intake was decreased for D14 versus DOond 14
(P<0.01)and 15 (P <0.10) and decreased (P <0.05)ond 15
for the average of vaccinated calves versus CON. Eating rate
(grams consumed/eating duration) was decreased (P < 0.05)
on day 14 for D14 versus D0O. A treatment x d interaction
(P < 0.01) was observed for vaginal temperature. Vaginal
temperature was increased (P < 0.10) on d 1 for DO versus
D14 heifers and increased for D14 versus DO on d 14 (P <
0.01), 15 (P <0.05) and 16 (P < 0.05). Our results suggest
that time of administration of a modified-live respiratory
viral vaccine can alter feed intake and vaginal temperature
in feeder heifers.

Key words: beef heifers, febrile response, feed intake,
respiratory vaccines

INTRODUCTION

Bovine Respiratory Disease (BRD) is the most common
and costly problem in feedlot cattle in North America, having
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a $750 million annual cost to industry (Chirase et. al., 2001).
This disease accounts for approximately 75% of morbidity
and over 50% of mortality in feedlot and thus a major
contributor to net profit loss (Taylor et al., 2010). Calves
treated for BRD once returned $40.64 less than uninfected
calves, treated twice returned $58.35 less, three or more
times returned $291.93 less (Fulton et al., 2002). Bovine
respiratory disease is a secondary infection due to a bacterial/
viral infection, such as bovine herpes virus-1, which causes
broad immunosuppression in infected cattle and as a result
impairs resistance to secondary bacterial and viral infections.
Bovine herpes virus-1 is one of most important pathogens in
BRD (Nandi et al., 2009). Bovine herpes virus-1 causes the
respiratory disease infectious bovine rhinotracheitis (IBR),
often leading to susceptibility to BRD. Other important
viruses include bovine viral diarrthea (BVD), parainfluenza-3
(PL,), and bovine respiratory syncytial virus (BRSV).
General health management includes vaccinating against
these pathogens in the form of a combined vaccine of IBR,
PI,, BRSV and BVD.

Immunological competence is arguably the most
important subject innewly received cattle. Cattle encountering
stress due to shipping, processing, environmental factors,
and commingling may result in cattle that are immune-
compromised. This deficient immune state may result in cattle
that have reductions in performance as well as being incapable
of building an ample immune response to a vaccination.
There is a renewed interest in evaluation of vaccination
protocols. Chirase et al. (2001) reported decreased BW gain
in calves receiving a vaccination on-arrival. Alternatively,
Richeson et al. (2009) found no differences in ADG between
calves vaccinated on-arrival and calves receiving delayed
vaccination. Inflammation is a necessary and normal immune
response to injury or infection (Sheldon and Verhulst 1996).
In vivo research has shown increased skeletal muscle
degradation as a result of inflammation. There is a shortage
of data relating febrile response and its relationship between
immune response and performance in cattle. Therefore, the
focus of this study was to assess the effects of an IBR-PI.-
BVD-BRSV vaccination on d 0 versus a delayed vaccination
on d 14 on feed intake, febrile response, immune measures,
and vaccine titers. Null hypothesis Treatment will cause no
alteration in fever response.



MATERIALS AND METHODS

Procedures were approved by the Montana State
University Agricultu re Care and Use Committee, 2012-
AAO01.

Thirty six crossbred heifer calves (Angus and Angus
crosses; average initial BW = 265 + 20 kg) were used.
Twenty-two heifers were purchased from a commercial
Montana feedlot and 14 heifers originated at the Montana
State University ranch. Purchased calves were in transit for
approximately 3 hours and hauled 150 miles to the Montana
State University facility. Montana State University calves
were weaned approximately 2 mo. prior to study initiation
and were fed grass hay. Upon arrival, heifers were weighed
unshrunk. Heifer BW was ranked and heifers were assigned
random numbers then assigned to treatment pens (3 pens/
treatment with 4 heifers/pen). Each pen contained 1 or
2 purchased calves, the remaining being Montana State
University ranch calves. Pens were randomly assigned to
treatments including: control (CON; no vaccination), d 0
vaccination (D0) and a 14-d delayed vaccination (D14).
Pens were concrete-surfaced covered pens (6 x 12 m) with
two pens sharing an automatic watering system. Each pen
contained one GrowSafe feed bunk.

All heifers were weighed upon arrival (d 0) and d 28. In
addition, DO and D14 heifers were weighed on d 14 of the
experiment. A vaginal temperature was constantly recorded
by means of an indwelling vaginal temperature probe starting
on d 0, ending d 28. Temperature probes were attached to
vaginal controlled internal releasing device (CIDR; hormones
were removed). Temperatures were recorded every 5 minutes
and averaged every hour for the duration of the study.

Calves were fed 70% concentrate diets containing
corn/barley grain mix, grass hay, and a pelleted protein
supplement. Diets were mixed daily. Daily allotments of
diets were fed in GrowSafe feeders starting at 0730. Feed
samples were collected weekly and analyzed for DM. Grab
samples of the concentrate diet was collected weekly. Diet
DM was determined on samples that were dried at 100° C for
approximately 24 h.

Heifers were vaccinated subcutaneously on either d 0
(DO) or d 14 (D14) at approximately 1000h with 2 mL of
Alpha-7 (Boehringer Ingelheim, Ingelheim Germany) and 2
mL Vision 8 Somnus (Intervet, Summit, NJ ). Control heifers
(CON) received no vaccination.

Performance data were analyzed with a model that
included treatment and pen using Proc Mixed procedures
(SAS Inst. Inc., Cary, NC). Feeding behavior and febrile
response were first analyzed using GLM procedures of SAS
with a model that included treatment, heifer (treatment), day,
and treatment x day. When a treatment x day interaction
was observed, the data were analyzed by day using Proc
Mixed procedure. Contrasts were used to separate treatment
means. Contrasts included 1) control versus the average of
vaccinations and 2) on arrival versus delayed vaccination.
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RESULTS AND DISCUSSION

No morbidity or mortality was observed for any of
the cattle in this study. No differences (P > 0.10) were
observed among treatments (DO, D14, and CON) for initial
BW, final BW, ADG for d 0 to end, or overall G:F (Table
1). Consequences of building an immune response including
catabolic processes could possibly be observed beyond the
time of vaccination (Kyriazakis et al., 1998). Consequently,
although there were no ADG or BW differences in this
receiving period, further observation over time period
may eclucidate any adverse effects of cattle not mounting
a satisfactory immune response related to vaccination or
timing of vaccination. Cattle are perpetually exposed to
antigenicity through all stages of life, therefore sufficient,
consistent immunity is especially important in times of stress,
such as shipping and processing (Klasing and Barnes, 1988.).
Evolutionarily theory predicts the risk of fighting an infection
will outweigh the value of avoiding a reduction in nutrients
to support a competent immune system (Lochmiller and
Deerenberg, 2000). An animal will allocate more energy into
maintaining an immune system, although the risk is low, the
cost may be much greater (i.e., death). The cost of failing to
respond to an infection (death) is much greater than sacrificing
nutrition to immunity (Klurfeld, 1993). Performance may be
affected over time, especially if cattle are struggling to build
a suitable immune system.

Daily intake (g) was measured using the GrowSafe
system. A treatment x d interaction (P <0.05) was observed for
feed intake. Daily intake was decreased for D14 versus DO on
d14 (P<0.01)and 15 (P <0.10) and decreased (P <0.05) on
d 15 for the average of vaccinated calves versus CON (Figure
1). Eating rate (g consumed/eating duration) was decreased
(P <0.05) ond 14 for D14 versus D0. Reduced feed intake is
observed in virtually all species fighting infection. Even mild
immune taxation including vaccination has been shown to
decrease normal feed intake (Gandra and Scrimshaw, 1961).
One proposed mechanism behind reduction in feed intake is
that this decrease promotes a more efficient immune system,
possibly because more energy can be devoted to fighting an
infection (Kyriazakis et al., 1998). An alternative theory is
that an animal may be more selective in its diet, reducing
the chance of ingesting substances that could be potentially
harmful and add to the infection (Kyriazakis et al., 1998;
Lochmiller and Deerenberg, 2000).

A treatment x day interaction (P < 0.01) was observed
for vaginal temperature. Vaginal temperature was increased
(P<0.10) ond I for DO versus D14 heifers and increased for
D14 versus DO treatments on d 14 (P < 0.01), 15 (P < 0.05)
and 16 (P <0.05). The increased febrile response could have
been a result of these cattle being in a better nutritional state
and thus having the ability to build a better immune response.
Cattle which have a nutritional advantage may not experience
so many physiological tradeoffs to maintain a satisfactory
immune system during an infection as-well-as throughout



Table 1. Effects of vaccination timing (on arrival versus delayed 14 d) on performance of beef heifers during a 28-d
receiving period

Treatments' P-value contrast’

Item CON DO D14 SEM? CONvs. Vacc DO vs. D14
Pens (heifers) 3(12) 3(12) 3(12) - - -
BW, kg*

Initial 262 268 266 5.96 0.51 0.84

d14 - 286 279 5.20 - 0.32

Final 299 303 301 5.6 0.66 0.76
Performance, d 0 to 28

ADG, kg 1.3 1.2 1.2 0.10 0.58 0.88

DMI, kg5 9.8 8.8 9.1 0.41 0.16 0.64

G:F 0.13 0.14 0.13 0.01 0.82 0.53

'Treatments were day of vaccination: CON = Control, no vaccination; DO = heifers received respiratory (IBR, PI3,
BVD,BRSV) vaccination on d 0 of the receiving period; and D14 = heifers received respiratory (IBR, PI3, BVD,
BRSV) vaccination on d 14 of the receiving period

*Pooled SEM.

*Contrasts evaluated were CON versus average of vaccinated heifers and d 0 vaccination vs. d 14 vaccination.

* Heifers were weighed two consecutive d at the beginning and end of the experiment.

>A treatment x day interaction (P < 0.05) was observed for intake; therefore, data were analyzed by day. Data are
presented in Figure 2
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Figure 1. Daily DMI response to vaccinations administered on d 0 or d14 of the receiving period. Daily
intake was decreased for D14 versus DO on d 14 (P <0.01) and 15 (P < 0.10) and decreased (P < 0.05)
on d 15 for the average of vaccinated calves versus control (CON).
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Figure 2. Eating rate (g consumed/eating duration) for heifers receiving viral vaccinations on d 0 or d
14 of the receiving period. Eating rate (grams consumed/eating duration) was decreased (P < 0.05) on
d 14 for D14 versus DO.
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Figure 3. Daily vaginal temperature response to vaccinations administered on day 0 or day 14. Control
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life. There is extreme nutritional demand for mounting and
maintaining immunity. This bodily function may take away
nutritional energy from growth and reproduction to generate
sufficient immunity (Sheldon and Verhulst, 1996). Fever is a
necessary and beneficial response when fighting an infection
or responding to an increased immune requirement. Although
beneficial, febrile response can be physically and nutritionally
demanding. Cooper et al. (1992) reported that even a slight
immune challenge, such as vaccination, can increase the
metabolic rate of a host 15 to 30%. Nutritional state may be
significant in terms of recovery and replenishing energy and
body tissue lost due to an immune challenge attributable to
febrile response.
IMPLICATIONS

Vaccinating cattle with a modified live respiratory vaccine
will increase body temperature and alter feed intake. Delaying
vaccination altered feeding behavior for approximately 3
days versus altered feed intake for 1 day when the vaccine
is administered during the start of the receiving period.
Managers can use these data when determining vaccination
protocols.
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ABSTRACT: The objective of this study was to assess ani-
mal performance and ruminal fermentation when feedlot fin-
ishing beef steers were fed with supplementation of chestnut
tannin extract (CTE). Eight Charolais-cross steers (average
BW =495 kg) were used in a duplicated 4 x 4 Latin square
experiment with a 2 x 2 factorial arrangement of treatments.
The 4 animals in one of 2 squares were surgically fitted with
a ruminal cannula. Within squares, animals were randomly
assigned to a sequence of 4 diets during each of the four 21-d
periods (14 d of treatment adaptation and 7 d of data collec-
tion and sampling); CTE supplementation (without vs. with
CTE) and ionophore (ION; monensin administered as a Ru-
mensin, Elanco Animal Health, Indianapolis, IN) supplemen-
tation (without vs. with ION). Animals were fed a finishing
diet consisting of 8.0% alfalfa hay, 7.0% corn silage, 77.0%
rolled barley grain, 3.0% CTE or wheat straw, and 5.0% feed-
lot supplement without or with ION. Intake of DM/d was not
affected by CTE supplementation or ION, whereas DMI/kg
BW tended to increase (P = 0.08) by CTE supplementation.
Supplementation of CTE increased ADG (P =0.01), but ION
did not influence ADG. Total VFA concentration did not dif-
fer in response to supplementing CTE or ION. Additionally,
molar proportions of acetate and propionate were similar be-
tween dietary treatments. Molar proportion of butyrate tend-
ed to increase (P = 0.10) by CTE supplementation, but not
by ION. Mean ruminal pH measured for 48 h averaged 6.39
across dietary treatments, but was not influenced by dietary
treatments. In contrast, daily episodes with ruminal pH < 5.80
tended to increase (P = 0.10) by CTE supplementation, while
ION increased the daily episodes only with CTE supplemen-
tation, resulting in an interaction between CTE and ION (P
= 0.03). Supplementation of CTE had minor impacts on ru-
minal fermentation, except that CTE affected total buffering
capacity of finishing beef steers. Further research is needed
to investigate positive effects on animal performance by CTE
supplementation in feedlot finishing diets.

Key words: beef finishing steers, chestnut tannin extract, ru-
minal fermentation profiles

INTRODUCTION

In North America, diets consumed by feedlot cattle
typically contain mostly grain, and provide little fiber from
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forages. These high-energy diets are rapidly digested in the
rumen, leading to high concentrations of VFA in ruminal
fluid (> 100 mM), relatively low ruminal pH (Beauchemin
et al., 2001), and eventually ruminal acidosis (RA; Nagaraja
and Titgemeyer, 2007). Ruminal acidosis has been defined
as a fermentation disorder in the rumen, characterized by a
less than normal rumen pH (less than 5.5). This syndrome
results in a number of vague symptoms which often are
hard to pinpoint, and subacute RA is believed to result in
losses of as much as $15 to 20 per animal in lost efficiency
(Schwartzkopf-Genswein et al., 2003). Supplementing
antimicrobial compounds (included in the feed additive
group) have become an essential management tool to prevent
or to control RA to maintain production efficiency in feedlot
cattle (Carro and Ranilla, 2003). Ionophores (ION) such
as monensin are additives included in this group. The most
prominent effects of ION are an increased feed efficiency and
adecrease in DMI. Because of the latter changes in the eating-
behavior, it helps to prevent RA (McGuffey et al., 2001).
However, the widespread use of antibiotic feed additives
by the North American feedlot cattle industry to maximize
production efficiency has prompted an interest in possible
alternatives, such as bacterial direct-fed microbials (Ghorbani
et al., 2002) and organic acids (malate and fumarate; Castillo
et al., 2004). However, overall efficacy of the feed additives
is generally poor and varies depending upon diet composition
and feeding management.

Nutritional and toxic effects of tannins present in various
foodstuffs, feed, and fodder have been actively investigated.
A body of evidence has suggested that, in ruminants, tannins
can reduce the ruminal digestion of plant proteins, improve
the retention of dietary N, and enhance productive parameters
(Min et al., 2003). Most of the properties determining
the effects of tannins on plant proteins seem to have been
ascertained, but there has been little effort to examine the
interaction of tannins with protein and starch in cereal grains.
In addition to the nutritive effects, antibacterial effects have
been reported for plant tannins (Chung et al., 1998; Min
et al., 2008). For instance, Min et al. (2008) reported that
some plant tannin extract (TE) were highly inhibitory to the
selected pathogens. Hence, functionally bioactive tannins
may provide alternatives to conventional antimicrobial feed
additives to effectively reduce risk of RA by controlling
RA-causing bacteria. The objective of this study was to test



our overall hypothesis that supplementation of chestnut TE
(CTE) in finishing beef steer diet would reduce risk of RA
and beneficially modify ruminal fermentation. In addition,
we were interested if effects of CTE supplementation would
differ in response to ION supplementation which is widely
used in ruminant diets. Therefore, this study was undertaken
to determine the effects of 2 antimicrobial agents, CTE and
ION, on growth performance and ruminal fermentation
characteristics in finishing beef steers.

MATERIALS AND METHODS

Animals, Experimental Design, and Diets. Eight
Charolais-cross steers (average BW = 495 kg) were used; 4
steers were surgically fitted with ruminal cannulas. The design
of the experiment was a double 4 x 4 Latin square with each
period lasting 21 d (14 d of treatment adaptation and 7 d of
data collection and sampling). The steers were allocated to
squares by whether they were surgically cannulated, and the
2 squares were conducted simultaneously. Within squares,
steers were randomly assigned to a sequence of 4 diets
with a 2 x 2 factorial arrangement. Treatments were CTE
supplementation (without: —CTE vs. with: +CTE) and ION
supplementation (without: =ION vs. with: +ION). The CTE
(Castanea sativa Mill; containing about 80% hydrolyzable
tannins) supplement (Chemtan, Exter, NH) was provided at
a rate of 3% DM. lonophore (monensin administered as a
Rumensin premix, Elanco Animal Health, Indianapolis, IN)
was incorporated into the diet at the dose of 16 mg/kg of DM
(350 mg/d), which corresponds to the dose recommended by
the manufacturer for the use in beef cattle rations. Animals
were fed a finishing diet consisting of 8.0% alfalfa hay, 7.0%
corn silage, 77.0% rolled barley grain, 3.0% CTE or wheat
straw, and 5.0% feedlot supplement without or with ION.
The ingredient and chemical composition of the TMR used in
the experiment is shown in Table 1. Animals were fed for ad
libitum intake, housed in individual pens, and had free access
to water during the experiment. All animals were individually
fed once at 0800 h. Feed offered and refused was recorded
daily, and daily samples were collected to determine DMI.
Body weight was measured at the beginning and end of each
period.

Sampling, Data Collection, and Chemical Analyses.
Samples of the TMR fed and orts for individual cows were
collected daily during the data collection period, dried at
60°C for 48 h, ground to pass a 1-mm screen (standard model
4; Arthur H. Thomas Co., Philadelphia, PA), and stored for
subsequentanalyses. Contents of DM of the samples were used
to calculate intakes and digestibilities of DM and nutrients.
Analytical DM concentration of samples was determined by
oven drying at 135°C for 3 h; OM was determined by ashing,
and N content was determined using an elemental analyzer
(LECO TruSpec N, St. Joseph, MI) (AOAC, 2000). The NDF
and ADF concentrations were sequentially determined using
an ANKOM?>*?2 Fiber Analyzer (ANKOM Technology,
Macedon, NY) according to the methodology supplied
by the company. Sodium sulfite was used in the procedure
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for NDF determination and pre-treatment with heat stable
amylase (Type XI-A from Bacillus subtilis; Sigma-Aldrich
Corporation, St. Louis, MO).

Ruminal Fermentation Characteristics. To minimize
carry-over effects from period to period in a square consisting
of cannulated steers, on the last day of Periods 1, 2, and 3 the
rumen of each steer was emptied manually and the contents
were placed into the rumen of the next steer within the square
that was to receive that treatment. Thus, each steer started
the period with rumen contents corresponding to the same
treatment it was fed. Ruminal pH was measured continuously
for 2 d of each period (d 15 to 17) using indwelling electrodes.
An electrode (model PHCN-37; Omega Engineering,
Stamford, CT) was inserted into the rumen of each steer
through the cannula. Ruminal contents were sampled from
cannulated steers 0, 3, and 6 h after the a.m. feeding on d 20
and 21. Approximately 1 L of ruminal contents was obtained
within the rumen, composited by steer, and strained through
a polyester screen (pore size 355 um; B & S H Thompson,
Ville Mont-Royal, QC, Canada). Five milliliters of the
filtered ruminal fluid was taken at 3 h after the morning
feeding and added to 1 mL of 25% of meta-phosphoric acid,
and the samples were retained for VFA determination. The
VFA were quantified using a GLC (model 6890 series II)
with a capillary column (30 m x 0.32 mm i.d., 1-um phase
thickness, Zebron ZB-FAAP, Phenomenex, Torrance, CA),
and flame-ionization detection. Crotonic acid was used as
an internal standard. The oven temperature was 170°C held
for 4 min, which was then increased by 5°C/min to 185°C,
and then by 3°C/min to 220°C, and held at this temperature
for 1 min. The injector temperature was 225°C, the detector
temperature was 250°C, and the carrier gas was helium.

Table 1. Ingredient and chemical composition of the diets
(DM basis)

Diet'
Item —CTE +CTE
Ingredient
Corn silage 7.0 7.0
Alfalfa hay, chopped 8.0 8.0
Barley, steam rolled 77.0 77.0
Wheat straw 3.0 -
CTE - 3.0
Feedlot supplement’ 5.0 5.0
Chemical composition
DM, % 84.1 84.1
Cp 9.65 9.37
NDF 25.5 10.4
ADF 22.7 8.44

"_CTE= TMR without chestnut tannin supplementation;
+CTE = TMR with chestnut tannin supplementation.

2Composition: 5.0% NacCl, 0.24% Mg, 0.76% K, 200
ppm Cu, 400 ppm Mn, 650 ppm Zn, 2 ppm Se, 22 ppm I, 9
ppm Co, 121,000 IU/kg Vitamin A, 37,400 IU/kg Vitamin
D, 55 IU/kg vitamin E, and 360 ppm Rumensin® (Elanco
Animal Health, Indianapolis, IN).



Statistical Analysis. Data were summarized for each
animal by measurement period. All data in this study were
analyzed using the MIXED procedure (SAS Inst. Inc., Cary,
NC) with animal as an experimental unit. Data for intake
and BW were analyzed with a model that included the
effects of CTE (—CTE vs. +CTE), square (noncannulated
vs. cannulated animals), ION supplementation (—-ION vs.
+ION), and the interaction between CTE and ION. Animal,
period, and animal by period by square were the terms of
the random statement. Data for pH and VFA profiles were
analyzed with a model that included the effects of CTE, ION
supplementation, and the interaction between CTE and ION.
Significant effects of the treatment were declared if P < 0.05,
and trends were accepted if 0.05 < P <0.10.

RESULTS

Supplementation of CTE and ION did not affect DMI
(Table 2). While CTE supplementation increased ADG,
supplementing ION did not influence ADG. Mean ruminal pH
was 6.39 across dietary treatments (Table 2), and it was not
affected by CTE or ION supplementation. In addition, neither
CTE nor ION supplementation influenced minimum and
maximum pH. However, daily episodes eliciting ruminal pH
< 5.8 tended to increase (P = 0.10) by CTE supplementation,
and ION supplementation further increased the daily episodes
with +CTE diet, resulting in an interaction between CTE and
ION. Total VFA concentration did not differ in response to

Table 2. Effect of chestnut tannin extract (CTE) and
ionophore (ION) on growth performance and ruminal
fermentation characteristics of finishing beef steers

—CTE +CTE Contrast’ (P =)
Item' —ION+ION -ION+ION SEM CTE ION INT
DML kg/d 132 134 13.6 14.0 0.59 0.17 0.44 0.79
ADG,kg/ld 136 1.66  2.01 2.19 027 0.01 028 0.78
Min. pH 558 5.69  5.69 5.63 0.107 0.74 0.75 0.22
Mean pH 645 636 637 6.37 0.115 0.71 0.65 0.70
Max. pH 7.09 658  6.98 7.03 0.194 0.37 0.22 0.15
pH <538
Daily 18.0 627  13.8°30.3* 8.05 0.10 0.68 0.03
episodes
Duration, h/d 1.92 032 3.95 5.63 2.565 0.15 0.98 0.49
Area,pH x 203 287 423 47.6 27.64 0.23 0.82 0.67
min
Total VFA  103.1 95.6  95.7 93.8 6.47 0.33 0.32 0.55
Individual
VFA
Acetate (A)  51.3 505 502 51.2 229 0.89 0.95 0.52
Propionate (P) 38.1 362  35.6 34.6 424 0.53 0.64 0.88
Butyrate 631 7.77  9.34 9.60 2.001 0.10 0.53 0.66
A:P 134 156 156 1.61 0.307 0.53 0.52 0.71

“PMeans in the same row within —~CTE and +CTE subgroups with
different superscripts differ based on single degree of freedom
contrasts (P < 0.05).

'Min. pH = minimum pH; Max. pH = maximum pH; Total VFA
expressed as mM; Individual VFA expressed as mol/100 mol.
’P-value for factorial contrasts: chestnut tannin extract (~CTE vs.
+CTE), ionophore (—ION vs. +ION), and the interaction between
CTE and ION (INT).
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CTE or ION supplementation. Molar proportion of acetate
and propionate did not change due to supplementing CTE or
ION, resulting in no effect of acetate-to-propionate ratio. In
contrast, molar proportion of butyrate tended to increase by
CTE supplementation, but not ION supplementation.

DISCUSSION

Supplementation of CTE failed to elicit the beneficial
responses on ruminal pH and VFA profiles that we hypothesized.
Effects of tannins have been inconsistent depending on both dose
and type of tannins (Mueller-Harvey, 2006). In our previous in
vitro batch culture study (Eun et al., 2011), we observed that
overall growth patterns of 2 ruminal acidosis-causing bacteria,
Selenomonas ruminantium and Streptococcus bovis, differed
in response to TE addition; adding TE decreased growth of
SR starting at 2 h, and CTE was most effective to decrease
growth of Selenomonas ruminantium at 12 and 24 h followed
by mimosa and quebracho TE. At 24 h, CTE decreased growth
of Selenomonas ruminantium at 48%. Similarly, growth of
Streptococcus bovis was inhibited by adding TE beginning at 4
h. At 12 and 24 h, CTE elicited the least growth of Streptococcus
bovis followed by mimosa and quebracho TE. Addition of CTE
decreased growth of Streptococcus bovis at 73% at 24 h (Eun et
al., 2011). These positive responses on the inhibition of growth
toward the ruminal acidosis-causing bacteria motivated us to
conduct the current in vivo study. Contrasting results between
the two studies may have been resulted from basal diets. In
the current study, mean ruminal pH was 6.39, which could
not create favorable physiological condition for CTE to act
on inhibition of ruminal acidosis-causing bacteria. It has been
reported that ruminal microbes have the ability to metabolize
tannins, particularly hydrolysable tannins (O’Donovan and
Brooker, 2001) or adapt to the presence of tannins through
modification of either microbial physiology or metabolism
(Frutos et al., 2004).

Although fermentation profile response to CTE
supplementation was not observed, ADG was increased for
steers receiving the CTE supplement. Several factors could
contribute to this finding, with improved protein utilization
being among them (Vasta et al 2008). Tannins have the ability
to bind and precipitate feed proteins, preventing ruminal
degradation and increasing the availability of high quality
proteins to the small intestine (Aerts et al., 1999). The positive
effect of supplementing CTE on ADG warrants further study
to identify the mechanism behind the increase of ADG with
CTE supplementation in beef finishing diets.

Also, the lack of effect of ION to improve growth
performance is different from what has often been reported
in the literature (Felix, et al., 2011). Supplementing ION has
also been reported to increase acetate-to-propionate ratio
(McGuffey et al., 2001; Jenkins et al., 2003), but we did
not observe the effect in the current study. As we suggested
with CTE supplementation, the relatively high ruminal pH
observed in this study may have also diluted potential effects
of ION supplementation on ruminal fermentation. This could
also contribute to the general observation of no effects with
CTE x ION interactions.



IMPLICATIONS

Our findings indicate that CTE supplementation may
have the potential to increase ADG and growth performance
of finishing beef steers. As TE typically increases N utilization
efficiency by ruminants, further studies need to be focused on
whole animal N utilization to identify the mechanism of the
potential effects. In addition, potential value of CTE needs
to be further tested if CTE supplementation would have dose
response with different diet compositions.
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ABSTRACT: A survey was conducted to evaluate how
California beef and dairy operations sell market cows
and bulls and identify key contributors to these animals
becoming disabled or non-ambulatory (NA). Surveys were
mailed to 9,778 California beef and dairy producers using
the California Beef Council mailing list. Twenty-nine
questions were included to evaluate beef and dairy producer
demographics, the incidence of NA cattle on- farm or
on-ranch, management and marketing practices utilized for
market cows and bulls, and reasons animals become NA.
Response rate for the mailed portion of the survey was
3.9%. Completed surveys were received from 446 producers
(n = 403 beef, n = 43 dairy). The mean age (= SD) for
survey respondents was 62 + 12.3 yr for beef producers and
55 £ 13.1 yr for dairy producers. Survey responses clearly
indicated that most beef (77.5%) and dairy producers
(62.5%) market their animals at a livestock auction market,
which was more (P < 0.05) than any other option. The direct
sale of market cows and bulls to a beef packer was (P <
0.05) the next most common outlet among both beef (11.7%)
and dairy (22.9%) respondents. Rates of culling, euthanasia,
and death loss among cows were 10.8, 1.2, and 1.3%,
respectively, for beef respondents, and 33.1, 2.1 and 3.3%,
respectively, for dairy respondents. However, 35.6% of beef
and 95.2% of dairy respondents indicated they had at least
1 non-ambulatory cow in the previous 12 mo. The majority
(P < 0.05) of beef and dairy survey respondents indicated
they would consider on-farm euthanasia (92.1 and 88.1%,
respectively), and gunshot was identified as the primary
method (P < 0.05) of euthanasia among beef (76.2%) and
dairy (78.0%) producers. Dystocia was reported to be the
primary cause (P < 0.05) of NA status in cows among beef
(46.5%) and dairy (79.1%) respondents. These data suggest
that management of potential causes of NA status continues
to be a challenge among beef and dairy cattle producers and
solutions to reduce NA incidence are needed.

Key words: beef cattle, dairy cattle, non-ambulatory,
survey

INTRODUCTION

According to USDA (2011) data, during the 2010
calendar year 3.6 million beef cows, 2.8 million dairy cows,
and 622,000 bulls were harvested in the U.S. When combined,
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these animals made up 20.9% of all cattle harvested. Cull
cows and bulls (commonly referred to as “market” cows
and bulls) represent an important part of the total beef supply
since they are widely used to supply beef to consumers via
retail and food service outlets.

The existence of non-ambulatory (NA) cattle in
the U.S., or those that have the potential to become NA
if subjected to a stressor (i.e. long-distance transport to
slaughter) has become an animal welfare concern. During
the open interview portion of the National Market Cow
and Bull Beef Quality Audit (NMCBBQA) 2007, “animal
welfare” issues and “condemnation rates of downers prior
to slaughter” were both included on the list of “Top 10
Quality Challenges” that faced the market cow and bull
beef industry from 1999 to 2007, based on interviews with
packing plant management and USDA FSIS personnel (Hale
etal., 2007).

Based on United States Animal Health Association
survey data collected during 2003 and 2004, the authors
estimated that 0.38 to 0.40% of all beef and dairy cattle
nationwide (including all cows and calves) were NA for any
reason at some point during the year (USAHA, 2006). Based
on the July 1, 2011 U.S. total cattle inventory of 100 million
head (USDA, 2011), this equates to approximately 380,000
to 400,000 NA cattle occurring annually.

The objective of this project was to survey California
beef and dairy cattle operations to: 1) characterize marketing
of cull cows and bulls, 2) identify animal traits that influence
culling decisions, and 3) document specific characteristics
that beef and dairy producers believe contribute to market
cattle becoming NA. Ultimately, results of this survey
will provide needed baseline information about common
production practices that influence the condition of market
cows and bulls as they enter commerce.

MATERIALS AND METHODS

Survey. In early 2011, 9,778 surveys were mailed to
California beef and dairy producers using the California
Beef Council’s database. The survey instrument included
29 questions intended to evaluate beef and dairy producer
demographics, incidence of NA cattle on-farm or on-
ranch, management and marketing practices utilized for
market cows and bulls, and reasons animals probably
become NA. Identical surveys were also available on-line



(via www.surveymonkey.com) and printed surveys were
also distributed at 2 cattle producer meetings held by the
California Cattlemen’s Association and California Farm
Bureau Federation. All survey responses and answers were
anonymous. Producers were asked to fill out the survey to
the best of their knowledge, including providing estimates.
On-line and mailed survey responses were accepted through
July 2011.

Only responses in which the producer indicated they were
in the cow/calf (beef), seedstock (beef), or dairy segment
of the beef industry were included in the data analysis and
results. Respondents who indicated they operated a calf
ranch, feedlot, or had no cattle operation were removed
from the dataset. Also, producers who operated in multiple
industry segments (e.g. cow/calf and dairy) were asked to
complete 2 surveys; one on behalf of each entity.

Statistical Analyses. Survey data were compiled,
incidence rates were determined using Microsoft Excel,
and data were analyzed via chi-square (SAS Inst. Inc., Cary,
NC). Raw incidence rates (raw percentages) are reported
here, and comparisons were made within beef survey
respondents or within dairy survey respondents, but not
across producer types.

RESULTS AND DISCUSSION

Completed surveys were received from 446 producers
(n =403 beef, n = 43 dairy). The overall response rate for
the mailed portion of the survey was 3.9%. The primary
source of completed surveys was via mailing (86.1%),
followed by completion at face-to-face producer meetings
(11.9%) and on-line (2.0%).

The mean age (+ SD) for survey respondents was 62 +
12.3 yr for beef producersand 55+ 13.1 yr for dairy producers.
Some education beyond high school, including completion
of a bachelor’s or advanced degree, was completed by 88.9%
of beef producers and 78.6% of dairy producers. Herd size
numbers were also requested. The results showed that 86.0%
of beef cow operators had less than 500 cows; however, 14%
had at least 500 cows. Almost 1% of beef survey respondents
had 3,000 or more cows. In contrast, over one-third (37.5%)
of dairy operations had 1,000 cows or more. Among these
larger producers, 5% had at least 5,000 cows. As would be
expected, dairy cow producers had larger cow inventories
than beef cow operators among survey respondents.

When asked “What is the primary method of marketing
your cull/market cows and bulls,” both beef and dairy survey
respondents clearly indicated that a livestock auction market
(77.5 and 62.5%, respectively) was used more than any other
option (P < 0.05). The direct sale of market cows and bulls
to a beef packer was the second most common outlet (P
< 0.05) among both beef and dairy survey respondents. Beef
operators used order buyers and other methods at a greater
rate (P < 0.05) than buying stations; however, dairy operators
used buying stations, order buyers, and other options at the
same level.
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Consistent with our results, dairy survey data collected in
2006 and reported by USDA NAHMS (2007) indicated that
66% of dairy cows were sold via livestock auction markets.
And, the authors also reported that direct sale to packing
plants involved 17.5% of cull dairy cows. Due to the fact that
the majority of market cattle are sold via livestock auction
markets, these data suggest that future educational efforts
aimed at reducing NA animal incidence should be focused
primarily on the relationship between cattle producers and
livestock market owners.

The survey respondent (person who actually completed
the survey) was the person who made the decision to market/
cull a mature cow or bull among the majority of beef
(80.6%) and dairy (64.8%) operations. Employees, family
members, and other personnel made that decision on some
operations, but in a fairly small number of cases among beef
(3.6%, 13.6%, 2.1%, respectively) and dairy (18.5%, 16.7%,
0.0%, respectively) respondents. It is clear that educating the
owner and/or manager of a cattle operation about avoiding
NA cattle should be the highest priority.

When asked to estimate the percentage of culls sold
by survey respondents that went directly to slaughter (vs.
being purchased by another producer), both beef and dairy
producers indicated that at about three-quarters or more of
their cows (78.2 to 83.1%) and bulls (74.5 to 80.2%)
went to slaughter (beef and dairy, respectively). Although
estimates of incidences were not compared statistically
between sexes or operation types, the largest range between
mean respondent estimates was less than 10 percentage points
overall (83.1% for beef cows vs. 74.5% for dairy bulls).

Beef and dairy producers were asked to prioritize factors
they consider when deciding to market a cull cow or bull by
ranking a list of criteria provided to them (Table 1). Pregnancy
status (i.e. open or late bred) was a high priority among
75.3% of beef producers, and greater (P < 0.05) priority
than all other factors. Two-thirds (66.5%) of producers said
age (including the lack of adequate teeth) and about one-
half (52.5%) said injury or illness were high priorities. Breed
type (or hide color) and loss of production were indicated as
high priorities by only about one-third (37.5 and 35.3%,
respectively) of respondents. Traits generally considered of
low priority among beef cow producers included inadequate
feed availability (85.5% said “low”), calf performance or
size (62.8% low), and current market price (59.3% low). In
contrast, the vast majority of dairy respondents indicated
that loss of production (88.4%), pregnancy status (88.4%),
and injury/illness (74.4%) were all of high priority, and
greater (P < 0.05) than other factors. In comparison, Hadley
et al. (2006) reported causes for culling dairy cows to be
primarily health reasons (including 79.5% of cows), which
generally included health-related factors such as mastitis,
injury, disease, and reproduction. In the current study it is
clear that a number of traits were of minimal (i.e. “low”)
priority among dairy producers, likely due to the fact that
they are not economically-relevant to dairy production (or
are not considered problematic for dairy producers). These



traits include breed type, feed availability, disposition, calf
performance, and age.

These results clearly indicate the traits of most economic
importance to beef and dairy cattle operations. Further, they
provide insight into how producers make culling decisions. It
should be noted that several traits are not related, or do not
contribute, to the incidence of an animal becoming NA (i.c.
breed type, calf performance, disposition, pregnancy status,
etc.). However, several traits (i.e. age, injury/illness, etc.)
are directly related, and indicate the need for producers to
consider them when making culling decisions.

In addition to evaluating how producers prioritize general
culling criteria, the survey also documented if producers
considered certain additional traits prior to determining if an
animal has the potential to even enter the marketplace in the
first place (e.g., cleared drug withdrawal, strong enough to
tolerate pre-slaughter long-distance transport). The 2 most
common criteria (P < 0.05) considered by both beef and
dairy operations when determining to market a cull cow or
bull were “drug withdrawal clearance” and “soundness for
transport” (Table 2). However, 18.0% of beef producers and
9.3% of dairy producers did not consider an animal’s drug
withdrawal status when determining if it can be marketed,
suggesting the potential for food safety and drug residue
problems. Further, 22.5% of beef respondents and 16.3%
of dairy respondents did not indicate that soundness for
transport was considered prior to sending a cull animal into
the marketplace. Granted, every item on the list of criteria
provided in the survey was considered by at least 50% of
respondents. However, numerous criteria that are directly
related to an animal’s well-being, and possibly its
likelihood of becoming NA, were not considered by a large
number of survey respondents, including body condition
and cancer eye, which were not considered by many beef
(26.5 and 32.5%, respectively) and dairy (37.2 and 46.5%,
respectively) respondents.

A fairly large number of survey respondents indicated
that in the past, factors were present on their operations
which may have made an animal unfit to enter the marketplace.
At least one-third of beef respondents indicated the presence
of cows or bulls that were ill or injured (46.0%), had severe
cancer eye (42.0%), or were severely lame (35.3%). About
one-quarter (23.0%) of producers indicated the presence of
animals that had not cleared drug withdrawal. Only 25.0%
of beef producers indicated that they did not have any
problems present previously. Numerically greater incidence
rates were reported among dairy respondents, in which
over two- thirds of producers had cows or bulls that were
ill or injured (72.1%), did not clear drug withdrawal time
(69.8%), or were severely lame (67.4%). Only 11.6% of
dairy respondents had no problems present. These data show
that factors contributing to the incidence of NA status or food
safety issues (i.e. violative drug withdrawal residues) are
potentially occurring on beef and dairy operations.

Surveyed producers were asked to indicate the rate
of euthanasia on their operation (i.e., number of cows and
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bulls euthanized annually on-farm or on-ranch as a percent
of inventory), which ranged from 0.2 (dairy) to 0.7%
(beef) for bulls and 1.2 (beef) to 2.1% (dairy) for cows. The
primary method of euthanasia was stated to be gunshot (P <
0.05) for both beef (76.2%) and dairy (78.0%) industries. The
existence of euthanasia, albeit at a low rate according to our
survey, suggests that some producers are actively working to
avoid NA problems in the marketplace by euthanizing cattle
instead of selling them into the marketplace. Compared with
natural deaths, numerically more cows died of natural
causes (1.3 and 3.3%, beef and dairy, respectively) than
from euthanasia. Due to the relatively high rate of culling
(Table 3), on-farm euthanasia, and on-farm deaths within the
dairy industry, it is logical to assume that there is a greater
likelihood for NA cows to come from dairy operations rather
than beef operations. Therefore, focusing BQA educational
materials and efforts toward dairy producers to highlight
factors contributing to NA status would have the largest
amount of impact on this issue.

Survey respondents were also asked about their
willingness to consider on-farm or on-ranch euthanasia, rather
than sending an animal into the marketplace, if one of the
previous characteristics were present in one of their animals.
In response, the vast majority (92.1 and 88.1% of beef and
dairy respondents, respectively) indicated their willingness
to use euthanasia. Conversely, 1 in 13 beef producers and 1
in 8 dairy producers responded that they would not consider
euthanasia as an alternative to marketing an animal.

Among respondents who indicated that they would
not consider on-farm or on-ranch euthanasia, the primary
factors contributing to this decision were the expense of
rendering services (48.4%) and the potential for lost revenue
(45.2%) among beef producers (Table 4). Many (19.4%)
beef respondents also listed limitations for on-farm burial as
a major factor, but the lack of available rendering services
or ability to euthanize was only listed by 9.7% of producers.
In contrast, the dairy industry listed rendering service
expense (40.0%), limitations for on-farm burial (40.0%),
and lost revenue (20.0%) as reasons for not using on-farm
euthanasia.

Based on these data, it is clear that producers need access
to reasonably-priced rendering services in order for euthanasia
use to become more widespread on cattle operations. Further,
educational programs are needed to convey the importance of
cuthanasia to both beef and dairy producers on NA incidence
in the marketplace and its influence on animal welfare.

When asked about the incidence of NA animals on
their operations, the majority of beef respondents indicated
that they had not had an NA cow (65.4%) in the past 12 mo.
However, 18.1 and 10.4% of operations had one NA cow
or bull, respectively, while 2 or more NA cows occurred
on 16.5% of operations and 2 or more NA bulls were on
4.9% of operations. However, in contrast 88.1% of dairy
operations had more than 3 NA cows in the past 12 mo.
Granted, this value is related to the larger mean herd size
of dairy respondents in this survey (vs. beef respondents);



Table 1. Survey respondents’ prioritization (high, medium, or low) of criteria considered when deciding to market a

cull cow or bull, by operation type

Operation type (%)

Beef Dairy

Variable' High Med Low High Med Low
Loss of production (i.e., milk) 35.3¢ 20.5% 44.3° 88.4" 7.0¢ 4.7
Not pregnant or late bred 75.3° 9.8° 15.0° 88.4° 7.0¢ 47"
Age and/or inadequate teeth 66.5° 16.5¢ 17.0°F 7.0 39.5% 53.5¢
Injury or illness 52.5° 19.0% 28.5° 74.4° 11.6% 14.0°
Current market price 20.4° 20.4% 59.3° 16.3° 51.2° 32.6°
Calf performance or size 15.0F 22.3% 62.8° 4.7 20.9 74 4"
Disposition 26.3° 37.3° 36.5¢ 4.7% 34.9° 60.5%
Breed type or hide color 37.5¢ 27.0° 35.59 2.3° 4.7 93.0°
Inadequate feed available 5.5¢ 8.8° 85.5° 2.3° 11.6% 86.0°
Other 18.3° 193¢ 625" 7.0 0.0° 93.0°

'Survey respondents were allowed to mark more than one variable as high, medium, or low priority.
“TFor beef or dairy, means in the same column without a common superscript differ (P < 0.05).

Table 2. Criteria considered by survey respondents when determining if a cull cow or bull has the
potential to enter the marketplace, by operation type

Operation type (%)

Criteria' Beef Dairy
Cleared drug withdrawal period 82.0° 90.7%
Soundness for transport 78.5% 83.7°
Market price 59.0¢ 55.8"
Body condition 73.5% 62.8°
Cancer eye presence/severity 67.5° 53.5°
Other 8.3° 0.0°

'Survey respondents were allowed to mark more than one variable in their answer.
**Within beef or dairy, means without a common superscript differ (P < 0.05).

