ASAS Midwestern Section and
ADSA Midwest Branch

March 16-18, 2015
Des Moines, lowa

American Society of Animal Science
Journal of Animal Science
Volume 93, Supplement 2

American Dairy Science Association
Journal of Dairy Science
Volume 98, Supplement 1

. F . Pk @ SCIEN,
fi?s;\ American Dairy Science Association o“‘fﬂﬁ\?@ﬁ
Cin @

e

-

w% American Society of Animal Science




Officers and Directors of the American Society of Animal Science

D. K. Aaron, President P. S. Miller, Recording Secretary S. L. Archibeque, Director-at-Large
M. L. Looper, President-Elect and Director-at-Large T. A. Davis, Director-at-Large

G. P. Lardy, Past President G. S. Lewis, Editor-in-Chief C. Farmer, Director-at-Large

M. Wulster-Radcliffe, Chief Executive P. S. Miller, Midwestern Director W. L. Flowers, Director-at-Large
Officer T. A. Hoagland, Northeastern Director D. Hawkins, Director-at-Large

C. Larson, Program Chair and R. Muntifering, Southern Director C. K. Larson, Director-at-Large
Director-at-Large J. C. Whittier, Western Director E. Lonergan, Director-at-Large

T. A. Armstrong, Foundation Trustee Chair ~ J. Hemmelgarn, Chief Operations Officer L. C. Martin, Director-at-Large

D. Hamernik, ASAS Representative M. K. Petersen, Director-at-Large
to FASS K. J. McLean, Graduate Director

W. B. Smith, Graduate Director
Application for membership in the American Society of Animal Science (ASAS) is invited from persons with interest
in animal science and livestock production. In 2014, annual dues including access to the electronic version of the
Journal of Animal Science are $135 in the United States, Canada, and Mexico and in other countries. For those in
the United States, Canada, or Mexico who wish to receive a paper copy of the journal, the additional fee is $200;
for those in other countries, the additional fee is $300. Student affiliate membership is granted to those who are
certified by a professional member as a regularly enrolled college student who does not hold a full-time position at
the time of application for, or annual renewal of, membership. Graduate student memberships ($20 annually) and
undergraduate student memberships (free) include access to the electronic version of the Journal of Animal Science.
Postdoctoral fellows’ membership dues are $65. An institutional subscription ($599 annually) entitles an institution
Internet access to e-JAS within appropriate IP addresses. For an additional $125 fee, institutions within the United
States, Canada, and Mexico will receive a paper copy of the journal (an additional $150 fee for all other countries).
For corporate subscriptions, please contact the ASAS office for pricing. Individual sustaining membership, $375 per
year. Applications for membership with remittance should be mailed to the ASAS Business Office.

ASAS Business Office, PO Box 7410, Champaign, IL 61826
Telephone: 217-356-9050; Fax: 217-689-2436; E-mail: asas@asas.org Office hours: 8:00 a.m.=5:00 p.m.

American Society of Animal Science World Wide Web address: http://www.asas.org

Calendar of American Society of Animal Science Upcoming Meetings

2015 ADSA/ASAS Midwest Meeting March 15-18, 2015 Des Moines, |A
Innovate 2015 May 31-June 2, 2015 Braselton, GA
2015 ASAS Western Section June 23-25, 2015 Ruidoso, NM
2015 ASAS Northeastern Section/ADSA

Northeastern Branch July 12-16, 2015 Orlando, FL

Manuscript Submission. Information about manuscript submission is given in Style and Form published on the journal website (http://jas.fass.org).
All manuscripts submitted to the Journal of Animal Science must be accompanied by the JAS manuscript submission form certifying that any re-
search that involves animals has followed established standards for the humane care and use of animals. Manuscripts should be submitted online
via http://mc.manuscriptcentral.com/jas.

Address Change and Missing Copies. Notice of change in address should be received by the ASAS Business Office 60 days in advance of change.

Claims for missing copies should be received within three months (USA) or six months (international) of printing to be replaced without charge. ASAS
will attempt to send one replacement for the issue requested if in the time period indicated. After free replacement period, missing back issues
are available for $60.00 per issue for USA, Canada, and Mexico; $65 per issue for all other countries.

Additional requests for missing issues will also be charged at the above rate.

Journal of Animal Science (ISSN 0021-8812) is published 12 times per year (monthly) by the American Society of Animal Science. Periodicals post-
age paid at 201 W. Springfield, Ste 1202, Champaign, IL 61820 and at additional mailing offices. Form 3579 to be returned to the ASAS Business
Office. Postmaster: Send change of address to American Society of Animal Science, PO Box 7410, Champaign, IL 61826.

Copyright 2015 by the American Society of Animal Science. Printed in USA. All rights reserved. Reproduction in part or whole is prohibited.



Journal of Animal Science
Editor-in-Chief: Gregory S. Lewis
Associate Editor-in-Chief: Joel S. Caton

Section: Subsection

Section Editors:

Animal Genetics

Animal Physiology:
Cell Biology
Growth and Developmental Biology
Physiology, Endocrinology, and Reproduction

Nonruminant Animal Nutrition:

Ruminant Animal Nutrition:

Animal Production:
Behavior
Environmental Impact
Feedstuff Evaluation
Health and Well-Being
Management
Pharmacology and Toxicology
Rangeland, Pasture, and Forage Utilization

Animal Products:
Meat Science and Muscle Biology
Meat Safety

Special Topics:
Biographical/Historical Sketches
Contemporary Issues

Symposia

Paul F. Arthur (2017)
Donagh P. Berry (2016)
Catherine W. Ernst (2017)
Michael G. Gonda (2015)
Changxi Li (2016)

Robert L. Weaber (2015)

Terry D. Brandebourg (2015)
Alan D. Ealy (2017)

Kristen E. Govoni (2016)
Leon J. Spicer (2017)

Thomas D. Crenshaw (2015)
Sung Woo Kim (2016)

John F. Patience (2016)
Chad H. Stahl (2016)

Phil A. Thacker (2015)

Paul A. Beck (2016)

Brian J. Rude (2016)

Eric J. Scholljegerdes (2017)
Evan C. Titgemeyer (2016)
Yuxi Wang (2016)

Reinaldo F. Cooke (2017)
Trevor Devries (2016)
James L. Klotz (2015)
Xavier E. Manteca (2017)
James A. Pfister (2017)
Kathy J. Soder (2016)
Juan J. Villalba (2016)

Steven M. Lonergan (2016)
Richard A. Mancini (2015)
Surendranath P. Suman (2016)

Deborah L. VanOverbeke (2016)

Robert A. Dailey (2015)

Mark A. Mirando (2015)

ACSESS Editorial and Production Staff:  Emily Mueller, Managing Editor

Brett Holte, Submission Services Manager

Karen Brey, Graphic Artist

Shawn Archibeque (2016)
John Arthington (2016)
Giuseppe Bee (2016)
Werner Bergen (2016)
Mario Binelli (2016)
Dustin Boler (2016)
Barry Bradford (2015)
Andre Brito (2015)
David Buchanan (2016)
Kristi Cammack (2015)
Robert Cushman (2016)
Jared Decker (2016)
Robert Delmore (2016)
Anna Dilger (2016)
Ryan Dilger (2016)
Roberto Distel (2016)
Rick Funston (2016)
John B. Gaughan (2016)
Cecile Ginane (2016)
Pablo Gregorini (2016)

Editorial Board

Jesse Grimes (2016)
Kristine Hales (2016)
Stephanie Hansen (2016)
Ben Hayes (2015)
Shanna Ivey (2016)

Tim Keady (2015)

Beob Gyun Kim (2016)
Jan Kotwica (2016)
Scott Kronberg (2016)

G. Cliff Lamb (2016)
Clay Lents (2016)
Gustavo J. M. M. Lima (2016)
Julie Long (2014)
Peadar Lowlor (2016)
Raluca Mateescu (2016)
José F. M. Menten (2016)
Phil Miller (2016)
Christopher Mortensen (2016)
Rainer Mosenthin (2016)
Gordon Murdoch (2015)

Kiyoshi Okuda (2016)
Xiangshu Piao (2016)
Charlotte Rehfeldt (2016)
Leah Rempel (2016)

Larry Reynolds (2016)
Guillermo Scaglia (2016)
Jason Scheffle (2016)
Gerald Shurson (2016)

Jeff Sindelar (2016)

Mike Smith (2016)

Alex Stelzleni (2015)

Doug Tolleson (2016)

Jesse Trushenski (2016)
Eugene Ungar (2016)
Kristine Urschel (2016)
Alison Van Eenennaam (2015)
Kimberly Vonnahme (2016)
Robert Wettemann (2016)
Janeal Yancey (2016)

Terms expire during the annual meeting of the American Society of Animal Science in July of the year indicated in parentheses



EDITOR-IN-CHIEF
Matthew C. Lucy (16)
University of Missouri
573/882-9897
lucym@missouri.edu

DAIRY FOODS

Mary Anne Drake, Senior Editor (15)
North Carolina State University
mdrake@unity.ncsu.edu

Phil Tong, Editor (16)

Cal Poly State University
ptong@calpoly.edu

John McKillip, Editor (16)

Ball State University
jimckillip@bsu.edu

PHYSIOLOGY AND MANAGEMENT
Kerst Stelwagen, Senior Editor (17)
Scilactis
kerst.stelwagen@scilactis.co.nz
Helga Sauerwein, Editor (17)
University of Bonn
sauerwein@uni-bonn.de

David Beede, Editor (15)

Michigan State University
beede@msu.edu

Normand St-Pierre, Editor (17)
Ohio State University
st-pierre.8@osu.edu

Tanya Gressley, Editor (17)
University of Delaware
gressley@udel.edu

NUTRITION, FEEDING, AND CALVES
John Vicini, Senior Editor (17)
Monsanto Co.
john.L.vicini@monsanto.com
John Roche, Editor (15)

Dairy NZ
john.roche@dairynz.co.nz
Paul Kononoff, Editor (16)
University of Nebraska
pkononoff2@unl.edu
Masahito Oba, Editor (16)
University of Alberta
masahito.oba@ualberta.ca

GENETICS AND BREEDING
Christa Kuhn, Senior Editor (15)
Res. Inst. Biol. Farm Anim.
kuehn@fbn-dummerstorf.de
Jennie Pryce, Editor (17)
Department of Primary Industries,
Australia
jennie.pryce@depi.vic.gov.au
Christian Maltecca, Editor (17)
North Carolina State University
christian_maltecca@ncsu.edu

INVITED REVIEWS

Filippo Miglior, Editor (15)
Agriculture and Agri-Food Canada
miglior@cdn.ca

®
JOURNAL OF DAIRY SCIENCE ™ sinc: 1917

1800 S. Oak St., Ste 100, Champaign, IL 61820
Phone 217/356-5146 | Fax 217/378-4083 | adsa@assochq.org | http://www.journalofdairyscience.org

R. M. Akers, Chair (15)
Virginia Tech

Matthew C. Lucy (16)
University of Missouri

R. Jimenez-Flores, Board Liaison
Cal Poly State University

R. M. Akers (15) VA (PM)

S. Andrew (17) CT (PM)

K. Aryana (17) LA (DF)

A. Bach (16) Spain (NFC)

H. Barkema (16) Canada (PM)
C. Bastin (17) Belgium (GB)
H. G. Bateman Il (16) OH (NFC)
J. M. Bewley (16) KY (PM)

R. C. Bicalho (16) NY (PM)

G. Bobe (16) OR (NFC)

B. J. Bradford (16) KS (NFC)
A. Brito (17) NH (NFC)

S. Butler (17) Ireland

V. Cabrera (16) WI (PM)

M. Calus (17) the Netherlands (GB)
W. Chen (17) China (DF)

B. Corl (15) VA (PM)

A. Cruz (17) Brazil (DF)

H. M. Dann (17) NY (NFC)

A. De Vries (17) FL (PM)

T. DeVries (17) Canada (NFC)
T. Duong (16) TX (DF)

President
Al Kertz
ANDHIL LLC

Vice President

S. Duncan

Virginia Tech
Treasurer

M. Schutz

Purdue University

Past President

S. Rankin

University of Wisconsin

M. Socha (15), Chair
Zinpro Corporation

J. Partridge (16), Vice Chair
Dairy Management Inc.

K. Kalscheur (16), Secretary
South Dakota State University

Susan Pollock, Managing Editor
Louise Adam

Jorge Cazares

Chris Davies

M. J. Miller (16)
University of Illinois

E. E. Connor (17)
USDA, Beltsville, MD

T. Schoenfuss (18)
University of Minnesota

EDITORIAL BOARD

P. M. Fricke (17) WI (PM)

K. Galvao (17) FL (PM)

L. Goddik (17) OR (DF)

0. Gonzalez-Recio (17) Australia (GB)
R. Govindasamy-Lucey (17) WI (DF)
J. Gross (16) Switzerland (PM)

M. Gunderson (16) IN (PM)

H. Hammon (15) Germany (PM)
F. M. Harte (15) TN (DF)

A. J. Heinrichs (17) PA (NFC)

L. Hernandez (16) WI (PM)

S. Hiss-Pesch (15) Germany (PM)
J. Jamrozik (15) Canada (GB)

M. Johnson (17) WI (DF)

I. Kanevsky-Mullarky (15) VA (PM)
D. Kelton (17) Canada (PM)

A. F. Kertz (15) MO (NFC)

I. Lean (17) Australia (PM)

A. Legarra (17) France (GB)

E. Lewis (17) Ireland (NFC)

J. Lucey (17) WI (DF)

N. P. P. Macciotta (16) Italy (GB)

ADSA OFFICERS
Directors
L. Armentano (15)
University of Wisconsin
R. Jimenez-Flores (15)
Cal Poly State University
L. Timms (16)
lowa State University
K. Schmidt (16)
Kansas State University

N. St-Pierre (17)
The Ohio State University

ADSA FOUNDATION

M. Schutz (15), Treasurer
Purdue University

Trustees:

V. Mistry (15)

South Dakota State University
S. Schuling (15)