Table 3. Percentage of total cow and bull inventories that were culled in the past 12 mo among survey respondents,

by operation type

Operation type (%)
Variable Beef Dairy
Cows, % 10.8 33.1
Bulls, % 19.0 37.2

Percentages were not compared statistically between sexes or operation types.

Table 4. Among survey respondents not willing to consider on-farm or on-ranch euthanasia, factors that contributed

to that position, by operation type.

Operation type (%)

Factors’ Beef Dairy
Lost revenue 452" 20.0
Limitations for on-farm burial 19.4° 40.0
Rendering services too expensive 48.4° 40.0
Rendering services unavailable 9.7° 0.0
No means to euthanize an animal 9.7¢ 0.0
Other 0.0° 0.0

'Survey respondents were allowed to mark more than one factor in their answer.
“Within beef or dairy, means without a common superscript differ (P < 0.05).
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however, it is clear that a very large percentage of dairies in
California are dealing with NA cows on a regular basis.

One of the most important aspects of this survey
included the documentation of factors that beef and dairy
producers felt contributed to a cow or bull becoming NA. Our
intention was to identify critical control points that producers
could focus their energy on in order to ultimately reduce NA
incidence in their cows and bulls. When provided with a
list of possible contributing factors to NA status, beef and
dairy respondents both indicated that calving difficulty was
clearly the primary cause of the incidence of NA cows (46.5%
beef, 79.1% dairy), and greater (P < 0.05) in importance than
all other factors. Beef producers indicated that a broken leg
(with no known cause) was the second-largest contributor
(P < 0.05) to NA status. Stifle injury (21.0%) and general
weakness (19.5%) were also noted by many beef producers.
In contrast, over half (58.1%) of dairy respondents indicated
that metabolic diseases (including milk fever, ketosis, etc.),
often associated with transition cows (those cows in the
physiologically intense phase transitioning from the third
trimester of pregnancy to parturition and early lactation),
contributed to NA incidence. As well, factors including
mastitis, general weakness, broken leg (of an unknown
cause), hoof problem, and stifle injury were noted by more
than 20% of respondents as contributing to NA status.

Limited data are available discussing the causes of the
NA condition in cattle; however, a review was published
by Stull et al. (2007). The authors indicated that dairy cows
become NA typically around parturition, with hypocalcemia
and dystocia being the primary risk factors, in addition to
injuries caused by falling in some cases. Stull et al. (2007)
further indicated that the primary reason for beef cows to
become NA was due to calving paralysis, which is consistent
with results of the current study. And, the authors indicated
that most NA cattle are of dairy origin.

Methods and systems used by beef and dairy producers
to avoid marketing cull animals that have not met a drug
withdrawal period are varied. As expected, most beef
(54.0%) and dairy (69.8%) respondents indicated that hand-
written records were used more (P < 0.05) than any other
system. However, a considerable number of beef (26.8%)
and dairy (16.3%) operators depended on their memory to
ensure an animal isn’t marketed too early. Further, 11.0
and 11.6% of beef and dairy respondents, respectively,
indicated that they did not use drugs that have withdrawal
periods. While possible, this is highly unlikely due to the
existence of drug withdrawal regulations associated with
cattle pharmaceuticals including vaccines and anthelmintics,
which are widely used in the cattle industry. It’s more
likely that producers are unaware of drug withdrawals in
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some products they are using. Of most concern, are the 2.0
(beef) and 2.3% (dairy) of respondents who indicated that
they do not track drug withdrawal information.

In the current study, there was a significant percentage of
producers who do not keep track of withdrawal times. Those
who do not have a system in- place to avoid the marketing
of animals that have not met drug withdrawal time jeopardize
the entire beef production industry. Although limited in
number, it is clear that additional education focused on these
producers is warranted.

IMPLICATIONS

Producers have an opportunity to use management tools
to keep NA cattle from entering in to the market and ultimately
the food chain. These data show a need for focused efforts
on creating procedures for tracking drug withdrawal times
to prevent cattle from entering the market before they have
met drug withdrawal times. There is also a need to create
protocols for determining the appropriate time to euthanize
NA cattle. Additionally, there is a need for a cost effective
disposal of dead animals to prevent them from entering into
the marketplace.
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ABSTRACT: The objective of this study was to compare
fixed-time AI (TAI) pregnancy rates resulting from intervals
of 2, 4, or 6-h between two prostaglandin (PG) F,  injections
administered in the 5-d CO-Synch + controlled internal drug-
release device (CIDR) estrous synchronization protocol.
Angus and Angus-crossbred cows (n = 901) maintained on
native pasture at 3 locations were randomly assigned to 3
treatments after blocking for BCS and postpartum interval
(PPI). All cows received gonadotropin-releasing hormone
(GnRH) and CIDR on d -5, PG with CIDR removal on d 0,
and GnRH with TAT at 72 h. Cows received a second injection
of PG at 2, 4, or 6 h after the first injection of PG. Pregnancy
rates were determined by ultrasonography 40 + 2 d following
TAI Body condition score and PPI did not differ (P > 0.74)
between estrous synchronization protocols averaging 4.3 +
0.03 and 75 £ 1.03 d, respectively. Fixed-time Al pregnancy
rates were greater (P < 0.05) in cows receiving two PG
injections separated by a 6-h interval (51.4%) compared
with cows receiving two PG injections separated by 2 and
4-h intervals (40.6 and 41.2%, respectively). Reducing the
interval between PG injections from 6 to 2 h resulted in a 10-
percentage point reduction in TAI pregnancy rates for cows
synchronized with the 5-d CO-Synch + CIDR protocol.

Key words: beef cow, controlled internal drug-release
device, fixed-time Al, gonadotropin-releasing hormone,
prostaglandin F

INTRODUCTION

A multitude of estrous synchronization protocols are
available to facilitate Al in the beef industry; however, less
than 10% of cow-calf producers utilize Al technology (USDA,
2009). The most readily adopted estrous synchronization
and Al protocols are those that yield high pregnancy rates
while minimizing the frequency of processing events, labor
requirements, and pharmaceutical costs. Protocols which
utilize a progestin controlled internal drug-release device
(CIDR) in conjunction with injections of gonadotropin
releasing-hormone (GnRH) and prostaglandin (PG) F,,
followed by fixed-time Al (TAI; i.e. CO-Synch + CIDR) have
gained popularity because they eliminate the need for estrus
detection and result in pregnancy rates of > 40% (Lauderdale
et al., 2009). These CO-Synch + CIDR protocols involve
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administration of 1 injection of PG; however, modifications to
this protocol to a 5-d CIDR have included a second injection
of PG. Two injections of PG increase labor requirements and
pharmaceutical costs; however, TAI pregnancy rates have
ranged from 46 to 67% when 1 injection of PG has been
administered (Peel et al., 2010b; Wilson et al., 2010) and 50
to 80% when two injections of PG were administered 6 to
12 h apart (Bridges et al., 2008; Kasimanickam et al., 2009;
Peel et al., 2010b; Wilson et al., 2010). Improved pregnancy
rates have been observed with the additional PG injection
(Kasimanickam et al., 2009); however, the time and stress
associated with holding cattle for 6 to 12 h with calf separation
following the first injection of PG may be undesirable and
difficult without proper holding facilities. Shortening the
interval between PG injections would allow administration
of both injections of PG in one day and could simplify
implementation of the protocol. Therefore, the objective of
this study was to compare the pregnancy rates of lactating
beef cows submitted to the 5-d CO-Synch + CIDR estrous
synchronization protocol with 2 doses of PG administered at
intervals of 2, 4, or 6 h.

MATERIALS AND METHODS

Nine hundred-one multiparous cows at 3 locations were
used in this experiment and were managed in accordance with
an approved Colorado State University Animal Care and Use
Committee protocol. The experiment utilized 234 Angus-
crossbred beef cows from the Colorado State University
(CSU) Eastern Colorado Research Center (ECRC) in
Akron, CO; 414 Angus seedstock cows from the CSU Beef
Improvement Center (BIC) in Encampment, WY; and 253
Angus crossbred cows from a privately operated cooperating
ranch (Rabbit Creek; RC) in Livermore, CO. Cows were
maintained on native pasture at all locations and were not
supplemented with protein or forage prior to or during the
experiment; however, standard mineral supplements were
provided ad libitum.

Cows at each location were assigned to one of three
estrous synchronization treatments after blocking for BCS (1
to 9 scale; 1 = emaciated, 9 = obese; Richards et al., 1986)
and post-partum interval (PPI). The 3 treatments evaluated
in this experiment included a 5-d Co-Synch + CIDR protocol
with two injections of PG administered at 2, 4, or 6 h intervals



(Figure 1). All cows received 100 pg gonadorelin diacetate
tetrahydrate (GnRH, 2 mL Cystorelin, Merial Limited, Duluth,
GA) and were fitted with a CIDR [EAZI-Breed CIDR (1.38 g
progesterone) cattle insert, Pfizer Animal Health, New York,
NY)ond-5. Ond 0, cows were separated from their calves,
CIDR removed, and injected with two 25 mg of dinoprost
tromethamine [prostaglandin F, (PG), 5 mL Lutalyse, Pfizer
Animal Health]. Cows were returned to their calves after
receiving the second dose of PG. All cows received a second
injection of GnRH and were TAI at 72 + 3 h following the
first PG injection.

A single evaluator scored all cows for body condition
at all locations in this experiment. Artificial insemination
technicians (n =5 at BIC, 5 at ECRC, and 3 at RC) and sires
(n = 16 at BIC, 4 at ECRC, and 17 at RC) were randomly
distributed among treatments. Pregnancy rates to TAI were
diagnosed via transrectal ultrasonography (Aloka SSD 500
with a 5 MHz linear probe, Aloka Co., Ltd. Wallingford, CT)
at 40 = 2 d post-TAIL. Bulls were withheld for a minimum
of 10 d following TAI so that experimental pregnancy rates
could be distinguished from those resulting from natural
breeding. Bulls remained with cows for 40 d.

GnRH

!

2 hinterval
d-5
GnRH
4 h interval
d-5
GnRH
6 h interval

d-5

Cows with inaccurate records or missing CIDR at time
of CIDR removal were excluded from the data analysis (n
= 9). Pregnancy rate was analyzed using the GLIMMIX
procedure (SAS Inst. Inc., Cary, NC) with protocol, location,
location x protocol, Al technician(location), sire(location),
BCS, and PPI in the model. Nonsignificant terms (P > 0.10)
were removed from the model by backward elimination
and the analysis was repeated. The final model contained
protocol, location, Al technician(location), and PPI. Least
squares means were calculated in GLIMMIX and separated
using least significant differences of the logits (P < 0.05).
Body condition score and PPI were analyzed using the GLM
procedure (SAS) with protocol, location, and their interaction
in the model. Least squares means for BCS and PPI were
separated using least significant differences when P < 0.05.

RESULTS AND DISCUSSION
To reduce the labor required and stress on calves from
sorting calves from their dams twice, Peel et al. (2010a)
evaluated the effect of calf separation during a 12 h period
between two PG injections using the 5-d CO-Synch + CIDR
protocol. No impact on Al pregnancy rates were reported

GnRH
PG PG & TAI

Ll |

CIDR |

d0 2h 72 h
GnRH
PG PG & TAI

do 4h 72 h
GnRH
PG PG & TAI

Vo .

CIDR :

do 6 h 72 h

Figure 1. Diagram of protocols used to synchronize estrus and ovulation in beef cows. All
cows were treated with gonadotropin-releasing hormone (GnRH) and controlled internal drug-
release insert (CIDR) on d -5, removal of CIDR and two injections of prostaglandin (PG) F,_
at 0 and 2, 4 or 6 h following removal of CIDR on d 0, and GnRH with fixed-time AI (TAI) at
72 h.
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and the authors concluded that keeping the calves separate
did not incur any negative effects and would simplify the
application of this protocol. Therefore, in the current study
calves remained separated from cows until after the second
PG injection was administered.

Cow BCS and PPI did not differ (P = 0.84 and 0.75,
respectively) between estrous synchronization protocols
averaging 4.3 £ 0.03 and 75 + 1.03 d, respectively. Body
condition score was least (P < 0.001) for cows at RC (4.0 +
0.03), intermediate for cows at BIC (4.4 + 0.02), and greatest
for cows at ECRC (4.7 + 0.03). Postpartum interval from
calving to the start of the study was greater (P < 0.001) in
cows at ECRC (79 + 1.2 d) and BIC (78 £ 0.9 d) compared
with cows at RC (68 £+ 1.1 d). There was no protocol by
location interaction for BCS (P = 0.90) or PPI (P = 0.96).
Fixed-time Al pregnancy rates were greater (P < 0.05) in
cows given PG 6 h apart (51.4%) than in cows given PG
2 or 4 h apart (40.6 and 41.2%, respectively). Fixed-time
Al pregnancy rates were greater (P < 0.01) in cows at RC
(54.6%) than BIC (36.0%) with TAI pregnancy rates at
ECRC being intermediate (42.9%) and similar (P > 0.20) to
both other locations.

Timed-Al pregnancy rates following administration of
two injections of PG in 5-d CO-Synch + CIDR protocols with
TAI at 60 to 72 h have ranged from 50 to 80% (Bridges et al.,
2008; Kasimanickam etal.,2009; Peel etal., 2010a,b; Whittier
et al., 2010; Wilson et al., 2010; Bridges et al., 2011). The
interval between two PG injections in these studies ranged
from 2 to 12 h; however, only Whittier et al. (2010) and Peel
et al. (2010b) directly compared TAI pregnancy rates among
different intervals between two PG injections in the 5-d CO-
Synch + CIDR protocol. In agreement with our results, TAI
pregnancy rates were greater in beef cows synchronized with
two injections of PG administered 6.5 versus 2.3 h apart
(57 versus 53%, respectively) in the 5-d CO-Synch + CIDR
protocol (Whittier et al., 2010). In contrast to these and our
results, Peel et al. (2010b) reported similar TAI pregnancy
rates between two PG injections administered 6 and 12 h
apart in the 5-d CO-Synch + CIDR protocol (50 and 51%,
respectively). We and Whittier et al. (2010) observed a 4
to 10 percentage unit decrease in TAI pregnancy rates when
PG was administered < 6 h apart suggesting that the interval
between PG injections with the 5-d CO-Synch + CIDR
protocol should be at least 6 h.

Bridges et al. (2008) recommended administering two
injections of PG in the 5-d CO-Synch + CIDR protocol in
order to ensure complete luteolysis of the newly formed
corpus luteum.  Luteolysis was numerically, but not
statistically, greater in beef cows receiving two injections
of PG 8 h apart compared with one injection of PG in the
5-d CO-Synch + CIDR protocol (96 and 88%; P = 0.13) and
greater TAI pregnancy rates were observed in cows receiving
two versus one PG injection (55 versus 48%; Bridges et al.,
2011). Bridges et al. (2011) also reported that two injections
of PG administered concurrently at CIDR removal (0 h)
resulted in luteolysis and TAI pregnancy rates (93 and 51%,
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respectively) that were intermediate and similar to those
rates in cows who received one injection of PG at 0 h or two
injections of PG separated by 8 h. We could find no published
reports of studies comparing luteolysis in cows receiving two
injections of PG administered at different intervals in the 5-d
CO-Synch + CIDR protocol.

Prostaglandin F, is released in a series of pulses every 6
to 12 h (Peterson et al., 1975; Ginther et al., 2007). Kindahl
et al. (1976) reported that PG was released over a 2 to 3-d
time period and that the duration of PG pulses ranged from 1
to 5 h in length. Mann and Lamming (2006) reported that PG
release episodes averaged 4 h in length and suggested that 5
release episodes of this duration were required for luteolysis.
Ginther et al. (2009) reported that a 2-h intrauterine infusion
of 0.5 mg PG best simulated a natural PG pulse. Prostaglandin
F,, appears to have an immediate luteolytic affect (Kindahl
et al., 1976; Silvia et al., 1991; Mann and Lamming, 2006;
Ginther et al., 2007); however, continued release of PG or
additional sequential pulses may be required to complete the
process (Kindahl et al., 1976; Ginther et al., 2009). These
data suggest that two injections of PG administered 2 or 4 h
apart could be mimicking 1 naturally occurring pulse of PG
and that multiple injections of PG administered at an interval
of > 6 h might be more representative of conditions occurring
naturally in the cow and result in greater TAI pregnancy rates
following estrous synchronization.

IMPLICATIONS

Shortening the interval between PG injections from 6 to
2 or 4 h reduced TAI pregnancy rates by 10 percentage points
in lactating beef cows synchronized with the 5-d CO-Synch
+ CIDR protocol. These results suggest that the interval
between two PG injections with the 5-d CO-Synch + CIDR
protocol should be at least 6 h.
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ABSTRACT: The objectives of this study were to evaluate
the effects of castration method (band vs. surgical) and use of
analgesia on behavior and feedlot performance in cull bulls.
Angus, Hereford, and Angus crossbred bulls (n = 20; initial
BW 384 +59.3 kg; 336 = 20.0 d old) were housed in feedlot
pens equipped with the ability to measure individual daily
feed intake. A balanced randomized block design using a 2
x 2 factorial arrangement of treatments was utilized. Factors
included: 1) castration method, and 2) analgesia presence. A
multimodal analgesia protocol (MM A) was used and consisted
of subcutaneous ketamine-stun containing butorphanol (0.01
mg/kg), xylazine (0.02 mg/kg), ketamine (0.04 mg/kg), and
a local 2% lidocaine hydrochloride anesthetic block of the
spermatic cords (10 mL per cord) and scrotum (10 mL) ond 0.
Flunixin meglumine (1.2 mg/kg) intravenously (iv) ond 0, 1,
2 and 3. Cattle were stratified to treatments based on breed,
BW, age and a temperament score. Treatments included: 1)
band castration without analgesia (BAND), 2) band castration
with analgesia (BAND-MMA), 3) surgical castration without
analgesia (SURG), and 4) surgical castration with analgesia
(SURG-MMA). Chute exit velocity (EV) and time in chute
(TIC) were collected on d -9, 0, 1, 2 and 13. Willingness-to-
enter-chute (WTE) score, rectal temperature (TEMP), heart
rate (HR), and respiration (RESP) were collected ond 0, 1, 2,
3 and 13. Cattle were weighed on d -9 and 13 while feeding
behaviors were collected continuously for 57 d pre-castration
and 28 d post-castration. There was a tendency (P < 0.09) for
ADG to be greater in cattle receiving analgesia. Both SURG
treatments exhibited greater (P < 0.001) TEMP on d 1 and
on d 2 (P < 0.05) when compared with BAND treatments.
Mean DMI was greater (P = 0.02) in MMA treatments
when compared with non-medicated treatments. The SURG
treatment, when compared with SURG-MMA and BAND,
exhibiting greater (P = 0.04, P = 0.04, respectively) meal
size. Results suggest that pain mitigation reduces the impact
of castration on ADG and DMI.

Key words: behavior, bulls, castration, ketamine-stun, pain

INTRODUCTION

Castration of male cattle is a common practice in the beef
cattle industry. Castrating bulls has been shown to reduce
DMI and ADG, and increase serum cortisol and haptoglobin
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concentrations when compared with intact bulls (Faulkner et
al.,1992),indicating thatthereis both a physiological stress and
inflammatory response to castration. When surveyed in 2011,
veterinarians associated some level of pain with castration of
beef calves (Fajt et al., 2011). Despite the reduction in animal
performance and pain caused by castration, roughly 15
million livestock castration procedures occur yearly (USDA-
NASS, 2009). The benefits of castration, including reduced
aggression, reduced sexual activity, reduced incidence of
dark-cutting carcasses, improved carcass quality grade, and
fewer unwanted pregnancies (Worrell et al., 1987; Faulkner
et al., 1992), are considered to outweigh the disadvantages.

There are 2 commonly used methods of castration;
banding and surgical castration. Reduced acute pain response
occurs with banding, but it is associated with decreased
ADG in 14-mo-old beef bulls (Fisher et al., 2001). Surgical
castration with a scalpel is noted as the most common
castration method in bulls among veterinarians surveyed in
the U.S. (Coetzee et al., 2010). Local anesthetics at castration
have been shown to reduce cortisol response (Thiier et al.,
2007) and improve ADG in 5.5-mo-old bull calves (Fisher et
al., 1996). Non-steroidal anti-inflammatory drugs (NSAID),
specifically flunixin meglumine, have been shown to visibly
reduce pain response up to 8 h post-castration (Currah et
al., 2009). The objectives of this study were to evaluate the
effects of castration method (band vs. surgical) and use of
a multimodal analgesia approach on behavior and feedlot
performance in yearling cull bulls.

MATERIALS AND METHODS

This project was approved by the Institutional Animal
Care and Use Committee at Colorado State University
(project #10-2285A).

Animals. Angus (n = 5), Hereford (n = 4), and Angus,
Hereford and Simmental crossbred (n 11) cull bulls
weighing 384 + 59.3 kg and 336 + 20.1 d old, were castrated
via 4 treatments in a 2 x 2 factorial arrangement with factors
being: castration method, and analgesia presence.

Housing and Feeding. All animals were housed in one
30-head feedlot pen (30 m X 60 m). Ad libitum feed was
provided to the pen, though only 4 animals could access feed
at one time. The diet was composed of corn silage, ground
alfalfa hay, and a vitamin and mineral supplement and



delivered via 4 radio frequency identification (RFID)-linked
individual feedbunks (Growsafe Systems Ltd., Airdrie, AB,
Canada) that enabled collection of daily individual animal
feed intake in a group feeding environment. Animals were
acclimated to this feeding system for 14 d, which began
80 d prior to castration. The bulls were vaccinated with
Clostridium Perfringens, Types C & D Tetanus Toxoid (Bar
Vac CD/T, Boehringer Ingelheim, St. Joseph, MO) 14 d prior
to castration.

Behavioral Measurements. As animals entered the
chute on d 0, 1, 2, 3, and 13, a willingness-to-enter-the-
chute (WTE) score was assigned using a 9-point scale with
1 defined as “entered chute without pressure on the animal’s
flight zone,” and 9 as “the handler was unable to drive the
animal into the squeeze chute.” All handlers were trained to
evaluate animals using the WTE scoring system.

Ond-9,0, 1, 2, and 13, objective time in chute (TIC)
and exit velocity (EV) values were collected using an infrared
sensor timing system (FarmTek Inc., North Wylie, TX). The
EV (m/s) was collected beginning 1.892 m from the head
catch and ending 1.892 m beyond that point.

At the time of castration (d 0), bulls received a procedure
response score (RS) on a 4-point scale which was determined
by the technician observing the procedure and indicated
the degree an animal demonstrated pain responses to the
procedure. The score system included: 0 = standing on all
4 feet during the castration procedure, 1 = treading of front
or rear feet during the castration procedure, 2 = 1 to 3 kicks
with rear feet during the castration procedure, 3 = more than
3 instances of kicking or hopping on rear feet during the
castration procedure.

Treatments. Bulls were stratified by breed, BW, age,
and a combined temperament score collected on d -9 into 1
of 4 treatments: band castration without analgesia (BAND),
band castration with analgesia (BAND-MMA), surgical
knife castration without analgesia (SURG), and surgical
knife castration with analgesia (SURG-MMA).

Procedures. Surgical knife castrations (SURG and
SURG-MMA) were prepared by scrubbing the scrotum
with pieces of role cotton soaked in dilute betadine solution.
The distal aspect of the scrotum was excised using a sterile
scalpel blade. The external spermatic fascia was stripped
away from the testes using 4 x 4 gauze pads. Once exposed,
the spermatic cord was twisted using a Henderson Castration
Tool (Stone Manufacturing, Kansas City, MO) attached
to a 14 volt cordless electric drill (Dewalt Industrial Tool
Co., Baltimore, MD). The same experienced veterinarian
completed all surgical castrations to ensure consistency.
Oxytetracycline (LA-200, Pfizer Animal Health, New York,
NY) was administered subcutancously (4 mg/kg) to both
SURG and SURG-MMA treatments.

Band castrations (BAND and BAND-MMA) were
completed by securing a latex band around the neck of the
scrotum using a Callicrate Bander (NO-BULL Enterprises,
St. Francis, KS). The same experienced technician completed
all band castrations throughout the study.
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Analgesia treatment groups (BAND-MMA and SURG-
MMA) received an injection containing butorphanol (0.01
mg/kg), xylazine (0.02 mg/kg), and ketamine (0.04 mg/kg)
administered subcutaneously upon restraint in the chute
(Abrahamsen, 2008). In addition, 2% lidocaine was used as a
local anesthetic injected at 10 ml per spermatic cord and a 10
ml subcutaneous infiltration of the scrotum. Upon restraint,
all animals were haltered and flunixin meglumine (Flunixin
Injectable, Norbrook Laboratories, Ltd., Newry, Ireland)
was administered iv (1.2 mg/kg) to MMA treatments. These
animals also received flunixin meglumine (1.2 mg/kg iv) on
do, 1,2, and 3.

Dry matter intake was averaged for 57 d before castration
to establish baseline feeding behaviors for each individual
animal. Post-castration feeding behavior data were collected
for each animal d 0 to 28.

Statistical Analyses. The experimental unit for the
current study was individual animal. Exit velocity, TIC, HR,
TEMP, RESP and ADG were analyzed using a generalized
linear mixed model and least square means with a fixed
effect statement to analyze differences in treatment and d.
Rectal temperature, WTE, HR, and RESP were analyzed
using a generalized liner mixed model with d 0 as a covariate
(SAS Inst. Inc., Cary, NC). Dry matter intake was analyzed
with generalized liner mixed model which included radial
smoother within the random statement. Given the nature of
the acute response elicited from ketamine stun, EV and RS on
d 0 were analyzed independent of other d of collection.

RESULTS AND DISCUSSION

Exit velocity on d 0 was similar (P > 0.10) between
treatments or main effects of castration method or presence
of analgesia. When EV was analyzed independent of d 0 with
d -9 as a covariate, mean EV across all other days in MMA
treatments was 0.37 = 0.163 m/s greater (P = 0.04) than
treatments that did not receive pain mitigation.

Willingness-to-enter-chute did not differ (P > 0.10)
across main effects of castration method and presence of
analgesia. Similarities across treatments within WTE indicate
that neither method of castration or MMA influence WTE.

There was no method x MMA interaction (P = 0.46)
Response score was affected by the main effect of MMA,
as seen by SURG animals exhibiting a greater (P < 0.01) RS
than BAND, and animals not receiving analgesia exhibiting
a greater (P < 0.01) RS than MMA treatments (Figure 1).
A study examining the effects of intravenous ketamine and
xylazine administration at a dose of 0.1 mg/kg and 0.05 mg/
kg, respectively, found that castration without any sedation
resulted in a greater number of animals that exhibited violent
escape behavior at castration (Coetzee et al., 2010). The
findings from the current study support the contention that
multimodal administration of analgesia decreases acute pain
responses when castrating yearling bulls.

Time in chute was greater (P < 0.001; Table 1) in
SURG than BAND treatments by 318.0 + 48.75 seconds.
In cattle that received pain mitigation, TIC was greater
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Figure 1. Mean response score at time of castration by main effect of method of castration and pain mitigation presence.
BAND = band castration and BAND-MMA = band castration with subcutaneous ketamine stun and local lidocaine
block at d 0 and intravenous flunixin meglumine at d 0, 1, 2 and 3, SURG = surgical castration, SURG-MMA= surgical
castration with subcutaneous ketamine stun and local lidocaine block at d 0 and intravenous flunixin meglumine atd 0, d
1,d 2 and d 3. Response score was determined as: 0 = standing on all 4 feet during the castration procedure, 1 = treading
of front or rear feet during the castration procedure, 2 = 1 to 3 kicks with rear feet during the castration procedure, 3 =
more than 3 instances of kicking or hopping on rear feet during the castration procedure. There was no method x pain
mitigation interaction. Pain mitigation was provided via a multimodal analgesia approach (MMA). *®*Within main effect
of method of castration or presence of analgesia, means without common superscript differ (P < 0.05).

Table 1. Least square means for time in chute (TIC) across method of castration and pain mitigation'

Main effects

Method

Pain mitigation®

Item Band castration

Surgical castration

Without MMA With MMA

TIC (s) 560.1 %+ 32.50

878.1°+36.34

661.5*+34.47 776.8 ° £ 34.47

'"BAND = band castration, BAND-MMA = band castration with subcutaneous ketamine stun and local lidocaine block at d 0
and intravenous flunixin meglumine at d 0, 1, 2 and 3, SURG = surgical castration and SURG-MM A= surgical castration
with subcutaneous ketamine stun and local lidocaine block at d 0 and intravenous flunixin meglumine at d 0, 1, 2 and 3.
*Pain mitigation was provided via a multimodal analgesia approach (MMA)).

®Within main effect of method of castration or presence of analgesia means without common superscript differ (P < 0.05).

(P=0.03) by 115.4 + 48.75 seconds. These results indicate
that both surgical castration and administration of analgesia
are more time consuming that band castration and omission
of analgesia. While examining the application of these results,
time has the potential to play a role in industry acceptability.

There was a method x day interaction (P = 0.03) for
TEMP. Mean TEMP in the SURG treatments was 0.77 +
0.03°C greater (P < 0.001) than BAND treatments on d 1.
On d 2, TEMP for SURG was 0.38 = 0.03°C greater (P =
0.03) than BAND treatments. Rectal temperature among
surgical castrates in the present study may be accredited to an
inflammatory response to the soft tissue injury at the surgical
site.
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There was a method x d interaction (P = 0.005) for HR.
Heart rate for SURG was 25.84 + 7.3 beats/min greater (P =
0.001) than BAND treatments on d 1. There were no other
differences (P > 0.10) for HR between methods across day.

There was a tendency (P = 0.07) for a method x d
interaction for RESP. A potential reason for the RESP
differences seen in SURG castrates may be due to increased
epinephrine or inflammatory mediators in circulation in
response to the surgery. Increased inflammatory mediators
would be a consistent connection between the elevated HR
and TEMP observed in SURG castrates (Cahn and Line,
2005).



Table 2. Average daily gain (kg/d) and DMI (kg/d) across castration method and pain mitigation treatments

1,2,3,4

Treatment ADG SEM DMI SEM
BAND 0.68 0.212 9.51* 0.277
BAND-MMA 1.13 0.212 10.41° 0.225
SURG 0.99 0.212 9.73* 0.395
SURG-MMA 1.28 0.212 10.39° 0.175

'BAND =band castration, BAND-MMA= band castration with subcutaneous ketamine stun and local lidocaine block at d 0
and intravenous flunixin meglumine at d 0, 1, 2 and 3, SURG = surgical castration, SURG-MMA= surgical castration with
subcutaneous ketamine stun and local lidocaine block at d 0 and intravenous flunixin meglumine at d 0, 1, 2 and 3.

There were no method or method x MMA interactions (P > 0.10) in ADG.

There was a tendency (P = 0.09) for ADG to greater in MMA animals.

*Average daily gain was calculated from d -9 and 13.

*> Means without common superscript differ (P = 0.02) across main effect of MMA.

There were no differences (P > 0.05) in ADG across
main effect of method of castration, presence of analgesia
or method of castration X presence of analgesia. There was a
tendency (P = 0.09) for an interaction in ADG across MMA
main effects (Table 2), with MMA treatments gaining 0.37
kg/d greater than those that did not receive analgesia. An
experiment that evaluated the effects of a xylazine epidural
and flunxin meglumine administration at band castration
found no differences in ADG between medicated and non-
medicated groups (Gonzalez et al., 2010). In a previous study,
growth was greater in surgical castrates than banded castrates,
and both groups had reduced growth when compared with
intact bulls (Fisher et al., 2001). Similarly, in the current
study there were no differences (P = 0.30) in ADG across the
main effect of method.

Mean DMI throughout the trial was greater (P = 0.02) in
MMA treatments (Table 2). Across the main effect of method,
BAND treatments exhibited 2.62 +0.716 kg greater (P=0.003)
DMI on d 1. And though there was no d x MMA interaction,
MMA treatments exhibited 1.57 £+ 0.713 kg greater (P =0.03)
DMI, 2.83 £ 0.713 kg greater (P <0.001) DMI ond 2 and 1.44
+0.713 kg greater (P =0.04) DMI on d 3. Our results differed
from the reported in the literature (Gonzalez et al., 2010), in
which pain mitigation decreased DMI. This difference could
be attributed to sedation strategy (subcutaneous ketamine stun
vs. xylazine epidural) or administration of flunixin meglumine
(d0,1,2and 3 vs.dO0).

The data demonstrate increased DMI over the 28 d among
MMA cattle. There was also atendency (P=0.09) for increased
ADG in MMA treatments. The current study only examined
the 28 d period after castration and it is not known if these
effects would be compensated for by the time of slaughter.
Ketamine and butorphanol controlled substances and must be
administered by a Drug Enforcement Administration licensed
veterinarian, which could inhibit widespread use in the beef
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industry. Hence, further investigation into pain mitigation
strategies that are more accessible to the industry is needed.

As used in the present study, MMA combines multiple
analgesics to target an array of pain pathways. Previous
studies have shown that the MMA principle allows for a
synergistic effect of drugs by using a lower dose of each drug
in combination to minimizes the detrimental effect of each
(Lamont, 2008).

The MMA protocol used in the current study incorporated
an o,-adrenergic agonist (xylazine), an opioid (butorphanol),
a N-methyl-D-asparate receptor antagonist (ketamine), an
NSAID (flunixin meglumine) and a local anesthetic (lidocaine
hydrochloride; Abrahamsen, 2010). The results of the current
study suggest that it is this multimodal approach that allowed
for production and welfare benefits in regards to ADG, DMI
and RS. It could be hypothesized that the absence of negative
side-effects associated with the products used in the current
study can be attributed to this MMA approach.

There is a relatively limited understanding of pain
response in the bovine making it difficult to determine what
behaviors to evaluate and how to score these behaviors during
potentially painful procedures such as castration in order
to evaluate methods of pain mitigation. This study showed
differences (or tendencies) in ADG, DMI, HR, TEMP, RS
and EV, but not WTE or VOC. Further investigation into
behaviors related to pain associated with castration will
be vital for the approval of more effective pain mitigation
strategies for use with castration in food animals.

IMPLICATIONS

Results of this study indicate benefits associated with
analgesia at castration, supporting the necessity of further
research in analgesia at castration. Continuing research in
painful behaviors will be essential in quantifying the effects
of these products.
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ABSTRACT: Early pregnancy, when most embryonic
losses occur, is a critical period in which vital placental
vascularizationisestablished. Adequate vascular development
supports embryonic survival and subsequent fetal growth.
Vascular endothelial growth factor (VEGF) is the most potent
inducer of angiogenesis, and factors regulating VEGF may
ultimately affect vascularization. Activation of chemokine
receptor 4 (CXCR4) by CXCL12 increases VEGF synthesis
and secretion, which in turn stimulates CXCL12 and CXCR4
production. This synergistic regulation may influence
placental vascularization. Our laboratory reported elevated
CXCR4 in endometrium during early pregnancy in sheep,
but the relationship between the CXCL12/CXCR4 signaling
pathway and angiogenic factors such as VEGF, fibroblast
growth factor (FGF2), and angiopoietin 1 (ANG1) is lacking
in ruminants. We hypothesized CXCL12, CXCR4, and select
angiogenic factors and their receptors would increase in
placental tissue during early pregnancy. To test this hypothesis,
caruncle and fetal extraembryonic membrane tissues were
collected on d 20, 25 and, 30 of pregnancy, with d 10 of the
estrous cycle as a control. Real time PCR was used to assess
relative mRNA levels. Expression levels were normalized by
standard methods, and subjected to ANOVA with Newman-
Keuls post hoc test to determine significant differences (P <
0.05). In caruncles, CXCL12 and CXCR4 increased on d 20
in pregnant ewes. Also, FGF2 increased during early to mid-
placentation. In fetal extraembryonic membranes, CXCL12,
CXCR4, ANGI, and VEGF were induced with advancing
pregnancy, whereas FGF2 and VEGFR2 peaked on d 25.
The increase of angiogenic factors in fetal placenta during
implantation and placentation highlights the concept that the
fetus regulates its vascularization in synergy with the maternal
placenta. The relationship between VEGF and CXCL12/
CXCR4 underscores the potential role for this chemokine
system in placentation. These results provide strong support
for enhanced signaling between chemokines and angiogenic
factors within the fetal-maternal interface.

Key words: chemokine, pregnancy, vascularization

INTRODUCTION

Improving livestock fertility is paramount for efficient
agricultural productivity and sustainability of food supplies.
It is evident that proper vascular development of the placenta
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is extremely important for fetal growth and survival, as
aberrant vascular development is linked to a number of serious
pregnancy-related complications including intrauterine
growth restriction, preeclampsia or early pregnancy loss
(Meekins et al., 1994; Macara et al., 1996). Most placental
growth occurs during early gestation, with limited growth
taking place during the last half of gestation. Numerous
signaling molecules such as chemokines and angiogenic
factors regulate vascularization of the placenta, thus affecting
the overall health and development of the fetus throughout
pregnancy (Igwebuike, 2009; Grazul-Bilska et al., 2010).
Chemokines are multifaceted proteins, which serve
as chemoattractants, triggering leukocyte migration, and
performing non-immune cell functions. Specifically,
chemokine receptor four (CXCR4) has one defined ligand,
CXCLI12 and disruption of this chemokine or its receptor in
mice results in serious vascular abnormalities (Nagasawa,
2001). As this pathway promotes vascular growth in other
tissues, it is possible that this pathway is promoting placental
vascularization. Furthermore, because pro-angiogenic factors
such as vascular endothelial growth factor (VEGF), fibroblast
growth factor two (FGF2), and angiopoietin one (ANGI)
primarily mediate vascular formation, this chemokine system
may stimulate these important angiogenic factors during early
placental progression as well. Interestingly, CXCL12 increases
synthesis and secretion of VEGF, which stimulates expression
of CXCL12 and CXCR4 (Rosenkilde and Schwartz, 2004).
This synergistic regulation could be affecting vascularization
of the placenta and the increase in angiogenesis needed for fetal
survival. Also, FGF2 and VEGF stimulate CXCR4 expression,
but not other chemokine receptors (Salcedo and Oppenheim,
2003). As VEGF is the most potent inducer of vascularization,
and FGF2 and ANG1 promote angiogenesis, it is important to
determine what signaling mechanisms could be stimulating
these angiogenic factors. We previously demonstrated that
CXCR4 increases in endometrium on d 35 of pregnancy in
sheep, concurrent with increased CXCL12 in the blood (Ashley
etal., 2011). Due to this increase on d 35, it is plausible that this
unique ligand—receptor pair promotes proper vascularization of
the placenta; however, a more defined timeframe of this increase
needs to be elucidated. In addition, the CXCL12/CXCR4
pathway elicits angiogenesis and may also promote angiogenic
factor expression during early placental development, but the
connection between these pathways is lacking in ruminants.



As such, we hypothesized that CXCL12, CXCR4, and select
angiogenic factors and their receptors would increase in
placental tissue during early pregnancy. The objective of this
study was to determine if mRNA for CXCL12, CXCR4, and
select angiogenic factors and their receptors, is differentially
expressed using real-time PCR (qPCR) on d 20, 25 and 30
of pregnancy and if differences exist between pregnant and
non-pregnant ewes.

MATERIALS AND METHODS

New Mexico State University Animal Care and Use
Committee reviewed and approved all experimental
procedures using animals.

Animals and Tissue Collection. Estrus was synchronized
in Rambouillet-cross ewes during the mid to late luteal phase
with two injections of dinoprost tromethamine (5 mg i.m.;
Lutalyse; Pfizer, New York, NY) administered 4 h apart.
Upon detection of estrus (d 0) by a vasectomized ram, ewes
were placed into experimental groups. Ewes (n = 5/d) were
anesthetized with sodium pentobarbital (20 mg/kg, i.v.)
on either d 20, 25, or 30 of gestation and also from mid-
luteal, nonpregnant (d 10 of the estrous cycle) control ewes.
The reproductive tract was removed using a mid-ventral
laparotomy, tissues were collected and snap frozen in liquid
nitrogen, and stored at -80°C for subsequent RNA isolation.
Ewes were then euthanized by exsanguination.

RNA Isolation. Total RNA was extracted from
caruncle and fetal membrane tissue using Tri Reagent BD
(Molecular Research Center Inc., Cincinnati, OH) according
to manufacturer’s directions. RNA was eluted in RNAse-
free water and treated with TURBO DNA-free kit (Ambion,
Foster City, CA).

Real-time Polymerase Chain Reaction. Analysis was
completed using qPCR as previously published (Ashley et
al., 2011). Briefly, cDNA was synthesized and qPCR was
performed using a CFX96 Touch Real-Time PCR Detection
System. Primer sequences are listed on Table 1. The GAPDH
amplicon did not change across days or pregnancy status

Table 1. Reverse and forward primer sequences for
each gene of interest

Reverse Primer

Forward Primer

Gene S
equence Sequence
GAPDH 5-CGTTCTCTG 5-TGACCCCTTCA
CCTTGACTGTG-3 TTGACCTTC-3
CXCL12 5-GGTCAATG 5-CCTTGCCG
CACACTTGCCTA-3 ATTCTTTGAGAG-3
CXCR4 5-GAGTCGA 5-AAGGCTAT
TGCTGATCCCAAT-3 CAGAAGCGCAAG-3
VEGF 5-AAATGCTTTCT 5-TCACCAAAG
CCGCTCTGA-3 CCAGCACATAG-3
VEGFR1 5-TCCACAAA 5-GTGCAGAT
TCTTGGCCTTTC-3 GGACGAGGACTT-3
VEGFR2 5-GCTCCAGC 5-TGAGAGCCC
TCTGAAAAC-3 CTGATTACACC-3
ANGI1 5-AGGAGGC 5-TCTGGAGC
TGGTGCCTATCTC-3 ATGTGATGGAAA-3
FGF2 5-AGTGCCA 5-GTGCAAACCG

CATACCAACTGGA-3

TTACCTTGCT-3
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and was used to normalize each target via the ACq method
(Schmittgen and Livak, 2008). Data are represented by
graphing 224 values calculated for each gene of interest.

Statistical Analysis. Data were subjected to ANOVA
analysis appropriate for acompletely randomized design. When
a significant effect (P < 0.05) was detected, day means were
separated using Newman-Keuls test on normalized Cq values
using Prism (Version 5 from GraphPad Software, Inc.).

RESULTS

The expression of mRNA for CXCL12, CXCR4 and
select angiogenic factors was evaluated using qPCR. In
caruncle tissue, all targets were detected at all time points.
Expression of CXCL12 increased on d 20 and CXCR4
increased on d 20 and 25 compared with non-pregnant ewes
(Figure 1). No differences were noted (P > 0.05) between
pregnant and non-pregnant ewes for the angiogenic factors.
When comparing days of gestation, however, FGF2 increased
on d 20 compared with d 30, with CXCL12 rising similarly
on d 20 compared with d 25 and 30 (Figure 2).

E3 NP

Relative mRNA Levels

CXCL12

CXCR4

Figure 1. Expression of CXCL12 and CXCR4 mRNA is up
regulated in caruncle tissues in pregnant ewes (d 20, 25 and
30) compared with non-pregnant ewes (NP). Expression of
mRNA for CXCL12 was elevated (*P < 0.05) on d 20 of
pregnancy compared with non-pregnant ewes and CXCR4
was elevated (*P<0.05) ond 20 and 25 of gestation compared
with non-pregnant ewes.
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Figure 2. Expression of FGF2 and CXCL12 mRNA in
caruncle samples was elevated (*P < 0.05) on d 20 of
pregnancy compared with d 30 and, d 25 and 30 respectively.
Expression of mRNA for CXCR4 and other angiogenic

factors remained constant across days tested.