Hubbard Feeds

FASS PUBLICATIONS STAFF
journals@assochq.org

Sharon Frick
Gayle Gleichman
Christine Horger
Ron Keller

JOURNAL MANAGEMENT COMMITTEE

S. Pollock (ex officio)
American Dairy Science Association

L. Adam (ex officio)
American Dairy Science Association

P. Studney (ex officio)
American Dairy Science Association

M. L. Marco (17) CA (DF)

L. Metzger (17) SD (DF)

M. Miller (15) IL (DF)

U. Moallem (16) Israel (PM)
C. Moraru (16) NY (DF)

K. Moyes (15) MD (PM)

T. Nennich (17) IN (NFC)

K. O'Driscoll (16) Ireland (PM)
T. Overton (17) NY (PM)

P. Rezamand (17) ID (NFC)
C. Risco (17) FL (PM)

P. Ruegg (17) WI (PM)

T. Schoenfuss (15) MN (DF)
M. E. Van Amburgh (17) NY (NFC)
E. Wall (17) Switzerland (PM)
R. Ward (17) UT (DF)

D. Weary (17) Canada (PM)
P. Weimer (17) WI (NFC)

W. Weiss (15) OH (NFC)

N. Widmar (17) IN (PM)

P. Kindstedt (17)
University of Vermont

Executive Director
P. Studney
Champaign, IL

J. Knapp (17)
Fox Hollow Consulting LLC

Douglass Goff (17)
University of Guelph

Lisa Krohn
Shauna Miller

Journal of Dairy Science (ISSN 0022-0302) is published monthly on behalf of the American Dairy Science As-
sociation® by the Federation of Animal Science Societies, Champaign, IL, and Elsevier Inc., 360 Park Avenue
South, New York, NY 10010-1710. Business and Editorial Office: 1600 John F. Kennedy Blvd., Ste. 1800,
Philadelphia, PA 19103-2899. Customer Services Office: 3251 Riverport Lane, Maryland Heights, MO 63043.
Periodicals postage paid at New York, NY, and additional mailing offices. The electronic edition of the journal
(ISSN 1525-3198) is published online at http://www.journalofdairyscience.org.



SN D S ®
‘@ms%: JOURNAL OF DAIRY SCIENCE ™ sincr: 1917
A
%&\‘!’/’\5 1800 S. Oak St., Ste 100, Champaign, IL 61820
T w0 Phone 217/356-5146 | Fax 217/378-4083 | adsa@assochq.org | http://www.journalofdairyscience.org

Postmaster: Send address changes to Journal of Dairy Science, Elsevier Health Sciences Division, Subscription Customer Service, 3251 Riverport Lane,
Maryland Heights, MO 63043.

Customer Service (orders, claims, back volumes, online access, change of address): Elsevier Health Sciences Division, Subscription Customer
Service, 3251 Riverport Lane, Maryland Heights, MO 63043. Telephone: 800.654.2452 (US and Canada), 314.447.8871 (outside US and Canada); fax:
314.447.8029; e-mail: journalscustomerservice-usa@elsevier.com (for print support) or journalsonlinesupport-usa@elsevier.com (for online support). Allow
4 to 6 weeks for the change of address to be implemented.

Institutional Subscription Rates: For institutions in the United States and possessions: $1020 for print. For institutions in all other countries (prices
include airspeed delivery): $1150 for print. Current prices are in effect for back volumes and back issues. Electronic access is additional. Please contact
customer service for pricing.

ADSA Membership Rates: For individual membership, contact the ADSA office (adsa@assochg.org) to pay dues and obtain access to the journal. For
professional members: $110 per year, graduate student membership: $10, undergraduate student affiliate membership: $5. Membership includes electronic
version of the journal; additional $61.50 for paper copy in US, and additional $91.50 for paper copy in all other countries). Membership in the ADSA is
on a calendar year basis from January through December.

Advertising Information: To advertise a position announcement in the News and Announcements section of the journal, please use the FASS Job
Resource Center (http:/Awww.fass.org/job.asp); e-mail jrc@assochq.org if you have questions.

For display advertising orders and inquiries please contact Ken Senerth at 609.577.0916; by fax at 212.633.3980; or by e-mail at kensenerth@gmail.
com. For non-recruitment classified advertising orders and inquiries please contact Rob Issler at 321.400.8279; by fax at 407.814.7516; or by e-mail at
robisslerjr@gmail.com.

Author Inquiries: For inquiries relating to the submission of articles, complete Instructions for Authors can be found online at http://www.journalof-
dairyscience.org. Manuscripts submitted for consideration should be submitted electronically at http://mc.manuscriptcentral.com/jds in accordance with
the Instructions for Authors. Need help? Contact shaunam@assochg.org.

Offprints. Authors may place orders for offprints when proof corrections are sent to the editorial office (before the journal is sent for printing). For queries
about offprints or order status, e-mail vickip@assochg.org; fax 217.378.4083.

Reprints. To order author reprints after the issue has been printed, e-mail authorsupport@elsevier.com. To order 100 or more reprints for educational,
commercial, or promotional use, contact the Commercial Reprints Department, Elsevier Inc., 360 Park Avenue South, New York, NY 10010-1710; fax:
212.633.3820; e-mail: reprints@elsevier.com. Access to single articles available online may be obtained by purchasing Pay-Per-View access on the journal
website (http://www.journalofdairyscience.org).

© 2015 American Dairy Science Association®. All rights reserved.
This journal and the individual contributions contained in it are protected under copyright by the American Dairy Science Association and the following
terms and conditions apply to their use:

Photocopying: Single photocopies of single articles may be made for personal use as allowed by national copyright laws. Permission of the Publisher
and payment of a fee is required for all other photocopying, including multiple or systematic copying, copying for advertising or promotional purposes,
resale, and all forms of document delivery. Special rates are available for educational institutions that wish to make photocopies for non-profit educational
classroom use. Permissions may be sought directly from Elsevier's Rights Department in Oxford, UK. Telephone: 215.238.7869 or +44 (0) 1865 843830;
fax: +44 (0) 1865 853333; e-mail: permissions@elsevier.com. Requests may also be completed online via the Elsevier homepage (http:/Avww.elsevier.
com/locate/permissions).

In the United States, users may clear permissions and make payments through the Copyright Clearance Center Inc., 222 Rosewood Drive, Danvers,
MA 01923. Telephone: 978.750.8400; fax: 978.750.4744; and in the UK through the Copyright Licensing Agency Rapid Clearance Service (CLARCS), 90
Tottenham Court Road, London W1P OLP, UK. Telephone: +44 20 7631 5555; fax: (+44) 20 7631 5500. Other countries may have a local reprographic
rights agency for payments.

Derivative Works: Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal circulation within their institu-
tions. Permission of the Publisher is required for resale or distribution outside the institution. Permission of the Association and Publisher is required for
all other derivative works, including compilations and translations.

Electronic Storage or Usage: Permission of the Publisher is required to store or use electronically any material contained in this journal, including any
article or part of an article.

Except as outlined above, no part of this publication may be reproduced, stored in a retrieval system, or transmitted in any form or by any means,
electronic, mechanical, photocopying, recording, or otherwise, without prior written permission of the Publisher.

Address permissions requests to Elsevier Rights Department at the fax and e-mail addresses noted above.

Notice: No responsibility is assumed by the Association, the Federation of Animal Science Societies, or the Publisher for any injury and/or damage to
persons or property as a matter of product liability, negligence or otherwise, or from any use or operation of any methods, products, instructions, or
ideas contained in the material herein. Because of rapid advances in the medical sciences, in particular, independent verification of diagnoses and drug
dosages should be made.

Mention of any trademark or proprietary product in works published in the Journal of Dairy Science does not constitute a guarantee or warranty of the
product by the American Dairy Science Association and does not imply its approval to the exclusion of other products that may also be suitable.

Although all advertising material is expected to conform to ethical (medical) standards, inclusion in this publication does not constitute a guarantee or
endorsement of the quality or value of such product or of the claims made of it by its manufacturer.