Expressions of all transcripts were detected during early
gestation within fetal membrane tissues. An increase of
CXCL12 and VEGF mRNA occurred on d 25 and 30 compared
with d 20 of pregnancy (P < 0.05). Receptors for CXCL12 and
VEGF followed a similar pattern, with CXCR4 and VEGFRI1
increasing on d 25 and 30 compared with d 20, and VEGFR2
peaking specifically on d 25 compared with d 20 and 30. Also,
ANGT displayed the most robust expression, peaking on d 30
compared with d 20 of pregnancy (Figure 3).

DISCUSSION

Early gestation is characterized by a number of crucial
events including maternal recognition of pregnancy,
implantation, and placentation with the latter playing
a paramount role in exchange of nutrients between the
maternal and fetal interface. Proper placental development
is characterized by extensive angiogenesis, which must
occur early for subsequent development and growth of the
fetus throughout gestation (Reynolds and Redmer, 2001).
Interestingly, CXCL12 and CXCR4 gene knockout (KO)
mice have severe vascular abnormalities not observed in any
other chemokine or chemokine receptor KO mice, suggestive
of a unique role for this chemokine signaling system in
vascularization (Tachibana et al., 1998). Also, angiogenic
factors such as VEGF, FGF2, and ANGI are critical growth
inducers, with VEGF being the most potent inducer of
vascularization (Grazul-Bilska et al., 2010). The importance
of VEGF inducing angiogenesis is evident in several gene
KO mice studies. In VEGF KO mice, embryonic lethality
occurs during early gestation, with prominent cardiovascular
defects and placenta abnormalities. Furthermore, KO of the
VEGF receptors results in poor placental vascularization
and embryonic lethality (Carmeliet et al., 1996; Ferrara et
al., 1996). Angiogenic factors FGF2 and ANGI also play
important roles during early pregnancy. Expression of FGF2
and its receptors are present within the uterus and placenta
of several mammalian species including cows, pigs, and
humans (Ornitz et al., 1996; Edwards et al., 2011). In mice,
FGF2 stimulates trophoblast cell migration leading to proper
implantation of the blastocyst, and in human trophoblast cells,
FGF2 promotes angiogenesis (Hamai etal., 1998; Taniguchi et
al., 1998). The ANG1 protein primarily plays a role in vascular
stabilization and has 2 specific receptors Tiel and Tie2. When
ANGI1 binds to Tie2, it elicits microvascular organization and
endothelial survival. Also, Tie2 or ANG1 deficiency in mice
leads to embryonic lethality causing an increase in ANG2,
which is known to destabilize blood vessels (Suri et al., 1996;
Holash et al., 1999; Kwak et al., 1999; Papapetropoulos et al.,
1999). Due to CXCL12/CXCR4 inducing vascularization,
and angiogenic factors playing an important role in the
regulation of angiogenesis, these signaling mechanisms
could potentially be working together to regulate growth and
vascularization of the placenta. This association is plausible
because CXCL12 increases VEGF synthesis and secretion,
which further increases expression of CXCL12 and CXCR4
(Rosenkilde and Schwartz, 2004). Because VEGF is a potent
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Figure 3. Expression of mRNA for VEGF, VEGFR1 and
CXCL12, CXCR4 was elevated (*P < 0.05) on d 25 and 30
of gestation compared with d 20 in fetal membrane samples.
Elevated mRNA expression of VEGFR2 occurred on d 25
compared with d 20 and 30 (*P < 0.05). ANG1 was elevated
(*P <0.05) on d 30 compared with d 20 of pregnancy.

inducer of vascularization it is important to understand
upstream signaling events that regulate VEGF expression. In
caruncle tissue, we saw an increase in CXCL12/CXCR4 in
pregnant compared with non-pregnant ewes; however there
was no changes in angiogenic factor expression. As this
chemokine system is associated with stimulating expression
of angiogenic factors, the increase we observed in pregnant
ewes could mean it is establishing and regulating expression
of these angiogenic factors during early pregnancy in sheep
leading to vascularization of the placenta and fetal survival.
The increase of CXCL12 and FGF2 on d 20 of pregnancy in
caruncle tissues also represents the prominence of vascular
development during early gestation. This development may be
regulated by a unique communication between CXCL12 and
FGF2. In human endothelial cells, FGF2 drives expression
of CXCL12 and CXCR4 and activation of CXCR4 further
induces FGF2 (Salcedo, et al., 1999). This similar expression
pattern is seen within caruncle tissue on d 20 during early
vascular development.

Changes in mRNA expression of CXCL12/CXCR4 and
select angiogenic factors, in fetal membrane tissue further
emphasize the potential stimulation pattern between these
signaling mechanisms. Placental vascularization occurs
very early in gestation (Igwebuike, 2009; Grazul-Bilska et
al., 2010). We observed an increase of VEGEF, its 2 receptors
and CXCL12, and CXCR4 on d 25 and/or d 30 of pregnancy
compared with d 20. This increase of these angiogenic factors
further confirms that these signaling pathways are important
for placental vascularization and growth of the fetus during
early gestation. An intriguing increased expression of ANG1
occurred later on in gestation, demonstrating that this
angiogenic factor may play a role in vascular stabilization
within the placenta. Due to increases of these signaling
mechanisms in early gestation within fetal membrane tissue,
the fetus likely regulates its own vascularization in an
autocrine/paracrine fashion. Historically, many studies have
focused specifically on regulation of angiogenesis within the
maternal side. However, based on these results, further study



should be directed toward signaling mechanisms occurring
within the fetus during early gestation. From this, a better
understanding of early gestation within ruminants can be
gained, thus reducing early fetal growth restriction and
embryonic loss.

IMPLICATIONS

Proper development of the placenta is key to a successful
pregnancy, and if it is compromised, intrauterine growth
restrictions can occur leading to poor pregnancy outcomes
including embryonic mortality. Angiogenic factors including
the chemokine CXCL12 are regulated during early pregnancy,
and may play a role in angiogenesis, a crucial factor for
placental formation (Reynolds et al., 1992; Reynolds and
Redmer, 1995, 2001; Ashley et al., 2011). The symbiotic
expression of CXCL12, CXCR4 and VEGF, VEGFRI
and VEGFR?2 in the fetal membrane could mean the fetus
regulates its own vascular growth, thus leading to its survival.
Based on these data, it is important to not only look at the
regulation patterns on the maternal side, but also from the
fetal side as well. More research should be initiated to study
the relationship of CXCL12, CXCR4 and angiogenic factors
during early gestation with an emphasis on the fetal role in
placental development.
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ABSTRACT: Sixty non-pregnant, non-lactating mature
white faced ewes (Targhee 65.4 + 5.84 kg BW in 2010
and Rambouillet 61.9 = 6.28 kg BW in 2011) were used
in a 2 year study to evaluate wastage, intake, and nutrient
composition of a pea/barley forage fed either as baled hay in
confinement (CONFINEMENT) or swathed and left to graze
(GRAZE). Forage DMI was estimated using [VDMD and
chromic oxide as a marker for estimating fecal output. Forage
wastage was estimated by sampling and weighing the initial
swath, standing, and baled forage, weighing the forage again
after a 7-d collection period, and subtracting the estimated
forage DMI. Samples of baled, swathed, and standing forage
were collected in August and October and analyzed for CP
and in situ dry matter disappearance (ISDMD). There was
no treatment by year interaction (P = 0.56) for BW change
and no difference (P = 0.33) between treatments. There was a
treatment by year interaction (P=0.04) for DMI. In2010, DMI
was greater (P = 0.06) by CONFINEMENT ewes compared
with GRAZE ewes (2.4 vs 1.7 kgeewe'sd'); however, in
2011, DMI did not differ (P =0.25) between treatments. There
was no treatment by year interaction (P > 0.22) for forage
wastage either as a percent of beginning available forage or as
kilograms of wastage. Although percentage wastage did not
differ between treatments (P = 0.23), kilograms of wastage
was greater (P = 0.03) for GRAZE than CONFINEMENT.
There was no difference (P = 0.24) for beginning CP among
the forage treatments, but there was a treatment difference (P
<0.01) for ending CP (standing least amount of CP compared
with swath and bale) and for CP change in swath, standing,
and bale (1.65, -1.71, -0.15%, respectively) in 2010. There
was a difference (P < 0.08) for beginning CP and ending
CP between treatments with bale greater than swath, but no
difference (P = 0.52) for CP change in 2011. There was no
difference (P > 0.32) for beginning ISDMD, ending ISDMD,
and ISDMD change among the treatments in 2010. There was
no difference (P = 0.28) for beginning ISDMD between the
treatments, but there was a difference (P < 0.01) for ending
ISDMD and ISDMD change in 2011 as ISDMD decreased in
swaths and increased in bales. This research provides a sound
biological basis for an economic assessment of using swath
grazing in commercial sheep operations.

Key words:
wastage

confinement, ewes, grazing, intake, swath,
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INTRODUCTION

Swath grazing is a feeding strategy used as an alternative
to feeding baled forage. Swath grazing reduces costs
associated with harvesting forages (Surber et al., 2001);
however, animal performance with swath grazing has been
variable (Volesky et al., 2002; Karn et al., 2005; Nayigiugu
et al., 2007), forage wastage greater (Volesky et al., 2002),
and forage quality lower compared with feeding baled forage
(Munson et al., 1999; Volesky et al., 2002; Nayigihugu et
al., 2007). Swath grazing has been compared with confined
feeding in four peer-reviewed articles; however, all of
these articles used cattle. The objective of this study was to
evaluate ewe BW change, forage wastage, DMI, and nutrient
composition of a pea/barley forage either swath grazed or
baled and fed in confinement.

MATERIALS AND METHODS

Activities involving live animals were approved by the
Agricultural Animal Care and Use Committee at Montana
State University (2009-AA04).

Ewe Management and Treatments. This 2-yr study
used sixty non-pregnant, non-lactating mature, white-faced
ewes (Targhee 65.4 £ 5.84 kg BW in 2010 and Rambouillet
61.9 £ 6.28 kg BW in 2011). Research was conducted at
Montana State University’s Fort Ellis Experiment Station
near Bozeman.

Sheep grazed pea/barley forage swaths in paddocks
(GRAZE) or consumed mechanically harvested and baled
pea/barley forage in confinement (CONFINEMENT). The
pea/barley forage used in the grazing and feeding treatments
was grown on six different plots (3 plots for grazing and 3
plots in which forage was harvested for CONFINEMENT)
each year. All sheep had ad libitum access to forage, water,
and a salt/mineral supplement. In the GRAZE treatment,
three paddocks that measured 91 m in length and 15 m in
width were divided into two equal sections measuring 697
m? each. One section was used for the adaptation period and
the second section was used for the data collection period.
In the CONFINEMENT treatment, there were three pens
measuring 465 m? each. Each pen contained a combination
hay rack with grain trough sheep feeder measuring 3.0 m
x 0.6 m x 1 m. Ewes were allowed a 7 d adaptation period
to become accustomed to their surroundings and treatments
(October 2 to October 8, 2010 and September 6 to September



12, 2011). Following the adaptation period there was a 7 d
data collection period. Ewes were weighed on September 25
and October 23, 2010 and September 6 and on September
20, 2011. Ewes were weighed 16 h after being removed from
food and water.

Forage Wastage. Forage availability was estimated in
order to calculate wastage. Forage was weighed before and
after the data collection period. In the GRAZE treatment,
three 1-m section of the swath were removed, weighed,
and replaced using methods similar to those described by
Volesky et al. (2002). The three recorded weights were
averaged and multiplied by the swath length to determine
total swath weight. Regrowth or standing forage remaining
in the paddock was also sampled by clipping and weighing
all forage within ten 0.1-m? ring samples randomly collected
throughout the paddock. This 1.0-m? weight of forage was
multiplied by the area of the paddock to determine total
kilograms of forage. In the CONFINEMENT treatment, all
bales were weighed prior to feeding. Sheep were fed daily an
amount of hay sufficient to ensure a level of refusal indicative
of ad libitum consumption (not less than 10%). The refused
forage left in the feeder was weighed at the end of the data
collection period. Samples were collected from the swath,
standing forage, bales, and forage remaining in the feeders
for analysis of DM in order to calculate forage availability
and wastage on a DM basis.

Wastage (DM basis) was calculated as follows:

W=B-E-1I

where W is wastage, B is the forage available at the beginning
of the data collection period, E is the edible forage still
available to the ewes at the end of the data collection period,
and [ is intake for the 7-d data collection period.

Intake. Individual forage DMI by ewes was estimated
using the following equation:

I=F/1-D

where I is forage intake, F is fecal output, and D is forage
digestibility. The equation for fecal output is as follows:

F=c/f

where F is fecal output, ¢ is g of chromium dosed to each ewe
per day, and f is the concentration of chromium in the feces
expressed in g of chromium per g of feces. Fecal output was
determined by dosing the ewes with 2 g of chromic oxide in
gelatin capsules using a plastic balling gun and fecal grab
samples were collected once per d at 1000 h similar to Hatfield
etal. (1991). Ewes were dosed for 7 d to establish equilibrium
and then dosed and fecal sampled for an additional 7 d.
Fecal samples were dried at 60°C, composited by sheep, and
analyzed for chromium concentration by atomic absorption
spectrometry (Williams et al., 1962). Forage indigestibility
was estimated using the in vitro technique from a modified
Tilley and Terry (1963) method.

Nutrient Composition. In 2010, samples of swath,
standing forage, and bales were collected after baling on
August 11, and from the bales and fenced-off section of
swath on October 7. In 2011, samples of swath and bales
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were collected after baling on August 22, and from the bales
and fenced-off section of swath on October 27.

All forage samples were dried at 60°C and ground in a
Wiley mill through a 1-mm screen. Two 1-g samples of the
1 mm forage were weighed, dried at 100°C for 24 h, and
reweighed to determine DM content. All forage samples
were analyzed for N (AOAC, 2000) using a LECO machine
(LECO Corp., St. Joseph, MI). Dry matter disappearance was
determined using in situ techniques as described by Bowman
and Firkins (1993).

Statistical Analysis. The study was a completely
randomized design with pen or paddock as the experimental
unit. Each treatment had 3 replications with 10 ewes/pen
or paddock. Data for ewe BW, wastage, DMI, and nutrient
composition were analyzed using PROC GLM (SAS Inst.
Inc., Cary, NC). The statistical model included the effects of
year, treatment, and year x treatment for ewe BW, wastage,
and DMI, and effects of treatment for nutrient composition.
Means were separated using the LSD procedure when a
significant F value was found (P <0.10).

RESULTS AND DISCUSSION

BW Change. There was no treatment by year interaction
(P = 0.56) for BW change and no difference (P = 0.33)
between treatments (Table 1). Ewe BW change was greater (P
<0.01) for ewes in 2010 (6.08 kg) than 2011 (1.6 kg). These
results are similar to Volesky et al. (2002) who reported no
difference in BW change of calves in the second year of a 2-yr
study comparing swath grazing to baled forage. In contrast
to these and our results, calves gained 10 kg more (Volesky
et al., 2002) and cows had greater ADG (Nayigihugu et al.,
2007) on swath treatments compared with baled treatments
in one year of these two year studies. Both authors attributed
this increased gain to access of the animals to high quality
regrowth in the swathed treatment. Differences between their
results and ours could be due to differences in animal species
used in the respective studies or because both these studies
lasted over a month, whereas ewes in our study grazed or
were fed < 4 wk. Also in contrast to our results, Karn et al.
(2005) and Nayigihugu et al. (2007) reported that cows had
less ADG on the swath treatment compared with the baled or
feedlot treatment; however, these studies were conducted in
the winter and ADG decreased when the swaths were covered
with ice and temperatures were below normal.

Wastage. There was no treatment by year interaction
(P > 0.23) for wastage expressed as either kilograms or as a
percent of beginning available forage (Table 2). Kilograms
of wastage was greater (P = 0.03) in GRAZE compared with
CONFINEMENT (78.8 vs. 7.0 kg) and wastage was greater
(P = 0.007) in 2010 compared with 2011 (87.1 vs. 24.2
kg). However, when wastage was calculated as a percent of
beginning available forage, there was no difference between
treatments (P = 0.23) or year (P = 0.15). Voleskey et al.
(2002) reported that calves consuming baled forages wasted
less forage than calves grazing windrows (12.5 vs. 29%).
These authors limited access of the animals to swaths in an
attempt to reduce wastage and calves fed bales had access
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to hay in a circular ring-type feeder. In contrast, Munson et
al. (1999) concluded that wastage was greater in the baled
treatment compared with the swath treatment based on the
amount fed, but wastage was estimated visually and not
directly measured.

Intake. There was a treatment by year interaction
(P < 0.06) for DMI (kgeewe'd! and % BW; Table 1). In
2010, both measures of DMI were greater (P = 0.06) by
CONFINEMENT ewes compared with GRAZE ewes (2.4
vs. 1.7 kgeewe'ed!); however, in 2011, DMI did not differ (P
= (.25) between treatments. Volesky et al. (2002) estimated
intake using chromium as an external marker and reported
no differences in intake by cattle grazing swaths or fed bales
in one year and greater intake by cattle grazing swaths the
second year.

Nutrient Composition. There was no difference (P =
0.24) for beginning CP among the forage treatments, but
there was a treatment difference (P <0.01) for ending CP and
CP change in 2010 (Table 3). The CP in the swathed forage
increased (1.65%), remained relatively constant (-0.15%)
in the baled forage, and decreased (-1.71%) in the standing
forage. There was a difference (P < 0.08) for beginning CP
and ending CP between treatments with baled forage being
greater than swathed forage (6.93% vs. 5.30% and 6.57% vs.
5.30%, respectively) in 2011. There was no difference (P =
0.52) for CP change. Volesky et al. (2002) reported that CP
did not differ between swath and bales over time. Likewise,
Nayigihugu et al. (2007) reported that CP did not differ over
time in both years; in the second year CP was greater for
swaths compared with baled forage, but bales were stored
uncovered and outside. In contrast, Munson et al. (1999)
reported CP decreased over time in both the swath and bales.
They also stored bales uncovered and outside

There was no difference (P > 0.32) for beginning
ISDMD, ending ISDMD, and ISDMD change among the
treatments in 2010 (Table 3). There was no difference (P =
0.28) for beginning ISDMD between the treatments, but there
was a difference (P < 0.01) for ending ISDMD in swath and
bale (29.77 vs. 43.73%, respectively) and ISDMD change in
2011. The ISDMD decreased (-7.03%) in the swathed forage
and increased (3.63%) in the baled forage. Nayigihugu et al.
(2007) reported that for the first year IVDMD did not differ
over time or between the swath and baled treatments, but in
the second year it declined over time in both treatments.
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IMPLICATIONS

This research provides a sound biological basis for an
economic assessment of using swath grazing in commercial
sheep operations.
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ABSTRACT: Objectives were to examine the effects
of maternal nutrient restriction on fetal cardiovascular
hemodynamics, and fetal and placental development during
early gestation. On d 30 of pregnancy, multiparous beef
cows were randomly assigned to dietary treatments of 100%
(CON; n = 6) or 60% of NRC recommendations (RES; n
= 6). Cows were individually-fed once daily using Calan
gates at 1000 h. On d 85 of gestation, fetal blood flow was
determined via Doppler ultrasonography followed by cow
slaughter. Ultrasound measurements included fetal heart rate
(HR), umbilical blood flow (uBF), pulsatility index (PI), and
resistance index (RI). Fetal PI and RI were not affected (P >
0.19) by maternal restriction, while fetal HR was decreased (P
=10.006) in RES vs. CON fetuses. Umbilical BF, uBF relative
to placental weight, and uBF relative to cotyledon weight
were not affected by maternal nutrient restriction, while uBF
relative to fetal weight was decreased (P = 0.03) in RES vs.
CON. Fetal weight tended to be greater (P =0.07) in RES vs.
CON fetuses. Total placentome weight was greater (P=0.002)
in RES vs. CON cows; however, cotyledon weight, caruncle
weight, fetal membranes, and chorioallantoic/amniotic fluid
volume were not different (P > 0.27) between treatments.
Placental efficiency (fetal weight: placentome weight ratio)
tended to be greater (P = 0.10) in CON vs. RES cows. Heart
girth and ponderal index were increased (P = 0.004) in RES
vs. CON fetuses, whereas biparietal distance and crown rump
length were not different (P > 0.28) between treatments.
Maternal nutrient restriction during early gestation increased
fetal growth and placentome weight, whereas uBF was
decreased relative to fetal weight. Therefore, it would appear
that maternal nutrient restriction leads to compensatory fetal
and placental development during early gestation.

Keywords: maternal restriction, pregnancy, umbilical blood
flow

INTRODUCTION

Beef cows are commonly managed in grazing systems
where quality of forage varies according to the regional
conditions. Often poor quality forage can affect nutritional
and physiological status of the dam, as well as the calf (Wu
et al., 2006). Intrauterine growth restriction is associated with
altered fetal organ development and subsequent performance
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of offspring (Godfrey and Barker, 2000; Wu et al., 2006). As
calf growth post-natal is largely dependent upon fetal growth
and development in utero, it is important to determine how
management decisions could impact the growth trajectory of
the bovine fetus. Even during the time of early embryonic
development, when nutrient requirements appear trivial for
conceptus growth, maternal nutrition can alter organogenesis
and establishment of the placenta, which are imperative for
proper prenatal growth and development (Robinson et al.,
1999).

The placenta plays a major role in the regulation of fetal
growth. Placental nutrient transport efficiency is directly
related to utero-placenta blood flow (Reynolds and Redmer,
1995). Gases, nutrients, and metabolic end products are
exchanged between maternal and fetal circulation via the
placenta (Reynolds and Redmer, 1995, 2001; Bleul et al.,
2007). Increases in transplacental exchange, which supports
the exponential increase in fetal growth during the last half of
gestation, depends primarily on growth of the placenta during
early pregnancy followed by dramatic development and
reorganization of the uteroplacental vasculature during the
last half of gestation (Meschia, 1983; Reynolds and Redmer,
1995). If an insult during early gestation impairs placental
development, calf development during later pregnancy could
be altered. Therefore, we hypothesized that nutrient restriction
during early gestation in beef cows would impair conceptus
development. The specific objective was to examine the
effect of maternal nutrient restriction during early gestation
on umbilical hemodynamics and conceptus development.

MATERIALS AND METHODS

All procedures involving animals were approved by the
North Dakota State University (NDSU) Animal Care and Use
Committee.

Animals and Management. Twelve gestating, non-
lactating, multiparous beef cows (initial BW = 623.1 £+ 16.6
kg) of similar genetic background were transported from
the NDSU Beef Research and Teaching Unit to the Animal
Nutrition and Physiology Center (ANPC) located on NDSU
campus within 3 d post artificial insemination. Prior to
initiation of the experiment, cows were trained to use the Calan
gate system. Cows were grouped with 3 to 4 head per pen. All
cows were fed chopped grass hay [8.02% CP and 57.93%



TDN (DM basis)] a mineral and vitamin supplement from
their arrival at ANPC until d 30 of pregnancy (100% of NRC
recommendation for NE for maintenance and fetal growth
and to meet or exceed the recommendations for MP, minerals,
and vitamins; NRC, 2000). Pregnancy was confirmed on d 25
or 26 post-insemination via transrectal ultrasonography. On d
30 of pregnancy, cows were assigned randomly to receive the
same grass hay and mineral and vitamin supplement at either
100% NRC recommendations for NE for maintenance and
fetal growth and to meet or exceed the recommendations of
MP, minerals, and vitamins; (CON; n = 6); or 60% of the NE
recommendations (RES; n = 6) from d 30 to 85 of gestation.

Cows were individually fed once daily in a Calan gate
system at 1000 h. The mineral and vitamin supplement was
top-dressed 3 times a week at a rate of 0.18 % of hay DMI to
meet or exceed mineral and vitamin requirements relative to
dietary NE intake (NRC 2000). Cows were weighed weekly
throughout the experiment and dietary intake adjusted relative
to BW.

Ultrasonography Evaluation. Umbilical hemodynamics
were obtained via color-Doppler ultrasonography (Aloka
SSD-3500; Aloka America, Wallingford, CT, USA) at 0700 h
on the day prior to slaughter (d 84 of gestation). Measurements
included fetal heart rate (HR), umbilical blood flow (uBF),
pulsatility index (PI), and resistance index (RI). Briefly, a
transrectal-finger probe (~5 x 2 cm; Aloka UST-672; 5.0
MHz) was inserted into the rectum and the umbilical cord was
located. In B-mode using the linear transducer, a longitudinal
section of the umbilical cord was visualized by manually
turning the transducer of the probe. The probe was aligned
with the umbilical cord at an average angle of insonation of
58 + 3 degrees. Once an adequate portion of umbilical cord
was identified, the sample gate cursor was placed over the
umbilical artery whereas at the same time pulsatile waves in
D mode (Doppler spectrum) were recorded. Three similar
waveforms from 3 separate ultrasonography measurements
(average time of ultrasonography examination was 12.0 + 0.7
min) were obtained and averaged for every ultrasonography
examination (a total of 9 measurements per animal). Fetal
HR, umbilical PI and RI, and uBF, were calculated by pre-
programmed Doppler software where PI = [peak systolic
velocity (PSV) - end diastolic velocity (EDV)]/mean velocity
(MnV); RI = (PSV-EDV)/PSV; BF (mL/min) = MnV (cm/s)
x (m/4) x diameter? (cm?) x 60 s.

Slaughters. On d 85 of pregnancy, cows where transported
from ANPC to the NDSU Meat Laboratory. Briefly, cows
were stunned with a captive-bolt gun and exsanguinated.
The gravid uterus was immediately collected and weighed.
The fetus was immediately removed from the placenta at
the umbilicus and weighed. Biparietal distance, heart girth,
and crown rump length were measured for each fetus. Fetal
ponderal index was calculated using the following equation:
ponderal index = fetal weight (kg)/crown rump length (m?).
Chorioallantoic and amniotic fluids were combined and
volume was recorded. After each individual placentome was
weighed, placentome dimensions [length (1), width (w), depth
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(d)] were measured using digital calipers and were separated
manually into cotyledonary and caruncular portions. The
mass of total cotyledonary tissue and total caruncular tissue
was recorded. Average placentome density (g/cm?®) was
calculated as placentome weight divided by placentome
volume (1*w*d). Placental efficiency was calculated as
fetal weight divided by total placentome weight. After all
placentomes and fetal membranes were removed, the uterus
was reweighed to obtain an empty uterine weight.

Statistical Analysis. Data were analyzed using the
MIXED procedure (SAS Inst. Inc., Cary, NC). Class statement
included treatment and fetal sex. Model statement included
treatment and fetal sex. When a significant treatment effect
was detected (P < 0.05), treatment differences were separated
using the PDIFF option of the LSMEANS statement.

RESULTS

Umbilical PI and RI were not affected (P > 0.25) by
maternal nutrient restriction. Fetal HR was decreased (P =
0.006) in RES compared with CON fetuses (185 vs. 173 +
2 bpm, respectively). Absolute uBF (46.3 + 3.4 mL/min),
uBF relative to total placentome weight (170 £ 10 mL-min
"kg'), and uBF relative to total cotyledon weight (1.7 +
0.3 mL-min'-g") was not affected (P > 0.13) by maternal
nutrient restriction. However, uBF relative to fetal weight
was decreased (P = 0.03) in RES compared with CON
cows (300 vs. 440 + 40 mL-min"' kg, respectively). Fetal
weight tended to be greater (P = 0.07) in RES compared with
CON, where fetuses from RES had a 14% weight increase
compared with fetuses from CON cows (140 vs. 120 = 10
g). Heart girth and ponderal index were greater (P = 0.004)
in fetuses from RES vs. CON cows (10.8 vs. 10.3 £ 0.2 cm;
27.3 vs. 21.1 + 1.2 kg/m?), whereas fetal biparietal distance
(2.5 £ 0.09 cm) and crown rump length (17.0 = 0.01 cm)
were not different (P > 0.28) between treatments. Gravid (2.6
+ 0.2 kg) and empty uterine weight (1.1 £ 0.1 kg) were not
different (P > 0.20) between treatments. There were more (P
=0.02) placentomes in RES compared with CON cows (68.4
and 45.2 + 6.2 placentomes, respectively), and therefore the
total mass of the placentomes was greater (P = 0.002) in RES
vs. CON cows (118.8 vs. 84.8 + 5.9 g, respectively). Average
placentome weight was not affected (P = 0.51) by maternal
treatment. Moreover, average placentome volume (1.3 + 0.2
cm?) and density (1.9 +0.2 g/cm®) were not affected (P> 0.65)
by maternal nutrient restriction. In addition, total cotyledon
weight (41.3 + 6.2 g), total caruncle weight (48.5 + 6.6 g),
fetal membrane weight (142 + 29 g), and chorioallantoic and
amniotic fluid volume (865 + 83 mL) were not different (P >
0.27) between treatments. Placental efficiency (fetal weight:
placentome weight ratio) tended to be greater (P = 0.10) in
CON vs. RES cows (1.4 vs. 1.2 £ 0.1, respectively).

DISCUSSION

We reject our initial hypothesis that maternal nutrient
restriction during early gestation in beef cows would impair



fetal hemodynamics and conceptus development. It appears
that fetal growth was spared due to increased placental growth
in restricted cows. Previous research in beef cows, with a
nutrient restriction to 50% of the requirements from d 30 to d
125 of gestation reduced caruncular and cotyledonary weight
compared with control cows at the end of the restriction.
However, when cows were realimented caruncular weight
was similar between restricted and control cows at d 250
(Zhu et al., 2006). Vonnahme et al. (2007) demonstrated that
restriction from d 30 to 125 did not affect placenta vascularity.
Conversely, upon realimentation, placental vascularity was
altered near term, indicating that the placenta compensated
after restriction. In this study, cows were slaughtered at d 85
of gestation following 55 d of maternal nutrient restriction
(from d 30 to d 85 gestation). We observed differences in
placentome weight and number where RES cows had greater
mass and greater number of placentomes than CON cows
by d 85 of gestation. Therefore, 55 d of maternal nutrient
restriction during early gestation appears to lead to increased
placental growth and development in RES compared with
CON cows. Vonnahme et al. (2007) observed dramatic
differences in capillary vascularity after the realimentation
period (from d 125 to 250), suggesting an alteration of
placental development and function by early nutrient
restriction. In our study, Reyaz et al. (2012) showed that
cotyledonary arteries from RES cows were more sensitive to
bradykinin-induced relaxation compared with cotyledonary
arteries from CON cows. Reynolds et al. (2006) summarized
several studies that used sheep as a model of compromised
pregnancies during late gestation (i.e. overfed and underfed
dams, heat and hypoxia stress, multiple pregnancies) where
most of the studies showed a decrease in uBF and a decrease
in fetal and placental weight. More specifically, nutrient
restriction in sheep during early gestation (from d 28 to 78)
resulted in intrauterine growth restriction in RES vs. CON fed
ewes (Vonnahme et al., 2003). In human fetuses, abnormal
umbilical artery blood flow during late gestation indicates
intrauterine growth restriction, suggesting high risk for
perinatal death (Kingdom et al., 1997). Currently, a paucity
of research exists on umbilical hemodynamics in cattle;
however, if we are able to determine abnormal umbilical
wave forms during ecarly gestation in cows we might be
able to elucidate strategies to improve neonatal health. In
this study we observed that d 85 fetuses from RES cows
tended to be heavier compared with fetuses from CON cows
suggesting an increased nutrient extraction from the nutrient
restricted dams. As uBF was similar between treatments we
hypothesize that nutrient uptake by the placenta in nutrient
restricted animals must be enhanced. Studies are ongoing to
determine how realimentation would impact fetal growth and
placental function.

IMPLICATIONS

Pregnancy success and offspring health are dependent
on nutrient intake and conceptus growth and development.
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Optimization of growth and development after birth is
important for the profitability of the livestock industry. In
our study, nutrient restriction during early gestation appears
to alter placental function. More research is necessary to
further understand the early changes in placental and fetal
development and how these changes would affect later fetal
development and neonatal health.
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ABSTRACT: Four hundred eighty crossbred beefcows and 86
crossbred beef heifers were used to compare the effects of two
breeding systems on pregnancy rates and days to conception.
Cattle were stratified by age and BCS, and assigned randomly
to one of two treatments: 1) Females exposed to natural
service bulls for the duration of the breeding season (NS;
n = 284), or 2) females exposed to estrous synchronization
and a fixed-time Al (d 0; 7-d Co-Synch + CIDR), followed
by exposure to natural service bulls for the duration of the
breeding season (TAI, n = 282). Bulls were introduced on d
1 and both treatments were managed as a cohort in the same
pastures. Blood samples were collected on d -20 and -10 to
determine cyclic status. On d 49 and again at least 40 d after
bull removal from pastures, transrectal ultrasonography was
used to determine pregnancy status and fetal age. Overall,
42.8% of cattle were cyclic at the beginning of the breeding
season. Treatment X cyclic status interactions (P <0.01) were
present for the proportion of cows detected pregnant on d 49,
the proportion of cows pregnant at the end of the breeding
season, and days from the beginning of the breeding season
to conception. A greater proportion (P < 0.05) of cyclic cattle
in the TAI treatment (88%, 104 of 118) had a viable fetus
detected on d 49 of the breeding season compared with cyclic
cattle in the NS treatment (74%, 88 of 119) and non-cyclic
cattle in the TAI (75%, 122 of 163) and NS treatments (77%,
120 of 156). A greater percentage (P < 0.05) of cyclic cattle
in the TAI treatment (94%, 111 of 118) were pregnant at the
end of the breeding season compared with non-cyclic cattle
in the TAI treatment (84%, 136 of 162) whereas cyclic (88%,
105 of 119) and non-cyclic (89%, 140 of 157) cattle in the NS
treatment were intermediate. Both cyclic (11.6 + 1.4 d) and
non-cyclic (14.5 + 1.4 d) cattle in the TAI treatment became
pregnant earlier in the breeding season (P < 0.05) compared
with cyclic (19.9 = 1.4 d) and non-cyclic (17.9 £ 1.4 d)
cattle in the NS treatment. Breeding systems for beef cattle
that incorporated TAI altered pregnancy rates and days to
conception compared with natural service breeding systems.

Key words: artificial insemination, estrous synchronization,
natural service
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INTRODUCTION

The area of production most critical in terms of profit
potential in beef cow-calf operations is the ability of a cow to
give birth and raise a healthy calf until weaning (Dickerson,
1970). Reproductive performance is variable among herds
(Larson et al., 2006; Dahlen et al., 2010) and estimates
indicate the beef industry loses $2.8 billion in revenue as a
result of infertility (Lamb et al., 2011). Incorporating estrous
synchronization (ES) and Al into beef operations may result
in improved reproductive performance, weaning weight,
carcass quality, and genetic value, along with reduced calving
difficulty (Sprott, 2000). Modern ES protocols allow cows
an increased opportunity to become pregnant on the first day
of the breeding season. The implementation of fixed-time Al
protocols has resulted in similar pregnancy rates to protocols
that require heat detection (Lemaster et al., 2001).

Experiments have used clean-up bulls after the use of ES
and Al (Stevenson et al., 1997; Geary et al., 2001), but lack
the use of a traditional breeding system as a control. Natural
service with no ES protocol needs to be used as a control to
determine the overall effect of an ES and Al breeding system.
One example, Sa Filho et al. (2009) reported significantly
greater pregnancy rates when Al and ES were used compared
with natural service in Bos indicus cattle.

The objective of this study was to determine if the
use of an estrous synchronization protocol with fixed-time
artificial insemination and use of a clean-up bull would
increase pregnancy rates and reduce days to conception
compared with a traditional natural bull breeding system. Our
hypothesis was that cattle receiving estrous synchronization
and artificial insemination would have greater pregnancy rates
and decreased days to conception compared with cattle bred
via natural service mating without estrous synchronization.

MATERIALS AND METHODS

This project was approved by the Institutional Animal
Care and Use Committee of North Dakota State University.

Animals and Treatments. A combination of 480
crossbred Angus cows and 86 crossbred Angus heifers (n
= 566) were used in two locations: 1) Central Grasslands



Research Extension Center (n = 86 heifers and n = 405 cows)
and 2) Hettinger Research Extension Center (n = 81 cows).
All animals were stratified by age, BCS, and days postpartum
(cows only), then assigned to one of two treatments in a
completely randomized design: 1) natural service (NS, n
= 284), exposed to natural service bulls for the duration of
the breeding season, or 2) artificial insemination (TAI, n
= 282), exposed to ES [7-d Co-Synch + CIDR (Larson et
al., 2000)] and a fixed-time AI (d 0) followed by exposure
to natural service bulls (clean-up bulls) for the duration of
the breeding season. Females in the TAI treatment received
a gonadotropin-releasing hormone (GnRH; as 100 pg as 2
mL of Factrel i.m.; Fort Dodge Animal Health, Fort Dodge,
IA) injection as well as a controlled internal drug releasing
device (CIDR; Pfizer Animal Health, Madison, NJ) on d -10.
On d -3, the CIDR inserts were removed and a prostaglandin
F,, (PGF,; Lutalyse, 25 mg im.; Pfizer Animal Health,
Madison, NJ) injection was administered. On d 0 a second
injection of GnRH was administered coincident with fixed-
time artificial insemination. Bulls were introduced to the
herd on d 1 and both treatments were managed as a cohort in
the same pastures. Bulls passed a breeding soundness exam
(American Society for Theriogenology) and were stocked at
a rate of 30 cows/bull and 15 heifers/bull for the cow and
heifer groups, respectively.

Blood Sample and Analysis. Blood samples forall females
were taken on d -20 and -10 via coccygeal veinipuncture into
10 mL Vacutainer tubes containing sodium heparin (BD,
Franklin Lakes, NJ). Samples were immediately placed on ice
for 2 h then centrifuged at 1,200 x g for 20 min and plasma
was collected and stored at -20°C. Concentrations of plasma
progesterone (P,) were analyzed in duplicate by RIA using
progesterone kits (Coat-A-Count; Diagnostic Products Corp.
Los Angeles, CA). The assay kit was validated for bovine
serum (Kirby et al., 1997) using an assay volume of 100 pL.
Assay tubes for the standard curve contained 0.1, 0.25, 0.5,
1, 2, 5, 10, and 20 ng/tube. Assay sensitivity for a 100 uL.
sample was 0.1 ng/mL. The intra and inter-assay CV were
5.5% and 6.3%, respectively. Cows were considered to be
cyclic at the initiation of treatments if at least 1 of 2 blood
samples (collected on d -20 and d -10) had concentrations of
P,> 1 ng/mL (Perry et al., 1991).

Pregnancy Determination. Transrectal ultrasonography
was used to determine presence and age of a viable fetus,
using an Aloka 500 with a 5 MHz linear probe on d 49 and
again at least 40 d after the bulls were removed from breeding
pastures.

Statistical Analysis. Day 49 and final pregnancy rates
were analyzed using the GLM and GENMOD procedures
(SAS Inst. Inc., Cary, NC), whereas days to conception were
analyzed using the GLM procedure. The statistical model
included the effects of treatment, cyclic status, location and
the respective interactions. Significance was determined with
an alpha of P <0.05.
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RESULTS AND DISCUSSION

At the initiation of the breeding season, 42.8% of all
cattle were cyclic. The mean BCS of all cattle was 5.2 (range
of 4 to 8) and mean days postpartum was 65.6 d (range of
21 to 99 d) for suckled cows on d 0. Treatment x cyclic
status interactions (P < 0.01) were present for the proportion
of cows detected pregnant on d 49, the proportion of cows
pregnant at the end of the breeding season, and days from
the beginning of the breeding season to conception (days to
conception). A greater proportion (P < 0.05) of cyclic cattle
in the TAI treatment (88%, 104 of 118) had a viable fetus
detected on d 49 of the breeding season compared with cyclic
cattle in the NS treatment (74%, 88 of 119) and non-cyclic
cattle in the TAI (75%, 122 of 163) and NS treatments (77%,
120 of 156; Figure 1). Similarly, Geary et al. (2001) reported
that there was no difference in TAI pregnancy rates between
cyclic and non-cyclic cattle receiving an OvSynch or CO-
Synch ES protocol. In contrast, Stevenson et al. (1997) stated
cyclic cattle that receive ES and Al had greater pregnancy
rates to Al than non-cyclic cattle.

Overall Al pregnancy rates were 55%. The use of the ES
and Al allowed more cattle to become pregnant on the first
day of the breeding season. This reduction in the number of
non-pregnant cows at the start of the breeding season would
allow bull stocking rate to be reduced. The bulls needed
for an operation that utilizes ES and Al may be reduced
by half, recouping most if not all the expenses needed for
ES and AI (Johnson and Jones, 2008). Depending on bull
purchase price, maintenance and health costs, and interest on
purchases, operating costs for herds that incorporate Al may
be less compared with herds that use only a natural breeding
system (Johnson and Jones, 2008).

Both cyclic (11.6 = 1.4 d) and non-cyclic (14.5 + 1.4 d)
cattle in the TAI treatment became pregnant earlier in the
breeding season (P < 0.05) compared with cyclic (19.9 1.4
d) and non-cyclic (17.9 + 1.4 d) cattle in the NS treatment
(Figure 2). The decreased days to conception is due primarily
to the greater proportion of cattle bred to Al on the first day
of the breeding season. The reduction in days to conception
could potentially reduce the calving season length and labor
needed with a more concentrated calving season (Sprott,
1999). However, the length of the calving season is dictated
by the length of the breeding season. Rodgers et al. (2012)
reported the mean calving date was altered by ES and Al,
but the length of the breeding season was not different
compared with that of the natural service treatment. If days
to conception is a true indication of date of calving, cattle in
the TAI treatment would have calves earlier in the calving
season with the potential to be heavier at weaning.

A greater proportion (P < 0.05) of cyclic cattle in the
TAI treatment (94%, 111 of 118) were pregnant at the end of
the breeding season compared with non-cyclic cattle in the
TAI treatment (84%, 136 of 162) whereas cyclic (88%, 105
of 119) and non-cyclic (89%, 140 of 157) cattle in the NS
treatment were intermediate (Figure 3). Interestingly, fewer
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Figure 1. Pregnancy rates on d 49 of breeding season.
Treatment x cyclic status P < 0.01. Cyclic cattle on the fixed-
time Al (TAI) treatment had significantly (P < 0.05) greater
pregnancy than non-cycling TAI and cycling and non-cycling
natural service (NS). *¥ Means lacking common superscript
differ (P < 0.05).
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Figure 2. Mean days to conception from start of breeding
season. Treatment x cyclic status < 0.01 Both cyclic and non-
cyclic fixed-time Al (TAI) treatment cattle had significantly
(P < 0.05) decreased days to conception compared with
cattle in the natural service (NS) treatment. *¥ Means lacking
common superscript differ (P < 0.05).
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Figure 3. Pregnancy rates at least 40 d after bull removal.
Treatment X cyclic status P < 0.01. Cyclic cattle in the fixed-
time Al (TAI) treatment had significantly (P < 0.05) greater
pregnancy rates than non-cyclic TAI treatment cattle and
natural service (NS) were intermediate. *¥ Means lacking
common superscript differ (P < 0.05).
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non-cyclic cattle in the TAI treatment were pregnant at the
final pregnancy check compared with cyclic cattle in the TAI
treatment. This goes against a common theory that states ES
protocols will initiate cyclicity and result in a greater proportion
of non-cyclic cattle pregnant at the end of a breeding season
compared with systems that do not incorporated Al. In contrast,
no differences in final pregnancy rates were observed among
cyclic and non-cyclic of both cows and heifers that received an
ES protocol with an injection of GnRH (Stevenson et al. (1997).
The discrepancy between our season ending pregnancy rates
and stated theory require further verification to substantiate
common industry claims.

IMPLICATIONS

Breeding systems for beef cattle that incorporated
artificial insemination and estrous synchronization altered
pregnancy rates and days to conception compared with
natural service breeding systems. Cattle bred via artificial
insemination became pregnant earlier in the breeding season
and have the potential to be born earlier in the calving season
and be heavier at weaning. Subsequent efforts will evaluate
whether current indicators of potential increased weaning
weight for calves resulting from the Al treatment translate
into benefits realized at the producer level.
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ABSTRACT: Two single nucleotide polymorphism (SNP)
genotypingarrays, thellluminaHigh-Density BovineBeadChip
Array (BovineHD; 777,962 SNP) and the Affymetrix Axiom
Genome-Wide BOS 1 Array (BOS1; 648,874 SNP), are
available for bovine genomics analyses, such as quantitative
trait loci (QTL) fine mapping and genomic selection. These
genotyping arrays are of interest to researchers for their
high marker density relative to other genotyping platforms.
Differences in allele frequency distribution between arrays
contributes to their efficacy for association studies as QTL
may have rare alleles (low minor allele frequency, MAF),
limiting the extent of linkage disequilibrium (LD) possible
with intermediate MAF SNP. To evaluate MAF distribution
differences between arrays in Holstein (HO) and Jersey
(JE) breeds, we genotyped 16 DNA samples (10 HO, 6 JE)
from UC Davis cows and their sires with both BovineHD
and BOS1, and MAF distribution was determined within
breed. A greater proportion of SNP had MAF equal to zero in
BOSI1 relative to BovineHD (HO: BOS1 45% vs. BovineHD
28%; JE: BOSI1 55% vs. BovineHD 39%), which given the
fewer number of total SNP in BOS1 resulted in fewer BOS1
SNP for all MAF. However, of polymorphic SNP, low to
intermediate MAF SNP (MAF < 0.20) were proportionally
more highly represented in BOS1 (HO 45%; JE 42%) relative
to BovineHD (HO 38%; JE 39%). An important issue in
genotyping arrays is marker redundancy. SNP in complete
LD have collinear effects, reducing the accuracy and stability
of marker effect estimates when jointly analyzed. To evaluate
if removal of redundant SNP altered the MAF distribution
in BovineHD and BOS1, LD pruning was performed using
SVS7. Using the LD threshold r*> 0.99, a greater proportion
of polymorphic SNP were removed from BovineHD
relative to BOS1 (HO: BovineHD 75% vs. BOS1 57%; JE:
BovineHD 86% vs. BOS1 79%), yielding more informative
SNP at nearly all MAF in BOSI for HO (+14,079 SNP). The
proportion of low MAF SNP in BOS1 (HO 37%; JE 32%)
became similar to BovineHD (HO 34%; JE 31%), and the
correlation between BovineHD and BOS1 MAF distributions
rose in HO (0.58 to 0.95) but did not change in JE.

KEYWORDS:
polymorphism

cattle, genotyping, single nucleotide
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INTRODUCTION

As of August 2011, 1,144 U.S. Holstein animals have
been genotyped using the Illumina High-Density Bovine
BeadChip Array (BovineHD), and >70,000 have been
genotyped using the Illumina Bovine SNP50 BeadChip
assay (Cole et al., 2012). In the past year, another high
density genotyping platform was introduced for use in
cattle, the Affymetrix Axiom Genome-Wide BOS 1 Array
(BOS1). Both platforms were designed to improve genomic
coverage relative to lower density arrays such as the Bovine
SNP50 and be informative across a wider variety of breeds
(Illumina, 2010; Affymetrix, 2011). Greater marker density
and thus reduced gap size should increase the average linkage
disequilibrium (LD) between adjacent markers (and QTL) and
the accuracy of genomic analyses such as genomic selection
(de Roos et al., 2008; Harris and Johnson, 2010b). However,
greater density may result in many non-informative loci
due to complete LD between markers. Increased emphasis
on coverage across breeds can imply reduced representation
of SNP that are polymorphic within any particular breed or
small population or both, leading a large proportion of array
SNP to be monomorphic. Another consideration is the allele
frequency of those loci that are in LD with QTL. As described
by Goddard (2009), if QTL follow a U-shaped distribution,
a genotyping array in which markers have intermediate
frequency or perhaps follow a uniform distribution would
provide relatively few SNP which could be in complete LD
with QTL. Therefore, low minor allele frequency (MAF)
SNP may be of particular interest in QTL mapping studies.
In that context, power and sample size depend on the marker
allele frequencies (Chapman and Wijsman, 1998; Xiong and
Jin, 1999).

It was the objective of this study to determine the MAF
distribution of the BovineHD and BOSI arrays in small
populations of two highly used dairy breeds and determine
whether there was a greater proportion of low MAF SNP
present in one array relative to the other. Knowledge of these
two parameters could substantially impact decisions as to
which array is more appropriate for specific applications.

MATERIALS AND METHODS

Genetic analysis was performed on a population of
16 purebred dairy cattle derived from five 3-generation



families of the maternal grandsire, the dam, and one or
more daughters. In these five families, three were of the
Holstein breed (N = 10), and two were of the Jersey breed
(N=6). DNA extraction, genotyping, and quality control were
described in Rincon et al. (2011). Briefly, DNA was extracted
from blood samples and submitted for genotyping using the
BovineHD BeadChip array (Illumina Inc., San Diego, CA)
and the Axiom Genome-Wide BOS 1 array (Affymetrix Inc.,
Santa Clara, CA) by GeneSeek Inc. (a Neogen Co., Lincoln,
NE). Genotype scoring was conducted using Genome Studio
(Illumina Inc., San Diego, CA) or Genotyping Console
(Affymetrix Inc., Santa Clara, CA) software for I[llumina and
Affymetrix genotype data, respectively.

SNP Variation Suite v.7 (SVS7; Golden Helix Inc.,
Bozeman, MT) was used for data analysis. Genotype
statistics (specifically, MAF) were computed within each
breed both before and after genotype filtering using the LD
Pruning tool. LD Pruning involved the use of an Expectation
Maximization (EM) algorithm to complete the following: 1)
linkage disequilibrium r? estimation for each pair of markers
within a window of 50 markers moving in increments of five
markers and 2) pruning the first marker of any pair for which
the r> was greater than a threshold value. For this analysis,
the threshold value for r*> was chosen to be 0.99. This differs
from the criteria used by Rincon et al. (2011) for the same
dataset, in which LD pruning was used across breeds, and an
12 threshold of 0.9 was used.

With the exception of sporadically missing data due
to genotyping error, the limited sample size in this data set
allowed MAF to be considered categorically, with increments
between 0 and 0.5 of 1/2n where n was the number of
individuals genotyped per breed. For this reason, trends in
minor allele frequency were considered in increments of 0.05
for Holstein animals and 0.083 for Jersey animals. Low MAF
was defined as MAF < 0.20.

RESULTS

The numbers of SNP remaining after data trimming is
presented in Table 1. Greater than 99% of SNP present on the
BovineHD and BOSI arrays were genotyped in each breed.
A large proportion of SNP were monomorphic (MAF = 0)
in each breed, and a greater proportion of BOS1 SNP were
monomorphic relative to BovineHD. In these populations,
there were 180-200K more polymorphic (MAF > 0) SNP
present in BovineHD relative to BOS1. Using the LD Pruning
tool on the remaining SNP removed a large number of loci,
~400K from BovineHD and ~200K from BOS1. Using these
combined exclusion criteria; the number of informative loci
in Holsteins was approximately one-fifth of the total SNP
present on each array and in Jerseys, less than one-tenth.

Tables 2 and 3 show the MAF distribution in BovineHD
and BOS1 before and after applying the SVS7 LD Pruning tool
in Holstein and Jersey samples, respectively. For both breeds,
before LD Pruning, BOSI contained a larger proportion of
low MAF SNP (MAF < 0.20), which was consistent within
each constituent MAF increment. However, relatively more
low MAF SNP in BOSI were in linkage disequilibrium in
this population such that performing LD pruning generated
a reduced SNP set that was more similar in SNP density and
MATF distribution to that generated from BovineHD.

In Holsteins, the BOS1 set after LD pruning is larger.
Therefore, while the distribution of MAF became more
similar to that of BovineHD, there are more informative
SNP at nearly all MAF increments in BOSI, though the
total number of additional SNP is <20K. In Holsteins, the
reduced representation of low MAF SNP after LD Pruning in
BOSI results in a higher correlation in MAF between arrays,
0.58 before LD Pruning and 0.95 after. In Jerseys, while LD
Pruning did remove a larger proportion of low MAF SNP as
in Holsteins, the correlation in MAF between arrays did not
improve (0.95 to 0.84).

Table 1. Single nucleotide polymorphism (SNP) markers on each array after each step in data trimming for Holstein (HO)

and Jersey (JE) animals

Breed HO JE
Array BovineHD BOS1  BovineHD BOSI
Total SNP (%) 777,962 648,874 777,962 648,874
(100%) (100%) (100%) (100%)
Missing genotypes 402 10 449 22
(<<1%) (<<1%) (<<1%) (<<1%)
SNP with MAF = 0 (%) 219,098 291,145 305,512 355,225
(28%) (45%) (39%) (55%)
Polymorphic SNP (MAF > 0; %) 558,462 357,719 472,001 293,627
(72%) (55%) (61%) (45%)
Polymorphic SNP removed by linkage disequilibrium (LD) pruning (%) 419,837 205,015 405,809 231,508
(75%) (57%) (86%) (79%)
Polymorphic SNP with LD 1°<0.99 (%) 138,625 152,704 66,192 62,119
(25%) (43%) (14%) (21%)
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Table 2. Minor allele frequency (MAF; %) distribution for polymorphic
SNP (MAF>0) present in the Holstein genotypes before and after linkage

disequilibrium (LD) pruning

Polymorphic SNP (%) Bovine HD BOS1 Bovine HD BOS1
LD r’<0.99 LDr’<0.99
Low MAF (=<0.20) 38.0 453 343 36.5
0.00 < MAF =< 0.05 8.1 10.3 6.2 7.0
0.05 <MAF <0.10 9.3 11.9 8.6 8.9
0.10<MAF =< 0.15 10.2 12.1 8.8 9.9
0.15 <MAF < 0.20 10.5 11.0 10.7 10.6
0.20 <MAF =< 0.25 10.7 10.7 10.6 11.2
0.25 <MAF =< 0.30 11.2 9.8 12.0 11.0
0.30 <MAF = 0.35 11.1 9.8 11.5 11.5
0.35 <MAF = 0.40 11.7 9.8 12.8 11.8
0.40 <MAF =< 045 11.3 9.7 12.0 11.8
0.45 <MAF = 0.50 6.1 4.9 6.8 6.1
Correlation 0.58 0.95

Table 3. Minor allele frequency (MAF; %) distribution for polymorphic
SNP (MAF>0) present in the Jersey genotypes before and after linkage

disequilibrium (LD) pruning

Polymorphic SNP  Bovine HD BOS1 Bovine HD BOS1
(%) LD r’<0.99 LD r’<0.99

Low MAF (=<0.20) 38.5 41.8 30.7 31.9
0.00 < MAF < 0.083 19.7 22.4 12.7 14.8
0.083 < MAF =< 0.167 18.8 19.4 18.0 17.1
0.167 < MAF = 0.250 17.4 16.0 16.7 16.5
0.250 < MAF =< 0.333 18.3 17.2 20.1 18.8
0.333 <MAF =< 0417 17.4 16.8 18.0 19.5
0.417 <MAF = 0.500 8.4 8.1 14.5 13.3

Correlation 0.95 0.84
DISCUSSION trimming monomorphic, very low MAF (avariety ofthresholds

There are two major reasons to remove uninformative
SNP from genomic analyses: 1) linear functions of
uninformative SNP may predict random error in the reference
data, and 2) increased collinearity between informative and
uninformative SNP can distribute the effect of a QTL across
many SNP (Harris and Johnson, 2010b). Therefore, the effect
of including uninformative SNP is to reduce the accuracy and
stability of marker effect estimates, and this problem would
be exacerbated for traits that follow an infinitesimal model
and with increasing numbers of uninformative SNP in the
dataset.

Most genomic prediction analyses using the Bovine
SNP50 have used quality control criteria that included
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but generally MAF<1-5%), and collinear SNP. As of October
2008, quality control of SNP for U.S. and Canadian genomic
prediction analyses in Holsteins (N=14,720) excluded
6,572 monomorphic SNP, 3,649 SNP with MAF<0.02, and
2,628 SNP due to collinearity with at least one other SNP
(Wiggans et al., 2009). The determination of collinearity
was by comparing genotypes for every pair of SNP in MAF
increments of 0.025 with the highest quality locus retained in
any highly correlated pair. Unlike most genomic prediction
studies in cattle, the MAF distribution in that dataset was
reported. Above the exclusion threshold of MAF<0.02, a
relatively uniform distribution of SNP by MAF increment was
observed. Although MAF distribution was not reported, other



studies in Holsteins have reported similar proportions of SNP
excluded from genomic analysis using the Bovine SNP50.
Using a population of 2,066 Italian Holsteins, the application
of the procedure described by Wiggans et al. (2009) flagged
3,523 monomorphic SNP, 9,286 low MAF SNP, and 9,390
total SNP for collinearity including 1,276 which were flagged
only for this criteria (Van Kaam et al., 2010). In New Zealand
dairy genomic evaluations, 1,844 SNP were excluded due
to high linkage disequilibrium (r>> 0.975) in a combined
population of 5,212 Holstein-Friesian, Jersey, and Friesian-
Jersey crossbred bulls (Harris and Johnson, 2010).

In contrast to studies using the Bovine SNP50, substantially
larger proportions of monomorphic and collinear SNP were
present in the BovineHD and BOSI arrays in this dataset.
However, distribution of allele frequencies of the BovineHD
was very similar to the Bovine SNP50. The MAF distribution
of BovineHD SNP was relatively uniform for intermediate
MAF increments, with reduced representation of low MAF
SNP. This trend was exacerbated somewhat by applying LD
Pruning. In contrast, the BOS1 included a markedly greater
proportion of low MAF SNP, although the total number of
polymorphic SNP was reduced relative to BovineHD. The
application of LD Pruning removed more low MAF relative
to intermediate MAF SNP from BOSI1, generating a similar
MATF distribution to that observed in BovineHD (i.e., uniform
for intermediate MAF and somewhat reduced for low MAF
SNP). Therefore, it is not expected that BOS1 would be more
useful for QTL mapping studies due to a better representation
of rare alleles.

An important issue to consider is the small sample size
used to estimate allele frequencies and linkage disequilibrium.
Estimating LD using small sample sizes would be expected to
be less accurate and more biased. Khatkar et al. (2008), using
a population of 1,546 Holstein-Friesian bulls genotyped for
15,036 SNP, demonstrated that for a sample size of 25, r2
estimates were inflated relative to those estimated from a
sample of 1000 individuals, with only a moderate correlation
between estimates (0.66). The authors concluded that r?
accuracy was compromised for samples of less than 75
individuals. However, this effect became noticeable at longer
inter-marker distances (>40 kb) than those represented in
this study. In a multinational population of 1,214 Holstein,
Brown Swiss, and Fleckvieh cattle, the proportional degree
of inflation in LD estimates was twice as large at >50 c¢cM than
at <5 cM inter-marker distances when using 40 individuals
rather than 100 (Lipkin et al., 2009). To reduce the extent of
inflation in r? estimates, sliding windows of relatively few
markers were used in this study, such that markers in long-
range and/or nonsyntenic LD were not pruned. This method
was compromised only to the extent that errors in annotation
incorrectly position SNP. For example, Wiggans et al. (2009)
reported nine highly correlated SNP assigned to different
chromosomes in the Bovine SNP50. In this respect, it was
expected that more recent, greater density chips had some
advantage over the Bovine SNP50 due to improvement in
genome annotation. Fadista and Bendixen (2012) reported
that while the Bovine SNP50 versions 1 and 2 contained
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99 and 449 SNP, respectively, which did not map to their
reported genomic positions, the BovineHD contained only
14. Though BOS1 was not compared with BovineHD in that
study, we did not expect annotation errors to be appreciably
greater. Therefore, it was unlikely that any large differences
in the extent of SNP pruning for either HD chip were caused
by annotation error.

Substantially more SNP were pruned in this study
due to high LD within breed than those reported in multi-
breed datasets. Harris et al. (2011) reported 363,269 SNP
pruned from BovineHD data due to r>> 0.99 in a combined
reference population of 4,211 Holstein Friesian, Jersey, and
Holstein Friesian-Jersey crossbred cattle. This was similar
in magnitude to that reported by Rincon et al. (2011) where
384,907 SNP were pruned from the BovineHD for r>>0.9
using the combined data of the Holstein and Jersey animals
analyzed in this study. Approximately 20K fewer SNP were
pruned by Harris et al. (2011), likely due to the increased
diversity present in a larger reference set.

It might be reasonable to expect that more SNP would
be polymorphic across breeds than within breeds, but another
consideration is whether the extent of SNP variability present
in two to three families is representative of the breed. Rincon
et al. (2011) reported that based on 64 BovineHD reference
genotypes derived from Holstein and Jersey cattle, the 16
samples analyzed in this study are representative of 94.4%
of Holstein and Jersey SNP variation. However, considering
each breed separately, LD Pruning removed a much larger
proportion of SNP from Jersey animals than from Holstein
animals, reducing SNP density for Jerseys nearly to that of
the Bovine SNP50. This reflected the failure of six animals to
be representative of haplotype diversity in the Jersey breed,
and suggests that the application of LD Pruning in larger
reference sets will generate larger datasets of informative
SNP for that breed.

This study aimed to characterize allele frequency
distribution of HD genotyping platforms in a small but
representative sample of Holstein and Jersey dairy cattle.
While the findings of this study did not suggest a definitive
advantage of one platform over the other, the small scale
of this study and its focus on only two cattle breeds did not
preclude differences in MAF distribution between arrays in
other breeds.

IMPLICATIONS

This study aimed to answer whether there are
differences in minor allele frequency distribution between
the HD genotyping platforms currently available for use in
cattle using data from two highly used dairy breeds. While
BOSI has a larger proportion of low MAF SNP, a greater
proportion of these SNP are in linkage disequilibrium within
breed in this dataset, and thus the exclusion of SNP that are
uninformative due to near perfect LD reduced the proportion
of low MAF SNP in BOS1 to be similar to that observed with
the BovineHD. As such, based on these data, there is not a
substantial difference between arrays in terms of the MAF
distribution of informative SNP for genomic analyses.
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ABSTRACT: Artificial insemination and estrous
synchronization can be valuable tools for the beef cattle
industry due to the ability to increase productivity and
reproductive efficiency. Therefore, the objectives of this
study were to: 1) compare lifetime productivity between
heifers that conceived to Al with those that conceived to
natural service (NS) as a yearling, and 2) compare lifetime
productivity between females that were the result of an Al
mating with those that were the result of an NS mating.
Calving and breeding records (n = 6,693) were utilized from
1,173 Angus females collected at 1 location from 1991 to
2010. The first objective classified heifers into 2 groups:
conceived by Al or NS. The second objective categorized
females into 4 dam groups, depending on whether they were
conceived by an Al bred heifer (H-AI), an NS bred heifer
(H-NS), an Al bred cow (C-Al), or an NS bred cow (C-NS).
Cutoff dates were formulated to distinguish between Al and
NS born calves by documenting the Al date and summing a
290-d gestation length. Economic significance was analyzed
using weaning weights from all calves produced by each
female while in the herd, along with price data collected from
the nearest marketing center. Yearling heifers that conceived
to Al were older and heavier (P = 0.02) at breeding than
heifers that conceived by NS. When compared with heifers
that were conceived by NS, females that conceived through
Al had a greater (P <0.001) average weaning weight, weaned
more (P < 0.001) weight, and produced more (P < 0.001)
total calves. Consequently, females that conceived to Al as
yearlings yielded greater (P < 0.001) revenue throughout
their lifetime in the cow herd than heifers that conceived to
NS. There was a positive correlation between heifer age at
breeding and lifetime productivity. These data suggest that if
the majority of a beef cowherd calves within the first 30 d of
the breeding season, producers can maximize the productivity
and efficiency of each female, and as a result, increase total
revenue per cow.

Key words: artificial insemination, beef cattle, lifetime
productivity, natural service

INTRODUCTION

Optimizing productivity of each beef cow is essential to
all beef cow herds. Productivity of the beef cow is highly
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dependent on reproductive efficiency, and is commonly
measured by the number of calves the female produces
throughout her lifetime (Dziuk et al., 1983). Artificial
insemination and estrous synchronization are underutilized by
the beef industry, which allow for reproductive efficiency and
overall productivity to be increased. Artificial insemination
allows for the utilization of elite genetics for rapid progress
within the herd. Unfortunately, only 7.2% of beef cows
receive Al each year (NAHMS, 2007). By conceiving to
a synchronized estrus, females weaned calves 13 d older
and 9.5 kg heavier on average than heifers who did not
conceive via estrous synchronization (Schafer et al., 1990).
Heifers that calve early in the calving season tend to be more
productive over their lifetime than those who calve late in
the season, producing calves that grew significantly faster
and were heavier at weaning while having a greater average
calf production when compared with females who were born
late in the calving period (Lesmeister et al., 1973). Several
studies have been conducted analyzing the immediate effects
of females who calve at the beginning of the calving season;
the proportion of females who breed early in the breeding
season produce more uniform calf crops and the calving
season is shortened (Dziuk and Bellows, 1983).

To stimulate the utilization of these techniques, long
term-data documenting lifetime productivity are required.
Limited literature has been published explaining the difference
between lifetime productivity of heifers who conceive to Al
and those that conceive to NS as yearlings. The objectives
of this study were 1) compare lifetime productivity between
heifers that conceived to Al and those that conceived to NS
as a yearling, and 2) compare lifetime productivity between
females that were a result of an Al mating vs. a NS mating.

MATERIALS AND METHODS

Cattle Records. Breeding and calving records were
acquired from the John E. Rouse Colorado State University
Beef Improvement Center from 1991 to 2010, resulting
in 6,693 records from 1,173 purebred Angus females. In
addition, weaning weight records from all calves produced
from each dam were maintained until she left the herd. These
records were utilized to classify heifers as conceiving to
either Al or natural service (NS) as yearlings. To determine if



a heifer conceived to Al, a 290-d gestation period was added
to the Al date, creating a specific cutoff date. All heifers that
calved before the cutoff date were considered conceived to
Al, while females who calved after this date were considered
to have conceived to NS. By using this same model, it was
determined if a heifer was the product of an Al or NS mating.
Each yr. the ranch initiated Al in heifers 3 to 4 wk prior to the
cows, which allowed for further classification of the females,
creating 4 different dam groups. Utilizing the recorded calving
date, a female could be the product of a heifer that conceived
to Al (H-Al), a heifer that conceived to NS (H-NS), a cow
that conceived to Al (C-Al), or a cow who conceived to NS
(C-NS).

Economic Analyses. This ranch typically markets
their calves in October at weaning. Therefore average price
data was collected for the month of October from the local
livestock auction (Torrington Livestock Markets, LLC,
Torrington, WY) from 1991 to 2010. Prices were gathered for
both steers and heifers in the following weight divisions: 136
to 159 kg, 160 to 181 kg, 182 to 204 kg, 205 to 227 kg, 228
to 250 kg, 251 to 272 kg, and 273 to 295 kg. Prices obtained
were then multiplied by the weaning weight of each calf in
order to produce a value for each calf that a female produced.
Actual prices for each year a calf was produced were utilized
to determine the lifetime revenue for each female. Lifetime
revenue using the average price scenario took the average
price from 1991 to 2010 for each weight division, and was
not adjusted for inflation.

Prices were then adjusted in order to reflect the current
market conditions with a maximum price difference, where
significant price differences existed between weight divisions
and a minimum price difference where slight price differences
existed among weight divisions. The average price for the
182 to 204 kg weight division from 1991 to 2010 was used
as the base price for the study. This base price did not change
under maximum and minimum price difference conditions.
Maximum prices were determined by the difference between
each of the weight divisions, and the 182 to 204 kg base
price. The difference was then multiplied by a factor of 2 and
added to the set base price. Minimum prices were formulated
in the same fashion, except the difference was multiplied by
a factor of 0.25.

Statistical Analyses. Dependent variables in this study
included the yearling weight of the female, age at her first Al,
average calf weaning weight, lifetime weight weaned, lifetime
number of calves weaned, postpartum interval, and lifetime
revenue. These dependent variables were analyzed using a
generalized linear model utilizing the GLM procedure (SAS
Inst. Inc., Cary, NC). Fixed effects included heifer age at first
breeding, conception treatment (if the heifer conceived to Al
or NS), and the yearling weight of the heifer as a covariate.

DISCUSSION

Females that conceived to Al as a yearling were older
and heavier (P = 0.02) than females who conceived to NS.
Females that conceived to Al also had a greater (P = 0.04)
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average weaning weight, weaned more (P < 0.0001) total
kg, and more (P < 0.0001) total calves than females who
conceived to NS as yearlings. The average weaning weight
for a heifer who initially conceived to Al was 5 kg heavier
than those who conceived to NS. In a previous study, calves
born earlier in the calving season weighed more than those
that calved late due faster rate of pre weaning gain and older
age (Lesmeister et al., 1973).

By conceiving to Al rather than NS, an additional 438 kg
+ 23.8 kg and 2 £ .11 calves were produced over a female’s
lifetime (Table 1). This can be attributed to an increased
postpartum recovery time for heifers calving as 2 yr olds that
conceived earlier in the breeding season. Postpartum interval
is associated with age and weight of the heifer at breeding,
heifers that were heavier and older at breeding had a greater
postpartum interval (Patterson et al., 1999) Consequently,
heifers who conceived early in the breeding season had a
longer postpartum interval. Females that conceived to Al
averaged 5 d longer for postpartum recovery than heifers
who conceived to NS, which was not different (P = 0.67).
This can be attributed to the female conceiving at a younger
age, consequently increasing postpartum recovery time as
2-yr olds.

Females that conceived to Al as a yearling had greater
(P <0.0001) lifetime revenue than females that conceived to
NS (Table 2). The most notable revenue difference between
female groups was under the minimum price difference
scenario. Under this scenario, heifers who conceived to
Al had a revenue that was $974 greater (P < 0.0001) than
heifers conceiving to NS. The smallest revenue difference
occurred under the actual price difference, where heifers that
conceived to Al had a revenue of $922 greater (P < 0.0001)
than heifers that conceived to NS. Due to the fact that heifers
that conceived to Al weaned an average of 438 kg more, we
can conclude that increased lifetime revenue of each female
across all 4 price scenarios between the 2 heifer groups can
be directly attributed to differences in weaning weight and
are not dependent upon market conditions.

Heifers from cows that were conceived to NS had the
lowest (P < 0.0001) average yearling weight and average age
at their first breeding compared with the other 3 dam groups.
However, no difference (P > 0.10) was found between average
weaning weight, lifetime weight weaned, lifetime calves
weaned, or postpartum interval between the 4 dam groups
(Table 3). Heifers that conceived to Al had the highest (P >
0.10) average weaning weight and heifers from C-NS had the
lowest (P > 0.10) average weaning weight, compared with
other dam groups. However, no difference (P = 0.24) was
found in average weaning weight between H-AI and C-NS.

Given the data, we expect that H-AI females would have a
greater weight weaned and number of calves weaned over her
lifetime, and on the other end of the spectrum, C-NS females
would have the lowest. However, there were no differences
(P > 0.10) in weight weaned or number of calves produced
from a female over her lifetime between dam groups in any
of the 4 price scenarios (Table 4).



Table 1. LS Means + SE for weaning weight, lifetime weight weaned, calves weaned, and postpartum interval for
females that conceived to Al or natural service (NS)

Item Average Average Average Lifetime Lifetime Average
n yearling age at 1% weaning weight calves postpartum
weight Al (d) weight weaned (kg) weaned interval' (d)
(kg) (kg)
Conceived to AT 871 309°+1.8 429°+1.6 210°+1.0 1,072'+238 5.2'+0.11 92 +5.1
Conceived to NS 302 300°+3.2 418'+27 205*°+1.8  634°+43.1 3.0°+0.20 87+10.2

> Means within a column without a common superscript differ (P < 0.05)
f Means within a column without a common superscript differ (P < 0.0001)
! Postpartum interval was defined as the number of days between calving date of a female, and when Al occurred

Table 2. LS Means + SE for lifetime revenue produced from females that conceived to Al or natural service (NS)

Lifetime revenue produced ($) per female

Item n= Actual Average Maximum Minimum
price Price’ Price’ Price’
Conceived to 871 2,483+ 56.6 2,334°+51.3 2,302%+ 50.4 2,359+ 52.0
Al
Conceivedto 302 1,561° + 96.9 1,376°+92.8 1,364°£91.2 1,385+ 94.3
NS

® Means within a column without a common superscript differ (P < 0.0001)
! Difference under the average price scenario

? Difference under the maximum price scenario

3 Difference under the minimum price scenario

Table 3. LS Means + SE for weaning weight, lifetime weight weaned, calves weaned, and postpartum interval for heifers
that were sired by Al or natural service (NS)

Dam n= Average Average age at 1% Average Lifetime Lifetime Average
group' yearling Al weaning weight calves postpartum
weight (kg) (d) weight Weaned weaned interval (d)

(kg) (kg)

H-AI 195 308" +3.9 450 +£3.2 210+£2.4 974 +57.3 4.6 +0.26 88+10.2

H-NS 40 299" +8.1 421°£7.1 209 + 4.6 870+ 111.7 4.2 +0.54 88 £22.9

C-Al 618 314*+ 1.0 427°+1.8 209 +£1.2 966 + 29.7 47+0.14 87+5.8

C-NS 320 293°+2.9 403°£2.5 207 £1.8 989 +43.0 4.7+0.20 84 +£8.3

" H-AI = females produced by a heifer who conceived to Al, H-NS = females produced by a heifer who conceived to NS, C-
Al = females produced by a cow that conceived to Al, C-NS = females produced by a cow who conceived to NS
*¢ Means within a column without a common superscript differ (P < 0.0001)
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Table 4. LS Means + SE for lifetime revenue produced for females that were sired by Al or natural service (NS)

Item Lifetime revenue produced ($) per female

Dam n= Actual Average Maximum Minimum
group' price Price’ Price’ Price*
H-AI 195 2,223 £136.5 2,124+ 124.0 2,083+ 121.8 2,155+ 1259
H-NS 40 1,949 £ 265.5 1,901 £ 240.6 1,878 +236.3 1,917+2443
C-Al 618 2,253+70.9 2,092 = 64.4 2,068 = 63.2 2,110 £ 65.4
C-NS 320 2,313 +£102.2 2,168 £92.5 2,139 £90.9 2,188 £93.9

"H-AI — females out of a heifer who conceived to Al, H-NS — females out of a heifer who conceived to NS,
C-Al — females out of a cow that conceived to AI, C-NS — females out of a cow who conceived to NS No

differences (P < 0.05)

* Difference under the average price scenario

? Difference under the maximum price scenario
* Difference under the minimum price scenario

IMPLICATIONS

The utilization of Al and estrous synchronization
optimize important economic traits. Estrus synchronization
in combination with Al can minimize the postpartum
interval, allowing the majority of the cow herd to calve
toward the beginning of the calving season. Thus, reducing
calfloss, labor at calving can be minimized, allowing heavier
and more consistent calf crops at weaning. Al and estrous
synchronization prove to be valuable tools, allowing for a
female to wean more total pounds and produce more calves
optimizing her lifetime productivity
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ABSTRACT: Residual feed intake (RFI) is a measure
of efficiency that is time consuming, expensive, and labor
intensive to obtain, making it an ideal trait for marker-assisted
selection. The objectives of this research were to 1) estimate
heritability and identify single nucleotide polymorphisms
(SNP) associated with feed efficiency in sheep and 2) trace
identified SNP to the corresponding gene or genomic region.
We hypothesized that regions of the genome corresponding
to feed efficiency and heritability could be determined using
the Ovine SNP50 BeadChip. Individual intake measurements
were collected on rams from two separate performance tests
(Dual Purpose Ram Test and Blackface Ram Test) at the
University of Wyoming (n = 330) from 2009 to 2011 using
the GrowSafe System. Individual RFI (actual feed intake
— predicted feed intake) values were generated. Blood was
collected via the jugular and DNA was isolated. Single
nucleotide polymorphisms in ram DNA were genotyped
using the Ovine SNP50 BeadChip on the Illumina Infinium
HD BeadChip Assay. Percentage loci scored per animal
and locus, Hardy Weinberg deviations, consistency with
recorded animal gender, pedigree and breed, replicate sample
reproducibility, and unusual allelic ratio analyses were
conducted through Genome Studio and R for quality control
analysis. In total, 50,896 SNP passed quality control tests.
A genome-wide association study (GWAS) analysis was
conducted in R using the GenABEL package to identify SNP
and estimate heritability using a polygenic model, Y =u + G
+ e whereby p is the overall mean, G is the random polygenic
effects, and e is the random residual. Heritability for RFI was
estimated as 0.14, which is similar to reports in cattle. A
nominal genome-wide threshold (P < 3.02%%) was obtained
for four SNP. Corresponding genes to identified SNP were
determined using the UCSC Genome Browser. Corresponding
genes included: Zinc finger 1 (GLISI), interleukin I receptor
accessory protein-like 1 (ILIRAPLI), and sex-determining
region y — box 5 and 6 (SOX5 and SOX6). Though four
potential markers for RFI were identified, sample size must
increase and markers must be independently validated prior
to their use for marker-assisted selection.

Key words: residual feed intake, sheep, single nucleotide
polymorphism
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INTRODUCTION

For livestock production to remain sustainable and
economically efficient, it is imperative that researchers
provide genomic tools that target polygenic traits of economic
importance. This can be achieved through the use of genome-
wide association studies (GWAS) and high-density single
nucleotide polymorphism (SNP) chips. Residual feed intake
(RFI), the variation around basal metabolic maintenance
for a given growth rate, has been suggested as an alternative
measure for feed efficiency as it is independent of growth
and carcass traits (Koch et al., 1963; Herd and Bishop, 2000;
Arthur et al., 2001). As sheep producers incur feed costs of
50 to 70% of their total inputs (Nash, 1991), feed efficiency
parameters should be considered when constructing breeding
programs. Archer et al. (2004) realized 8 to 38% increases in
genetic gains and 9 to 33% increases in profitability in beef
cattle when incorporating feed intake into breeding schemes
for the selection of RFI. However, obtaining feed intake
measurements for RFI is time consuming, expensive, and
labor intensive. In sheep and cattle, approximately 60-70 d are
needed to accurately determine individual RFT values (Sainz
and Paulino, 2004; Cockrum et al., 2011). The costs associated
with measuring individual feed intake to determine RFI ranges
from $150 to $450 (Archer et al., 2004). The combination of
the time, labor and costs associated with collecting individual
feed intake measurements and the moderate to high heritability
(h? = 0.16 to 0.43) of RFI makes it an ideal trait for marker-
assisted selection (Herd et al., 2003). We hypothesized that the
Ovine SNP50 BeadChip can be used to estimate heritability
and identify regions in the sheep genome associated with
feed efficiency. The objectives of this research were to 1)
identify SNP and the genomic heritability associated with
feed efficiency in sheep, and 2) determine the genomic region
within the sheep genome associated with identified SNP.

MATERIALS AND METHODS

All animal procedures were approved by the University of
Wyoming Institutional Animal Care and Use Committee.

Animal Procedures. Feed intake measurements were
collected from 2009 to 2011 from the University of Wyoming
ram dual purpose (DP) and blackface (BF) breed performance
tests (n = 330) using the GrowSafe System. Performance



tests were composed of 5 contemporary groups (Fall 2009
= 1; Summer 2010 = 2; Fall 2010 = 3; Summer 2011 = 4;
and Fall 2011 = 5). The DP tests were conducted for 140 d
for contemporary groups 1 and 3 and 84 d for contemporary
group 5. The BF test was conducted for 76 d for contemporary
group 2 and 75 d for contemporary group 4. Dual-purpose
rams (n = 205) were primarily composed of Rambouillet and
BF rams (n = 125) were composed of Suffolk and Hampshire
breeds. Rams were fed medicated forage-based pelleted
rations (13.5 to 15% CP). Preliminary research in our
laboratory has shown that regardless of pellet composition,
feed efficiency status does not differ. Body weights were
collected weekly for the DP rams and every 25 d for the BF
rams. Upon cessation of the performance tests, blood was
collected for DNA isolation via the jugular using EDTA- lined
vacutainer tubes (Tyco Healthcare Group LP, Mansfield, MA)
to prevent clotting.

RFI evaluation. Individual feed intake data was
collected using the GrowSafe System. The GLM procedure
(SAS Inst. Inc., Cary, NC) was used to predict estimated feed
intake using the equation: y =, +B X, + B,X, + ¢, where §_
= coefficient estimate, X, = ADG, X, = MMWT®” (metabolic
mid-weight), and € = residuals. Individual RFI values were
calculated by the difference between actual feed intake and
estimated feed intake (Koch et al., 1963). Body composition
measures were not incorporated into the predicted feed intake
model as no added benefit to RFI values was expected (Arthur
et al., 2003).

Laboratory Procedures. A modified protocol to extract
DNA from white blood cells was used (Montgomery and
Sise, 1990). After the mixture of Digestion Buffer, Proteinase
K, Sodium Dodecyl Sulfate, and white blood cells incubated
over night at 65 °C, 10 M NH,Ac (I mL) was added and
mixed vigorously. Samples were then centrifuged and
supernatant was combined with 100% Absolute Ethanol
(20 mL). Using a Pasteur pipette, DNA was spooled out of
ethanol and dried. A Tris-EDTA" (TE) buffer was then added
to the isolated DNA and eluted. Based on Nanodrop readings
(Thermo Scientific, NanoDrop Products, Wilmington, DE),
DNA was diluted using TE buffer to approximately 100
ng/uL for SNP detection. The Illumina Infinium HD Ultra
BeadChip Protocol (Illumina, Inc., San Diego, CA) was used
to analyze isolated DNA on the Ovine SNP50 BeadChip at
AgResearch, Limited (Invermay, New Zealand).

Quality Control Analysis. Genome Studio and R were
used to evaluate genotypes according to Dodds et al. (2009). In
total, 50,896 markers and 328 rams had an average call rate >
0.95% and a minor allele frequency > 0.76%. Due to missing
values or poor call rates, 49 animals were eliminated from the
GWAS analysis. A principle component (PC) analysis was
performed to convert genotype observations on individuals into
linear uncorrelated variables. As expected, the majority of the
variation was captured in the PC1 analysis (75%) suggesting
that the genetic distances of the DP rams and BF rams differ
widely. In addition to lambda (0.86 = 6.91-%), the gene RXFP2
was used to confirm accuracy of the polygenic model as it has
been implicated in regulating horn size in sheep (Johnston et
al., 2011). The SNP associated with RXFP2 was confirmed to
be in high association (P = 9.283%) with the horn phenotype
within these populations.

Genome-Wide Association Analysis. The GenABEL
package in R was used to identify the genomic kinship
inbreeding coefficient (fg ) from the relationship matrix (G)
for contemporary groups by generating identical-by-state
statistics. A GWAS analysis was conducted in R using the
GenABEL package to identify SNP and estimate genomic h?
using a polygenic model: Y =y + G + e, whereby p is the
overall mean, G is the vector of random polygenic effects,
and e is the random residuals. Fixed effects included birth
type (single, twin, triplet), birth year (2008 to 2011), flock (1
to 33), and contemporary group (1 to 5). Data were fitted to
a fixed effect and polygenic model whereby G was derived
from the SNP. Each SNP was tested individually as an additive
effect using a simple fixed model that incorporated errors.
Identified genotypes were aligned to the ovine genome using
the UCSC Genome Browser (ISGC Ovis Aries 1.0/oviAril).
As observation numbers were minimal, a nominal genome-
wide association threshold was established as (P < 3.02:%%)
and candidate genes/regions were subsequently identified as
being associated with RFI in sheep.

RESULTS

The genomic kinship was used to generate inbreeding
coefficients to obtain greater accuracy than using pedigree
information. Genomic inbreeding coefficients 0of 9.7% and 9.5%
were observed for DP and BF rams, respectively (Table 1).

Table 2 visually depicts the 1,781 genotypes that were
associated with RFI (P < 0.05). There were 90 genotypes

Table 1. Genomic inbreeding coefficients of performance tested rams for

feed efficiency
Contemporary
Group Year Breed Type n Mean' £, %
1 Fall 2009 Dual Purpose 60 10.7%
2 Summer 2010 Blackface 77 9.4%
3 Fall 2010 Dual Purpose 75 10.6%
4 Summer 2011 Blackface 70 9.6%
5 Fall 2011 Dual Purpose 48 7.7%
Total 330

'Genomic kinship inbreeding coefficient percentage.



Table 2. Genotypes corresponding to each chromosome for feed efficiency in sheep

Chromosome (P <0.05) (P <322 Peak SNP Position Pcldf’
0 13 1 $51002.1 0 0.00093
1 210 10 s47478.1* 28.5 0.00019
2 152 7 OAR2 169305598.1 169.3 0.00094
3 165 8 OAR3 70730693.1 70.7 0.00044
4 80 1 OAR4 95780657.1 95.8 0.00070
5 111 6 OAR5 43271631.1 433 0.00030
6 63 1 OAR6_77867959.1 77.9 0.00132
7 63 6 OAR7 29044289 X.1 29.0 0.00056
8 68 4 OARS8 67633238.1 67.6 0.00087
9 69 5 OAR9 31965185.1 32.0 0.00111
10 76 8 OARI10_4440936.1 4.4 0.00063
11 26 0
12 57 2 OARI12_40003464.1 40.0 0.00098
13 52 2 OAR13_82500579.1* 82.5 0.00014
14 53 5 OAR14 45342785.1 453 0.00033
15 46 3 OARI15 _37760673.1* 37.8 0.00025
16 56 1 OARI16_76611508.1 76.6 0.00108
17 51 1 $20107.1 2.3 0.00188
18 74 7 $68358.1 25.3 0.00146
19 44 0
20 29 1 OAR20 _41400757.1 41.4 0.00302
21 30 1 $20463.1 32.8 0.00282
22 25 0
23 24 0
24 40 2 $37249.1 35.8 0.00102
25 29 2 $35968.1 29.3 0.00081
26 36 2 $23193.1 45.1 0.00137

OA 3 0
X 46 4 DU450886 629.1%* 333 0.00025
Total 1,781 90

'SNP that reached a nominal threshold (P < 0.05) of the total 50,896 markers (top 3.5%).
SNP that reached a nominal threshold (P < 3.22™) of the total 50,896 markers (top 0.2%).

* P-value corrected for A inflation.

*Candidate markers for feed efficiency that achieved nominal threshold (P < 3.02°*) of the total 50,896 SNP.

associated with feed efficiency that reached a nominal
threshold of (P < 3.27%). Both the genotype data (Table 2) and
the Manhattan plot (Figure 1) indicated that chromosomes 1,
2,3, 10, and 18 contained the majority of identified genotypes
(n >7) that achieved threshold. Heritability for RFI was low
(h?=0.14) in this study.

Markers that reached a nominal threshold of P < 3.02
% (n = 4) were aligned to the oviAril assembly (Table 3).
Identified genes included: GLIS family zinc finger 1 (GLISI),
interleukin 1 receptor accessory protein-like 1 (ILIRAPLI),
and SRY sex determining region box-5 and -6 (SOX5 and
§0X6). The SNP (chromosome 13, 82.5 Mb) that was most
associated (P = 1.40**) with RFI did not annotate to a specific
gene.

DISCUSSION

Genomic Kinship Inbreeding Coefficient. The majority
of DP and BF sheep producers incorporate linebreeding in
their selection schemes to maintain purebred lines, which
explains the average f{;, 0f 9.6%. In comparison, Cammack
et al. (2005) found an average inbreeding coefficient of 3.2%
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Figure 1. Manhattan plot showing whole-genome analysis after
quality control analyses of rams (n = 281) measured for RFI. Each
dot (n = 50,896) represents a genotype from the Ovine SNP50
BeadChip.



Table 3. Candidate markers for RFI in rams

Position Candidate
Chr (Mb) Pcldf' Gene’ RefSeq
13 82.5 0.00014 -
1 28.4 0.00019 GLISI NM 147221
X 333 0.00025  ILIRAPLI ~ NM 014271
15 37.8 0.00025 SOX6 NM_ 001191418
SOX5 NM 001083471

'P-value corrected for A inflation.