TABLE OF CONTENTS

SYMPOSIUM & ORAL ABSTRACTS
SECTION ABSTRACT PAGE

Animal Behavior, Housing, & Well-Being: Housing and Technology to

Address Animal Welfare 001-008 1
Billy Day Symposium: History and Current Status of Some Milestones

in Swine Reproduction Research 009-012
Breeding and Genetics Symposium: Functional Genomics 013-018
Breeding and Genetics | 019-028
Breeding and Genetics 11 029-038 13
David Baker Symposium: Broadening the Ideal Protein Horizon:

Further Elucidation and Application 039-045 18
Extension - Beef/Small Ruminant 046-055 21
Extension - Dairy Symposium: Strategies to Improve Dairy Cattle Health,

Welfare and Performance 056062 26
Extension - Swine 063-069 29
Gary Allee Symposium: Impact of FDA Guidance’s 209 and 213 on the Swine Industry 070-075 32
Growth, Development, Muscle Biology, and Meat Science 076-084, 447 34
Harlan Ritchie Symposium: Have We Entered A New Era in Beef Production 085-088 39
Nonruminant Nutrition: Feed Additives 089-098 41
Nonruminant Nutrition: Grow-Finish Nutrition and Management 099-110 45
Nonruminant Nutrition: Minerals and Vitamins 111-119 50
Nonruminant Nutrition: Exogenous Enzymes 120-131 54
Nonruminant Nutrition: Feed ingredients and Processing 132-143 59
Nonruminant Nutrition: Sow Nutrition and Management 144-155 64
Nonruminant Nutrition Symposium: Feed ingredient Biosafety 156-162 69
Nonruminant Nutrition: Lipids and Energy 163-171 73
Physiology: Fertility and Reproductive Management 172-181 77
Physiology Symposium: Follicle Development, Sperm, Embryo Mortality

and Maternal Effects on Carcass Quality 182-185 82
Physiology: Stress Physiology 186-192 83
Ruminant Nutrition Symposium: Feed Efficiency and Residual Feed intake in

Ruminant Nutrition 193-195 86
Ruminant Nutrition: Minerals and Feed Additives in Feedlot 196-206 87
Ruminant Nutrition: Byproduct Feeds 207-218 91
Ruminant Nutrition: Dairy and Beef Cow Nutrition and Forage Supplementation 219-228 96

POSTER ABSTRACTS

SECTION ABSTRACT PAGE
Animal Behavior, Housing, & Well-Being: Feed intake and Lameness in Livestock 229-237 101
Breeding and Genetics Poster 238-245 105
Extension—Beef/Small Ruminant Poster 246-249 108

Extension—Dairy Posters 250-252 110




Extension—Swine Poster 253-257, 448 111

Growth, Development, Meat Science & Muscle Biology Poster 258-268 114
Nonruminant Nutrition: Protein and Amino Acid Nutrition 269-274 119
Nonruminant Nutrition: Feed Additives and Technologies 275-296 122
Nonruminant Nutrition: Feed ingredients 297-309 132
Nonruminant Nutrition: Grow—Finish Nutrition 310-324 138
Odor and Nutrient Management 325-327 144
Physiology Posters 328-337 146
Ruminant Nutrition 1 338-348 150
Ruminant Nutrition 2 349-359 155
Teaching 360-362 160

STUDENT COMPETITION ABSTRACTS

SECTION ABSTRACT PAGE
Graduate Student Oral Competition—M.S. | 363-372 163
Graduate Student Oral Competition—M.S. 11 373-383 168
Graduate Student Oral Competition—Ph.D. 384-394 172
Undergraduate Student Oral Competition 395411 177
Graduate Student Poster Competition—M.S. 412-423 185
Graduate Student Poster Competition—Ph.D. 424-428 190
Undergraduate Student Poster Competition 429-446 192
Author Index 201

Keyword Index 211




SYMPOSIUM AND ORAL ABSTRACTS

ANIMAL BEHAVIOR, HOUSING, & WELL-
BEING: HOUSING AND TECHNOLOGY
TO ADDRESS ANIMAL WELFARE

001 Associations among temperament, feather
pecking behavior, and meat quality character-
istics in two strains of turkeys. M. A. Erasmus”,
H. C. Lee, 1. Kang, J. C. Swanson, Michigan State
University, East Lansing.

Research with several species has demonstrated that individ-
ual differences in behavior or temperament influence animal
well-being and economically important characteristics such
as meat quality. In particular, differences in fearfulness are
related to feather pecking in laying hens and meat quality in
pigs and cattle. Associations between temperament, feather
pecking, and meat quality have not been examined in turkeys.
The objectives of this research were to 1) compare responses
of male turkeys of a commercial (COMM) and randombred
(RB) strain in an open field (OF) test, which is often used to
assess fear and activity levels in poultry; 2) examine strain
differences in feather pecking and meat quality characteris-
tics (pH and L*, a*, and b* color values); and 3) examine
relationships among OF behavior, feather pecking, and meat
quality. Turkeys were housed in groups of 16 in 4 pens/strain
and individually tested in an OF (2.74 x 2.74 m, divided into
81 squares) at 11 wk. Turkeys were classified as high respond-
ers (HR: COMM n = 31; RB n =25) or low responders (LR:
COMM r = 13; RB n = 22) based on OF behavior (latency to
walk, s, numbers of steps taken, and defecations produced).
Meat quality characteristics were evaluated after processing
at 15 to 17 wk (COMM, n = 44) and 20 to 21 wk (RB, n
= 47). Commercial turkeys defecated less (PROC MIXED,
SAS; Ismean = SE; COMM: 0.3 £ 0.1; RB: 0.6 £ 0.1; P =
0.04) and took longer to start walking in the OF (PROC
LIFETEST, SAS; median [25 to 75% range]; COMM: 600
[163 to 600]; RB: 337 [83 to 600]; P = 0.05). There were no
strain differences in the frequency of feather pecking or meat
quality characteristics. Within strains, LR were the recipients
in a greater number of feather pecking events per bird per
day vs. HR (PROC NPARIWAY, SAS; median [25 to 75%
range]; COMM LR: 0.06 [0.04 to 0.09] vs. COMM HR: 0.03
[0.03 to 0.05], P = 0.02; RB LR: 0.03 [0.02 to 0.07] vs. RB
HR: 0.02 [0.02 to 0.04], P = 0.08). However, there were no
differences in meat quality characteristics between HR and
LR of either strain. Under the conditions of this study, there
was little difference in meat quality between the smaller RB

and larger COMM male turkeys. Results further revealed that
within strains, turkeys that were less active in the OF (LR)
were pecked more frequently compared with HR, but individ-
ual differences in OF behavior did not appear to be associated
with differences in meat quality.

Key Words: behavior, meat quality, turkey

002 The effect of overgrown claws on behavior
and claw lesions of sows in farrowing crates.
J. A. Calderon Diaz!, I. M. J. Stienezen',
F. C. Leonard?, L. A. Boyle'", ! Pig Development
Department, Teagasc Animal and Grassland
Research and Innovation Centre, Moorepark,
Fermoy, Co. Cork, Ireland, *University College
Dublin, Dublin, Ireland.