*Candidate genes for RFI in rams that nominal threshold (P < 3.02*) of

total 50,896 SNP.

in an experimental composite population of sheep. Pedigree-
based f'do not account for recombination cross-over events
during meiosis that can affect which alleles that are passed
to progeny. Rams used in this GWAS are likely more
representative of purebred production populations.

Associated Markers Chromosomes 1, 2, 3, 10, and 18
had the highest number of markers (n > 7) associated with
feed efficiency within the highest ranked (0.2%) SNP of total
genotypes. Nkrumah et al. (2007) found quantitative trait loci
(QTL) associated with feed efficiency on chromosomes 1, 5,
7,8,12,16, 17, and 26 with the most significant QTL occurring
on chromosome 5. However, Sherman et al. (2008) identified
associations with RFI QTL on chromosomes 2, 5, 10, 20, and
29, with the largest effect on chromosome 2, in beef cattle.
The SNP50 chip was designed to target SNP randomly placed
every ~40 kb across the genome, allowing for an unbiased
approach. With sparse information available on the sheep
genome, previous research in cattle must be drawn upon as
a comparison to results found in sheep for feed efficiency.
Experimental differences including species, breed, feed
intake measurement method, and observation numbers can
also contribute to observed genotypic differences.

Genomic Heritability. Genomic h? (0.14) was much less
than estimates from pedigree analyses in our study. Though
lower than originally estimated (Arthur et al., 2001), results
confirm genomic h? for this trait in cattle (Rolf et al., 2010).

Candidate Genes. Barendse et al. (2007) hypothesized
that energy conserved by metabolic efficiency may be shunted
towards reproduction or tissue construction. Candidate genes
SOX5 and SOXG6 are involved in the regulation of embryonic
development and cellular fate. Furthermore, GLISI may play
arole in the regulation of cellular processes during embryonic
development (Kim et al., 2003). Candidate gene /L/RAPLI
is involved in controlling inhibitory networks during cerebral
development and has been implicated in X-linked cognitive
impairment (Gambino et al., 2007, 2009). It is unknown
how ILIRAPLI may contribute to feed efficiency in sheep
or cattle.

IMPLICATIONS

The impact of using genomic kinship h? as opposed to
pedigree-based h? is unknown; however, future research is
neededtodeciphertheaccuracy and correlation associated with
genomic kinship h’. Several markers within chromosomes 1,
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2, 10, and 18 were identified that may contain regions that
are involved in the regulation of feed efficiency. Though
four potential markers for RFI were identified, sample size
must increase and markers must be validated in independent
populations prior to use for marker-assisted selection. As
technology continues to develop, the use of high-density SNP
chips will become more economically feasible for livestock
producers to use as a breeding management tool.
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ABSTRACT: The objective of this experiment was to evaluate
the reproductive performance of ewes after synchronization to
estrus with progesterone (P,) impregnated controlled internal
drug release (CIDR) inserts in combination with GnRH and
PG. Dorset and Katahdin ewes (n = 61 and 17, respectively)
were assigned randomly during the anestrous period (April)
to 1 of 4 treatments: 1) untreated (U; n=16); 2) CIDR (0.3 g
P,) inserts for 5 d (C; n = 21); 3) CIDR insert for 5 d and PG
(dinoprost, 10 mg i.m.) at CIDR removal (P; n = 20); and 4)
GnRH (gonadorelin, 0.02 mg i.m.) at CIDR insertion and PG
at CIDR removal (G; n = 21). Rams equipped with marking
harnesses were introduced at CIDR removal (d 0) and ewes
were observed at 0800 h and 1700 h daily for breeding marks.
Blood samples were collected via jugular venipuncture on
d-12,-5,0,1,2, 3,4,5,8, 11, 14, 17, and 20 relative to
CIDR removal and analyzed for serum concentrations of
P, via RIA. Reproductive performance data were collected
which included: days to estrus, days to lambing, percentage
of ewes exhibiting estrus, pregnancy rate, lambing rate, and
prolificacy. There was a treatment x time interaction (P <
0.05) for concentrations of P,. Concentrations of P, were
decreased (P < 0.04) in G compared with Uon d 2. Ond 14,
C and P had greater (P < 0.03) concentrations of P, and G
tended (P = 0.06) to have greater P, concentrations compared
with U. In contrast, concentrations of P, on d 20 were greater
(P <0.03) in U compared with C. Days to estrus after CIDR
removal, as indicated by breeding marks, were greater (P <
0.02) in U (6.5 + 1.05) and P (5.9 £ 0.88) compared with G
(3.0 £ 0.88). Pregnancy rate within 7 d post CIDR removal
were similar (P = 0.57) for U, C, P, and G (30 £ 12.27,
30 £ 11.12, 35 + 10.96, and 51 + 10.78%, respectively).
Similarly, no differences (P > 0.32) were detected for all
remaining reproductive performance data. It appeared the
5 d CIDR coupled with GnRH and PG improved estrus
synchronization; however, reproductive performance was
not improved by either of the 5 d CIDR protocols. These
results warrant further research to determine the efficacy of
industry-wide application of the 5 d CIDR in anestrous ewes.
internal release,

Key words: controlled

synchronization

drug ewe,

INTRODUCTION

Controlled internal drug releasing (CIDR) inserts
were approved for use in sheep by the U.S. Food and Drug
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Administration (FDA) in 2009. Prior to approval, common
industry practice was to insert a CIDR for 12 to 14 d with
or without an injection of gonadotropin at removal. The
current label recommendation is to insert one CIDR per ewe
for 5 d with the intention of inducing estrus in ewes during
the anestrous season (FDA, 2009). Use of the CIDR, as a
synchronization tool, could benefit sheep producers by
condensing the lambing season and reducing labor, feed, and
facility costs. Producers strategically selling lamb during
ethnic holidays and ‘out-of-season’ can take advantage of
increased lamb prices at these times. In addition, uniform
lamb crops are easier to manage and market (Carlson et al.,
1989).

In two studies by Knights et al. (2000,2001),a 5 d CIDR
treatment was found to stimulate an effective estrus response
in seasonally anestrous ewes compared with untreated
ewes. Addition of a PG injection at CIDR removal elicited
a greater percentage of ewes observed in estrus and a greater
lambing rate to the first service period compared with ewes
treated with PG alone (Dixon et al., 2006). Moreover, in
a recent study, Titi et al. (2010) reported improvements in
estrus synchronization and prolificacy with the inclusion of
an injection of GnRH prior to insertion and PG at removal
of intravaginal progesterone (P,) sponges for 5 d during
the breeding season. Limited research has been conducted
utilizing the 5 d CIDR in combination with GnRH and PG in
seasonally anestrous ewes. Therefore, we hypothesized ewes
receiving a CIDR coupled with GnRH and PG treatment
would display a more synchronized estrus when compared
with untreated ewes. The objective of this study was to
determine the efficacy and reproductive performance of ewes
during the anestrous season after synchronization to estrus
with P, impregnated CIDR inserts in conjunction with GnRH
and PG.

MATERIALS AND METHODS

All procedures involving animals used in this research
were approved by the North Dakota State University
Institutional Animal Care and Use Committee.

Animals and Treatments. Multiparous and nulliparous
Dorset and Katahdin (n = 61 and n = 17, respectively) ewes
from the North Dakota State University Fargo Sheep Unit
were randomly assigned during the anestrous period (April) to
1 of 4 treatments: 1) untreated (U, n = 16); 2) P, impregnated
CIDR insert (EAZI-BREED CIDR Sheep Insert, 0.3 g P,,



Pfizer Animal Health, New York, NY) for 5d (C,n=21);3)5
d CIDR and PG (Lutalyse, 10 mg/mL dinoprost tromethamine
i.m., Pfizer Animal Health, New York, NY) at CIDR removal
(P, n =20); and 4) GnRH (Factrel, 0.02 mg/mL gonadorelin
hydrochloride i.m., Pfizer Animal Health, New York, NY)
given at CIDR insertion (d -5) and PG at CIDR removal (G,
n=21). Prior to treatment application, ewes were managed
as a common group in a dry lot and isolated from all males.
Once treatments were initiated, ewes had ad-libitum access to
alfalfa hay and had continuous access to fresh water. Intact
rams were equipped with marking harnesses and introduced
to ewes immediately post CIDR removal with a ram to ewe
ratio not exceeding 25:1. Ewes were observed for breeding
marks (detected estrus) twice daily at 0800 h and 1700 h and
ewes remained with rams for 42 d.

Blood Collection and Analysis. Blood samples were
collected via jugular venipuncture into 10 mL serum tubes
(BD Vacutainer Serum, Becton, Dickinson and Company,
Franklin Lakes, NJ) on d -12, -5, 0, 1, 2, 3, 4, 5, 8, 11, 14,
17, and 20 relative to CIDR removal (d 0). Samples were
immediately placed on ice for 2 h prior to centrifugation,
centrifuged at 4°C for 30 min at 1,500 x g and serum was
collected in plastic 2.0 mL microcentrifuge tubes and frozen
at -20 °C until assayed. Serum samples were assayed for
circulating P, using a solid-phase, no-extraction RIA (Coat-
a-Count Progesterone, Diagnostic Products Corporation, Los
Angeles, CA; Stevenson et al., 2011). The assay kit was
validated for ovine serum (Hamra et al., 1986; Schneider and
Hallford, 1996) using an assay volume of 100 pl. Assay tubes
for the standard curve contained 0.1, 0.25, 0.5, 1.0, 2.0, 5.0,
10.0, and 20 ng/ul. Assay sensitivity for a 100-ul sample was
0.1 ng/mL. Ewes were determined to be cycling if serum P,
concentrations were greater than 1 ng/mL in either or both the
d -12 or -5 samples. All samples with ewe as experimental
unit were ran within the same assay and treatments were run
in a random order. The intra- and inter-assay CVs were 2.28
and 2.21%, respectively.

Statistical Analysis. Repeated measures of the MIXED
procedure (SAS Inst. Inc., Cary, NC) were used to analyze
serum concentrations of P,. The model included the main
effects of treatment, time, cycling status, and treatment x
time interaction. Days to detected estrus and days to lambing
were examined using MIXED procedures of SAS. Models
included effects of treatment, breed, age, cycling status, and
all possible interactions. Reproductive performance data
included: percent ewes exhibiting estrus, pregnancy rate,
lambing rate, and prolificacy. The number of ewes marked
by a ram within 7 d of ram introduction as a percentage of
all ewes on study was represented by the percent of ewes
exhibiting estrus. Pregnancy rate was defined as the number
of ewes lambing as a percentage of ewes in all treatments
and the number of lambs born per ewe exposed to rams is
represented by lambing rate. Lastly, prolificacy was the
number of lambs born per ewe lambing. These components
of reproductive performance data were classified as either to
the first service period which was 7 d post CIDR removal or
overall beginning from d 0 until rams were removed at d 42.
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These data were analyzed using the GLIMMIX procedures
of SAS. The model included the main effects of treatment,
breed, age, cycling status, and all possible interactions.
Treatment differences were considered significant at P <
0.05. Interactions that were clearly not significant (P > 0.20)
were removed from the model.

RESULTS AND DISCUSSION

Serum Concentrations of Progesterone. In the present
study, there was a treatment X time interaction (P < 0.05,
Figure 1) for concentrations of P,. As expected, all treatments
receiving a 5 d CIDR insert showed numerically elevated
concentrations of P, at CIDR removal compared with U
ewes. It appears, the administration of GnRH 5 d prior to
CIDR insertion and PG at removal successfully induced
ovulation or caused luteinization or both of the dominant
follicle. Concentrations of P, were decreased (P < 0.04) in
G compared with U on d 2 thus indicating more ewes were in
estrus. Even though, prior to treatment initiation, a majority
(62%) of ewes were classified as cycling as indicated by a P,
serum concentration sample greater than 1 ng/mL on either
or both d -12 or -5. This is not uncommon for the Dorset
and Katahdin breed; however, since the overall pregnancy
rate (42%) for U ewes was numerically less than the cycling
rate (62%), we feel that the ewes were not fully cyclic. It
has been documented that a semi-cyclic pattern in ovarian
activity is evident during early and late anestrous ewes (Cole
and Miller, 1935). Although no differences were detected (P
= 0.64) among treatments in P, concentrations, the U treated
ewes, had a mean P, concentration of 3.35 ng/mL on d 0
followed by decreased P, concentrations on d 4 to 1.40 ng/
mL (Figure 1). The decrease in P, concentrations may have
been a result of a short cycle, where the corpus luteum (CL)
develops a shorter than normal lifespan or the follicular phase
induced by the first exposure to the ram was too short (Martin
et al., 1986). We feel ram introduction stimulated cyclicity
in the U group and they developed functional CL to produce
similar quantities of P, compared with the other treatments.
These results are consistent with Martin et al. (1986), who
reported that after 6 d of the short cycle, a second ovulation
is induced followed by a fertile cycle of normal length. This
apparent effect of ram introduction provides justification that
a majority of the ewes were either non-cyclic or semi-cyclic.
After d 14, serum P, concentrations of ewes in the U treatment
increased to levels similar to all other treatments (P > 0.10).
On d 14, C and P had greater (P < 0.03) concentrations of P,
and G tended (P = 0.06) to have greater P, concentrations
compared with U. In contrast, concentrations of P, on d 20
were greater (P < 0.03) in U compared with C. In the current
study, the reduction in P, concentrations at d 2 suggests
decreased luteal activity, which may lead to a more uniform
synchronization to estrus.

Reproductive Performance Data. Days to estrus after
CIDR removal, as indicated by breeding marks, were greater
(P <0.02, Table 1) in U (6.5 + 1.05 d) and P (5.9 + 0.88 d)
compared with G (3.0 £ 0.88 d). This data suggests G treated
ewes displayed a tighter synchrony to estrus. Wheaton et
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Figure 1. Concentrations of progesterone (P,) before and after 5 d controlled internal drug release (CIDR)
synchronization treatment protocols. Treatments: U = untreated; C = CIDR inserted on d -5 and removed on d 0;
P=5 d CIDR and PG given at removal; G = GnRH given at CIDR insertion and PG given at removal. A treatment
x time interaction was detected (P < 0.05). Means with different superscripts within day differ (P < 0.05).

Table 1. Reproductive performance of ewes after 5 d controlled internal drug release (CIDR) synchronization treatment
protocols

Treatment'

Variable 3] C P G SEM” P-value’
Days to estrus’ 6.5" 3.4 5.9% 3.0° 1.05 0.02
Days to lambing’ 152 152 154 150 2.99 0.55
Ewes exhibiting estrus, %°

First service period’ 63 70 65 92 0.11 0.32

Overall 94 82 100 96 0.07 0.34
Pregnancy rate, %"

First service period 30 30 35 51 0.17 0.57

Overall 42 39 55 58 0.12 0.59
Lambing rate’

First service period 0.36 0.42 0.55 0.64 0.18 0.65

Overall 0.47 0.51 0.85 0.71 0.18 0.47
Prolificacy'’

First service period 1.22 1.45 1.38 1.19 0.22 0.70

Overall 1.15 1.31 1.55 1.24 0.19 0.44

*“Values within the same row with different superscripts differ (P < 0.05).

"Treatments: U = untreated; C = CIDR inserted on d -5 and removed on d 0; P = 5 d CIDR and PG given at removal; G =
GnRH given at CIDR insertion and PG given at removal with ram exposure starting on d 0.
Uin=16;C:n=21;P:n=20; G:n=21.

3P-value for F-tests of the mean.

*Days to estrus post ram introduction as indicated by marks from rams equipped with marking harnesses.
*Days to lambing post ram introduction.

The number of ewes marked by a ram within 7 d of ram introduction as a percentage of all ewes treated.
"First service period is defined as the first 7 d post CIDR removal.

The number of ewes lambing as a percentage of ewes in all treatments.

’The number of lambs born per ewe exposed to rams.

""The number of lambs born per ewe lambing.
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al. (1992) also observed ewes treated with a CIDR having a
reduced interval to estrus compared with untreated ewes. No
differences were detected (P > 0.32) among treatments for
percentage of ewes exhibiting estrus. However, in a study by
Wheaton et al. (1992), the percentage of untreated ewes (95%)
exhibiting estrus and those receiving a CIDR insert for 12 d
(100%) was similar to the percentage of U ewes exhibiting
estrus (94%) in the current study. In two separate reports,
Knights et al. (2000, 2001) reported a greater proportion of P,
treated ewes were marked by rams compared with untreated
ewes. Pregnancy rate within 7 d post CIDR removal were
similar (P = 0.57) in the current study for U, C, P, and G (30 +
12.27,30+11.12,35+£10.96, and 51 + 10.78%, respectively).
In contrast, Knights et al. (2000, 2001) documented an
increase in pregnancy rate to the first service period and an
increase in lambing rate (Knights, 2000) in P, treated ewes
than in untreated ewes. No differences (P > 0.44) were
observed among treatments for lambing rate and prolificacy.
In contrast to the current study, Titi et al. (2010) reported
an increase in fecundity in ewes treated with exogenous P,
when coupled with the use of GnRH and PG. Although no
differences were detected among reproductive performance
data this study suggests that G treatment was more effective
at concentrating estrus shortly after CIDR removal compared
with U and P treatments.

IMPLICATIONS

The recently approved 5 d CIDR for use in sheep during
the anestrous period when used alone was not effective in
generating synchronization results desired by a producer.
However, when the CIDR was coupled with GnRH and PG
estrus synchronization was improved in ewes when compared
with untreated ewes during the anestrous season, but did not
influence reproductive performance. The efficacy of CIDR
protocols to synchronize pregnancy and improve fertility during
the anestrous period was not clearly demonstrated and more
research is needed prior to recommendation for the utilization
of the 5 d CIDR in the commercial sheep industry.
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ABSTRACT: Fluoxetine (human anti-depressant; selective
serotonin reuptake inhibitor; FLX) depresses lactation in
women and research has been conducted to evaluate sheep as
ahuman lactation model. Fluoxetine has been shown to appear
in the milk, yet little is known on how this drug will influence
progeny. Our objective was to evaluate the effect of maternal
FLX exposure on lamb growth and development. We utilized
a completely randomized design with 18 mature Suffolk ewes
(BW =91 £ 12 kg; BCS = 2.0 + 0.5). Treatments consisted
of 0 (control) and 80 mg FLX; ewes were individually fed
FLX using ground corn as the carrier at 0700 beginning
on approximately d 126 of gestation and continued until 3
wk postpartum. The resulting 31 Suffolk-cross lambs were
weighed at birth (birth weight = 4.6 + 1.0 kg) and weaning
(BW = 24.0 + 3.2 kg; approximately 9 wk of age) and ADG
was calculated. Blood samples were taken from lambs on d
1,3,5,7, 14, 21, 28, 42, 56, and 66 and serum was analyzed
for serum prolactin (PRL), IGF-I, and triiodothyronine
(T,) concentrations. Following weaning, ewe lambs were
kept for subsequent evaluation. A total of 21 Suffolk-cross
ewe lambs (BW = 44.7 + 4.32 kg) were evaluated for age
at puberty and pregnancy rate. No additional treatment was
administered, as we only wanted to evaluate the effect of
maternal FLX. Average daily gain from birth to weaning was
similar (P = 0.42) between control and FLX-exposed lambs.
Lambs exposed to maternal FLX had depressed PRL (P =
0.005), IGF-I (P <0.0001), and T, (P = 0.03) compared with
controls. Age at first cycle was similar (P = 0.53) between
FLX-exposed and control ewe lambs. Similarly, pregnancy
rates were comparable (P = 0.37) between both control and
FLX-exposed ewe lambs. Maternal treatment with FLX
reduced PRL, IGF-I, and T, serum concentrations in lambs;
however this effect did not appear to have a negative impact
on growth or reproductive performance.

Keywords: growth, fluoxetine, sheep

INTRODUCTION

Depression is common in women during pregnancy and
lactationand typically itisrecommended to treat the depression
with antidepressants. Selective serotonin reuptake inhibitors
(SSRI) are a common choice during pregnancy and lactation
due to their safety, effectiveness, and lower occurrence of
maternal side effects (Nonacs and Cohen, 2002). Specifically,
a SSRI that is commonly used is fluoxetine (FLX; Prozac, Eli
Lilly & Co., Indianapolis, IN).
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Selective serotonin reuptake inhibitors such as FLX act to
increase the bioavailability of serotonin (5-HT) by preventing
its reuptake into the cell, and subsequent degradation into its
metabolite. The use of FLX during pregnancy has also been
shown to cause negative fetal outcomes, such as depressed
growth and fetal abnormalities (Chambers et al., 1996). In
general, FLX depresses birth weight and gestation length, but
the depression was greater in the group where the fetus was
exposed to FLX the entire pregnancy compared with the group
that was only exposed in the first trimester, suggesting that
late pregnancy exposure to FLX is more severe (Chambers et
al., 1996). Chambers et al. (1996) also reported that pre-natal
exposure to FLX increased the risk of minor malformations
compared with controls.

Animals have become a useful model to determine
effects of antidepressants on pregnancy and lactation
due to limited human experimental studies. Furthermore,
comparisons between the fetal lamb and humans have
shown favorable results and similarities in physiological
functions (Rurak et al., 1991). Several human health studies
used sheep in experiments with FLX (Morrison et al., 2001;
Kim et al., 2004). We hypothesized that FLX exposure pre-
and postnatally would depress lamb growth and growth
related hormone concentrations; while delaying puberty and
decreasing fertility. Thus, our objective was to determine if
sheep could be a suitable model to study the effects of FLX
on neonatal growth and development.

MATERIALS AND METHODS

Procedures were approved by the New Mexico State
University Institutional Animal Care and Use Committee.
All experimental procedures were completed at New Mexico
State University, Las Cruces, NM (32° 19 11 N, 106° 45’
55” W, elevation 1,219 m).

General. Animals exposed to FLX remained on New
Mexico State University’s Sheep Unit for at least 5 months
post-exposure. Kim et al. (2004) noted that in pregnant sheep
the elimination half-life of FLX and norfluoxetine (NFLX;
metabolite of FLX) is 6.7 and 23 h, respectively. In the fetal
lamb, the elimination half-life of FLX and NFLX is 0.6 and
0.8 h, respectively (Kim et al., 2004). We believe there to be
no residual FLX or NFLX remaining in the animal if or when
they sold.

Animal, Facilities, and Diet. Eighteen Suffolk cross
ewes (BW =91 + 12 kg; BCS = 2.0 £ 0.5) in late gestation
were used in this experiment. Prior to the experiment



estrus was synchronized using a progesterone-impregnated
intravaginal insert (EAZI-BREED CIDR, 0.3 progesterone;
Pharmacia and Upjohn Co., Hamilton, New Zealand) and
rams were penned with the ewes on Sept. 13, 2011. Mature
Suffolk and Rambouillet rams were used for breeding and
were fitted with marking harnesses. The date of breeding was
recorded and rams remained with ewes for approximately 2
estrous cycles. Following mating, rams were removed from
pens and ewes were fed maintenance diets until approximately
the third trimester of pregnancy.

Ewes were fed once daily 2.7 kg chopped alfalfa hay and
454 ¢ of ground corn during the last trimester of pregnancy
and through parturition. Feeding time was 0700 and minerals
and fresh water was available free choice via automatic
waterers. Ewes were penned in 2 dry lot pens with fence-line
feed wood bunks where they received the alfalfa hay. Corn
was fed individually as ewes were sorted into 1.5 x 1.5 m pens
at 0700 in order to facilitate the administration of treatment
until parturition. Approximately 4 wk prior to parturition
ewes were vaccinated with Clostridium perfringens types
C & D — Tetanus Toxoid (Boehringer Ingelheim Vetmedica,
Inc., St. Joseph, MO).

At birth, lambs were individually identified by unique
premise ear tag and scrapie tag; their navels dipped with
iodine. Lambs were weighed at birth (birth weight=4.6 + 1.0
kg) and weaning (BW = 24.0 + 3.2 kg; approximately 9 wk
of age) and ADG was calculated. Lambs had access to feed
and water before and after weighing. Lambs were docked
and male lambs were castrated using elastrator bands at 1-2
wk of age and all lambs were vaccinated with Clostridium
perfringens types C & D — Tetanus Toxoid (Boehringer
Ingelheim Vetmedica, Inc.) and given an injection of a
selenium and vitamin E (Bo-Se; Intervet/Schering-Plough
Animal Health, Summit, NJ). A mix of 3:1 ground corn to
soybean meal with added Clovite (Pfizer Animal Health,
New York, NY) and sodium chloride was provided ad libitum
via a creep feeder for the lambs at approximately 30 d of age.
Weaning occurred at approximately 65 d of age and lambs
were penned separately from their dams.

Following weaning, ewe lambs were kept for subsequent
evaluation. A total of 21 Suffolk-cross ewe lambs (BW
= 44.7 + 4.32 kg) were evaluated for age at puberty and
pregnancy rate. No additional treatment was administered,
as we only wanted to evaluate the effect of maternal FLX.
At approximately 7 mo of age, ewe lambs from the initial
lactation study as well as other replacement ewe lambs (not
on study previously) were weighed and blood collection
began. A total of 23 ewe lambs (BW = 51.0 + 8.1 kg) were
weighed August 15, 2011 and 2 ewes were removed from
study due to illness not related to treatment. Ewes received
1.4 kg of chopped alfalfa hay and 0.9 kg of ground corn and
were provided water ad libitum. Ewe lambs were exposed to
a fertile mature Dorper ram, fitted with a marking harness,
for approximately 2 estrous cycles beginning on October
31, 2011. At approximately d 70 of gestation, external flank
ultrasound (3.5 MHz probe; SSD-500V, Aloka Co., Tokyo,
Japan) was conducted to determine pregnancy.
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Design and Treatments. The experiment was a
completely randomized design with ewe as the experimental
unit. Ewes carrying twins [determined by external flank
ultrasound (3.5 MHz probe; SSD-500V, Aloka Co., Tokyo,
Japan) at approximately d 70 of gestation] were selected and
stratified by breeding date to treatments. Ewes were separated
into 2 pens, with 5 ewes from each treatment randomly
assigned to each pen on approximately d 126 of gestation.
Treatment dosing also began on this day and continued until
3 wk after lambing. Treatments consisted of no FLX (control)
or 80 mg FLX. Ewes were orally dosed daily at 0700 h by
top dressing 454 g of ground corn with 0 or 80 mg FLX.
Treatments were administered while ewes were individually
penned at 0700 daily. Two fluoxetine capsules, 40 mg each,
were opened and contents were dispensed on moistened corn
(5 mL water) and were rinsed with 5 mL water. Corn fed to
control ewes was also top dressed with 10 mL water. Only
ewes had access to the treated ground corn. Two ewes were
removed from study, 1 ewe died due to unknown causes and
the other lambed late due to being rebred. Lambs remained
on the same treatment as their dam (ie. lambs from control
ewes served as controls, whereas, lambs from FLX-treated
ewes were considered FLX).

Serum Collection and Analyses. Ond 1,3,5,7, 14,21,
28,42, 56, and 66 after lambing, blood serum was collected
via jugular venipuncture from lambs using sterile serum
separator tubes (Corvac, Kendall Health Care, St. Louis,
MO). Blood samples were centrifuged (1,500 x g at 4 °C for
15 min) and serum was harvested and stored frozen (-20°
C) until assayed. Serum samples from d 1, 3, 5, 7, 14, and
21 were assayed for prolactin (PRL) concentration using
procedures outlined by Spoon and Hallford (1989; intra-assay
CV =8.5%). Serum samples from d 7, 14, 21, 28, 42, 56, and
66 were evaluated for concentration of IGF-I (Berrie et al.,
1995, as modified by Camacho et al., 2012; intra-assay CV
= 13.4%) and triiodothyronine (T,; Wells et al., 2003; intra-
assay CV = 4.05%; inter-assay CV = 0.2%). For the second
half of the experiment evaluating reproductive traits of ewe
lambs, blood serum was collected as described previously
twice weekly starting on August 19, 2011, approximately 7
mo of age, for a total of 21 samples as the ewe lambs began
cycling. The final serum samples were collected on October
28,2011. Serum progesterone concentrations were determined
by RIA as described by Schneider and Hallford (1996; mean
intra-assay CV = 4.8%; inter-assay CV = 3.4%).

Statistical Analyses. The MIXED procedure (SAS Inst.
Inc., Cary, NC) was used to analyze lamb birth weight and
ADG, PRL, IGF-I, T, and P, values. Lamb birth weight and
ADG were single measures with diagonal covariant structure
and main effect of treatment. Serum PRL, IGF-I, T,, and P,
values were analyzed as a repeated measure over days where
lamb was in the whole plot and the sub-plot was day and
day x treatment interaction. The covariant structure for serum
PRL, IGF-1, T,, and P, values was autoregressive as it was the
best fit for our data. For pregnancy data, the FREQ procedure
of SAS was used. Individual lamb was the experimental unit
for all variables.



RESULTS AND DISCUSSION

Birth weights and ending weights (d 112) were similar
for control and FLX-treated lambs (P = 0.35; Table 1). Each
lamb ADG was calculated by subtracting the birth weight
from the BW and dividing by number of days postpartum.
We observed no treatment x day interactions, so only main
effects of treatment are reported. Lamb ADG from BW taken
ond 7, 14,21, 28, 42, 56, 70, 84, and 112 post-lambing were
similar between control and FLX lambs (P > 0.22; Table 1),
but only the ADG at weaning (d 56) is reported. While the
direct effects of SSRI treatments cause an increase in the
amount of extracellular serotonin, further side effects are
possible. Weight loss is a common side effect when adults take
FLX; researchers suggested that FLX may directly decrease
weight gain in infants who receive FLX through breast milk
(Chambers et al., 1999). In humans, reduced birth weights

and postnatal weight gain were observed when women were
exposed to FLX during their third trimester (Nordeng et al.,
2001). A study conducted with rats, showed that pregnant rats
receiving FLX had lower BW gain and delivered smaller pups
(Vorhees et al., 1994). Ewes treated with FLX had shortened
gestation lengths in comparison to the controls (145.6 vs.
147.9 d; P = 0.02; SEM = 0.6; P. Black, unpublished data)
which may have impacted lamb growth values. Similar lamb
ADG may be due to the lack of differences in birth weights.

No treatment X time interactions were observed for
IGF-I, PRL, or T,, thus only main effects of treatment are
reported in Table 2. Serum IGF-I, PRL, and T, concentrations
were lower (P < 0.05) in FLX-exposed lambs compared with
controls (Table 2). Ewe lambs from control and FLX-treated
ewes had similar ages at puberty (P = 0.53) and comparable
pregnancy rates (P = 0.37; Table 3).

Table 1. Birth weights and periodic ADG of lambs from multiparous Suffolk-cross ewes treated with 0 (control) or 80 mg
fluoxetine (FLX) beginning on d 126 of gestation and continued until 3 wk after lambing

Item Control FLX SEM? P-value
Lambs, no. 15
Birth weight, kg 4.7 4.3 0.2 0.35
End weight (d 112), kg 32.9 329 0.96 0.99
ADG'

d 1-56 0.25 0.23 0.011 0.23

'Gain was calculated by taking the BW at d 56 minus birth weight and dividing it by 56.

*Most conservative standard error (n = 15).

Table 2. Serum hormone concentrations of lambs from multiparous Suffolk-cross ewes treated with 0 (control) or 80 mg
fluoxetine (FLX) beginning on d 126 of gestation and continued until 3 wk after lambing. Samples were taken beginning

on 1 wk of age through weaning'

Item Control FLX SEM” P-value
Lambs, no. 15 15

IGF-1, ng/mL 230.7 175.7 6.5 <0.0001
Prolactin, ng/mL 50.4 30.8 4.5 0.005
Triiodothyronine, ng/mL 2.26 1.99 0.08 0.03

"No treatment x day interaction was observed (P > 0.10); thus only main effects of treatment are reported.

*Most conservative standard error (n = 15).

Table 3. Age at puberty as determined by 2 consecutive serum progesterone concentrations over 2 ng/mL and pregnancy
rates in ewe lambs from Suffolk-cross ewes treated with 0 (control) or 80 mg fluoxetine (FLX) beginning on d 126 of

gestation and continued until 3 wk after lambing

Item Control FLX SEM' P-value
Lambs, no. 12 9
Age at puberty, d 234 237 3.6 0.53
Pregnancy rate

No, % 4.76 9.52

Yes, % 52.38 33.33

"Most conservative standard error (n = 9).

?Percentage of total calculated within chi-sq program (Chi Square = 0.81, P = 0.37).



Insulin-like growth factor-I is similar to insulin and its
primary role is regulating growth. During pregnancy, fetal
tissues have been found that express IGF-I early in pregnancy
and concentrations of IGF-I in fetal and cord serum are related
to fetal size (Giudice et al., 1995). Following parturition,
IGF-I has a prevalent role in regulation of growth (LeRoith,
1997). In a human study, SSRI (including FLX) administered
throughout pregnancy resulted in increased numbers of
IGF-I receptors in placental tissue of infants exposed to FLX
when compared with controls (Davidson et al., 2009). They
suggested that the increase in IGF-I receptors in FLX-treated
infants could be a compensatory mechanism for depressed
IGF-I and cortisol concentrations in an attempt to improve
growth (Davidson et al., 2009). Hilli et al. (2009) observed
that fetal SSRI exposure decreased IGF-I concentration in
cord blood. No research has evaluated postnatal serum FLX
concentrations of IGF-I in infants, hence in utero exposure to
FLX could have lingering effects on growth.

Thyroid hormones play an active role in normal brain
development during pre- and post-natal development
(Morreale de Escobar, 2001). Early in gestation, the fetus
is reliant on maternal T, and lack of T, for the fetus could
result in irreversible mental and psychomotor impairments
(Morreale de Escobar, 2001). Maternal thyroid hormones are
necessary for normal fetal growth and development. Selective
serotonin reuptake inhibitors in general have been found to
decrease T, and T, in adults, but no work has been conducted
in infants (Gitlin et al., 2004). We found that lambs born to
FLX-treated ewes had depressed concentrations of T,. This
could be the result of the potential depression of T,and T, in
the FLX-treated dams as seen by Gitlin et al. (2004). More
research is needed to fully understand the mechanism of the
depression of T, in offspring.

Prolactinis inhibited by dopamine (DP) and its release can
be signaled by 5-HT (Muller and Nistico, 1989). Depression
in PRL concentrations in the current experiment could be the
result of increased concentrations of DP. In a rat study, FLX
caused increased extracellular concentrations of 5-HT, DP,
and norepinephrine (Bymaster et al., 2002). When FLX was
administered to pregnant ewes, maternal PRL concentrations
were not affected (Morrison et al., 2005). We also observed
in previous work that maternal PRL concentrations were
unchanged in the first 3 d following parturition in ewes (P.
Black, unpublished data). We measured lamb serum PRL
concentrations over the first month post-natal and observed a
depression in PRL. In a previous study, we observed that lambs
exposed to FLX prenatally had depressed PRL concentrations
in the first 3 d following birth (P. Black, unpublished data).
No other studies have evaluated serum PRL concentrations
in progeny exposed to maternal FLX; however, we believe
that FLX depresses PRL due to its ability to increase DP
concentrations.

IMPLICATIONS

Fluoxetine when dosed orally to pregnant and lactating
ewes resulted in depressed concentrations of insulin-like
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growth factor-1, prolactin, and triiodothyronine concentrations
in their offspring. However, no significant effect of fluoxetine
was observed on lamb average daily gain or reproductive
soundness as age at puberty and pregnancy rates were similar
between control and fluoxetine-exposed ewe lambs. Thus,
based on current and previous studies, further research is
needed to study the potential negative outcomes of exposing
progeny to fluoxetine during pregnancy and lactation.

LITERATURE CITED

Berrie, R. A., D. M. Hallford, and M. L. Galyean. 1995. Effects
of zinc source and level on performance and metabolic
hormone concentrations of growing and finishing lambs.
Prof. Anim. Sci. 11:149-156.

Bymaster, F. P., W. Zhang, P. A. Carter, J. Shaw, E. Chernet, L.
Phebus, D. T. Wong, and K. W. Perry. 2002. Fluoxetine,
but not other selective serotonin reuptake inhibitors,
increases norepinephrine and dopamine extracellular
levels in prefrontal cortex. Psychopharmacology.
160:353-361.

Camacho, L. E., J. M. Benavidez, and D. M. Hallford.
Serum hormone profiles, pregnancy rates, and offspring
performance of Rambouillet ewes treated with
recombinant bovine somatotropin before breeding. J.
Anim. Sci. (In Press).

Chambers, C. D., P. O. Anderson, R. G. Thomas, L. M. Dick,
R.J. Feliz, K. A. Johnson, and K. L. Jones. 1999. Weight
gain in infants breastfed by mothers who take fluoxetine.
Pediatrics. 104:e61.

Chambers, C. D., K. A. Johnson, L. M. Dick, R. J. Felix, and
K. L. Jones. 1996. Birth outcomes in pregnant women
taking fluoxetine. N. Eng. J. Med. 335:1010-1015.

Davidson, S., D. Prokonov, M. Taler, R. Maayan, D. Harell,
I. Gil-Ad, and A. Weizman. 2009. Effect of exposure
to selective serotonin reuptake inhibitors in utero on
fetal growth: potential role for the IGF-1 and HPA axes.
Pediatric Res. 65:236-241.

Gitlin, M., L. L. Altshuler, M. A. Frye, R. Suri, E. L. Huynh, I.
Fairbanks, M. Bauer, and S. Korenman. 2004. Peripheral
thyroid hormones and response to selective serotonin
reuptake inhibitors. J. Psychiatry Neurosci. 29:383-386.

Giudice, L. C. F. de Zegher, S. E. Gargosky, B. A. Dsupin,
L. de las Fuentes, R. A. Crystal, R. L. Hintz, and R. G.
Rosenfeld. 1995. Insulin-like growth factors and their
binding proteins in the term and preterm human fetus
and neonate with normal and extremes of intrauterine
growth. J. Clin. Endocrinol. Metab. 80:1548-1555.

Hilli, J., T. Heikkinen, E. Rontu, T. Lehtimaiki, I. Kishida, E.
Aklillu, L. Bertilsson, T. Vahlberg, and K. Laine. 2009.
MAO-A and COMT genotypes as possible regulators of
perinatal serotonergic symptoms after in utero exposure
to SSRIs. Eur. Neuropsychopharmacol. 19:363-370.

Kim, J., K. W. Riggs, and D. W. Rurak. 2004. Stereoselective
pharmacokinetics of fluoxetine and norfluoxetine
enantiomers in pregnant sheep. Drug Metab. Dispos.
32:212-221.



LeRoith, D. 1997. Seminars in medicine of the Beth Israel
Deaconess Medical Center: Insulin-like growth factors.
N. Engl. J. Med. 336:633-640.

Morreale de Escobar, G. 2001. The role of thyroid hormone
in fetal neurodevelopment. J. Pediatr. Endocrinol. Metab.
14:1453-1462.

Morrison, J. L., C. Chien, N. Gruber, D. Rurak, and K. W.
Riggs. 2001. Fetal behavioral state changes following
maternal fluoxetine infusion in sheep. Brain Res. Dev.
131:47-56.

Morrison,J. L., K. W.Riggs,and D. W. Rurak. 2005. Fluoxetine
during pregnancy: impact on fetal development. Reprod.
Fertil. Dev. 17:641-650.

Muller, E. E., and G. Nistico. 1989. Brain Messengers and
the Pituitary. Academic Press: San Diego, CA.

Nonacs, R., and L. S. Cohen. 2002. Depression during
pregnancy: diagnosis and treatment options. J. Clin.
Psychiatry. 63:24-30.

Nordeng, H., H. Lindemann, K. V. Perminov, and A.
Reikvam. 2001. Neonatal withdrawal syndrome after in
utero exposure to selective serotonin reuptake inhibitors,
Acta. Paediatr. 90:288-291.

92

Rurak, D. W., A. R. Wright, and J. E. Axleson. 1991. Drug
disposition and effects in the fetus. J. Dev. Physiol.
(Oxf.). 15:33-44.

Schneider, F. A., and D. M. Hallford. 1996. Use of a rapid
progesterone radioimmunoassay to predict pregnancy
and fetal numbers in ewes. Sheep & Goat Res. J. 12:33-
38.

Spoon, R. A., and D. M. Hallford. 1989. Growth response,
endocrine profiles, and reproductive performance of
fine-wool ewe lambs treated with ovine prolactin before
breeding. Theriogenology. 32:45-53.

Vorhees, C., K. Acuff-Smith, M. Schilling, J. Fisher, M.
Moran, and J. A. Buelke-Sam. 1994. Developmental
neurotoxicity evaluation of the effects of prenatal
exposure to fluoxetine in rats. Fundam. Appl. Toxicol.
23:194-205.

Wells, N. H., D. M. Hallford, and J. A. Hernandez. 2003.
Serum thyroid hormones and reproductive characteristics
of Rambouillet ewe lambs treated with propylthiouracil
before puberty. Theriogenology. 59:1403-1413.



Proceedings, Western Section, American Society of Animal Science

Vol. 63,2012

DIGESTIBILITY OF ALGAL BIOFUEL CO-PRODUCT IN A FORAGE DIET

M. K. Beckman, L. N. Tracey, N. Miller, K. Norman, K. Marchetti, E. J. Scholljegerdes,
S. A. Soto-Navarro, C. A. Loest, and S. L. Lodge-Ivey

New Mexico State University, Las Cruces 88003

ABSTRACT: Co-product produced from extraction of oil
from microalgae grown for biofuel production represents a
novel feedstuff for ruminants. The objective of this study
was to determine the influence of lipid extracted algae (LEA)
on feed intake and diet digestibility when included in a
forage diet. We hypothesized that an isonitrogenous addition
of LEA to a forage diet would yield results similar to soybean
meal (SBM). Fifteen crossbred wethers (43 + 1.4 kg BW)
fitted with ruminal and duodenal cannulas were used in a
completely randomized design. Lambs were fed twice per day
at 110% of previous 3 d DMI. Experimental diets included:
1) sorghum-sudan hay (CP 8.3%; NDF 52.79%, DM basis;
HAY), 2) sorghum-sudan hay plus LEA (CP 13.6%; NDF
44.19% DM basis; ALGAE), and 3) sorghum-sudan hay plus
SBM (CP 10.6%; NDF 51.24%, DM basis; SOY). Animals
were adapted to treatments for 10 d followed by 5 d sample
collection. Treatment did not influence OM intake (P = 0.99)
or total tract OM and NDF digestibility (P > 0.10). Total
tract CP digestibility was lowest for ALGAE while SOY and
HAY did not differ (75.86 vs 84.88 and 82.12 + 1.177%,
respectively; P < 0.01). Ruminal pH, liquid dilution rate,
and volume did not differ (P > 0.10) by treatment. Soybean
meal increased (P <.01) ruminal ammonia by 57.4% and
56.0% compared with  ALGAE and HAY, respectively.
Total VFA production and molar proportion of butyrate
did not differ (P > 0.14) by treatment. Acetate was highest
for HAY, lowest for SOY, and ALGAE did not differ from
HAY and SOY (74.11, 71.57, and 69.07 £ 1.245 mol/100
mol for HAY, ALGAE, and SOY, respectively; P = 0.04).
Propionate was greatest for ALGAE which differed from
HAY, while SOY was similar to ALGAE and HAY (14.80,
19.89, and 17.85 £ 1.233 mol/100 mol HAY, ALGAE, and
SQY, respectively; P = 0.04). Acetate:Propionate ratio was
lowest (P = 0.03) for ALGAE. Adding ALGAE to a forage
diet resulted in increases in propionate production while
OM and NDF digestibility was comparable to SOY.
However, ALGAE resulted in the lowest ruminal ammonia
and total tract CP digestibility. These data imply that CP in
LEA may not be as soluble as CP in SBM, therefore we reject
our hypothesis.

Key words: biofuels, digestibility, sheep
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INTRODUCTION

The Energy Independence and Security Act of 2007
and the Renewable Fuels Standard, have mandated that
by 2022, 36 billion gallons of renewable fuels must be
blended per year, of which, at least 21 billion gallons must
be supplied by advanced biofuels. Advanced biofuels are
derived from renewable biomass including cellulosic
ethanol and microalgae, that create no more than half of the
greenhouse gas emissions of the fuel they replace (Cortes-
Caminero, 2010).