This study evaluated the relationship between overgrown rear
claws and other types of claw lesions (CL), and their effect on
behavior of sows in farrowing crates. The study used 24 mul-
tiparous sows (mean parity 4.7), 13 with overgrown (OG) rear
claws (68 = 12.6mm) and 11 controls (48 = 5.2mm). All front
and hind weight bearing claws were examined for CL on the
day of transfer to the farrowing crate (d 110 of gestation) once
the sows were lying down. Claw lesions were scored accord-
ing to severity using a 4-point scale. A total lesion score for
the front and hind feet and overall total lesion score were cal-
culated. Behavioral measurements focused on the period prior
to farrowing and 1 wk later. Twenty sows (13 control and 9
OG sows) were video recorded for approximately 12 h before
farrowing to capture postural behavior for 6 h prior to the birth
of the first piglet. An index of the proportion of time spent in
different postures was calculated by sampling sow postural
behavior every 10 min. Lying-down behavior and sow behav-
ior while standing at feeding were directly observed during
3 feeding events within a week of farrowing, commencing
approximately 10 min prior to feed delivery and terminating
once the sows resumed lying. For the behaviors while stand-
ing, the average number of bouts/min was calculated. Data
were analyzed using the Kruskal Wallis test in PROC NPAR-
IWAY of SAS. There was no difference (P > 0.05) between
treatments in the lesion scores of the front claws on d 110.
Sows on the OG treatment had higher scores in the hind claws
for cracks in the wall (P < 0.05), cork screw dew claws (P <
0.05), and higher total hind feet lesion score (P < 0.05) on d
110. There was no difference between treatments in the time
sows spent in the different postures prior to farrowing (P
>0.05). One week after farrowing, sows on the OG treatment
spent less time standing (P < 0.05) and feeding (P < 0.01) and




slipped (P < 0.05) and shifted their weight (P < 0.05) between
the hind feet more frequently than control sows. Sows on the
OG treatment also made more attempts to stand up (P <0.01)
and had a shorter latency to lie-down (P < 0.01) after feeding.
Overgrowth of the hind claws was associated with increased
scores for other types of claw lesions, with an increase in slip-
ping and weight shifting and disruptions to feeding and lying/
standing behavior in the farrowing crate.

Key Words: lactating sows, lying-down behavior,

overgrown claws, postural behavior

003 The effect of corrective claw trimming on gait
analysis of sows. A. Tinkle!", K. J. Duberstein',
M. E. Wilson?, M. A. Parsley?, M. K. Beckman?,
M. J. Azain!, C. R. Dove', 'University of Georgia,
Athens, *Zinpro Corporation, Eden Prairie, MN,
3Zinpro Corporation, Sheridan, IN.

Problems with feet and legs are a continuous issue and major
cause of early culling in sow herds. This is of great concern to
producers, as demands for changes to sow housing and floor-
ing are made. The objective of this study was to ascertain kine-
matic adaptations following corrective claw trimming of sows.
In this study, 17 sows individually walked a semicircular track
(4 m diameter) immediately pre-, 1 h post-, and 48 h posttrim-
ming. Pigs exited the track through a circular then straight chute
(0.6 m wide) system, where they were video recorded. As sows
moved perpendicularly to 2 synchronized cameras, they were
simultaneously filmed on each side. The straight chute consist-
ed of 2.4 m prerecording distance, followed by 2.4 m recording
frame, and 1.7 m postrecording distance. A third camera was
positioned to film sows from the rear as they passed through the
recording frame. Pigs were timed electronically, as they walked
through the recording frame, and repetitions falling outside of
a 10% deviation from the mean were eliminated. Each pig was
walked until 5 useable repetitions were achieved. After the pre-
trimming video, claws were correctively trimmed to between 5
and 5.5 cm in length. Videos were analyzed using a 2-dimen-
sional kinematic software program (Kinovea) to assess duration
of swing, stance, and breakover, in addition to 2- and 3-limb
support phases. Stride duration, swing:stance ratio, stance as
a percentage of stride duration, and breakover as a percentage
of stride duration were also calculated. Data were analyzed us-
ing the PROC MIXED procedure of SAS. Analysis revealed a
decrease (P < 0.05) in overall stride duration (1.0335, 1.0024,
0.9786 s for pre-, 1 h post-, and 48 h posttrimming, respective-
ly). Decrease stride duration was also indicated by decreased
swing time (P < 0.05; 0.4146, 0.4086, 0.3903 s for pre-, 1 h
post-, and 48 h posttrimming, respectively) and breakover du-
ration (0.1522, 0.1392, 0.1290 s for pre-, 1 h post-, and 48 h
posttrimming, respectively). This data supports the practice of
claw trimming to improve gait quality of the sow, which may
influence sow longevity and culling rate.
Key Words: gait analysis, locomotion, sow, swine

004 Selection of variables for predicting and comparing
number of skin lesions. K. E. Wurtz"*, J. P. Steibel'?,
R. O. Bates', C. W. Emnst!, J. M. Siegford!, Depart-
ment of Animal Science, Michigan State University,
East Lansing, Department of Fisheries and Wildlife,
Michigan State University, East Lansing.

Legislative and consumer pressure to improve sow welfare
is driving the transition to group housed systems for gestat-
ing sows. While group housing provides increased space and
socialization, there is increased potential for aggression that
can cause injury and stress leading to poor production and in-
creased culling rates. This work is part of a larger study aimed
at estimating genetic and environmental sources of variation
affecting aggression in group housed prepubertal and gestat-
ing sows. The objective of this work is to estimate systematic
environmental effects affecting the number of skin lesions,
which are a proxy for inferring levels and types of aggressive
interactions between pigs. Three-hundred-and-twenty pure-
bred Yorkshire pigs are being housed in groups of 10 pigs/pen
(0.21 m?¥pig) in nursery pens and 13 to 15 pigs/pen (0.84 m?%
pig) in finisher and gilt pens. Remixing by weight to emulate
mixing in commercial settings occurs at weaning, at transition
to grow-finish, and at gilt retention for breeding. At each mix-
ing, the number of familiar and unfamiliar pigs is held constant
for each group. Numbers of fresh lesions (<24 h old) were col-
lected premixing, 24-h postmixing, and 3 wk postmixing to
examine individual response to mixing and performance in es-
tablished social settings. Analysis was performed using a gen-
eralized over-dispersed Poisson mixed model. Fixed effects
included phase of production (3 levels), observer (2 levels),
sex (2 levels), measure (3 levels), and a live weight covari-
ate. All fixed effects were deemed significant (P < 0.0001).
Both nursery pigs and market weight gilts had significant dif-
ferences in total lesions prior to mixing and 3 wk postmixing,
as well as between 24-h postmix and 3 wk postmix (P < 0.01).
There was no significant difference between premixing and 3
wk postmixing lesion numbers, suggesting that pigs return to
premixing levels of aggression (Nursery: P = 0.8479, Sow: P
= 0.1865). Finishing pigs had significant (P < 0.0001) differ-
ences in total number of lesions between each measure; how-
ever, the least square mean differences between premix and 3
wk postmixing were minor (0.7404 compared with 1.1608 and
1.9012). These preliminary results are encouraging because
they suggest that there is extensive variation in skin lesions
that can be modeled and attributed to systematic factors. Giv-
en the variation observed in the phenotype, it is recommended
to increase the sample size to 1120 pigs across 8 replications
as planned in future stages of this study.
Key Words: group housing, lesions, pigs




005 Lameness detection trial in a commercial environ-
ment using an embedded microcomputer based
force plate system. B. M. McNeil'*, J. D. Stock!,

J. A. Calderén Diaz', T. D. Parsons?, A. K. Johnson',
L. A. Karriker?, S. T. Millman?, S. J. Hoff*,

K. J. Stalder!, ‘Department of Animal Science, lowa
State University, Ames, *Department of Clinical
Studies, School of Veterinary Medicine, University
of Pennsylvania, Kenneth Square, *lowa State
University College of Veterinary Medicine, Ames,
‘Agricultural and Biosystems Engineering, lowa
State University, Ames.

Visual locomotion scoring systems are commonly used to
evaluate lameness; however, their reliability depends on ob-
server training and experience. Therefore, developing a more
accurate lameness detection method is needed. The embedded
microcomputer based force plate system (force plate) is an ob-
jective measuring tool that uses the sow’s weight distribution
to detect lameness, which has been used in lab-based lame-
ness trials with induced lameness and proven successful. The
objective of this study was to identify whether the force plate
differed from visual scoring in lameness detection in a com-
mercial setting. The force plate system was installed under 1
of 2 electronic sow feeders in a dynamic group pen with 120
multiparous sows for 21 d. Force distribution was recorded
continuously during the 21 d. Force recordings were made
once per second beginning when feed was provided to the sow
and all 4 feet were on their specific quadrants. The average
force distribution measurement per week was calculated, and
a cutoff of 10% difference in force distribution between limbs
was used to classify a sow as lame or nonlame for each week.
Additionally, sows were visually evaluated using a 0 to 3
lameness assessment scale (0 = normal and 3= severely lame)
every week by an experienced observer and then classified as
nonlame (score < 1) or lame (score > 2). Data were analyzed
using generalized estimated equations in SAS PROC GEN-
MOD. Model included lameness scoring method, measuring
week, and their interaction. There was no difference in lame-
ness classification between the 2 scoring methods (odds ratio
=1.0; C1 = 0.43 to 2.32; P > 0.05). There was an increase in
the number of sows classified as lame, by both the force plate
and visual assessment, on wk 1 (Odds ratio = 1.28; C1 =0.80
to 2.04; P < 0.05) compared with wk 2, but there was no dif-
ference in the number of lame sows between wk 2 and 3 (P >
0.05). The results of this research suggest that the force plate
system can work in a commercial system to identify lameness
in group-housed sows. Further work is necessary to investi-
gate how lameness progresses over time and to create a deci-
sion tree to improve force plate lameness detection accuracy
when lameness is evaluated on a daily basis.
Key Words: lameness detection, sow,
weight distribution

Table 006. Production results of sows in EM, PS, and LM treatments.

Parameter EM PS LM SEM P
Conception rate, % 97.62  94.05 86.9 0.028
Wean to service interval, d 4.06 4.51 4.31 0.28 0.672
Total born 1518  15.64 15.45 0.46 0.708
Born alive 13.72 12.86 12.93 0.45 0.312
Still born 0.88 1.28 1.35 0.16 0.078
Mummies 0.34 0.32 041 0.09 0.777

006 Mixing strategies for group-housed gestating sows:
Effects on production. J. A. Brown'’, Y. M. Seddon',
Y. Li?, M. M. Bouvier', 'Prairie Swine Centre,
Saskatoon, SK, Canada, *University of Minnesota,
West Central Research and Outreach Center, Morris.

Social stress from mixing sows has the potential to negatively
affect sow production and welfare. Housing sows in stalls from
weaning until 5 wk after breeding is a common strategy used
to prevent aggression and ensure control over individual feed-
ing during breeding, conception, and implantation. However,
pressure to reduce stall use will likely continue, and alterna-
tive management options should be explored. This study com-
pared the effects of 3 mixing strategies on sow performance
in fully-slatted pens. A total of 252 sows were studied over 6
replicates, in groups of 14 sows/pen (2.2 m*/sow). Treatments
consisted of: i) early mixing (EM): sows mixed into groups at
weaning; ii) late mixing (LM): sows stall-housed at weaning
and mixed at 5 wk gestation; iii) presocialization (PS): sows
mixed for 2 d after weaning, then stall housed for breeding up
to 5 wk gestation, after which they were mixed (same sows).
Sows were fed once daily in free-access stalls, after which
they were locked out of the stalls, ensuring that sows spent up
to 22 h/d in the loafing area. Breeding and farrowing perfor-
mance was recorded. Production data were analyzed for dif-
ferences between treatments using the GLIMMIX procedure
of SAS, with treatment, parity, replicate, and their interaction
included in the model. Where applicable, total born was in-
cluded as a covariate. The number of animals to conceive after
1 service was analyzed by Fisher’s exact test. Production re-
sults are shown in Table 006. The lower conception rate of the
LM sows may reflect suboptimal stimulation of estrus during
stall housing. In comparison, the EM and PS groups received
mixing stress immediately postweaning, which may have
stimulated follicular growth and clearer estrus expression. A
tendency for fewer stillborn piglets in EM sows may result
from improved fitness and/or activity levels during early ges-
tation. For other variables, EM sows preformed similarly to
PS and LM sows. These results suggest that, under good man-
agement conditions, mixing sows at weaning does not nega-
tively impact sow performance.
Key Words: gestation, grouping, production, Sows




007 Effect of feeding system (dry vs. liquid) on the
behavior of wean to finish pigs. D. Menon”,
D. P. Pangeni, J. Kim, P. Ren, X. Yang, S. Baidoo,
Southern Research and Outreach Center, University
of Minnesota, Waseca.

A study was undertaken to compare the behavior of wean to
finish pigs that have been acclimatized to liquid and dry feed-
ing systems. Randomly selected pigs ((n = 192; Yorkshire
x Large White) x Duroc); 100 £+ 4 d of age) of both sexes
(barrows and females), were housed in groups of 8 each (12
replicates) and fed 2 dietary treatments (liquid and dry). Four
pigs from each pen were randomly selected as focal pigs for
behavioral observations. The pigs on liquid feed were fed
equal meals, 6 times daily (liquid feeding system, Big Dutch-
man Pig Equipment, Vechta, Germany), whereas those on dry
feed were fed ad libitum from single space feeders. Water was
available for all pigs ad libitum. A time lapse video recording
system (Nuvico AI1600) was used to record continuously the
behavior of the focal pigs over a period of 3 h in the morning
(8-11 am) and 3 h in the afternoon (1 to 4 pm) for 2 d/wk, for
2 mo. The recordings were analyzed using the Noldus Ob-
server XT v.11.5, and data analyzed using the GLM procedure
of SAS version 9.3. The data were arcsin square root trans-
formed. Comparisons were made between the sexes, feeding
systems and periods of the day. None of the behavior variables
were affected by sex. The major behavior categories (based
on % time spent) identified were standing (5.97 + 1.5%), rest-
ing (51.93 £ 2.4%), locomotion (8.51 + 1.32%), feeding (9.39
+ 1.23%), drinking (1.95 £ 0.52%), exploring the pen (11.65
+ 1.46%), agonistic behaviors (3.63 = 0.83%), and comfort
behaviors (7.35 + 1.73%). The total activity times were not
significantly different in the 2 systems. The pigs were signifi-
cantly more active in the morning (P < 0.01) than afternoon,
while agonistic (P < 0.001) and comfort behaviors (P <0.001)
were significantly more in the afternoon. The pigs on liquid
feed were found to spend significantly more time resting (P <
0.05), doing agonistic activities (P = 0.05), and exploring the
pen (P =0.001) when compared those on liquid feeding sys-
tem. Pigs on dry feed spent significantly more time standing
(P < 0.01), and showed significantly more locomotory (P <
0.05) activities in the morning when compared with those on
liquid feeding system. Time spent on agonistic behaviors was
significantly more in liquid feeding system as the pigs have to
compete for feed at the time it is dropped. In conclusion, the
feed restriction in liquid feeding system affected the behavior
patterns of wean to finish pigs.
Key Words: behavior, dry feed, liquid feed, pigs

008 Effect of shade on performance, carcass quality,
and welfare of finishing cattle fed a beta-adrenergic
agonist in a commercial feedlot. J. A. Hagenmaier”,
S. J. Bartle, C. Reinhardt, D. Thomson, Kansas State
University, Manhattan.