Microalgae are photosynthetic cell factories that convert
sunlight and carbon dioxide to biomass which includes
lipids, proteins and carbohydrates (Chisti, 2007). There are
many proposed benefits to utilizing microalgae for biofuel
production such as: high oil productivity peracre compared
to oilseed crops, ability to grow in many water sources
including brackish, fresh, and marine, and little competition
from the production agricultural industry for land used in
algal cultivation. It is common for strains of microalgae to
contain 20-50% of their dry weight in lipid (Chisti, 2007).
In the biofuel production process, lipid is separated from the
algal cell by various extraction methods. The lipid is refined
to produce transportation and aviation biofuels while the lipid
extracted algal biomass (LEA) could represent a potential
revenue stream in a variety of industries. The use of LEA in
livestock diets could be a potential high volume market. Our
laboratory nutrient analysis of LEA, from Nannochloropsis
sp., reveals that LEA ranges in crude protein from 17 to 35%
(unpublished data). We hypothesized that an isonitrogenous
addition of LEA to a forage diet would yield similar feed
intake and diet digestibility when compared to soybean meal
(SBM). The objective of this study was to determine the
influence of LEA on feed intake and diet digestibility when
included in a forage diet.

MATERIALS AND METHODS

All procedures for the following experiment were
approved by the New Mexico State University Institutional
Animal Care and Use Committee.

Fifteen crossbred wether lambs (43 + 1.4 kg BW) were
fitted with a J-style duodenal (manufactured by New Mexico



State University Department of Animal and Range Sciences)
and ruminal cannula (Bar Diamond, Inc., Parma, ID). Lambs
were individually housed in a temperature controlled room
within 1.2 m x 2.3 m pens with concrete floors. Pens were
bedded with wood shavings. Lambs were randomly
assigned to pen and treatments were randomly assigned to
individual pens.

Diets. Lambs were assigned to 1 of 3 dictary treatments
in a complete randomized design (n = 5). Animals were
allowed ad libitum access to water and treatments were
delivered twice daily at 0630 and 1800 h at 110% of
previous 3 d DMI. Treatments were: 1) sorghum-sudan hay
(6.4% CP and 62.3% NDF; DM basis) with no supplemental
protein (HAY), 2) HAY plus LEA (ALGAE), 3) HAY plus
SBM (SOY). Treatments ALGAE and SOY were formulated
to contain 12.0% CP (DM basis). The Nannochloropsis sp.
LEA used in this study was purchased as a solvent extracted,
dried, granular ingredient and was analyzed for CP, NDF,
and ether extract (25.9%, 24.7%, 15.3%, respectively, DM
basis) through a commercial laboratory (SDK Laboratories,
Hutchison, KS). Diet composition and actual nutrient analysis
are presented in Table 1.

Sampling. The experimental period was 15-d, with
10-d allotted for adaptation to ensure adequate adjustment
of the gastrointestinal tract to the dietary treatment and
5-d of intensive sampling. Beginning on d 11 to d 15 of
the experimental period, feed, orts, and fecal samples were
collected for analysis. Samples of each treatment were
collected at feeding and composited by treatment. Orts were
collected daily at 1800, weighed for DMI calculation, and

stored for nutrient analysis. Lambs were fitted with canvas
fecal bags on d 8 for adaptation (Hastings Canvas, Hastings,
NE). Total fecal collection was conducted from d 11 to 15
at 1800. Feces were weighed, sub-sampled, and composited
(10% of output; wet basis) by animal. Fecal samples were
stored frozen for later analysis of CP, NDF, DM and OM.
Immediately prior to the 0630 feeding on d 15, 50 mL of
Co-EDTA was dosed intraruminally for fluid passage rate
determination. Ruminal fluid was collected at 2, 4, 6, 8, 10,
and 12 h post- dosing via suction strainer (Bar Diamond,
Parma ID). Immediately after collection, ruminal pH was
measured using a portable pH meter (Accumet AP72,
Fisher Scientific, Pittsburgh, PA). Aliquots of ruminal fluid
were divided and stored in 15-mL conical tubes for VFA,
Co- EDTA, and acidified with 2.5 mL of 5% HCI for NH;
analysis. All ruminal fluid samples were immediately placed
on ice and later frozen and stored at -20°C.

Laboratory analysis. Feed, orts, and fecal samples
were dried for 48 h in a 55°C forced-air oven and ground
(Wiley mill; 2-mm screen). All feed, orts, and fecal samples
were analyzed for DM and ash (AOAC, 1990). Orts and
fecal samples were analyzed for NDF and CP and
feed samples for CP, NDF, ether extract, and OM at a
commercial laboratory (SDK Laboratories, Hutchison, KS).
Ammonia nitrogen (NH;) in ruminal fluid was analyzed
using the procedures of Broderick and Kang (1980), adapted
to a microtiter plate (BioTek Instruments, Winooski, VT)
and measured at 630 nm. Gas chromatography was used
to measure VFA concentration in ruminal fluid (Goestch
and Galyean, 1983). Cobalt concentration of ruminal fluid
was determined with an air- plus-acetylene flame using

Table 1. Ingredient composition and chemical analysis of diets fed to wethers

Treatments'
Item HAY ALGAE SOY
Ingredient composition, % of DM
Sorghum-sudan hay 66.58 47.80 56.91
Lipid extracted algae - 21.46 -
Soybean meal - - 10.74
Corn 12.21 13.69 13.69
Molasses 6.17 6.74 6.70
Dicalcium phosphate 1.46 0.23 -
Limestone 243 - 0.28
Vitamin ADE Mixture’ 0.40 0.40 0.39
NaCl 0.72 0.72 0.71
Actual nutrient analysis, % DM’
CpP 8.27 14.06 10.20
NDF 51.66 43.37 50.05
Ether extract 1.55 2.22 1.43
oM 86.71 90.47 90.48

"Treatments: HAY = sorghum-sudan hay (6.4% CP and 62.3% NDF; DM basis) with no supplemental
protein; ALGAE = HAY plus lipid extracted algae; SOY = HAY plus soybean meal.
*Vitamin ADE Mixture: mixture containing vitamin A at 30,000 IU/g of mix, vitamin D at 176,000 IU/g of

mix, and vitamin E at 275 IU/g of mix.

*Nutrient analysis performed by SDK Laboratories (Hutchison, KS)



atomic absorption spectroscopy (PerkinElmer Model 3110,
Waltham, MA) as described by Uden et al. (1980).
Calculations and Statistical Analysis. Passage rate and
digestibility were calculated as described in Scholljegerdes
et al. (2004). All data were analyzed as a completely
random design using the MIXED model (SAS Inst. Inc.,
Cary, NC) with repeated measures for VFA and NHj.
Animal was the experimental unit and animal X treatment
was the random variable. The model included treatment, day,
and treatment x day. Using Akaike’s information criterion,
compound symmetry was determined to be the most
desirable covariance structure. Means were calculated using
LSMEANS. Treatment effects were considered significant at
a P <0.05 and as a tendency if P > 0.05 and < 0.10. When
F-tests were significant, mean separations were performed
using PDIFF. There were no treatment x day interactions (P
> 0.24) observed, therefore only main effects are presented.

RESULTS AND DISCUSSION

Intake and Digestibility. The addition of LEA or
SBM to a forage diet did not affect OM, CP or NDF (P
> 0.13) intake. Total tract digestibility of OM and NDF (P
> 0.12; Table 2) were also not affected. These data
differ from Guthrie and Wagner (1988) who demonstrated
that increasing levels of SBM (0, 121, 241, 362, 603 g/d)
added to a forage diet increased DMI in beef heifers. Bodine
et al. (2000) evaluated the effects of supplementing corn and
SBM to beef steers consuming prairie hay and reported that
with increasing level of SBM supplementation (0, 33, 66,

100% of DIP requirement) there was an increase in total
OM intake. Total tract digestibility of OM in this same
study also increased linearly with SBM inclusion level. One
possible explanation for this is that the CP in the hay used
by Guthrie and Wagner (1988) was 5% CP and in Bodine et
al. (2000) was 6.1%. According to Mathis et al. (2000),
when basal forage is above 7% CP, protein supplementation
does not improve digestibility. The CP of forage used in
this experiment was 6.43% and may account for the lack
of increase in digestibility of OM and NDF with protein
supplementation. Our results are similar to that of Bohnert
et al. (2002), who reported no effect of CP supplementation
on OM intake of forage that was 5.2% CP.

Total tract digestibility of CP was similar for HAY and
SOY treatments, while ALGAE reduced (P < 0.01) CP
digestibility by 7.8% and 11.2% compared to HAY and SOY,
respectively. These data suggest that CP in LEA, may not be
as digestible as CP in SBM or HAY. These observations are
further supported by ruminal NHj values observed in this
experiment. Specifically, ruminal NH;was greatest for SOY,
while ALGAE and HAY did not differ (6.61 vs. 3.66 and
3.72 £ 0.56 mM, respectively; (P < 0.01). Soybean meal is
considered a good source of RDP (NRC, 2000). A linear
increase in ruminal NH; was seen by Bodine et al. (2000),
when increasing levels of SBM were included with a diet
of prairie hay and supplemental corn. According to Satter
and Slyter (1974) ruminal NHj levels should range 1.2 to
2.9 mM to support ruminal bacterial growth. Ruminal NH;
cocnentrations observed in our study were well within

Table 2. Influence of adding lipid extracted algae or soybean meal to sorghum-sudan hay

Treatments'
Item HAY ALGAE SOY SEM?* P-value

OM Intake, g/Kg BW 12.5 12.6 12.9 2.167 0.99
CP Intake, g/Kg BW 1.0 1.7 1.2 0.207 0.12
NDF Intake, g/Kg BW 7.3 5.6 6.9 1.077 0.53
Digestibility

OM 62.5 55.4 66.4 3.524 0.12

CP 82.1° 75.9° 84.9° 1.177 <0.01

NDF 81.6 79.6 81.0 2.771 0.88
Ruminal pH 6.8 6.8 6.8 0.065 .096
Ruminal NHs, mM 3.7 3.7 6.6" 0.56 <0.01
Ruminal Volume, L 8.6 5.8 7.5 1.017 0.19
Ruminal Outflow, L/h 0.5° 0.3° 0.3 0.061 <0.05
Ruminal Dilution, %/h 6.2 5.5 3.9 0.798 0.16
Ruminal total VFA, mM 58.8 66.6 67.8 7.603 0.67
Ruminal VFA, mol/100 mol

Acetate 74.1° 71.6® 69.1° 1.245 0.04

Propionate 14.8° 19.9° 17.8% 1.233 0.04

Butyrate 9.2 6.7 8.2 0.837 0.14

Acetate:propionate 5.0° 3.7° 4.1% 0.307 0.03

'"Treatments: HAY = sorghum-sudan hay (6.4% CP and 62.3% NDF; DM basis) with no supplemental protein;
ALGAE = HAY plus lipid extracted algae; SOY = HAY plus soybean meal.

n=5

“byalues within rows with differing superscripts differ P < 0.05 between treatments.
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this range; therefore, N was not limiting in the rumen and
likely was not the reason for a reduction in total tract CP
digestibility.

No differences (P > 0.16) were observed for ruminal
volume or liquid dilution rate, however, ruminal outflow
did differ (P = 0.05). The ruminal fluid outflow rates for
HAY were nearly double that for SOY and ALGAE. This is
counterintuitive due to the fact that total OM intake and
OM digestibility did not differ across treatments. Intake and
digestibility will influence ruminal passage rate (Galyean
and Owens, 1991). It is not clear as to why ruminal outflow
differed to this extent, however, one could speculate
that because HAY had a greater proportion of the diet as
Sorghum-sudan hay (66.5% of DM), salivary production was
increased, which in turn increased fluid entering the rumen
and ultimately fluid outflow (Jacques et al., 1989).

Ruminal Fermentation Characteristics. Effect of
treatment on ruminal environment is presented in Table
2. Ruminal pH did not differ by treatment (P = 0.96).
Total VFA and the molar proportion of butyrate were similar
across treatments (P > 0.14). Acetate was least (P = 0.04) for
SOY, while HAY and ALGAE were similar (69.1 vs. 74.1,
and 71.8 £1.24 mol/100 mol, respectively). Propionate was
highest (P =0.04) for ALGAE, however SOY was similar to
both ALGAE and HAY (19.89 vs. 14.80, and 17.85 +1.23
mol/100 mol, respectively). This resulted in a treatment
difference (P = 0.03) for the acetate to propionate ratio which
was lowest for ALGAE versus HAY and SOY was similar to
both other treatments (3.68 vs 5.03 and 4.12 + 0.31 mol/100
mol, respectively). Because VFA represent the main supply
of metabolizable energy for ruminants (Van Soest, 1982),
a reduction in total VFA production would be energetically
unfavorable for the nutrition of the animal (Busquet et al.,
2006). These data indicate that the inclusion of LEA, while
not increasing total VFA production could cause a shift in the
molar proportion of individual VFA, particularly propionate.
Similar results have been seen in studies supplementing
sources of RDP to forage based diets (Hannah et al., 1991;
Koster et al., 1996), which Hannah et al. (1991) attributed
to a greater level of starch in their supplement. This may
suggest that the LEA in the ALGAE treatment has a higher
fraction of soluble carbohydrate than originally expected,
and would account for the shift in individual VFA.

Overall, the isonitrogenous inclusion of LEA in a forage
diet resulted in increased propionate production, decreased
acetate production and a lowered acetate:propionate ratio.
The ALGAE had the least ruminal NH; concentrations, which
suggests that LEA might be a poor source of RDP and its
total tract digestibility of CP was not similar to that of SBM
as we hypothesized. Therefore, we reject our hypothesis that
an isonitrogenous addition of LEA to a forage diet would
result in similar results to that of SBM. Further work on the
inclusion of LEA in a diet high in RDP would give data
necessary to formulate guidelines on the inclusion of LEA
in the diet of ruminant animals, as would the inclusion of
data related to site and extent of digestion by use of duodenal
flow data.
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IMPLICATIONS

These results imply that the addition of lipid extracted
algae to a forage diet will increase propionate, an important
glucogenic precursor. Further, similar organic matter intake
indicates that lipid extracted algae may be as palatable as
soybean meal. Based on the results of this study we
believe that the inclusion of lipid extracted algae in sheep
diets is feasible. Therefore, making its use in livestock
feed a viable outlet for this co-product of the algal cultivation
industry.
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ABSTRACT: The role of estradiol during the preovulatory
period on embryo survival and pregnancy establishment has
not been characterized in beef cows. We hypothesized that
preovulatory estradiol is important for embryo survival and
pregnancy establishment in beef cows. In order to establish
the importance of estradiol during the preovulatory period on
embryo survival, ovariectomized multiparous cows (n = 24)
received estradiol cypionate (ECP), estradiol benzoate (EB)
or no treatment (CON) to mimic a preovulatory period. Pri-
or to treatment, all cows received a progesterone- releasing
device (CIDR) for 7 d, 25 mg injection of prostaglandin-F,
(PGF) at CIDR removal (d -2), and an injection of GnRH
(100 pg; d 0) 2 d later to mimic a follicular phase. Utilizing
a 3x3 Latin Square design, cows received either ECP 36 h
before GnRH injection, EB 12 h before GnRH injection, or
no estradiol (CON). Luteal phase progesterone was mim-
icked with 2x daily increasing progesterone injections from d
3 to 6 and use of CIDRs from d 7 to 29. On d 7 after GnRH
injection, each cow received one embryo and a a progester-
one-releasing device (CIDR). Another CIDR was added 24
h following embryo transfer and every 6 d, the older of the
two CIDR was replaced with a new CIDR. Blood was col-
lected every 4 h between d -2 and d 0 for characterization of
serum estradiol profiles. Blood was collected on d -2, -1, 0,
3to 7, 14, and 17 to 29 to characterize progesterone profiles.
Serum estradiol profiles were different (P < 0. 001) between
treatments. Mean serum progesterone concentrations were
decreased (P = 0.05) for EB and ECP treated cows compared
with CON. Transrectal ultrasonography on d 29 indicated
that 4% of CON, 29% of EB, and 21% of ECP treated cows
were pregnant. Expression of interferon stimulated genes
ISG15, Mx2, and Oasl on d 19 indicated 66.0% of CON,
69.3% of EB, and 71.0% of ECP treated cows were preg-
nant. Thus, 62, 39.7, and 50% of pregnancies in CON, EB,
and ECP treated cows, respectively were lost from d 19 to
29. Overall, results indicate greater embryonic survival and
pregnancy establishment in cows exposed to estradiol in the
preovulatory period.

Key words: embryo survival, estradiol, pregnancy establish-
ment
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INTRODUCTION

The role of estradiol during the preovulatory period
on embryo survival and pregnancy establishment has not
been well characterized in beef cows. The mechanism by
which preovulatory estradiol concentrations affect pregnancy
success may be related to several factors. Serum estradiol
concentrations have been positively correlated with ovulatory
follicle size (Perry et al., 2005; Atkins et al., 2010) and
cows ovulating smaller follicles following GnRH injection
experienced greater reproductive failure (Perry et al.,
2005). Bridges et al. (2010) reported greater serum estradiol
concentrations and pregnancy rates among cows induced to
ovulate a follicle of similar size but allowed a longer period of
proestrus. Decreased levels of estradiol in the preovulatory
period have also been associated with premature luteolysis
(Mann and Lamming, 2000). None of these earlier studies
allowed separation of potentially beneficial effects of estradiol
from other traits.

Miller et al. (1977) evaluated the effects of estradiol in
ovariectomized ewes by treatment with low estradiol (single
injection of 25 pg) or high estradiol (35 pg distributed
across 5 injections) to mimic the preovulatory period.
Following embryo transfer on d 4, ewes that did not receive
the increased estradiol supplementation were less likely to
develop a normal embryo, had a reduced uterine weight at
d 21, and had reduced amounts of uterine luminal protein
on d 21 (Miller et al.,, 1977). The above body of work
suggests a direct effect of estradiol on embryo development
and survival. Several estrous and ovulation synchronization
studies have been conducted using estradiol cypionate (ECP)
or estradiol benzoate (EB) treatments during proestrus with
reported benefits in pregnancy rate (Ahmadzadeh et al.,
2003; Colazo et al., 2004). Souza et al., (2005) demonstrated
differential estradiol profiles in cattle using estradiol benzoate
or estradiol cypionate. We hypothesized that cows exposed
to estradiol during the preovulatory period would have
increased embryonic survival and pregnancy establishment
when all other factors were held constant. In order to test the
effects of estradiol exposure during the preovulatory period
on embryo survival, two forms of estradiol were utilized: ECP
and EB. The objective of this study was to examine the role



of preovulatory estradiol concentration on embryo survival
and pregnancy establishment without the effects of follicle
size, proestrous interval, subsequent progesterone exposure,
or endogenous estradiol secretion.

MATERIAL AND METHODS

All procedures involving animals used in this research
were approved by the Fort Keogh Livestock and Range
Research Laboratory Animal Care and Use Committee and
the South Dakota State University Animal Care and Use
Committee.

Animals and Treatments.  Crossbred multiparous
beef cows (n = 24; 579 + 58 kg BW) were ovariectomized
by lateral lumbar incision and randomly assigned to a 3x3
Latin Square experimental design. After surgery, cows
received a progesterone-releasing device (CIDR; Eazi-Breed
CIDR containing 1.38 g of progesterone, Pfizer Animal
Health, Madison, NJ) for 1 mo to mimic a luteal phase. The
experiment was performed in 3 phases with the first 2 phases
at Fort Keogh and the final phase at the South Dakota State
University Beef Breeding Unit. Nine days before simulation
of ovulation, d 0; cows received a CIDR. On d -2, CIDRs
were removed and cows were given a single injection of
prostaglandin-F, (PGF; 25 mg, i.m.). According to the
Latin Square assignment, cows were assigned to one of three
treatments for each phase of the experiment: ECP [2.5 mg,
(Img/mL in sesame oil carrier, i.m.) 36 h prior to GnRH], EB
[1.2 mg, (Img/mL in sesame oil carrier, i.m.) 12 h prior to
GnRH], or CON (no exogenous estradiol). Ond 3, 4, 5, and
6, all cows received 2 progesterone injections (10mg/mL in
sesame oil carrier, i.m.) 12 h apart at the following doses: 40,
80, 160, and 240 mg, respectively. On d 7, all cows received
a single embryo (stage 4, 5, or 6; quality grade 1 or 2; all
stages and grades were equally assigned across treatments),
a single 500 mg i.m. injection of flunixin meglumine (Merck
Animal Health, Summit, NJ), and a CIDR. The embryo
transfer technician was the same throughout. On d 8, cows
received an additional CIDR, and every 6 d thereafter, the
older of the two CIDR was removed and replaced with a new
CIDR.

Ultrasonography. Pregnancy status for each animal was
determined by transrectal ultrasonography using an Aloka
SSD-3500 Ultrasound with a 10 MHz convex probe or an
Aloka 500 with a 7.5 MHz linear probe (Aloka, Wallingford,
CT) at d 29 and confirmed at d 32. Viability of an embryo
was confirmed by presence of a heartbeat.

Blood Collection and RIA. Blood was collected by
coccygeal or jugular venipuncture into 10mL vacutainer
tubes (BD Vacutainer, Franklin Lakes, NJ) at the following
times relative to GnRH: d -9, d -2, every 4 h from -36 hto 0
h,d3,4,5,6,7,and d 14. Samples were placed at 4°C for
approximately 24 h. Samples were centrifuged at 1,200 x g
for 25 min at 4°C and serum was collected and stored at -20°C
until radioimmunoassay was performed. Radioimmunoassay
(RIA) was performed on all serum samples to measure
progesterone concentrations using the methods described by
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Engel et al. (2008). Inter- and intraassay CV were 13.67%
and 4.52%, respectively and assay sensitivity was 0.4 ng/mL.
In order to characterize circulating estradiol profiles from
-48 h until GnRH administration, RIA was performed using
the methods described by Perry and Perry (2008). Inter- and
intraassay CV were 18.1% and 5.7%, respectively and assay
sensitivity was 0.4 pg/mL.

Collection of Blood Leukocytes and RT-PCR. Plasma
and blood leukocytes were collected by coccygeal or jugular
venipuncture into 10 mL vacutainer tubes containing EDTA
(BD Vacutainer) on d 17 through 28 relative to GnRH. The
blood was placed on ice immediately after collection and
then centrifuged at 1,200 x g for 25 min at 4°C within 1 h of
collection. Plasma was collected and stored at -20°C until
used for RIA. Blood leukocytes were collected, mixed in a
1:1 volumetric ratio with Tri-Reagent (Molecular Research
Center, Inc., Cincinnati, OH), and stored at -80°C until RNA
isolation. Isolation of RNA was performed using an SV Total
RNA Isolation System (Promega, Madison, WI) according
to manufacturer’s instructions. Pure RNA was dissolved in
nuclease free water and RNA concentration was determined
using a spectrophotometer (NanoDrop Technologies,
Wilmington, DE). Isolated RNA samples were stored at
-80°C. RNA fromd 17, d 19, and d 21 were diluted to 12
ng/uL and RT-PCR was performed in triplicate using iScript
One-Step RT-PCR Kit With SYBR Green (BioRad, Hercules,
CA). Expression of ISG15, Mx2, OAS1, and GAPDH was
measured using the primers listed in table 1. Amplification
occurred using a Stratagene MX3000P (d 19 samples) or
an ABI Prism 7000 (d 17 and d 21 samples). GAPDH was
used as an internal control housekeeping gene and each
plate contained negative controls to detect any background
contamination. The SYBR Green reaction was performed
for genes with the reverse transcription at 42°C for 30 min
and 95°C for 10 min to inactivate reverse transcription. For
all of the genes of interest, transcription was followed by
40 cycles of 30 sec at 95°C for melting; 1 min at 60°C for
annealing; and 1 min at 72°C for extension. Primers (Table 1)
for were previously published for GAPDH (Han et al., 2006),
ISG15, Mx2, and OAS1 (Green et al., 2010). Amplicons
were confirmed for product size on 2% agarose gels and were
verified for identity by sequencing (Iowa State University
Genomics Core).

Statistical Analysis. The experiment was designed
as a series of nine 3x3 Latin squares. Rows of the squares
corresponded to cows. Columns of the squares represented
the 3 phases of the experiment. One square was eliminated
from the analysis due to removal of a cow with uterine
adhesions to the abdominal wall that was detected during the
first phase of study.

Analyses of hormone and expression profiles employed
mixed linear models methodology, and when the binary variate
pregnancy (0 = not pregnant, 1 = pregnant) was the dependent
variable, used procedures for logistic regression. Hormone
profiles and expression profiles were analyzed as repeated
measures using split-plot in time models. The whole plot was



Table 1. Genes, primer sequences, and primer locations for genes amplified during RT-PCR

Gene Primer Primer Sequence Primer Location  Reference
Forward 5’-CAGCCAACCAGTGTCTGCAGAGA-3’ 14-36 Green et al.,
Isgl5 Reverse 5’-CCAGGATGGAGATGCAGTTCTGC-3*  284-306 2010
Forward 5’-CTTCAGAGACGCCTCAGTCG-3’ 2071-2090 Green et al.,
Mx2a Reverse 5’-TGAAGCAGCCAGGAATAGTG-3’ 2283-2302 2010
Forward 5’-ACCCTCTCCAGGAATCCAGT-3’ 1157-1176 Green et al.,
Oasl Reverse 5’-GATTCTGGTCCCAGGTCTGA-3’ 1336-1355 2010
GAPDH Forward 5’-GATTGTCAGCAATGCCTCCT-3’ 543-562 Han et al.,
Reverse 5’-GGTCATAAGTCCCTCCACGA-3’ 617-636 2006

a randomized complete block design with squares as blocks
and treatments were factors included in the Latin squares. In
the analyses of expression profiles, a linear covariate was also
included in the model to adjust for expression of the house-
keeping gene (GAP). Whole plot error was a composite of
the cow x period x treatment interaction mean square (the
usual error for a single Latin square) pooled over squares
and pooled interactions of square with the factors included in
the Latin squares (the usual error for a randomized complete
block design). Note, when the pooled Latin square error
means square was tested against the randomized complete
block error mean square, it did not approach significance
(P> 0.20). The sub-plot consisted of hours relative to GnRH
and two-factor interactions of time with each factor included
in the Latin squares. Residual variance was considered error
for effects in the subplot. The analysis of pregnancy did not
include the subplot, but was otherwise similar to the analyses
described above. Effects of gene expression (adjusted for
expression of GAP) on pregnancy rate were also assessed
using logistic regression.

RESULTS AND DISCUSSION

Serum estradiol concentrations during the simulated
preovulatory period were different (P < 0.01) between
treatments (Figure 1). Based on the study by Souza et al.
(2005) using similar treatments, the circulating estradiol
profiles followed the expected trends, with the EB treatment
peaking earlier and with greater magnitude than ECP. Serum
progesterone concentrations were decreased (P = 0.05) in EB
and ECP cows compared with the CON cows (Figure 2). This
difference was not expected but may be related to changes in
steroid hormone metabolism due to estradiol exposure. Based
on the concentrations of progesterone reported by Fields et
al., (2009) in our lab, the levels achieved in the current study
should have been sufficient to maintain pregnancies.

Transrectal ultrasonography on d 29 revealed pregnancy
rates of 21%, 29%, and 4% for the ECP, EB, and CON
treatments, respectively. Thisindicated substantial pregnancy
loss between d 7 and d 29. In order to characterize this loss,
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expression of 3 genes known to be stimulated by interferon-t
(interferon-stimulated genes) was utilized. Peripheral blood
leukocytes have been reported to have increased expression
of ISGI15, Mx2, and OAS1 on d 15 and 18 of pregnancy
in ewes (Yankey et al., 2001) and in cows on d 16, 18, and
20 (Gifford, et al., 2007; Green, et al., 2010). Ovariectomy
eliminated the deleterious effects of luteolysis on pregnancy,
therefore, with adequate progesterone supplementation, we
expected that most cows would retain a pregnancy to d 29 if
preovulatory estradiol were not beneficial. Since maternal
recognition of pregnancy must occur before luteolysis
(Roberts, et al., 1996), interferon stimulated gene expression
on d 17 is of particular interest for identifying those cows that
did not receive adequate trophoblastic signaling to maintain
the pregnancy. For the 59 cows that did not remain pregnant
until d 29, changes in expression of interferon stimulated
genes may be useful in determining the timing of embryo
loss. Table 2 illustrates the projected timing of embryo loss
based upon ranking the combined results of ISG15, Mx2,
and OASI expression. For d 17 and 21, cows were ranked
by probability of pregnancy for each gene based on logistic
regression. The threshold for pregnancy prediction on d 17
and 21 was based on ranking higher than the mean rank of
cows confirmed pregnant on d 29 via ultrasound. These
conservative estimates were used to calculate the predicted
pregnancy rates in table 2. These pregnancy rates clearly
demonstrate the importance of preovulatory estradiol in
embryo survival and pregnancy establishment. Exposure
to estradiol in the preovulatory period, whether in the ECP
or EB treatment increased the odds of pregnancy at d 29
(P < 0.05). While a similar percentage of cows in each
treatment were likely pregnant on d 17 and 21, the uterine
environment of cows that were not exposed to increased
estradiol prior to progesterone treatment were less capable of
supporting a pregnancy.

Expression of ISG15, Mx2, and OAS1 were not
different between treatments (P > 0.10). As anticipated, the
expression of these three genes on each of the days measured
was greater (P < 0.01) in cows that were confirmed to be
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Figure 1. Serum estradiol concentration of ovariectomized cows that received estradiol cypionate (ECP), estradiol
benzoate (EB), or control (CON) treatment during the simulated preovulatory period. Cows treated with ECP
received 2.5 mg 36 h prior to GnRH, cows treated with EB received 1.2 mg 12 h prior to GnRH, CON cows
received no exogenous estradiol.
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Figure 2. Serum progesterone concentration of ovariectomized cows that received estradiol cypionate (ECP),
estradiol benzoate (EB), or control (CON) treatment during the simulated preovulatory period. Cows treated with
ECP received 2.5 mg 36 h prior to GnRH, cows treated with EB received 1.2 mg 12 h prior to GnRH, CON cows
received no exogenous estradiol.

Table 2. Pregnancy rates by treatments on d 7, 17, 21, and 29.

Day of study ECP' EB’ CON’
7 100% 100% 100%
17 50% 42% 33%
21 42% 29% 25%
29 21% 29% 4%

'2.5 mg estradiol cypionate 36 h prior to GnRH on d 0

*1.2 mg estradiol benzoate 12 h prior to GnRH on d 0

*no exogenous estradiol

Y*means within a row having different superscripts are different (P < 0.05)
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pregnant when compared with cows that were not. This is
consistent with other studies (Han, et al., 2006; Green et al.,
2010) which reported increased interferon gene expression
within pregnant cows on d 17, 18, 19, and 20 compared with
non-pregnant cows. Expression of Mx2, was also increased
in pregnant cows when compared with non-pregnant cows on
d 16, 18, and 20 after insemination (Gifford et al., 2007).

Expression of ISG15 and Mx2 differed in the present
study (P < 0.01) due to day, but expression of OAS1 did not
differ (P > 0.10) by day. The increased expression of these
two genes in pregnant cows on d 21 when compared with d
17 is consistent with the results determined by Green, et al.
(2010) in which an increase in ISG15, Mx2, and OAS1 was
observed on d 20 relative to d 18. It is not clear why OASI
expression did not change during this time in the present
study. Correlations between the interferon stimulated genes
were similar to those found by Green et al. (2010).

IMPLICATIONS

The use of ovariectomized cows in the present study
allowed us to demonstrate the importance of estradiol during
the preovulatory period on embryo survival and pregnancy
establishment. Cows that received either estradiol benzoate
or estradiol cypionate during a simulated estrus had greater
pregnancy rates on d 29 than cows that did not receive
estradiol. Thus, at least a portion of the beneficial effect of
increased proestrous interval and ovulatory follicle diameter
on pregnancy success is due to the effects of a concurrent
increase in estradiol on uterine environment.

LITERATURE CITED

Ahmadzadeh, A., D. G. Falk, R. Manzo, C. B. Sellars, and
J. C. Dalton. 2003. Effect of incorporation of a low
dose of estradiol cypionate (ECP) into a timed artificial
insemination protocol on estrous behavior and conception
rates in beef cattle. J. Anim. Sci. 81(Suppl. 1):180 (abstr
M7).

Atkins, J. A., M. F. Smith, K. J. Wells, and T. W. Geary. 2010.
Factors affecting preovulatory follicle diameter and
ovulation rate after gonadotropin-releasing hormone in
postpartum beef cows. Part I: Cycling Cows. J. Anim.
Sci. 88:2300-2310.

Bridges, G. A., M. L. Mussard, C. R. Burke, and M. L. Day.
2010. Influence of the length of proestrus on fertility and
endocrine function in female cattle. Anim. Reprod. Sci.
117:208-215.

Colazo, M. G., J. P. Kastelic, M. F. Martinez, P. R. Whittaker,
R. Wilde, J. D. Ambrose, R. Corbett, and R. J. Mapletoft.
2004. Fertility following fixed-time Al in CIDR-treated
beef heifers given GnRH or estradiol cypionate and fed
diets supplemented with flax seed or sunflower seed.
Theriogenology 61:1115-1124.

102

Engel, C. L., H. H. Patterson, and G. A. Perry. 2008. Effect of
dried corn distillers grains plus solubles compared with
soybean hulls, in late gestation heifer diets, on animal
and reproductive performance. J. Anim. Sci. 86:1697-
1708.

Fields, S. D., B. L. Perry, and G. A. Perry. 2009. Effects
of GnRH treatment on initiation of pulses of LH, LH
release, and subsequent concentratins of progesterone.
Domestic Anim. Endo. 37:189-195.

Gifford, C. A., K. Racicot, D. S. Clark, K. J. Austin, T. R.
Hansen, M. C. Lucy, C. J. Davies, and T. L. Ott. 2007.
Regulation of interferon-stimulated genes in peripheral
blood leukocytes in pregnant and bred, nonpregnant
dairy cows. J. Dairy Sci. 90:274-280.

Green, J. C., C. S. Okamura, S. E. Poock, and M. C. Lucy.
2010. Measurement of interferon-tau (IFN-t) stimulated
gene expression in blood leukocytes for pregnancy
diagnosis within 18-20d after insemination in dairy
cows. Anim. Reprod. Sci. 121:24-33.

Han, H., K. J. Austin, L. A. Rempel, T. R. Hansen. 2006.
Low blood Isgl5 mRNA and progesterone levelsare
predictive of non-pregnant dairy cows. J. Endocrinol.
191:505-512.

Mann, G. E., and G. E. Lamming. 2000. The role of sub-
optimal preovulatory oestradiol secretion in the actiology
of premature luteolysis during the short oestrous cycle in
the cow. Anim. Reprod. Sci. 64:171-180.

Miller, B. G., N. W. Moore, L. Murphy, and G. M. Stone.
1977. Early pregnancy in the ewe: Effects of oestradiol
and progesterone on uterine metabolism and on embryo
survival. Aust. J. Biol. Sci. 30:279-288.10.

Perry, G. A., M. F. Smith, M. C. Lucy, J. A. Green, T. E.
Parks, M. D. MacNeil, A. J. Roberts, and T. W. Geary.
2005. Relationship between follicle size at insemination
and pregnancy success. Proc. Natl. Acad. Sci. USA
102:5268-5273

Perry, G. A., and B. L. Perry. 2008. Effect of preovulatory
concentrations of estradiol and initiation of standing
estrus on uterine pH in beef cows. Domest. Anim.
Endocrinol. 34:333-338.

Roberts, R. M., S. Xie, and N. Mathialagan. 1996. Maternal
recognition of pregnancy. Biol. of Reprod. 54:294-302.

Souza, A. H., A. P. Cunha, D. Z. Caraviello, and M. C.
Wiltbank. 2005. Profiles of circulating estradiol-176
after different estrogen treatments in lactating dairy
cows. Anim. Reprod. 2:224-232.

Yankey, S. J., B. A. Hicks, K. G. Carnahan, A. M. Assiri, S.
J. Sinor, K. Kodali, J. N. Stellflug, and T. L. Ott. 2001.
Expression of the antiviral protein Mx in peripheral blood
mononuclear cells of pregnant and bred, non-pregnant
ewes. J. Endocrinol. 170:R7-R11.



Proceedings, Western Section, American Society of Animal Science

Volume 63, 2012
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ABSTRACT: Sixty mature ewes (non-pregnant, non-
lactating) were used in a completely randomized design to
determine if feeding method of pea-barley forage (swath
grazing or hay in confinement) had an effect on individual ewe
mineral consumption. Thirty ewes were randomly allocated
to 3 confinement pens and 30 ewes were randomly allocated
to 3 grazing plots. The study was conducted during Sept. 25
to Oct. 15, 2010 and repeated Sept. 6 to 19, 2011. Targhee
ewes (65.4 £ 5.84 kg BW) were used in 2010. Rambouillet
ewes (61.9 £ 6.28 kg BW) were used in 2011. Ewes had
ad libitum access to food, water, and a mineral supplement
containing 12% salt with 2% titanium dioxide (TiO,) added
as an external marker to estimate individual mineral intake.
On d 1 of the study, mineral was weighed and placed in
covered feeders in pens and plots. Mineral was weighed
and added as needed and at the end of the collection period,
remaining mineral was weighed to provide an estimate of
total mineral intake via disappearance. Forage DMI was
calculated using estimates of fecal output, obtained by dosing
gelatin capsules containing 2 g chromic oxide (Cr,0,) every
day for 14 d, and in vitro 48 h forage DM digestibility. Fecal
grab samples were collected from each individual ewe for 7
d and composited by ewe. Forage and mineral intakes were
analyzed using individual ewe as the experimental unit, while
plot or pen was used as the experimental unit for intake CV.
A year x treatment interaction (P < 0.01) existed for forage
and mineral DMI. Ewes in confinement pens consumed
more forage than grazing ewes in 2010 (2.60 vs. 1.86 kgeewe
led!, respectively), but less than grazing ewes in 2011 (1.99
vs. 2.49 kgeeweled!, respectively). Mean mineral intake
was highest (P < 0.01) by grazing ewes in 2011 and 2010
(average 69 geeweled!), intermediate by ewes in pens in
2010 (57 geewe'ed!), and lowest by ewes in pens in 2011
(31 geeweled!). A year x treatment interaction (P = 0.05)
existed for mineral DMI CV which was greater (P = 0.04)
for the pen treatment in 2011 (67 vs. 34%) but not different
(P > 0.05) between treatments in 2010. In this study, both
swath grazing ewes and ewes in confinement consumed more
mineral than recommended by the mineral manufacturer and
the NRC indicating that more research is needed to develop
a better understanding of the factors that regulate and impact
mineral intake.

Key words: confinement, mineral, supplement, swath
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INTRODUCTION

In Montana, ewes typically consume 14 to 28 g of
mineral-supplement per day, which results in an annual cost
per ewe of $4.49 (Kott, 2005). Since feed and supplement
costs can be more than 50% of total operational costs for
range livestock producers (USDA, 1994), monitoring
supplement intake, and making sure animals receive the
appropriate amount of nutrients, could reduce production
costs. While researchers have looked at individual intake of
protein and energy supplements (Curtis et al., 1994; Bowman
and Sowell, 1997; Sowell et al., 2003), few studies have
attempted to evaluate variation in individual consumption
of mineral. There is a lack of information on the variation
in mineral intake, especially in sheep, and there is also an
absence of information comparing the forage and mineral
intakes of swath-grazing sheep to the intakes of sheep fed
hay in confinement.

The objective of this study was to determine if feeding
method of pea-barley forage (swath grazing or hay fed
in confinement) had an effect on individual ewe mineral
consumption. Our null hypothesis was that individual mineral
supplement intake would not differ by ewes grazing or
confinement-fed pea-barley forage.

MATERIALS AND METHODS

All animal procedures were approved by the Montana
State University Agricultural Animal Care and Use Committee
(Protocol #2009-AA04).

Sheep Selection and Management. Sixty mature ewes
were selected from the Bair Ranch in Martinsdale, MT to
be used in the first year of data collection. These ewes were
chosen from a band of approximately 2,000 Targhee ewes. The
Targhee ewes (65.4 + 5.84 kg BW) chosen were non-pregnant,
non-lactating. For the second year of data collection, 60 mature
Rambouillet ewes (61.9 + 6.28 kg BW, non-pregnant, non-
lactating) were selected from the Red Bluff Research Ranch
near Norris in Madison County, MT. In 2010, ewes were
transported from the Bair Ranch on September 25th to Montana
State University’s Fort Ellis Research Station in Bozeman, MT.
The ewes arrived at approximately 1230 h after being held off
of feed and water overnight. They were immediately paint
branded for identification purposes and their shrunk weights
were recorded. Beginning on September 25, 2010, ewes were
randomly assigned to 3 grazing plots and 3 confinement pens.



In 2011, ewes were transported from Red Bluff Research
Ranch on September 6 to Montana State University’s Fort
Ellis Research Station in Bozeman, MT. The ewes arrived at
approximately 1100 h after being held off of feed and water
overnight. Similarly to 2010, ewes were immediately paint
branded for identification purposes and their shrunk weights
were recorded. Beginning on September 6, 2011, ewes were
randomly assigned to 3 grazing plots and 3 confinement pens.
During 2010 and 2011 there were 10 ewes in each pen and
plot and all ewes had ad libitum access to food, water and a
mineral supplement with 2% titanium dioxide (TiO,) added
as an external marker to estimate mineral intake.

Mineral feeders were placed in confinement pens and
grazed plots. There was 1 mineral feeder/10 ewes. The
feeders were raised off the ground and protected from rain
and wind so the mineral was not lost or wasted. On d 1 of
the data collection period, all mineral was removed from the
feeder, weighed, and placed back in the feeder, along with
an additional amount, to insure ad libitum consumption. At
the end of the collection period, the remaining mineral was
removed from the feeder, weighed, and mineral disappearance
was recorded.

For 7 d (September 25 to October 1, 2010 and September
6 to September 12, 2011) ewes in the grazing plots were
restricted to half of a plot (0.07 ha) for an adaptation period,
and ewes in confinement pens were fed their respective hay.
Throughout this week, the sheep in each plot and pen were
moved into handling facilities and dosed with Cr,0, as an
external marker to estimate fecal output. Gelatin capsules
filled with 2 g of Cr,O, were administered with a balling gun
between 1000 h and 1100 h every day as to avoid disturbing
their major grazing periods. The Cr,O, reached equilibrium
rate during the first week of dosing before fecal collection
(Smith and Reid, 1955). Following the adaptation period,
ewes were moved into the remaining half of a plot with
fresh forage for the data collection period of 7 d (October 2
to October 8, 2010 and September 13 to 19, 2011). During
this data collection period, both sheep in plots and pens were
gathered, dosed with Cr,0, and fecal grab samples were
collected from each individual animal between 1000 h and
1100 h. Sheep in the confinement pens were moved into an
adjacent handling facility for Cr,O, dosing and fecal grab
samples.

Forage Digestibility and Intake. Forage indigestibility
was estimated using the in vitro technique from a modified
Tilley and Terry (1963) method, where 20 mL of a pre-heated
buffer solution were added to the samples and the incubation
was carried out for 48 h instead of 72 h.

Chromium (Cr) concentration was determined in rectal
grab samples (Ellis et al., 1982). Fecal output (FO) was
estimated using the following equation:

FO, g/d = Cr daily dose, g/d / Fecal Cr concentration,

glg
Forage dry matter intake was estimated using the
following equation:

Forage DMI, kg/d = FO, kg/d / (forage indigestibility)
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Titanium dioxide was added to the mineral supplement
as an external marker to estimate supplement intake. Fecal
samples were analyzed for titanium (Ti) content (Myers et
al., 2004). Individual ewe supplement intake was estimated
using the following equation:

Supplement intake = (fecal Ti, g/g x FO, g/d) / supplement
Ti concentration, g/g

A technique described by Myers et al. (2004) was used
to determine the Ti content of the fecal samples. Samples
were read on a UV/Vis spectrophotometer (2010) and an ICP
machine (2011) at 410 nanometers.