Finishing feedlot cattle fed a beta-adrenergic agonist (n =
1,395; BW=568 + 43 kg) were used to evaluate the effects
of shade on performance, carcass quality, and welfare during
the summer in a Kansa s commercial feedlot. Cattle were ran-
domly assigned to 1 of 2 treatments: 1) no shade or 2) shade.
At 26 to 53 d prior to slaughter, 7 pens of predominately black
steers or heifers (4 and 3, respectively, n = 7 replications per
treatment) were randomly divided and allocated to 2 pens
across the feed alley from each other: 1 pen shaded and 1 pen
nonshaded. Pen served as the experimental unit. Prevalence of
cattle open-mouth breathing was recorded at least once week-
ly based on expected daily ambient temperature, humidity,
and wind. Weather data were collected continually throughout
the trial using a National Weather Service (NWS) weather sta-
tion located 1.6 km away from the feedlot. Both pens within
a replicate were shipped and harvested at the same slaughter
facility on the same day. Duration of trial (mean = 38.4 d,
range = 26 to 53 d) and shade area per animal within shaded
pens (mean = 1.46 m*/animal, range = 1.13 m? to 1.78 m?%
animal) varied between replicates. No difference in ADG was
observed between shaded and nonshaded cattle (1.94 vs. 1.97
+0.17 kg; P=0.27). Shaded cattle had greater DMI than non-
shaded cattle (10.77 vs. 10.52 + 0.78 kg; P = 0.01). Shaded
cattle tended to be less feed efficient (5.64 vs. 5.37 + 0.25 kg;
P = 0.09). No difference in HCW was noted between treat-
ments (404 vs. 402 + 30 kg; P = 0.30). Percentage of cattle
grading choice or better tended to be greater for the shade-
treatment cattle (72 vs. 67 = 8%; P = 0.12). Shade-treatment
cattle had a greater dressing percentage than nonshaded cattle
(65.4 vs. 65.05 + 0.3%; P = 0.01). Shade reduced the preva-
lence of cattle open-mouth breathing on observation days
(4% vs. 1%; P < 0.001). During the relatively mild summer
of 2013 (mean daily maximum temperature = 31.44, + 4.36
C), providing shade for finishing cattle during the final 26 to
53 d on feed resulted in fewer cattle open-mouth breathing,
increased dressing percentage, and tended to increase qual-
ity grade. Shaded cattle had greater feed intake; however, the
nonshaded cattle tended to be more feed efficient and no dif-
ference in ADG was observed between treatments.
Key Words: animal welfare, dry matter intake,
feedlot cattle
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009 Control of the estrous cycle, ovulation, time of in-
semination, and subsequent farrowing in swine.
S. K. Webel'", R. R. Kraeling?, LJBS United, Inc., Sheri-
dan, IN, °L&R Research Associates, Watkinsville, GA.

The quest to develop methods for control of the estrous cycle
in swine began almost 80 yr ago. However, Dr. Day and co-
workers (C. Polge and T. W. Groves) were the first to describe
a method for estrous cycle and ovulation control in gilts in
1968. Dr. Day and co-workers demonstrated that insemina-
tion at a predetermined fixed time, without estrus detection,
resulted in pregnancy rates comparable to conventional in-
semination methods. Although the methods described in this
publication are not available in the United States today, pre-
determined fixed-time insemination in swine has become a
reality 4 decades later. This presentation will review research
and discuss development of pharmaceutical products that sup-
port and accomplish the objectives implied in this pioneering
paper “to examine techniques for controlling ovulation and in-
semination at a predetermined time and eliminate the need for
estrus detection.” We will present data and discuss products
recently approved by the FDA for estrous cycle control and
ovulation induction which makes synchronization of the time
of insemination possible. In addition, the authors will review
Dr. Day’s early work on parturition induction and discuss the
research that led to development of products that enable swine
producers to inseminate gilts and sows at a predetermined
fixed time and to subsequently schedule sows to farrow on a
predetermined day. This technology will allow pig farmers to
control and schedule key production activities, increase piglet
survival, and improve farm efficiency.
Key Words: estrous synchronization, farrowing
induction, fixed-time insemination

010 In vitro maturation and fertilization. H. Funahashi®,
Okayama University, Okayama, Japan.

Technologies associated with in vitro maturation (IVM) and
fertilization (IVF) of porcine oocytes have been developed
with a number of research trials for the past quarter centu-
ry. However, the efficiency to produce blastocysts in vitro
through these technologies is expected to have further dras-
tic improvement for a couple decades. The origin of oocytes,
such as sexual maturation of donor females, estrous cycle,
and follicular size, is known to affect the efficiency of in vitro
embryo production. Brilliant Cresyl Blue assay has also been
confirmed to be useful in several species to select cumulus-

oocyte complexes (COCs) with a higher developmental com-
petence. To improve the successful rate of embryo production,
itis very effective to supplement various factors secreted from
oocytes and/or cumulus cells, as well as to regulate cumulus
plasma cyclic adenosine monophosphate (cAMP) levels dur-
ing IVM. Activities of glucose metabolism, fatty acid beta-
oxidation and mitochondria during IVM also affect the early
development to the blastocyst stage following IVF. Through
these modifications, not only COCs from middle-size follicles
(MF; 3-6 mm in diam.), but also those from small follicles
(SF; 1 to 3 mm in diam.) have been used for in vitro produc-
tion of porcine embryos, though the developmental compe-
tence of SF oocytes is still lower than those from MF. Efforts
to expand gamete resources for IVM-IVF may contribute to
prepare materials for bioengineering and also accelerate ge-
netic improvement in pigs.

Key Words: in vitro fertilization, in vitro maturation, pig

011 Evolution and adoption of artificial insemination
in the United States. W. Flowers", North Carolina
State University, Raleigh.

Some of the first published reports on swine Al in the United
States date back to the early 1960s. At this time, 8.2 mil-
lion sows were kept on mostly outdoor operations and were
1 component of diversified farms. Use of Al was sporadic.
Currently, there are 5.8 million sows that are housed in spe-
cialized indoor production facilities and over 90% are bred
artificially. The objective of this presentation is to review key
events that led to the implementation of Al by the U.S. swine
industry. In the late 1960s, spiral-tipped Melrose catheters
were introduced by scientists from universities in Missouri
and Illinois upon their return from sabbaticals in Europe. This
design simplified insemination; decreased sperm losses; and
allowed researchers to focus on determining optimal insemi-
nation doses. During the 1970s and 1980s, much of the work
was devoted to the evaluation of extenders that could main-
tain both the viability and fertility of initially frozen and later
fresh semen. Beltsville Thawing Solution was developed dur-
ing this period by scientists working at the USDA Animal
Reproduction Laboratory in Beltsville, MD, and still is one
of the most popular and effective porcine semen extenders. It
was also during the 1980s when the inaugural meetings of the
International Conference on Pig Reproduction and the Inter-
national Conference on Boar Semen Preservation were held.
Both continue to meet every 4 yr and have contributed signif-
icantly to the growth of Al by providing forums for scientific
exchange and by fostering international collaborations. Dur-
ing the late 1980s and through most of 1990s, consolidation
and specialization within the commercial sector resulted in
the growth of large, specialized sow farms and major pork
processors adopted carcass-merit buying programs. These
structural changes within the industry gave Al distinct eco-
nomic advantages over natural service by reducing produc-




tion costs and increasing the value of market animals. It has
been estimated that the proportion of sows bred artificially in
the United States increased from about 10% in the late 1980s
to at least 85% by 2000. During the past 15 yr, improvements
have been made in most Al technologies including freezing
semen. Identification of putative fertility markers and devel-
opment of transcervical insemination techniques are 2 nota-
ble ones that hold potential to further transform how swine Al
is routinely done on U.S. farms.