Mineral. The mineral fed in this study (Payback- Sheep
Range Mineral 16-8) was purchased from Cenex Harvest
States Inc. located in Montana (Table 1). Titanium dioxide
was mechanically mixed into the mineral supplement at 2%
of the total product to be used as an indigestible external
marker. A 22.7 kg bag of mineral had 226.8 g of TiO, mixed
in. The target mineral intake was 7.09 to 14.17 geewe'ed!
based on manufacturer recommendations. The mineral/TiO,
mixture was available to the sheep throughout the duration
of the study. Glindemann et al. (2009) reported that the
equilibrium of intake and excretion of TiO, was reached 5
days after initial TiO, administration.

Statistical Analyses. Data were analyzed as a completely
randomized design using the Proc GLM procedure (SAS
Inst., Inc., Cary, NC). For all data, the experimental unit
was individual ewe. Means were separated using the LSD
procedure when a significant F value was found (P < 0.05).

RESULTS

Forage Quality and Production. Estimated forage
production in 2011 was 19% greater (1743 kg/ha) than forage

Table 1. Composition of mineral supplement with a
target intake of 7 geewe'sd” (Values provided by

manufacturer)

Item Amount
Calcium, min. 12.0%
Calcium, max. 14.0%
Phosphorus, min. 12.0%
Salt, min. 11.0%
Salt, max. 12.5%
Magnesium, min. 3.0%
Cobalt, min. 4 ppm
Copper, min. 7 ppm
Iodine, min. 100 ppm
Manganese, min. 1,800 ppm
Selenium, min. 19.0 ppm
Zinc, min. 2,000 ppm
Vit. A, min. 250,000 1U/Ib
Vit. D, min. 25,000 IU/Ib
Vit. E, min. 500 IU/1b




production in 2010 (Table 2). Crude protein requirements for
ewes at maintenance range from 104 g for 60 kg BW to 113
g for 70 kg BW ewes, respectively (NRC, 2007). Based on
estimated DMI values, and CP concentration of the forage,
all ewes met their CP protein requirements.

Forage Intake and Ewe Performance. Treatment did not
affect (P > 0.07) ewe weight or ADG, however, ewes were
heavier (P < 0.01) and gained more weight (P <0.01) in 2010
compared with 2011 (Table 3). There was a year x treatment
interaction for forage DMI (P < 0.01; Table 3). In 2010, ewes
in pens consumed more forage DM than grazing ewes (2.60
vs. 1.86 kgeewe'ed ), while grazing ewes consumed more
forage DM than ewes in pens (2.49 vs. 1.99 kgeewe'sd"!) in
2011.

Mineral-Supplement Intake. All individual fecal
samples contained some level of TiO,, indicating that all
ewes consumed the mineral. Fecal TiO, concentrations
from ewe samples overestimated individual mineral intake

Table 2. Production and composition of pea-barley
forage consumed byewes fed in confinement pens or
grazing plots (based on clipped samples)

2010 2011
Item Pen Plot Pen Plot

Production, kg/ha 3710 3491 4364 4580
Composition, %
DM 93.2 936 934 913
oM 92.7 919 92.1 92.1
Cp 10.5 11.3 7.1 7.3
NDF 50.8 55.0 48.7 50.6
ADF 28.7 29.5 266 27.1

so that total intake for each treatment was more than what
was actually fed based on disappearance measurements.
Therefore, individual mineral intakes were adjusted for the
actual amount of supplement fed.

There was a year x treatment interaction (P = 0.01; Table
3) for mean mineral DMI. Mean mineral DMI was highest
by grazing ewes in 2011 (73 geewe'+d"), and lowest by ewes
in pens in 2011 (31 geewe'ed!). Ewes grazing or in pens
in 2010 were intermediate and not different in mineral DMI
(average 61 geewe'ed ™).

Distribution of Mineral-Supplement Intake. There
was a year x treatment interaction for mineral DMI CV (P
= 0.05; Table 4). Mineral supplement DMI CV was highest
by ewes in pens in 2011 (67%), and lowest by the grazing
ewes in 2011 (34%). The mean mineral DMI CV in 2010
was intermediate and not different between grazing ewes and
ewes in pens (average 51%).

A visual presentation of the variation in individual ewe
mineral intake is given in Figure 1 and 2.

DISCUSSION

Substantial variation in individual animal intake of
protein and energy supplements in loose, liquid, and block
form has been reported (Bowman and Sowell, 1997, Sowell et
al., 2003). The type of supplement offered to cattle and sheep,
the conditions under which it is fed, previous experience
with supplements, social interactions, and forage quality
and availability has been shown to influence the amount
of supplement consumed by individual animals (Bowman
and Sowell, 1997). Curtis et al. (1994) found that grazing
Merino wethers, offered a self-fed lupine seed supplement
(wheaten chaff plus lupins), had an extremely wide range of
intakes. Thirty-three percent consumed less than 150 g/d,
and 8% consumed over 1,200 g/d. Sixty-one percent of the
wethers did not meet the target supplement consumption, and

Table 3. Performance, forage dry matter intake, and mineral-supplement intake by ewes consuming pea-barley

forage in confinement pens or swath grazing plots

2010 2011
Treatment P-value

Item Pen Plot Pen Plot SE Year Trt Year*Trt
No. of ewes 28 28 29 28 - - - -
Weight, kg
Initial 64.7 66.2 60.8 63.2 1.09 0.02 0.07 0.66
Ending 71.3 71.8 62.5 64.7 1.08 <0.01 0.21 0.44
Wt change 6.6 5.6 1.7 1.5 0.46 <0.01 0.20 0.43
ADG, kg 0.24 0.21 0.12 0.11 0.02 <0.01 0.26 0.69
Forage intake
DM, kg 2.6° 1.9% 2.0° 2.5° 0.14 0.96 0.40 <0.01
DM, g/kg BW 3.9° 2.7% 3.3% 3.9° 0.23 0.21 0.30 0.01
Mineral-supplement intake
Mean DMI g/d 57° 64" 317 73°¢ 5.2 0.10 <0.01 0.01

*“Means within a row with different superscripts differ (P < 0.05)
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Table 4. Mineral-supplement intake distribution by ewes consuming pea-barley forage in confinement pens or swath

grazing plots

2010 2011
Treatment1 P-value

Item Pen Plot Pen Plot SE Year Trt Year*Trt

Supplement DMI, g

Min. 10 24 10 41 4.0 0.08 0.05 0.07

Max. 118 118 83 122 14.4 0.31 0.21 0.22

Mean 57° 64° 31 73° 6.4 022  0.05 0.02

Supplement DMI CV, % 555 47% 67¢ 347 5.3 0.92 0.04 0.05
'Experimental unit was either confinement pen or grazed plot
*“Means within a row with different superscripts differ (P< 0.05)

2010 2011
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Figure 1. 2010 individual ewe mineral intake g/d. Target
intake was 7.09 g/d.

the CV of individual supplement intake was 83% (Curtis et
al., 1994).

In this study, both swath grazing ewes and ewes in
confinement consumed more mineral than recommended by
the mineral manufacturer and the NRC. This indicates that
more research is needed to develop a better understanding of
the factors that regulate and impact mineral intake.

IMPLICATIONS

There is a lack of literature on individual mineral intake
in sheep and little literature on the variation in sheep mineral
intake. This research adds to the literature and the body
of knowledge. It is also biological research that becomes
the foundation for economic evaluation and will aid feed
companies in formulating mineral rations that meet sheep
requirements. In this study, both swath grazing ewes and ewes
in confinement consumed more mineral than recommended
by the mineral manufacturer and the NRC. More research is
needed to develop a better understanding of the factors that
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Individual Ewe (n=56)

Figure 2. 2011 individual ewe mineral intake g/d. Target
intake was 7.09 g/d.

regulate and impact mineral intake so the appetite of over-
eaters can be curbed reducing mineral costs for producers.
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ABSTRACT: The objective of this experiment was to
determine if early weaning (approximately 125 d) vs. normal
weaning (approximately 250 d) and wintering replacement
heifers in drylot vs. rangeland affected heifer grazing
distribution during the subsequent summer. Heifer calves from
the 2009 and 2010 calf crop (n = 104 and 73, respectively)
were allocated to the 2 weaning treatments and then
stratified by age into the 2 winter development treatments.
During the summer of yr 1 heifers were allocated to 2 pastures
by winter treatment, and in yr 2 all 4 treatment combinations
were allocated to separate pastures. A subset of heifers from
each group were selected to wear global positioning system
(GPS) collars (n = 2 and 5 in yr 1 and 2, respectively).
Readings were taken from the GPS every 15 min in yr 1 and
every 65 s in yr 2. The GPS coordinates were then analyzed
relative to ecological sites, water locations, fence locations,
and temperature using Arc GIS (Esri, Redlands, CA). Winter
treatment affected (P < 0.05) preference index (PI) for
claypan and loamy sites in 2010, and distance from water
in 2011. Day of sampling affected (P < 0.05) claypan and
loamy site PI in 2010 and thin claypan site PI in 2011.
Day of sampling interacted with winter treatment (P <
0.05) for distance from water in 2010, sand and thin claypan
site PI in 2010 and thin claypan site PI in 2011, while day of
sampling interacted with weaning treatment for distance from
water in 2011. A winter by weaning treatment interaction
affected (P <0.05) thin claypan site PI in 2011. Temperature
had an effect on distance to fenclines in 2010 (P < 0.001).
There was a temperature interaction with wintered treatment
effect on distance to water in 2011 (P <0.001). There was a
three-way interaction (P < 0.05) between weaning treatment,
winter treatment and ambient temperate on the distance from
water and between weaning treatment, winter treatment and
day of sampling on claypan and sand site PI in 2011. In
conclusion, winter development influenced patterns of range
utilization. Day-of-sampling interactions indicated that range
heifers did not adjust preferences and thus were already
adapted to the range environment, whereas drylot heifers
adjusted preferences over time suggesting they re-learned
how to utilize the range environment.

Key words: grazing distribution, heifer development,
weaning

INTRODUCTION

There have been multiple research projects on different
heifer development treatments to evaluate effectiveness
of alternative programs (Olson et al., 1992; Arthington and
Kalmbacher, 2003; Salverson et al., 2005). Past research
has suggested that rangeland may be an effective resource
to develop heifers that are destined to become range cows
(Olson et al., 1992; Salverson et al., 2005). Factors that affect
grazing behavior include, but are not exclusive to, early life
experiences, presence of peers, physiological or nutritional
state of the animal, inherited senses, and spatial memory
(Launchbaugh and Howery, 2005). Some specific factors
that have been found to influence cattle grazing habits are
vegetation biomass available in the area and water location
(Gillen et al., 1984; Owens et al., 1991; Pinchak et al., 1991;
Cibils et al., 2008).

The objective of this study was to determine how
weaning treatment and winter development environment
affects grazing distribution and pasture utilization throughout
the following summer months. We hypothesized that range
heifers would have a more broad pasture distribution and
better utilization. This was based on therange heifers grazing
all winter and retaining grazing skills and cues learned from
dams while suckling. Drylot heifers would have a re-learning
period before they would be able to fully utilize the pasture.
We also hypothesized that normal-weaned heifers would
have better grazing habits than early-weaned heifers because
they spent more time grazing with their dams so they learned
and retained different cues.

MATERIALS AND METHODS

All animal procedures were approved by the South
Dakota State University Institutional Animal Care and Use
Committee.

Design and Treatments. Heifer calves from the 2009
and 2010 calf crop (n = 104 and 73, respectively) were
split into two different groups to either be early weaned
(EW- about 125 d) or normal weaned (NW- about 250 d).
These groups were based on cow assignments to weaning
treatments for another study that was currently ongoing. In
that study, cows were stratified into two groups and then each
group was randomly assigned to either be early- or normal-
weaned when they entered the study, then the sex of the calf

"This research supported by USDA NRI competitive grant (2007-55618-18160).
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determined which post-weaning experiment the calves could
go into. Within the two weaning-date groups, heifers were
stratified by age into two groups and each group was
randomly assigned to a winter development treatment. These
groups were either wintered in the drylot (D) or wintered on
rangeland (R) from weaning to breeding. This created the
following four treatments: 1) early weaned and wintered in
drylot (ED) 2) early weaned and wintered on rangeland (ER)
3) normal weaned and wintered in drylot (ND) 4) normal
weaned and wintered on rangeland (NR). Heifers wintered
in drylot received mixed grass and alfalfa hay (yr 1: 87.1%
DM, 11.6% CP, 52.5% TDN; yr 2: 87.3% DM, 12.3% CP,
53.4% TDN) ad libitum plus 1.8 kg of a dried distiller’s grain
(DDGS)-based supplement/hd/d (yr 1: 93.4% DM, 22.7%
CP, 75.8% TDN; yr 2: 91.8% DM, 25.4% CP, 76.7% TDN).
Heifers wintered on rangeland also received 1.8 kg/hd/d of
the same supplement. During the winter when the ground
was snow covered to a depth that precluded grazing, range
heifers received the same hay as the drylot heifers. Heifers in
the ER treatment combination consumed 226 kg/hd of hay in
yr 1 and 305 kg/hd of hay in yr 2. Heifers in the NR treatment
combination consumed 219 kg/hd of hay in yr 1 and 294
kg/hd of hay in yr 2. More hay was fed to both treatment
combinations in year 2 because of a greater number of days
with great enough snow depth to warrant hay feeding. Over
the winter, each treatment combination was allocated to a
separate pen or pasture. After estrus synchronization and
timed Al (June 19, 2010 and June 9, 2011), all heifers were
placed on rangeland to graze through the summer. During the
summer of yr 1, heifers were allocated by winter treatment to
2 pastures, and all 4 treatment combinations were allocated
to separate pastures during the summer of yr 2.

Year 1 GPS Locations. Two heifers from each treatment
combination were selected based on being near the mean
treatment group 365 d BW to represent their group’s grazing
habits. The mean 365 d BW was calculated for each group
and the two heifers that were closest to the mean and also
average in phenotype were selected. These heifers wore
a global positioning system (GPS) — very high frequency
(VHF) collar (GPS-Log-V2, Kedziora Innovation Group
Mannsville, NY) that recorded location at 15 minute intervals
throughout the summer grazing season.

Year 2 GPS Locations. Five heifers were randomly
selected from each group to wear a GPS collar using the
same selection criteria as year 1. These collars contained a
Garmin GPS unit (eTrex Legend H, Garmin, Olathe, Kansas)
that recorded location every 65 seconds.

GPS Analysis. Preference indices (PI) by each heifer
for common ecological sites in each pasture were calculated
by intersecting an ecological site layer (NRCS Soil Survey
Staff, 2010) with the GPS coordinates in Arc Map (Rock
Wars, Golden, CO). The PI was then calculated by dividing
the number of GPS points on each ecological site per day
by the total GPS points that given day. That gave the
percentage of time spent each day on a given ecological site.
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That number was then multiplied by the percentage of the
total areca occupied by that ecological site to calculate the
preference index.

Fencelines and water sources were mapped using a
GeoExplorer GeoXH (Trimble GPS Navigation; Sunnyvale,
CA). With the use of Arc Map, the distance between every
GPS data point for each heifer and the nearest water source
and fenceline was calculated. Mean distances from the
fencelines and water sources for each heifer were found for
each hour of each day over the entire summer grazing period.
Hourly ambient temperature readings were collected from an
onsite weather station.

Statistical Analysis. Preference indexes for ecological
sites were analyzed by repeated measures using the MIXED
procedure (SAS Inst. Inc., Cary, NC). The model included
the independent variables of weaning treatment, wintering
treatment, and day of the grazing season, along with
their interactions. Day of the grazing season was considered
a continuous variable and therefore treated as a covariate.
Fence and water distances were also analyzed by repeated
measures using the MIXED procedure of SAS using the same
model.

The temperature effect on distance from water and
fenceline was also analyzed as described above, with the
model consisting of the independent variables of weaning
treatment, wintering treatment, temperature and their
interactions.

RESULTS AND DISCUSSION

Ecological Site PI. In yr 1 R heifers preferred (P =
0.01) claypan ecological sites more than D heifers (PI of
6.46 £ 0.661 and 1.14 £ 0.410, respectively). There was a
tendency (P = 0.10) for R heifers to increase their PI by
0.07 + 0.028 each day of the grazing season. However,
over the summer all groups had an increase of 0.04 + 0.018
units of PI for claypan soil sites (P = 0.02). In yr 2, there
was a three way interaction between day, weaning treatment,
and winter treatment on claypan PI (Figure 1). The following
regression equations were generated:

ED claypan PI=33.0 4+ 2.39 + (-0.500 + 0.56 x day)
ER claypan P1 =-0.04 + 4.56 + (0.19 £ 0.111 x day)
ND claypan PI =0.09 +3.93 + (0.01 £0.101 x day
NR claypan PI=2.5+1.86 + (-0.03 + 0.042 % day)

The ER and ND did not have a preference for claypan
sites and NR had a slight preference. None of these
preferences changed over the summer. In contrast, ED
heifers had an extremely high initial PI for claypan soil
sites, which then decreased through the grazing season (P
<0.001)

Drylot heifers had a greater initial preference (P<0.001)
for loam ecological sites than R heifers (1.76 + 0.54 and 0.31
+ 0.080, respectively) and all groups had an increase (P <
0.001) of 0.01 + 0.002 preference units each day in yr 1.
There were no differences in PI for loam sites in yr 2.



In yr 1, R heifers had a greater initial preference (P =
0.02) for sand soil sites than D heifers and increased preference
throughout the summer (P = 0.001), whereas D heifers had
no change in preference as the summer progressed (Figure
2). The following regression equations were generated:

D sand PI =0.57 + 0.311 + (0.004 + 0.008 x day)
R sand PI = 2.40 + 0.327 + (0.03 + 0.010 x day)

In yr 2, there was a period, weaning treatment and winter
treatment interaction (P = 0.007) for sand site PI (Figure 3).
The following regression equations were generated:

ED sand PI=0.3 £ 1.36 + (0.03 + 0.023 x day) ER
sand PI = 0.59 £ 0.764 + (-0.004 £ 0.016 x day) ND
sand PI=1.43 £0.699 + (-0.01 £ 0.016 x day) NR
sand P1=1.96+0.513 + (0.05+0.011 x day)

Normal-weaned range heifers initially had a greater PI
than other treatments that increased (P < 0.001) each day.
All other groups had a smaller initial preference that did not
change during the summer.

Thin clay pan site preference in yr 1 was initially greater
in D heifers than R heifers (Figure 4). The following
regression equations were generated:

D TCP PI = 1.04 + 0.061 + (-0.006 + 0.002 x day)
R TCP PI = 0.84 + 0.064 + (0.001 % 0.002 x day)

However, over the summer D heifers decreased (P <
0.001) preference and R heifers had no change. In yr 2,
there was a weaning treatment by winter treatment interaction
on thin clay pan site preference. Normal range heifers had a
PI of 0.553 + 0.087, which was similar to ED with a PI of
0.73 £ 0.082 and different from ER (0.95 £0.081) and ND
(1.06 £ 0.087). ED was also similar to ER, but different from
ND. All groups had a 0.005 + 0.002 increase in PI over the
summer (P < 0.001).

Distance from Fences. In yr 1, the range heifers’
average distance from the fenceline was greater (P = 0.03)
than the drylot heifers (140.0 £ 5.03 m and 96.4 + 4.09 m,
respectively). However, in yr 2 there was a tendency (P
= 0.09) for a weaning by winter treatment interaction that
indicated ED heifers mean distance was further from the
fence than the NR heifers (137 + 12.7 m and 80 £ 15.1 m,
respectively). Heifers mean distance to the fence increased
as temperature increased at 1.63 + 0.383 m (P < 0.001) per
degree C in yr 1. However, in yr 2 there was only a tendency
(P=10.09) fora 1.26 = 0.739 m increase in distance from the
fenceline per degree C as temperature increased.

Distance from Water. Past research has found that the
location of water influences pasture distribution (Gillen et
al., 1984; Owens et al., 1991; Pinchak et al., 1991; Cibils
et al., 2008) and our finding support this. In yr 1, there was
an interaction between day and winter treatment (P = 0.02).
The R heifers started the grazing season at a closer mean
distance to water than the D heifers (118 = 37.5 m and 503
+ 34.2 m, respectively), and the average distance for range
heifers did not change (P > 0.05) over the summer but the
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Figure 1. Influence of the interaction of weaning and
winter environment treatments over the subsequent summer
on preference index for claypan ecological sites in yr 2.
Treatments were early-weaned and developed in drylot
(ED), normal-weaned and developed in drylot (ND), early-
weaned and developed on range (ER), and normal-weaned
and developed on range (NR).
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Figure 2. Effect of winter development environment on
preference index for sand ecological sites in yr 1. Drylot
and range were the environment of development from
weaning to summer grazing as yearlings.
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Figure 3. Weaning and winter treatment interaction effect
on preference indexover the subsequent summer for sand
ecological sites in yr 2. Treatments were early-weaned and
developed in drylot (ED), normal-weaned and developed in
drylot (ND), early-weaned and developed on range (ER), and
normal-weaned and developed on range (NR).



D heifers moved closer at a rate of 2.97 + 0.969 m/day (P =
0.002). This suggests that once the D heifers became more
familiar with where the water source was in relation to
other resources, they did not venture as far away. In yr
2, there was no change over time in relation to the winter
treatment, but the average distance to water was greater (P
< 0.001) for the R heifers than the D heifers (441 + 18.3 m
and 172 + 17.6 m, respectively). There was also a day by
weaning treatment interaction (P = 0.002; Figure 5). The
following regression equations were generated:

EW distance to water = 316 = 33.8 + (0.75 £ 0.801 x day)
NW distance to water =420 = 31.3 + (-2.58 £ 0.736 x day)

The EW heifers started the grazing season closer to
waterthan NW, and the EW mean distance to water did
not change (P > 0.05) over the season while the NW heifers
reduced distance over time (P <0.001). Early-weaned drylot
heifers had a tendency (P = 0.07) to be closer to water
than ER heifers in yr 2 (98.8 + 21.02 m and 541 +26.9 m,
respectively). There was also a tendency (P =0.09) in yr 2 for
the mean distance from water to decrease by 0.92 + 0.544 m/
day. This suggested that the ER heifers had improved grazing
distribution relative to the other treatments combinations
because they had spent the greatest amount of post-weaning
time in the grazing setting on rangeland.

There was an interaction between temperature and winter
treatment for influence of temperature on distance from
water in yr 1 (P < 0.001; Fig. 6). The following regression
equations were generated:

D distance to water = 1352 £26.1 + (-35.5 £ 1.03 x°C)

R distance to water =202 £29.2 + (-4.9 + 1.11 x °C)

Drylot-developed heifers were further from water than
range-developed heifers at cooler temperatures, but ventured
closer to water as temperature increased. In yr 2 there
was a three way interaction between temperature, weaning,
and winter treatments (P = 0.007; Fig. 7). The following
regression equations were generated:

ED distance to water = 127 +41.2 + (-1.8 £2.16 x°C)
ER distance to water = 412 4 54.0 + (7.2 £ 2.53 x°C)

ND distance to water =270 £41.2 + (-2.82 £ 0.278 x °C)

NR distance to water =497 £41.2 + (-7.56 £ 0.284 x °C)
Both ED and ND heifers started closer to the water and
did not change distance with temperature. However, ER
heifers increased distance and NR heifers reduced distance
as temperature increased. This suggested that other factors
besides water location affected grazing distribution.
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Figure 4. Effect of winter development environment on
preference index for thin clay pan ecological sites in yr 1.
Drylot and range were the environment of development
from weaning to summer grazing as yearlings.
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Figure 5. Change over time in mean distances from water
by weaning treatment during the summer in yr 2. EW and
NW represent early- (125 d) vs. normal-weaned (250 d),
respectively.
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Figure 6. Winter treatment effect on mean distances from
water during summer in relation to ambient temperature in
yr 1. Drylot and range were the environment of development
from weaning to summer grazing as yearlings.



1000 - ¢ ED
] A ER
£ 600 -
= X NR
Q400 | A XPRXYC A - Linear (ED)
[
g 200 | pe.mEEEleY - Linear (ND)
0 Linear (ER)
0 4L0—— Linear (NR)

Temperature (C)

Figure 7. Weaning and winter treatment interaction effect
on mean distance from water in relation to temperature in
yr 2. Treatments were early-weaned and developed in drylot
(ED), normal-weaned and developed in drylot (ND), early-
weaned and developed on range (ER), and normal-weaned
and developed on range (NR).

IMPLICATIONS

Heifer grazing distribution is based on learned
experiences, social cues and pasture environment. In this
study, heifers that were wintered on rangeland initially
utilized the pasture more evenly because the drylot heifers
apparently needed to have a learning period. Past research
has shown that water and vegetation location influences
cattle pasture distribution and our results support that. By
wintering heifers on rangeland, a producer will have heifers
that do not require a learning period during the summer and
will be able to better utilize their pastures.

112

LITERATURE CITED

Arthington, J. D., and R. S. Kalmbacher. 2003. Effect
of early weaning on the performance of three-year-old,
first-calf beef heifers and calves reared in the subtropics.
J. Anim. Sci. 81:1136-1141.

Cibils, A. F.,, J. A. Miller, A. M. Encinias, K. G. Boykin,
and B. F. Cooper. 2008. Monitoring heifer grazing
distribution at the Valles Caldera National Preserve.
Rangelands. 30:19-23.

Gillen, R. L., W. C. Krueger, and R. F. Miller. Cattle
distribution on mountain rangeland in northeastern
Oregon. J. Range Manage. 37:549-553.

Launchbaugh, K. L., and L. D. Howery. 2005. Understanding
landscape use patterns of livestock as a consequence of
foraging behavior. Range Ecol. Manage. 58:99-108.

NRCS Soil Survey Staff, Natural Resources Conservation
Service, United States Department of Agriculture.
2010. Soil Survey Geographic (SSURGO) Database
for [Harding County, SD]. Available online at http://
soildatamart.nrcs.usda.gov. Accessed [5/26/2010].

Owens, M. K., K. L. Launchbaugh, and J. W. Holloway.
1991. Pasture characteristics affecting spatial distribution
of utilization by cattle in mixed brush communities. J.
Range Manage. 44:118-123.

Olson, K.C., J.R. Jaeger, and J.R. Brethour. 1992. Growth and
reproductive performance of heifers overwintered in range
or drylot environments. J. Prod. Agric. 5:72-76.

Pinchak, W. E., M. A. Smith, R. H. Hart, J. W. Waggoner, Jr.
1991. Beef cattle distribution patterns on foothill range. J.
Range Manage. 44:267-275.

Salverson, R.R., H.H. Patterson, G.A. Perry, and M.L.
Gibson. 2005. Evaluation of performance and costs of
two heifer development systems. Proc. West. Sec. Amer.
Soc. Anim. Sci. 56:409-412.



Proceedings, Western Section, American Society of Animal Science

Vol. 63 2012

EFFECTS OF DISTILLERS DRIED GRAINS WITH SOLUBLES SUPPLEMENTATION ON HEIFERS
GRAZING NORTHERN GREAT PLAINS RANGELAND AND SUBSEQUENT FEELOT PERFORMANCE

Q.P. Larson’, R. J. Maddock’, P. L. Steichen’, K. K. Karges’, and B.W. Neville!

*Department of Animal Sciences, North Dakota State University, Fargo 58108-6050; Poet Nutrition Tech Service,
Sioux Falls, SD 57104; and Central Grassland Research Extension Center, Streeter, ND 58483

ABSTRACT: The objective of this study was to evaluate
the effects of distillers dried grains with solubles (DDGS)
supplementation on animal performance while grazing
northern Great Plains rangeland, as well as the effects of
supplementation on subsequent feedlot performance and
carcass characteristics. Eighty-two yearling heifers (319.5
+ 4.0 kg) were utilized in a completely random design to
examine the outlined objectives. Heifers were stratified by
BW and randomly assigned to one of six groups, with each
group randomly assigned to one of two treatments treatment:
1) no supplement (CON) or 2) DDGS supplemented at
0.6% BW (SUP). Distillers dried grains with solubles
were delivered daily and placed in plastic lined feed bunks.
Stocking rates were 1AU/1.6 ha. This project consisted of
two portions: 70 d grazing study and a 109 d finishing study.
Feedlot pens coincided with grazing pastures. All heifers
received a common corn-based finishing ration daily for
the duration of the 109 d. At the start of the grazing study,
initial BW was not statistically different (P > 0.09). Final
BW and ADG were greater for heifers supplemented DDGS
(P <0.03) during the grazing portion of this project. Heifers
supplemented DDGS gained an additional 0.21 kg/d and
came off of pasture 11.2 kg heavier than heifers not receiving
DDGS. No statistical differences in animal performance
were observed (P > 0.13) during the finishing period. No
differences in carcass characteristics were observed (P >
0.23). Although not statistically different, it is noted that
heifers supplemented DDGS had greater marbling (Modest-
514) compared with unsupplemented heifers (Small-470).
Producers could benefit from this small increase in marbling
score; allowing the carcasses to qualify for certified programs
thus resulting in premium returns. Distillers dried grains
with solubles improved average daily gain of yearling heifers
grazing northern Great Plains rangeland with no adverse
effects on feedlot performance or carcass characteristics.

Key words: distillers dried grains with solubles, feedlot
performance, yearling cattle

INTRODUCTION

At the start of grazing season, actively growing forage
contains protein that is highly degradable in the rumen, which
can cause a MP deficiency in cattle (Klopfenstein et al., 2001).
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More so as grazing continues, the quality of forage declines
as it matures, which leads to a decrease in digestibility
(Greenquist et al., 2009). Since this decline in digestibility
can lead to decreased animal performance; supplementation
is critical to offset the nutritional deficiencies and maintain
production demands (Caton and Dhuyvetter, 1997).
Distillers dried grains with solubles (DDGS) has often been
used as a viable supplement due to the amount of energy and
undegradable intake protein (UIP). MacDonald et al. (2007)
found that the added UIP provided by DDGS supplementation
increased ADG by meeting the MP requirements in heifers
grazing smooth bromegrass pastures.

Distillers dried grains with solubles has been shown
to increase animal performance when added to beef finishing
rations. However, research is limited when considering
the effects of supplementation on animal performance after
grazing. Morris et al. (2006) found that after supplementing
DDGS during summer grazing in the Nebraska Sandhills
there were no negative effects on feedlot ADG, DMI, and
G:F. Therefore, the objective of the present study was to
evaluate the effects of DDGS supplementation on animal
performance while grazing northern Great Plains rangeland,
as well as the effects of supplementation on subsequent feedlot
performance and carcass characteristics. Our hypothesis was
supplementation of distillers dried grains with solubles to
cattle grazing northern Great Plains rangeland would increase
average daily gain, without negatively affecting performance
during finishing or carcass quality.

MATERIALS AND METHODS

Procedures were approved by the North Dakota State
University Animal Care and Use Committee prior to initiation
of study.

Grazing. This study was conducted at Central Grasslands
Research and Extension Center (CGREC) located in
south central North Dakota, approximately 14 km NW of
Streeter, ND. Kentucky bluegrass (Poa pratensis) was
the major plant species on study site (Neville and Patton,
unpublished data). Other important forage species in the arca
include, blue grama (Bouteloua gracilis), needle and thread
(Stipa comate), sunsedge (Carex heliohilia), and western
snowberry (Symphoricarpos occidentalis; Hirschfeld et al.,
1996). Eighty-two heifers (319 + 4.0 kg) were utilized in a



completely random design. Heifers were stratified by BW
and then randomly assigned to one of six groups for a 70
d grazing study starting on June 6. Groups were assigned
randomly to one of two treatments: 1) no supplement (CON)
or 2) 0.6% of BW DDGS supplementation (SUP). Pastures
served as the experimental unit (n = 3 pastures per treatment).
Stocking rates were 1AU/1.6 ha. Heifers were allowed
continuous access to water, trace-mineralized salt blocks
(American Stockman Hi-Salt with EDDI; North American Salt
Company, Overland Park, KS), and mineral blocks (Purina
Mineral Block 12:12 HI-SE; Purina Mills, LLC, St. Louis,
MO). Supplemental DDGS were offered in feeders, one
placed in each pasture according to treatment. Total amount
of DDGS supplemented per pasture for 7 d was calculated
and divided by 5 to determine amount of DDGS to be pail fed
5 dper week. Refused feed was removed and weighed before
each feeding at 0800 h. Initial and final BW were the average
of 2 BW taken on consecutive days, with intermediate BW
taken every two weeks to keep supplementation consistent
with increasing BW.

Sample forage clippings were taken from pastures at 3
time intervals, starting at the beginning of the experiment,
and continuing every 28 d until the end of the grazing study.
At each sampling date five 0.25 m? plots were clipped per
pasture, or 15 total plots per treatment.

Feedlot and Carcass. At the end of summer grazing,
August 16", heifers were transported to the CGREC
headquarters to begin the 109 d finishing period. Each feedlot
pen coincided to a grazing pasture with heifers maintaining the
same groups as during grazing. Heifers started on a medium
concentrate diet, and were transitioned to a high concentrate
diet over 28 d. All heifers received the same corn-based
finishing ration, and finishing ration was formulated to meet
or exceed dietary NRC requirements. The finishing diet (DM)
included 54.8% dry rolled corn, 25% barley, 10% sanfoin
hay, 5% corn silage, 5% liquid supplement (Sup-R-Lix NC
Feedlot 40 R400; Purina Mills, LLC, St. Louis, MO), and
0.2% limestone. Liquid supplement (DM) included 400 g/T
monensin (Elanco, Greenfield, IN), 40% CP, 3% crude fat,
5.5% calcium, 0.3% phosphorus, 2.5% salt, 1.5% potassium,
40,000 IU/Ib vitamin A. Refused feed was removed and
weighed weekly prior to feeding at 0800 h. Heifers were
implanted with Synovex Choice (Fort Dodge Animal Health,
Fort Dodge, IA) on d 1 in feedlot. Initial and final BW
were the average of 2 BW taken on consecutive days, with
continual BW taken every 28 d.

Heifers were harvested at a commercial abattoir and
hot carcass weight, 12" rib back fat, percent kidney pelvic
heart fat, ribeye area, marbling score, USDA yield grade and
quality grade were evaluated by trained personnel.

Sample Analysis. Sample forage clippings were dried
using a forced-air oven (65°C; The Grieve Corporation,
Round Lake, IL). Dried samples were ground using a Wiley
Mill (Arthur H. Thomas Co., Philadelphia, PA) to pass a 2
mm screen. Forage samples were analyzed for DM, ash,
CP, phosphorus, calcium, (methods 934.01, 942.05, 2001.11,
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965.17, and 968.08, respectively; AOAC, 2010), IVDMD,
and IVOMD. Concentrations of NDF (Van Soest et al.,
1991; as modified by Ankom Technology, Fairport, NY) and
ADF (Goering and Van Soest, 1970, as modified by Ankom
Technology) were determined using an Ankom 200 Fiber
Analyzer (Ankom Technology).

Feed refusals from grazing and finishing period were
collected and dried using a forced-air oven (65°C; The Grieve
Corporation, Round Lake, IL) for a minimum of 48 h. Dried
feed refusals were analyzed for DM content. Dried samples
from finishing period were used to calculate DMI, ground to
pass a 2 mm screen and stored for further analysis.

Statistical Analysis. Heifer performance data was
analyzed as a completely random design using Mixed
procedures (SAS Inst. Inc., Cary, NC). The experimental
unit was pasture, and treatment was DDGS supplementation.
Treatment differences were considered significant at an alpha
of P<0.05.

RESULTS AND DISCUSSION

Grazing. Initial BW did not differ (P = 0.09) between
treatments (Table 1). Final BW and ADG were greater (P
< 0.03) for supplemented treatment when compared with
unsupplemented treatment. Heifers supplemented DDGS
gained an additional 0.21 kg/d and were 11.21 kg heavier
at the conclusion of the grazing period than heifers not
receiving DDGS. Previous research has shown the DDGS
supplementation increased ADG (Morris et al., 2006).
Results from forage samples collected during the current
study indicated CP was highest in June and decreased in
July and August (10.17, 8.88, and 8.67, respectively). Lardy
et al. (2004) found similar results for decreasing CP in the
native Sandhills range. The results of the present research
indicate that supplementing DDGS to heifers will increase
performance while grazing. While it is unclear if heifers
in the present study were nutrient deficient, the protein and
energy provided by DDGS may improve animal performance
regardless of nutritional status.

Feedlot and Carcass. Final BW, ADG, DMI, and G:F
did not differ (P > 0.13) among treatments (Table 2). Morris
et al (2006) supplemented DDGS to steers grazing summer
sandhill range and found no negative effect in DMI, ADG,
and G:F. The present study agrees with Morris et al (20006)
and suggests that the additional gain attained from the DDGS
during grazing does not affect the animal performance during
finishing. Average daily gain of heifers in the current study
was similar among treatments (P = 0.78) which indicates
that no compensatory response from the CON heifers was
exhibited during finishing. Similarly, Greenquist et al. (2009)
found no compensatory response was exhibited by steers
supplemented DDGS while grazing during finishing.

Hotcarcass weight, and 12thrib fat were similar (P>0.47)
among treatments (Table 3). Percent kidney pelvic heart fat
did not differ among treatments (P = 0.99). Ribeye area was
similar (P = 0.50) and averaged 81.29 cm? for all treatments.
Average USDA yield grades were similar (P = 0.30) for SUP



Table 1: Effect of distillers dried grains with solubles supplementation to heifers grazing northern Great Plains

. i
rangeland on animal performance

Treatment’
Item CON SUP SEM® P- value
Initial BW, kg 320.2 317.0 1.05 0.09
Final BW, kg 358.3 369.5 2.5 0.03
ADG, kg/d 0.54 0.75 0.02 0.002

T
Means presented are least squares means

CON = no supplement provided, SUP = distillers dried grains with solubles supplemented at 0.6% BW

h=3

Table 2: Effect of distillers dried with solubles supplementation to heifers grazing northern Great Plains rangeland

on subsequent feedlot performance'

Treatment?
Item CON SUP SEM’ P- value
Final BW, kg 568.6 578.2 7.46 0.42
ADG, kg 1.9 1.9 0.05 0.83
DMI, kg 12.9 12.4 0.20 0.13
GF, kg 0.15 0.15 0.001 0.28

T
Means presented are least squares means

*CON = no supplement provided, SUP = distillers dried grains with solubles supplemented at 0.6% BW

h=3

Table 3: Effect of distillers dried with solubles supplementation to heifers grazing northern Great Plains rangeland

« e 1
on subsequent carcass characteristics

Treatment’
Item CON SUP SEM’ P- value
HCW, kg 333.6 339.1 4.41 0.47
Ribeye area, cm® 81.94 80.65 1.23 0.50
12" Rib Back fat, cm 1.2 1.3 0.1 0.56
Marbling score* 470 514 22.3 0.24
KPH, % 1.85 1.85 0.08 0.99
Quality grade’ 10.2 10.6 0.25 0.28
Yield grade 2.8 3.0 0.10 0.30
Dress, % 58.7 58.3 0.33 0.52

T
Means presented are least squares means

*CON = no supplement provided, SUP = distillers dried grains with solubles supplemented at 0.6% BW

h=3

*Marbling score based on 400 = Small”

>Quality grade based on Low Choice (Ch’) = 10, High Prime (Pr") = 15

and CON (2.97, and 2.80 respectively). Marbling scores
(where 400 = small®, 500 = modest™) were not different (P =
0.24) across treatments. Although not statistically different,
it is noted that heifers receiving DDGS had greater marbling
(Modest-514) compared with CON heifers (Small-470). The
current research agrees with previous research (Morris et
al., 2000) in that supplementation did not negatively affect
carcass characteristics.
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IMPLICATIONS

Supplementing distillers dried grains with solubles
during grazing is beneficial to producers. Supplementation
increased animal performance while grazing without
negatively effecting feedlot performance or carcass quality.
Producers could benefit from the small increase in marbling
scores; allowing the carcasses to qualify for certified programs
thus resulting in premium returns.
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ABSTRACT: The objective of this study was to determine
the effects of a change in nutritional plane during the
first 21 d post-Al breeding on growth performance, and
conception rates of yearling heifers. This experiment was
conducted in replicate by the University of Wyoming (Loc.
A) in collaboration with Purdue University (Loc. B) using
a total of 151, 14 mo old (n = 98 and 53 at Loc. A and B
respectively) Angus-cross beef heifers (initial BW = 380 +

37 kg, and initial BCS = 5.19 £ 0.31 for Loc. A; and, initial

BW =429 + 29 kg, and initial BCS = 5.24 + 0.26 for Loc.
B). Prior to trial initiation, heifers were developed a BW of
approximately 65% of their mature wt by the beginning of
the breeding season. Heifers were blocked by breed type and
age and stratified by BCS and BW immediately following
routine estrous synchronization and Al, and assigned to
one of 3 nutritional treatments for a 21 d nutritional study:
1) formulated to meet NRC (2000) energy requirements for
heifers to gain at a rate identical to that prior to initiation
of trial (GAIN); 2) formulated to meet NRC (2000) energy
requirements for maintenance only (MAINTAIN), and
3) formulated to provide 80% of the NRC, 2000 energy
requirement for maintenance (LOSE). Data were analyzed
using the MIXED and GLIMMIX procedures of SAS for
continuous and categorical variables, respectively. Two pre-
planned contrasts were used to compare effects of GAIN vs.
others and MAINTAIN vs. LOSE. No treatment x location
interactions (P > 0.10) were detected. As expected, ADG
were greatest (P < 0.01) for heifers fed the GAIN diet (0.79
kg/d); intermediate for MAINTAIN (0.06 kg/d) and negative
for LOSS heifers (-0.37 kg/d). Final BW and BCS followed
the same pattern as ADG. Heifers fed the GAIN treatment had
greater (P =0.04) first-service conception rates (76.5%) when
compared with the other 2 treatments overall. Interestingly, no
differences were detected between MAINTAIN (56.2%) and
LOSE (60.8%). These results suggest that failure to maintain
pre-breeding nutritional plane during the 21 d immediately
after Al can reduce conception rates.

beef, heifers,

Key words: nutrition,

insemination

post-artificial
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INTRODUCTION

Approximately 80% of the West and Midwest U.S. cow
herds are spring calving (USDA, 2010), which means that
producers are often breeding their replacement heifers early
in the grazing season. Many of these cow herds develop
these heifers under a controlled nutritional environment to
reach 60 to 65% of their mature weight and then inseminated
to maximize productivity (Patterson et al., 1992; Buskirk
et al., 1995) and then typically moved to pasture without
supplementation (Perry et al, 2009) following Al. It is known
that transporting females after insemination can compromise
conception rates. Maternal recognition of pregnancy takes
place around d 15 to 17 post-insemination (Thatcher et al.,
1986) and transporting animals near this time compromises
conception rates (Harrington et al., 1995). However,
moving heifers within the first 5 days post-insemination
does not appear to cause this reduction (Perry et al., 2010) in
pregnancy success to AI. Nonetheless, research suggests that
conception rates are compromised when heifers are moved
from a controlled nutritional environment to a pasture without
supplementation (Ferrell, 1982; Perry et al., 2009). These
observed low Al conception rates on heifers may be due to
early embryonic losses, which are defined as those losses
that occur from fertilization until day 28 of pregnancy when
differentiation and implantation has occurred (Geary, 2000).
A decrease in progesterone concentrations after AI may be
responsible for this increase in embryonic mortality (Folman
etal., 1973). In herds were post-Al movement occurs within
the first several days after insemination, but coincides with
early spring forage growth which is high in water content
and low in nutrient profile, producers have still experienced a
reduction in Al conception rates. Our hypothesis is that when
heifers are fed under a controlled nutritional environment,
synchronized and artificially inseminated, and then moved
within several days to early spring pasture, conception rates
are compromised due to a sudden drop in energy intake
during the first 21d post-insemination. The objective of this
study was to determine the effect that nutritional plane during
the first 21 d post-breeding on BW, BCS, Al conception rates,
and ultimate reproductive efficiency of yearling beef heifers.



MATERIALS AND METHODS

All animal procedures were approved by the Animal
Care and Use Committee at both institutions.

Location. This experiment was conducted in replicate at
facilities of the University of Wyoming, Laramie (Loc. A)
and Purdue University (Loc. B).

Animals. A total of 151, 14 mo old (n = 98 and 53 at
Loc. A and B respectively) crossbred beef heifers (initial BW
=380 + 37 kg, and initial BCS =5.19 + 0.31 for Loc. A; and,
initial BW =429 + 29 kg, and initial BCS = 5.24 + 0.26 for
Loc. B) were utilized immediately following routine estrous
synchronization and Al. Heifers were randomly blocked by
breed type and age, and stratified by BCS and BW to one of
3 nutritional treatments for a 21 d study. Prior to the initiation
of the study, heifers were developed a BW of approximately
65% of their mature wt by the beginning of the breeding
season.

Design and Treatments. Equivalent dietary treatments
(Table 1) were used in both locations and consisted of: 1)
formulated to meet NRC (2000) requirements for heifers
to gain at a rate identical to that prior to initiation of trial
(GAIN); 2) maintenance diet formulated to meet NRC, 2000
nutrient requirements for maintenance (MAINTAIN), and
3) diet formulated to provide 80% of the NRC, 2000 energy
requirementformaintenance(LOSE). Estroussynchronization
was accomplished using the industry standard 7-day Co-
Synch+CIDR and the MGA/PGF, protocols at Loc. A and B,
respectively. Heifers in Loc. B were bred 12 hr after standing
heat until 72 hr after the last PGF2a at which point the
remaining heifers were timed-Al. In Loc. A, all heifers were
bred on a timed scheme. Immediately following Al, heifers
were returned to dry lots and placed on dietary treatment for
the 21 d experimental period. Estrus detection was conducted
and heifers noted in estrus after the initial Al were rebred by
Al during the treatment period. Following the 21 d treatment
period, all heifers were commingled and placed on pasture
with free-choice mineral for the remainder of the grazing
season. Clean-up bulls were utilized for 45 d following Al.
Artificial insemination pregnancy rates were determined 35
and 30 d after timed-Al via ultrasonography in Loc A and B
respectively. Overall breeding season pregnancy rates were
determined 30 d after the conclusion of the breeding season.

Statistical Analysis. Continuous dependent variables
including BW, BCS, and ADG were analyzed using the
MIXED procedure (SAS Inst. Inc., Cary, NC). The model
included the fixed main effects of treatment and location as
well as the appropriate interaction, which was not significant
(P>0.10) and removed from the model. Categorical variables
including Al pregnancy, 2™ service conception, AI+2" service
conception, and overall breeding season pregnancy rates were
analyzed using the GLIMMIX procedure of SAS for binary
variables. There were no significant treatment x location
interactions for any of the reproductive variables measured
(P > 0.10); therefore data were pooled across locations.
Effects of Al sire and Al technician were confounded
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with herd or location, therefore, the effects of Al sire, Al
technician, treatment, and the appropriate interactions on
pregnancy and conception rates were evaluated first within
herd. For dependent variables of interest, the final model
included the fixed main effects of treatment and location.
Contrast analyses were conducted using the MIXED and
GLIMMIX procedures of SAS. Contrasts included: 1) GAIN
vs. the average of all other treatments, and 2) MAINTAIN vs.
LOSE. Differences were considered to be significant when
P <0.05 and a tendency when P > 0.05 but P <0.10.

RESULTS

As was expected, ADG (Table 2) was greatest (P <0.01)
for heifers fed the GAIN (0.79 kg/d) diet compared with
the other 2 diets, and MAINTAIN (0.06 kg/d) was greater
(P < 0.01) than LOSE (-0.37 kg/d), which had a negative
ADG. Final BW, change in BW, final BCS and change in
BCS were also analyzed and followed the same pattern as
ADG with a P < 0.01 for all treatment comparisons, except
for final BCS which showed no difference when MAINTAIN
was compared with LOSE (P = 0.62).

First service conception rate (Al pregnancy rate) was
greatest (P = 0.02) for heifers on the GAIN diet compared
with the other two treatments. Interestingly, no differences
(P = 0.68) were found between the MAINTAIN and LOSE
treatments when compared with each other. In a similar
fashion, 2" service conception rate tended (P = 0.06) to
be greater for GAIN than MAINTAIN and LOSE, with
no difference (P > 0.05) between MAINTAIN and LOSE.
Therefore, combined conception rate of Al + 2™ service was
greater (P = 0.01) for GAIN compared with MAINTAIN
and LOSE, which were not different from each other
(P =0.46). Finally, overall season pregnancy rate also tended
to be greater (P = 0.06) for GAIN (96.1%), than MAINTAIN
(85.7%) and LOSE (84.3%), which did not differ from each
other.

DISCUSSION

Most research on the effects of nutrition in reproduction
performance of beef heifers focuses either in the weaning
to breeding, or the post-partum stages of production. Thus,
limited peer reviewed research can be found on post-Al
nutrition. However, there is significant evidence that any kind
of stress (nutritional stress included) in the female during
early stages of pregnancy can negatively affect embryo
development (Ashworth et al., 2009).

As exposed by reductions in ADG, and consequently
BW and BCS, heifers in the MAINTAIN and LOSE diet
were under nutritional stress, which was reflected on Al and
overall conception rates. Results observed in this study are
supported by other research evaluating post-Al nutritional
management (Perry et al. (2009) Three independent studies
compared 1% service conception rates between heifers
developed in feedlots and moved to spring pastures with



Table 1. Formulated ingredient and chemical composition of diets (DM basis) fed to yearling heifers

Treatments'
Loc. A’ Loc. B
Item GAIN MAINTAIN LOSE GAIN MAINTAIN LOSE
DM]I, kg 8.4 7.0 5.0 10.3 6.6 52
Ingredient, %
Grass hay 94.2 99.5 90.3 - - -
Grass-legume hay - - - 86.2 98.3 98.3
Distill grain 5.4 - 9.0 - - -
Cracked corn - - - 12.8 - -
Mineral supplement 0.4 0.5 0.6 1.1 1.7 1.7
Chemical composition
DM, % 78.9 89.9 72.9 86.7 82.7 82.7
NEm Mcal/kg 1.29 1.23 1.32 1.23 1.21 1.21
NEg Mcal/kg 0.72 0.67 0.75 0.68 0.66 0.66
CP, % 9.4 8.3 10.2 11.7 16.8 16.8
TDN, % 59.5 57.4 60.6 58.2 59.9 59.9

!GAIN: diet formulated to meet NRC, 2000 requirements for heifers to gain wt; MAINTAIN: maintenance diet formulated to meet NRC,
2000 nutrient requirements for maintenance; LOSE: diet formulated to provide 80% of the NRC, 2000 energy requirement for maintenance.
Loc. A: Laramie, WY (University of Wyoming); Loc. B: West Lafayette, IN (Purdue University).

Table 2. Effect of Post-Al nutrition on growth changes in yearling beef heifers

Treatment' Contrast
Ttem? GAIN MAINTAIN LOSE SEM® GAINwvs.— MAINTAIN
others vs. LOSE

ADG", kg

Loc. A 0.65 0.06 -0.37 0.08

Loc.B 1.04 0.08 -0.37 0.10

Overall 0.79 0.06 -0.37 0.06 <0.001 <0.001
Final BW*, kg

Loc. A 424 376 348 5.4

Loc.B 449 433 421 7.6

Overall 433 396 374 4.6 <0.001 <0.01
Change in BW*, kg

Loc. A 13.72 1.25 -7.75 0.73

Loc. B 21.78 1.56 -7.72 1.02

Overall 16.67 1.36 -7.74 0.56 <0.001 <0.001
Final BCS*

Loc. A 5.55 5.32 5.36 0.04

Loc. B 5.40 5.33 5.24 0.06

Overall 5.49 5.33 5.32 0.04 <0.001 0.62
Change in BCS

Loc. A 0.38 0.03 -0.22 0.02

Loc. B 0.16 0.06 0.02 0.03

Overall 0.30 0.04 -0.13 0.02 <0.001 <0.001

' GAIN: diet formulated to meet NRC, 2000 requirements for heifers to gain wt; MAINTAIN: maintenance diet formulated to meet NRC,
2000 nutrient requirements for maintenance; LOSE: diet formulated to provide 80% of the NRC, 2000 energy requirement for maintenance.
Loc. A: Laramie, WY (University of Wyoming); Loc. B: West Lafayette, IN (Purdue University).

3The greatest SEM is presented (n = 98 for Loc. 1; n = 53 for Loc. 2; n = 151 overall).

“Location effect significant (P < 0.05).
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Table 3. Effect of Post-Al nutrition on reproductive performance in yearling beef heifers

Treatment' Contrast

Ttem’ GAIN MAINTAIN LOSE GQE;ZS' MV’:HEE/S*]IEN
1" service conception (AI)’, %

Loc’ A 65.6 (21/32) 46.9 (15/32) 51.5(17/33)

Loc. B 94.7 (18/19) 75.0 (12/16) 77.8 (14/18)

Overall 76.5 (39/51) 56.2 (27/48) 60.8 (31/51) 0.02 0.68
2" service conception, %

Loc. A 67.6 (6/11) 46.9 (4/17) 31.2 (5/16)

Loc.B 100 (1/1) 25.0 (1/4) 50.0 (2/4)

Overall 58.3 (7/12) 23.8 (5/21) 35.0 (7/20) 0.06 0.44
AI+2™ service conception®, %

Loc. A 84.4 (27/32) 59.3 (19/32) 66.7 (22/33)

Loc. B 100 (19/19) 81.3 (13/16) 88.9 (16/18)

Overall 90.2 (46/51) 67.3 (33/49) 74.5 (38/51) 0.01 0.41
Season pregnancy, %

Loc. A 96.9 (31/32) 81.8 (27/33) 78.8 (26/33)

Loc. B 94.7 (18/19) 93.8 (15/16) 94.4 (17/18)

Overall 96.1 (49/51) 85.7 (42/49) 84.3 (43/51) 0.06 0.59

'GAIN: diet formulated to meet NRC, 2000 requirements for heifers to gain wt; MAINTAIN: maintenance diet formulated to meet

NRC, 2000 nutrient requirements for maintenance; LOSE: diet formulated to provide 80% of the NRC, 2000 energy requirement for

maintenance.

Loc. A: Laramie, WY (University of Wyoming); Loc. B: West Lafayette, IN (Purdue University).

3Location effect significant (P < 0.05).

and without supplementation; and pasture developed heifers
moved to feedlots, or maintained in pasture with or without
supplementation immediately following Al. In every case,
heifers moved from feedlot to pasture with no supplementation
resulted in decreased pregnancy rates than those kept in the
feedlot or moved to a pasture and supplemented. On the other
hand, pasture developed heifers that returned to pasture (with
or without supplementation) and heifers moved to a feedlot
resulted in similar pregnancy rates. They concluded that
pregnancy success of heifers developed in a feedlot tended
to be influenced by weight gain after moving heifers to grass.
These results suggest that heifers developed in a pasture
setting are less responsive to changes in post-Al nutrition.
One of the factors influencing this phenomenon may be that
those heifers do not experience suppression in nutritional
plane during the transition.

Research conducted on the effects of post-Al nutrition
in heifers is scarce, and thus more research is necessary to
elucidate mechanisms by which post-Al nutrition drives
pregnancy success to Al. However, there is evidence
suggests that reducing feed intake from a high to a low
level immediately following Al severely reduces embryo
survival rate in heifers (Dunne et al., 1997; Ashworth et al.,
2009), which is perhaps due to a reduction in progesterone
concentrations after breeding (Folman et al., 1973).

120

IMPLICATIONS

Although the mechanisms involved are not well
understood, we can conclude that suppression in nutritional
plane of heifers during the 21 d following Al has a negative
effect on heifer performance, and ultimately Al conception
rates. Therefore, it is biologically beneficial to ensure that
heifers maintain their pre-breeding plane of nutrition during
the 21 d following Al
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ABSTRACT: Stress and low nutrient intake of newly
received feedlot calves may limit efficacy of both a bovine
viral diarrhea (BVD) vaccine and growth implant at initial
processing. Use of chlortetracycline (CTC) when delaying
an initial vaccine and implant may be beneficial. This
56-d study evaluated effects of timing (TIME) of a BVD
vaccine and growth implant with or without CTC on health
and performance of 312 heifers (184 + 0.7 kg BW). Initial
processing of heifers included treatment with tulathromycin
and vaccination for bovine respiratory disease. Heifers
were sorted into 24 pens, which were randomly assigned
to 4 treatments. Treatments (2 x 2 factorial) were growth
implant (Synovex-C; Fort Dodge Animal Health) and BVD
vaccination (Bovi-Shield Gold BVD; Pfizer Animal Health)
of calves ond 1 (INITIAL) or d 28 (DELAYED) after arrival
with (+CTC) or without (-CTC) three 5-d pulse-doses of
CTC (Aureomycin; Alpharma Animal Health) in their diets.
Diets were based on a complete feed (RAMP; Cargill) and
ground corn delivered twice daily. Performance and health
were analyzed using MIXED and GLIMMIX procedures of
SAS, respectively. A TIME x CTC interaction (P = 0.06)
occurred for DMI; DMI was lower for DELAYED than
INITIAL when heifers received -CTC, but DMI was not
different between DELAYED and INITIAL when heifers
received +CTC. No TIME x CTC interactions (P > 0.21)
occurred for BW, ADG, or G:F. Timing of BVD vaccine and
implant did not affect (P = 0.18) BW of heifers on d 28,
but BW were lower (P = 0.04) for DELAYED than INITIAL
heifers on d 56. From d 29 to 56, ADG was less (P = 0.02)
and G:F tended to be less (P = 0.07) for DELAYED than
INITIAL heifers. Delaying the BVD vaccine and implant
also tended to lower (P = 0.09) ADG from d 1 to 56, but
did not affect (P = 0.27) G:F. On d 28, BW of +CTC heifers
tended to be lower (P = 0.06) than -CTC heifers, but CTC
did not affect (P > 0.21) d-56 BW, ADG, or G:F. Morbidity
and mortality during the 56 d were not affected (P > 0.17)
by treatments. Delaying the initial BVD vaccine and growth
implant with or without CTC may not improve animal health,
and may have negative implications on performance of newly
received feedlot heifers.

Key words: implant, heifer, vaccine

INTRODUCTION

The feedlot receiving period can bring numerous
challenges that heighten the need for superior management
of cattle nutrition and health. The stress of comingling and
transportation can increase the risk of disease, particularly
after arrival to the feedlot (Smith, 2004). Nutrients are
repartitioned towards support of the immune system in
response to disease exposure (Waggoner et al., 2009).
Additively, newly received cattle with low nutrient intakes
are less capable of supporting metabolic needs of an immune
response.

Current practices include vaccinating and implanting
calves shortly after arrival to the feedlot. Vaccination is
important in reducing the risk of disease by increasing
immunity. If cattle are stressed, sick, or both, their ability to
illicit an adequate immune response to the vaccine may be
impaired (Downey et al., 2011). Growth implants increase
feed efficiency and BW gain, reduce the cost of BW gain,
and are thereby economically important to the beef industry.
If cattle are stressed, sick, or both, growth response to an
implant may be limited by low dietary intake and subsequent
nutrition restriction. Once newly received calves adapt to the
feedlot environment, recover from disease, and attain an
adequate nutrient intake, they should be more prepared to
meet the growth demands of implants, as well as the immune
responses to vaccination. Antibiotic therapy of calves before
vaccination and implanting may improve the efficacy of these
programs.

Our hypothesis is that delaying the vaccine and
growth implant in stressed calves receiving antibiotic
therapy will improve the efficacy of the vaccination and
implant programs. The objectives of the current study are to
evaluate cattle health and performance in response to the
effects of timing (TIME) of a bovine viral diarrhea (BVD)
vaccine and growth implant with or without chlortetracycline
(CTC) and a metaphylaxic treatment with tulathromycin.

MATERIALS AND METHODS

All procedures were approved by the Institutional Animal
Care and Use Committee at New Mexico State University.

Cattle and Initial Processing. This experiment was
conducted at the Clayton Livestock Research Center and

' Authors acknowledge Cargill, Pfizer Animal Health, and Lextron for their support for this experiment.
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used 312 crossbred heifers (184 + 0.7 kg average BW) of
Southeast Texas sale barn origin. Initial processing (d 0)
included: 1) recording of individually taken BW using a
single animal squeeze chute (Silencer; Moly Manufacturing,
Inc., Lorraine, KS) suspended from two load cells; 2)
unique identification with an ear tag; 3) application of the
antiparacitics, doramectin and albendazole (Dectomax and
Valbazen; Pfizer Animal Health, Exton, PA); 4) administration
of tulathromycin (Draxxin; Pfizer Animal Health) according
to label directions; and 5) tipping of horns as needed.
Approximately 24 h after initial processing (d 1), individual
BW were recorded, and cattle were vaccinated against viral
diseases using an intranasal vaccine (Inforce 3; Pfizer Animal

Health).

Experimental Design and Treatments. On d 1, heifers
were randomly assigned to one of 24 soil- surfaced pens (12
x 35 m) equipped with 10.4 m of bunk line and continuous
flow water tanks. There were 13 heifers per pen, and
pens were randomly assigned to 1 of 4 treatments. The
treatments (Table 1), in a 2 x 2 factorial arrangement,
were vaccination against BVD (Bovi-Shield Gold BVD;
Pfizer Animal Health) and a growth implant (100 mg
progesterone + 10 mg estradiol; Synovex-C; Fort Dodge
Animal Health, Fort Dodge, IA) on d 1 (INITIAL) or d
28 (DELAYED) after initial processing in combination with
(+CTC) or without (-CTC) three 5-d pulse-doses of CTC
(Aureomycin; Alpharma Animal Health, Bridgewater, NJ).
All +CTC rations were formulated to provide 1 g of CTC

Table 1.Composition of receiving diets

per45.45kgof BWond 7to 11, 13 to 17, and 19 to 23. All
heifers received an additional colored ear tag on d 1 based on
treatment assignment.

Management, Diets, and Feeding. Cattle were fed a diet
based on a commercially available complete feed (RAMP;
Cargill, Inc., Wayzata, MN) with 20% inclusion of ground corn
for the first 28 d, and then the commercial feed with 30%
inclusion of ground corn from d 29 to 56 of the receiving
period (Table 1). A coccidiostat (Deccox; Alpharma Animal
Health, Bridgewater, NJ) was used during the first 28 d on
feed, and lasalocid (Bovatec; Alpharma Animal Health) was
fed from d 29 to 56. During the receiving period, feed intake
of pens of cattle was managed to minimize build-up of orts in
feed bunks. Feed delivery and feed bunk evaluation occurred
twice daily (morning and evening) to determine the quantity
of feed to offer each pen. Diet samples were obtained weekly
from randomly selected feed bunks to calculate dietary DM
and for nutrient analyses by a commercial laboratory (SDK
Laboratories, Hutchinson, KS).

Collections. Performance measurements were taken
on d 28 and 56, while health measurements were taken
on a daily basis throughout the course of the study. These
measurements included DMI, ADG, G:F, morbidity, and
mortality. Initial BW were the average of weights which
were taken on an individual basis at initial processing and
approximately 24 h later (d 1). On d 28 and 56, animals were
weighed using a pen scale.

d1to28' d29to 56
INITIAL DELAYED

Ingredient, % of DM -CTC +CTC -CTC +CTC All pens
RAMP* 79.1 79.1 79.1 79.1 69.1
Ground corn 20.0 20.0 20.0 20.0 30.0
Supplement A* 0.53 - 0.53 - -
Supplement B* - 0.53 - 0.53 -
Supplement C’ - - - - 0.53
Mineral supplement® 0.35 0.35 0.35 0.35 0.35

Nutrient’, % DM
Cp 17.46 17.56 17.46 17.56 16.49
NDF 27.42 26.75 27.42 26.75 25.85
ADF 13.51 14.03 13.51 14.03 13.18
K 1.36 1.30 1.36 1.30 1.07
Ca 1.39 1.37 1.39 1.37 1.12
P 0.84 0.81 0.84 0.81 0.72
S 0.36 0.33 0.36 0.33 0.33

"Heifers were fed diets with treatments from d 1 to 28. Treatments, in a 2 x 2 factorial arrangement, were BVD vaccination and
a growth implant on d 1 (INITIAL) or d 28 (DELAYED) after initial processing in combination with (+CTC) or without (-CTC)
three 5-d pulse-doses (d 7 to 11, 13 to 17, and 19 to 23) of chlortetracycline. From d 29 to 56, calves were fed a common diet.
A commercially available complete feed (Cargill, Inc., Wayzata, MN)

3Supplied 22.7 mg decoquinate (Deccox) per 45.45 kg of BW.

*Supplied 22.7 mg decoquinate (Deccox) and 1 g chlortetracycline (Aureomycin) per 45.45 kg of BW, respectively.

>Contained 42.8 mg lasalocid (Bovatec) per kg of diet DM.

Mineral supplement composition: 90.36% limestone, 5.12% salt, 4.52% trace mineral and vitamin premix (supplied 9% zinc,
5.75% manganese, 1.8% copper, 1600 mg/kg iodine, 500 mg/kg cobalt, 360 mg/kg selenium, 5500 IU/kg vitamin A, 660 IU/kg

vitamin D, and 88 IU/kg vitamin E).
’Analyzed by SDK Laboratories (Hutchinson, KS).
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Clinical monitoring was performed by trained personnel
at the same time daily for the 56-d experiment. Animals
were scored (0 to 3 scale, with 0 = normal) based on visual
appraisal. Animals were observed as feed was delivered to
the pen for signs of inappetence, anorexia, decreased activity,
abnormal posture, abnormal gait, dyspnea, and depression.
Calves with a combined score > 1 were removed from the pen
and taken to the processing facility for further evaluation. At
the processing facility, the pulled calves were weighed, and
a rectal temperature was obtained. If the rectal temperature
was > 40°C and clinical assessment (combined score > 1)
warranted treatment, then the calf was treated according to
the Clayton Livestock Research Center’s standard protocol.

Statistical Analysis. Performance data were analyzed as
a completely randomized design using the MIXED procedure
of SAS (SAS Inst. Inc., Cary, NC). Treatments included a 2
x 2 factorial arrangement with pen as the experimental unit.
The effects of TIME, CTC, and TIME x CTC interaction were
included in the model, and the random effect was pen. Mortality
and morbidity data were analyzed as binomial proportions
using the GLIMMIX procedure of SAS. Treatment proportions
and SE were calculated using the ILINK option. Differences
were considered significant at P < 0.05.

RESULTS AND DISCUSSION

Effects of Treatment Interactions. Treatment
interactions occurred for DMI (Table 2). From d 1 to 56,
DMI tended to be lower for DELAYED than INITIAL when
heifers received -CTC, but DMI was not different between
DELAYED and INITIAL when heifers received +CTC
(treatment interaction, P = 0.06). Therefore, the effects of
delaying the BVD vaccine and implant on intake may depend
upon the choice to feed CTC. Because the use of growth
implants can have an impact on feed intake (Anderson and
Botts, 1995), it is likely that the observed differences in DMI
were driven by the growth implant, and not the vaccine.
Treatment interactions were not significant (P > 0.21) for
heifer BW on d 28 and 56, nor for ADG or G:F (Table 2).
Similarly, no treatment interaction (P > 0.39) occurred for
morbidity or mortality (Table 3).

Effects of Delaying the BVD Vaccine and Growth
Implant. Newly arrived calves in the feedlot are often naive
and do not necessarily know how to eat from a bunk. Low
feed intake combined with the additive effects of disease and
stress results in poor performance of newly received calves
(Galyean et al., 1999). The objective of delaying the BVD
vaccination and growth implant for 28 d was to allow calves
to recover from stress and disease, and to establish adequate
feed intake so that they are more prepared to meet the growth
demands of implants, as well as the immune responses to
vaccination. In the current study, BW were not different (P
= 0.18) on d 28, but were lighter (P = 0.04) on d 56 for
DELAYED than INITIAL heifers (Table 2). From d 1 to 28,
ADG was not different (P = 0.41) between DELAYED
and INITIAL heifers. From d 29 to 56, ADG of DELAYED
heifers was less (P = 0.02) than INITIAL heifers. From d 1
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to 56, ADG tended to be less (P = 0.09) in DELAYED versus
INITIAL heifers. From d 29 to 56, G:F tended to be less
(P =0.07) in DELAYED heifers compared with INITIAL.
The tendency for a decreased ADG and significantly less
DMI caused by delaying the BVD vaccination and growth
implant resulted in an overall G:F that was not different
(P =0.26) between DELAYED and INITTAL heifers.

The results of the current study are different to the
results of our previous study (McDaniel et al., 2011), which
evaluated the effects of delaying a growth implant from d 1
to d 21 on performance of feedlot heifers. McDaniel et al.
(2011) reported that delaying an implant did not affect DMI,
but decreased calf BW, ADG and G:F during the first 21 d of
the study. However, by d 42 of the study, BW, ADG, and G:F
were not different between calves receiving the implant on d
21 versus d 1. Therefore, calves were able to compensate
fromd 21 to 42 for loss of performance during d 1 to 21 in the
study by McDaniel et al. (2011). Different results between
the current study and the study of McDaniel et al. (2011)
could be due to differences in implant strength and chemistry
(estrogenic versus androgenic), as well as differences in
length (28 d versus 21 d) of the delay in implant. In
the current study, performance was not monitored beyond
d 56, and therefore it could not be determined whether the
compromised performance of the DELAYED heifers could
recover later during the feeding period.

Delaying the BVD vaccine and growth implant did
not affect (P > 0.17) the percentage of calves treated for
sickness or the percentage of death loss (Table 3). Although
differences between DELAYED and INITIAL were not
statistically significant (P =0.17), it is interesting that none of
the DELAYED heifers received 3 treatments. Nevertheless,
delaying the BVD vaccine and growth implant to allow
the cattle to recover from stress and disease, and to establish
adequate feed intake was not beneficial.

Effects of Feeding Chlortetracycline. In theory,
healthier cattle have improved performance because of
increased feed intake, and less demand for nutrient allocation
to support immune function. Chlortetracycline is used to
reduce the incidence of subclinical disease, and potentially
the negative impact of disease on performance. Negating the
impact of disease before onset of clinical signs could reduce
performance losses. In “high risk” cattle, an effective means
of controlling the incidence of sickness may be antibiotic
therapy (Duff and Galyean, 2007). According to Cole (1993),
feed-based antibiotic therapy may also be an effective method
to reduce morbidity in cattle that are not expected to have a
high prevalence of disease. The idea behind the concurrent
use of CTC with tulathromycin was that cattle which were
fed +CTC would have effective blood concentrations of CTC
prior to the loss of efficacy of tulathromycin. In this case,
the additional protection provided by the use of CTC could
reduce losses of performance associated with health issues.
However, the use of CTC did not affect (P > 0.21) DMI,
ADG, or G:F during this experiment (Table 2). On d 28,
BW tended (P = 0.06) to be heavier in heifers receiving



Table 2. The effects of a delayed BVD vaccination and growth implant with or without chlortetracycline on the performance of
newly received feedlot heifers'

Treatment” P-value
INITIAL DELAYED TIME x

Item -CTC +CTC -CTC +CTC SEM TIME? crct CcTC’
BW, kg

d1 184.8 184.1 186.7 183.9 1.36 0.52 0.21 0.45

d28 223.3 217.5 218.7 216.3 2.04 0.18 0.06 0.41

ds6 269.3 266.9 262.1 264.3 226 0.04 0.98 0.32
DMI, kg/d

d1to28 4.79 4.67 439 4.57 0.08 <0.01 0.68 0.07

d 29 to 56 7.51 7.16 6.96 7.08 0.13 0.03 0.39 0.09

d1to56 6.15 5.91 5.67 5.81 0.10 <0.01 0.65 0.06
ADG, kg/d

d1to28 0.18 0.90 0.84 0.97 0.160 0.41 0.64 0.21

d 29 to 56 1.77 1.77 1.55 1.60 0.074 0.02 0.75 0.74

d1to56 1.47 1.33 1.19 1.28 0.093 0.09 0.76 0.22
G:F

d1to28 0.247 0.192 0.188 0.213 0.035 0.59 0.68 0.27

d 29 to 56 0.235 0.247 0.222 0.226 0.009 0.07 0.41 0.68

d1to56 0.240 0.225 0.209 0.221 0.015 0.26 0.90 0.39

'Cattle that died were not excluded from the statistical analyses of performance data. If a calf died, the BW and DMI were still
included in the data set. ADG = pen BW at the end of a period minus pen BW at the beginning of a period divided by total head
days; head day = number of animals in a pen for a day.

Heifers were fed diets with treatments from d 1 to 28. Treatments, in a 2 x 2 factorial arrangement, were BVD vaccination and a
growth implant on d 1 (INITIAL) or d 28 (DELAYED) after initial processing in combination with (+CTC) or without (-CTC)
three 5-d pulse-doses (d 7 to 11, 13 to 17, and 19 to 23) of chlortetracycline. From d 29 to 56, calves were fed a common diet.
STIME = P-value for main effect of timing of BVD vaccine and growth implant.

*CTC = P-value for the main effect of CTC.

*TIME x CTC = P-value for a TIME x CTC interaction.

Table 3. The effects of a delayed BVD vaccination and growth implant with metaphylaxis on the health of newly received feedlot
heifers

Treatment' P-value
INITIAL DELAYED TIME x

Item -CTC +CTC -CTC +CTC SEM TIME? CcTC? cTct
Morbidity, %

Treated 1 time 16.67 12.82 15.38 16.66 3.64 0.72 0.72 0.49

Treated 2 times 3.84 2.56 5.12 3.84 2.18 0.56 0.56 0.99

Treated 3 times 1.28 1.28 0 0 0.90 0.17 0.99 0.99
Mortality, % 1.28 2.56 2.56 1.28 1.46 0.99 0.99 0.39

"Heifers were fed diets with treatments from d 1 to 28. Treatments, in a 2 x 2 factorial arrangement, were BVD vaccination and a
growth implant on d 1 (INITIAL) or d 28 (DELAYED) after initial processing in combination with (+CTC) or without (-CTC)
three 5-d pulse-doses (d 7 to 11, 13 to 17, and 19 to 23) of chlortetracycline. From d 29 to 56, calves were fed a common diet.
*TIME = P-value for main effect of timing of BVD vaccine and growth implant.

CTC = P-value for the main effect of CTC.

*TIME x CTC = P-value for a TIME x CTC interaction.
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-CTC compared with +CTC, but d 56 BW were not different
(P = 0.98) between treatments. Chlortetracycline is used to
reduce the number of cattle which are pulled for treatment in
a feedlot. A reduction in pulls represents an improvement in
the profitability of feeding cattle. However, the addition of
CTC did not affect (P 2 0.56) morbidity or mortality in this
study (Table 3). Feedlot morbidity and mortality of heifers
were low, and it is possible that CTC could be more effective
when fed to cattle with greater stress and sickness.

Conclusions. Delaying a BVD vaccination and initial
growth implant for 28 d tended to decrease heifer performance
during the first 56 d on feed in the feedlot. Therefore, delaying
aBVD vaccination and initial growth implant did not improve
efficacy of the vaccination and implant program in stressed
heifers receiving antibiotic therapy. Feeding multiple pulse
doses of chlortetracycline to heifers during the first 28 d did
not improve animal performance and health. Therefore, use
of chlortetracycline did not improve the efficacy of a delayed
vaccination and implant program. The managerial decision
to delay the initial growth implant may be dependent upon
the strength and chemistry of the implant intended for
use at initial processing, and managerial decisions to feed
multiple pulse-doses of chlortetracycline may be dependent
upon the health risk of the newly received calves.
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ABSTRACT: The objective was to compare acute-phase
and performance responses of weaned beef cattle exposed to
transport or nutrient restriction. Angus x Hereford steers (n =
30) and heifers (n = 15) were balanced by sex and BW, and
randomly assigned to 15 pens on d -12 of the experiment.
On d 0, pens were randomly assigned to 1 of 3 treatments:
1) transport for 24 h in a livestock trailer (TRANS); 2) no
transport, but feed and water deprivation for 24 h (REST);
or 3) no transport and full access to feed and water (CON).
Treatments were concurrently applied from d 0 to d 1. Total
DMI was evaluated daily from d 1 to d 28. Full BW was
recorded prior to treatment application and at the end of
experiment. Blood samples were collected ond 0, 1,4, 7, 10,
14, 21, and 28. Mean ADG was greater (P < 0.01) in CON
vs. TRANS and REST cattle, but similar (P = 0.46) between
TRANS and REST cattle. No treatment effects were detected
on DMI, but CON had greater G:F vs. TRANS (P < 0.01)
and REST cattle (P = 0.08), whereas G:F was similar (P =
0.21) between TRANS and REST cattle. Plasma cortisol
concentrations were greater (P < 0.05) in REST vs. CON and
TRANS cattle ond 1, 4, 7, 14, 21, and 28, and tended to be
greater (P = 0.10) in TRANS vs. CON cattle on d 1. Serum
NEFA was greater (P < 0.01) in REST and TRANS vs. CON
cattle on d 1, but also greater (P <0.01) in REST vs. TRANS
cattle on d 1. Plasma ceruloplasmin peaked on d 4 for TRANS
and REST cattle (day effects; P < 0.01) but did not change (P
=10.58) for CON cattle. Hence, CON cattle had reduced mean
plasma ceruloplasmin concentration vs. TRANS (P = 0.07)
and REST (P = 0.01) cattle. Plasma haptoglobin peaked on
d 1 for TRANS and increased from d 1 to 14 in REST cattle
(day effects; P <0.01) but did not change (P = 0.65) for CON
cattle. Hence, TRANS cattle had greater plasma haptoglobin
vs. CON and REST cattle on d 1 (P <0.01), whereas REST
cattle had greater (P < 0.05) plasma haptoglobin vs. TRANS
and CON cattle on d 7. In conclusion, 24-h transport and 24-h
nutrient restriction elicited acute-phase protein reactions, and
similarly reduced performance of feeder cattle.

INTRODUCTION

Cattle are inevitably exposed to stress during their
productive life (Carroll and Forsberg, 2007), including
psychologic, physiologic, and physical stressors associated
with management procedures currently practiced within beef
and dairy production systems. An example is road transport,
one of the most stressful events in the productive life of a
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feeder calf. Upon long transportation periods, feeder cattle
experience inflammatory and acute-phase responses that
often lead to impaired health and productivity during feedlot
receiving (Berry et al., 2004; Araujo et al., 2010; Cooke et
al., 2011). These stress- induced immune responses may be
elicited by several stressors that cattle are exposed to during
road transport, including feed and water restriction. In fact,
preliminary data from our research group indicated that
water and feed deprivation for 24 h increased circulating
concentrations of acute-phase proteins in overtly healthy beef
steers (Cappellozza et al., 2011).

Therefore, we hypothesized that feed and water restriction
are major stimulants of the acute-phase response elicited by
road transport. Based on our hypothesis, the objective of this
experiment was to compare the effects of 24-h road transport
or 24-h water and feed restriction on acute-phase and feedlot
receiving performance responses of feeder cattle.

MATERIALS AND METHODS

This experiment was conducted at the Eastern Oregon
Agricultural Research Center, Burns in accordance with
an approved Oregon State University Animal Care and
Use protocol. Forty-five Angus x Hereford steers (n = 30)
and heifers (n = 15) weaned at 7 mo of age were ranked
by sex and initial BW (217 + 3 kg) on d -12 of the study,
and randomly allocated to 15 dry lot pens (3 animals/pen; 2
steers and 1 heifer). From d -12 to 0, all pens received alfalfa-
mixed hay for ad libitum consumption and 2.3 kg/hd daily
(DM basis) of a supplement containing (as-fed basis) 84%
corn, 14% soybean meal, and 2% mineral mix. On d 0, pens
were assigned to 1 of 3 treatments: 1) transport for 24 h in
a commercial livestock trailer for approximately 1,200 km
(TRANS), 2) no transport, but feed and water deprivation for
24 h (REST), or 3) no transport and full access to feed and
water (CON). Treatments were concurrently applied from d
0Otod 1.0Ond 1, TRANS and REST cattle returned to their
original pens, and all pens received the same diet offered
prior to treatment application.

Total and forage DMI were evaluated daily from d1 to
28. Full BW was recorded prior to (d -1 and 0) treatment
application and at the end of experiment (d 28 and 29) for
ADG calculation. Total BW gain and DMI from d 1 to 28
were used for G:F calculation. Blood samples were collected
on d 0 (prior to treatment application), 1 (immediately at
the end of treatments), 4, 7, 10, 14, 21, and 28, via jugular



venipuncture into commercial blood collection tubes
(Vacutainer, 10 mL; Becton Dickinson, Franklin Lakes,
NJ) containing or not sodium heparin for serum and plasma
collection, respectively. Plasma samples were analyzed for
concentrations of cortisol (Endocrine Technologies Inc.,
Newark, CA), haptoglobin (Cooke and Arthington, 2012),
and ceruloplasmin (Demetriou et al., 1974). Serum samples
were analyzed for concentrations of NEFA (Wako Chemicals:
Dallas, TX).

Data were analyzed using the PROC MIXED procedure
(SAS Inst. Inc., Cary, NC) and Satterthwaite approximation
to determine the denominator df for the tests of fixed effects.
The model statement used for BW shrink from d 0 to d 1
and ADG contained the effects of treatment, sex, and the
interaction. Data were analyzed using calf(treatment x pen)
as random variable. The model statement used for DMI and
G:F contained the effects of treatment, as well as day and the
resultant interaction for DMI only. Data were analyzed using
calf{( treatment x pen) as the random variable. The specified
term for repeated statements wasday, pen(treatment) or
calf(treatment x pen) as subject for DMI or hormones and
metabolites, respectively, and the covariance structure
utilized was based on the Akaike information criterion.
Results are reported as least square means and were separated
using PDIFF. Significance was set at P < 0. 05. Results are
reported according to treatment effects if no interactions
were significant, or according to the highest-order interaction
detected.

RESULTS AND DISCUSSION

Body weight shrink from d 0 to d 1 was similar (P =
0.16) between TRANS and REST, and greater (P < 0.01)
for both treatments vs. CON (Table 1). Mean ADG was
greater (P < 0.01) in CON vs. TRANS and REST cattle,
and similar (P = 0.46) between TRANS and REST cattle
(Table 1). No treatment (P > 0.25) effects were detected on
forage, concentrate, and total DMI (Table 1). However, CON
had greater G:F vs. TRANS (P < 0.01) and tended to have
greater G:F vs. REST cattle (P = 0.08), whereas G:F was
similar (P = 0.21) between TRANS and REST cattle (Table
1). Similar to previous research, road transport reduced
ADG and G:F during feedlot receiving (Cole et al., 1988).
Further, REST cattle experienced similar feedlot receiving
performance compared with TRANS cohorts, suggesting that
feed and water deprivation are major causes for the reduced
performance of transported cattle.

Treatment x day interactions were detected (P < 0.05)
for cortisol, NEFA, haptoglobin, and ceruloplasmin. Plasma
cortisol concentrations were greater (P < 0.05) in REST
compared with CON and TRANS cattle on d 1, 4, 7, 14,
21, and 28, and tended to be greater (P = 0.10) in TRANS
compared to CON cattle on d 1 (Figure 1). Serum NEFA
concentrations were greater (P <0.01) in REST and TRANS
compared with CON cattle on d 1, but also greater (P <
0.01) in REST compared with TRANS cattle on d 1 (Figure
1). Plasma ceruloplasmin concentrations peaked on d 4 for
TRANS and REST cattle (day effects; P < 0.01) but did not

Table 1. Feedlot receiving performance of cattle submitted to
transport for 24 h for approximately 1,200 km (TRANS),
no transport but feed and water deprivation for 24 h
(REST), or no transport and full access to feed and water
(CON).'
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Item CON REST TRANS SEM P=
DMI, kg/d
Forage 5.5 4.9 54 0.3 0.32
Concentrate 2.3 2.3 2.3 0.1 0.52
Total 7.9 72 7.8 04 025
ADG,’kg/d 127 097° 091" 0.05 <0.01
G:F,’ g/kg 163* 143 127° 7 0.03
Shrink,* % 0.07°  8.1° 9.6" 0.7 <0.01

T'Within rows, values with different superscripts differ (P < 0.05).
2 Calculated using full BW values obtained prior to (d -1 and 0)
treatment application and at the end of experiment (d 28 and 29).

? Calculated using total DMI and BW gain from d 0 to d 28.
*Based on BW loss from d 1 relative to d 0.

change (P = 0.58) for CON cattle (Figure 2). Hence, CON
cattle had reduced mean plasma ceruloplasmin concentration
compared to TRANS (P =0.07) and REST (P = 0.01) cattle.

Plasma haptoglobin peaked on d 1 for TRANS and
increased from d 1 to 14 in REST cattle (day effects; P <
0.01) but did not change (P = 0.65) for CON cattle (Figure
2). Hence, TRANS cattle had greater plasma haptoglobin
compared to CON and REST cattleond 1 (P <0.01), whereas
REST cattle had greater (P < 0.05) plasma haptoglobin
compared with TRANS and CON cattle on d 7 (Figure 2).

These results suggest that TRANS and REST stimulated
mobilization of body reserves, elicited a neuroendocrine
stress response, and induced an acute-phase protein reaction
that impaired feedlot receiving ADG and G:F (Ellenberger
et al., 1989; Sapolsky, 2000; Carroll and Forsberg, 2007).
Previous research also reported increased circulating cortisol,
ceruloplasmin, and haptoglobin in feeder cattle following road
transport, and attributed these outcomes to impaired feedlot
receiving performance (Crookshank et al., 1979; Araujo et
al., 2010; Cooke et al., 2011). Conversely, the specific effects
of feed and water restriction on neuroendocrine and acute-
phase parameters have not yet been determined. Supporting
these outcomes, recent research from our group demonstrated
that neuroendocrine stress reactions can stimulate breakdown
of body reserves and activate acute-phase and inflammatory
processes in bovine (Cooke et al., 2012). In addition, feed
and water deprivation may result in death of rumen microbes
and subsequent release of endotoxins (Meiske et al., 1958),
which may be absorbed by the ruminal wall and small
intestine, incorporated into the circulation (Chin et al., 2000),
and elicit neuroendocrine and acute-phase reactions (Carroll
etal., 2009). Hence, the acute-phase protein reaction detected
in TRANS and REST cattle can be attributed to the increase
in circulating cortisol, NEFA, and altered ruminal flora
following treatment application.
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Figure 1. Plasma cortisol (Panel A) and serum NEFA (Panel
B) in cattle submitted to transport for 24 h for approximately
1,200 km (TRANS), no transport but feed and water
deprivation for 24 h (REST), or no transport and full access
to feed and water (CON). Treatment x day interactions were
detected (P < 0.05).

It is also important to note that the increase in circulating
NEFA, cortisol, and ceruloplasmin concentrations was more
severe in REST vs. TRANS cattle. Similarly, circulating
haptoglobin remained elevated for a longer period in REST
vs. TRANS cattle. These results suggest that neuroendocrine
stress response was more severe in REST cattle, which caused
or was caused by the greater mobilization of body tissues,
and resulted in the greater acute-phase reaction compared
with that observed in TRANS cohorts. The reasons for this
outcome are unknown and deserve further investigation,
particularly because TRANS steers also experienced a 24-h
feed and water restriction during transport.

IMPLICATIONS

In conclusion, 24-h transport and 24-h nutrient restriction
elicited acute-phase protein responses and similarly reduced
performance of feeder cattle. Therefore, feed and water
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Figure 2. Plasma haptoglobin (Panel A) and ceruloplasmin
(Panel B) in cattle submitted to transport for 24 h for
approximately 1,200 km (TRANS), no transport but feed and
water deprivation for 24 h (REST), or no transport and full
access to feed and water (CON). Treatment X day interactions
were detected (P < 0.05).

restriction are major causes for the acutephase reaction and
reduced feedlot receiving performance typically detected in
transported feeder cattle.
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