Key Words: artificial insemination, swine,

United States

012 Nonsurgical embryo transfer in pigs. E. A. Martinez”,
C. Cuello, I. Parrilla, J. L. Vazquez, J. M. Vazquez,
J. Roca, M. A. Gil, University of Murcia, Murcia, Spain.

There is enormous potential for the use of embryo transfer
(ET) in pigs because it allows the movement and introduction
of new genetic material into a herd with minimal risk of dis-
ease transmission, reduced transportation costs, and no effect
on animal welfare. Despite these advantages, the commercial
use of ET in pigs is very limited due to the lack of effective
nonsurgical ET procedures. Although the first pregnancy in
pigs through nonsurgical ET was reported 45 yr ago (Polge and
Day, 1968; Vet Rec 82:712), nonsurgical ET was considered as
an impossible technique for many years because of the com-
plex anatomy of the swine genital tract. However, in the 1990s,
several nonsurgical techniques to deposit embryos directly into
the uterine body were developed, although most of them were
not successful, achieving farrowing rates of 5 to 41% and lit-
ter sizes of 5 to 7.5 piglets. To overcome some physiological
and practical limitations of nonsurgical uterine body ET, in
2000, in collaboration with the laboratory of Dr. B. N. Day at
the Animal Science Research Center, University of Missouri-
Columbia, we developed a simple, safe, and quick procedure
for the nonsurgical transfer of embryos deep into a uterine
horn (NsDU-ET) of gilts and sows with acceptable farrow-
ing rates (71.4%) and litter sizes (6.9 piglets). With the recent
improvement of the procedure, the results have been greatly
increased when using fresh morulae and blastocysts cultured
for 0 to 6 h or fresh morulae cultured for 24 h (80 to 90% far-
rowing rate and 9.0 to 9.5 piglets born). Although a period of
24 h of culture permits the international transport of embryos,
cryopreservation of embryos is obviously preferred. Currently,
a high percentage (80 to 95%) of untreated morulae and blas-
tocysts survive the vitrification procedure and high farrowing
rates (75%) and litter sizes (10 piglets) are obtained when these
embryos are surgically transferred into the recipients. How-
ever, when embryo vitrification and NsDU-ET are combined,
the farrowing rates are decreased (50%), although the litter
sizes are maintained. The excellent reproductive performance
of recipients following nonsurgical transfer of fresh embryos
and the promising results obtained with vitrified embryos rep-
resent a fundamental advance for the widespread commercial

use of ET by the pig industry in the near future. Supported
by MINECO-FEDER (AGL2012-38621), Madrid, Spain, and
Fundacion Seneca (GERM 04543/07), Murcia, Spain.

Key Words: blastocyst, porcine, transfer

BREEDING AND GENETICS:
FUNCTIONAL GENOMICS

013 The value of a systems biology approach in cattle
nutrition. J. C. McCann’, J. J. Loor, University of
1llinois, Urbana-Champaign, Urbana.

The inception of high-throughput, genome-enabled technolo-
gies (e.g., microarray, next-generation sequencing) in com-
bination with advances in biology-driven bioinformatics has
been essential for the creation of modern systems biology and
concurrent decline in a reductionist approach. Systems biol-
ogy is a field of study that seeks to improve the understanding
of complex biological interactions occurring within cells and
tissues by information at the gene, protein, and metabolite lev-
el. These systems concepts are an ideal fit for investigating the
interaction between nutrition, the microbiome, and the physi-
ological state with tissue metabolism and function during key
life stages of livestock. Within the systems context, single
time point studies in nutriphysiogenomics are reductive and
are unable to identify the dynamics in biological adaptations;
thus, longitudinal time-course experiments are essential. With
the current ease of generating large transcriptome and metab-
olite data sets, robust bioinformatics tools are becoming more
essential to obtain meaningful interpretation of the data. The
dynamic impact approach (DIA) was originally developed to
help link the longitudinal physiological adaptations to lacta-
tion occurring simultaneously in liver, adipose, and mammary
tissues. Results based on our own and publically available
data sets indicate that DIA is robust for physiological systems
analysis of complex transcriptome data sets within a tissue
or among tissues and allows simultaneous visualization for
the complex intertissue adaptations to nutrition. This tool, in
addition to the gene and transcriptional factor (TF) network
analyses using popular software suites, such as ingenuity
pathway analysis, is well-suited to interpret high-throughput
data sets. An example of this approach using liver, mammary,
and adipose tissue during the transition period is presented.
Furthermore, we present examples of novel insights obtained
from the interaction between epithelial tissue and ruminal mi-
crobiome involving nutritional management of beef and dairy
cattle. Overall, we demonstrate that an integrative approach
across and within tissues provides a more complete under-
standing of the complex dynamic physiological responses to
nutrition in cattle. Longitudinal analyses of functional and TF
networks within liver, skeletal muscle, epithelium, and adi-
pose in response to nutrition may be useful for fine-tuning nu-




tritional management of beef and dairy cattle. Specific goals
also include identifying key molecular players in tissue adap-
tations to relevant nutritional management.

Key Words: bioinformatics, nutrition, systems

014 Adventures in next generation sequencing of
transcriptomes and genomes. J. F. Taylor’,
P. C. Tizioto, N. V. Grupioni, J. Kim, J. E. Decker,
R. D. Schnabel, University of Missouri, Columbia.

Next generation sequencing (NGS) has become a powerful
tool for the identification of a variety of classes of varia-
tion within the genome, as well as for the characterization
of gene expression, regulatory RNAs, and epigenetic marks
such as methylation. The cost of sequencing has decreased to
the point that whole genomes can be sequenced to coverage
depths of up to 30x for less than $5,000. As a consequence,
at least 3,000 bovids have now been sequenced and many
more samples have been analyzed for global transcriptome
profiling. We have sequenced or traded 25.5 total born (TB)
of whole genome sequence on 476 animals from dog (125),
water buffalo (64), bison (3), and 17 cattle breeds (284), and
these are being used to identify Mendelian loci responsible
for disease or reproductive failure (early embryonic lethals)
as well as for the elucidation of the causal variants underlying
large-effect QTL. The imputation of Illumina BovineSNP50
or BovineHD genotypes to full sequence variation can be
accomplished with remarkable accuracy, and breeds such as
American Angus now have more than 60,000 animals geno-
typed with the BovineSNP50 assay. Imputation of these geno-
types to full sequence enables the identification of moderate
frequency variants that occur as homozygotes in frequencies
much less than expected under Hardy Weinberg Equilibrium,
suggesting that they are likely to be lethal or severely deleteri-
ous. Genomewide association study performed on sequence
level data will likely result in the rapid identification of the
variants that underlie large-effect QTL particularly when
these variants segregate in multiple breeds and differences in
the patterns of linkage disequilibrium across breeds can be
used to differentiate between causal and associated variants.
We have also generated 2.3 TB of RNA-seq (sequence) data
on 153 animals to identify genes that are involved in the im-
mune response to the pathogens responsible for bovine respi-
ratory disease and those differentially expressed among ani-
mals that differ in feed efficiency. As a consequence, much
of the work within the lab has evolved from wet-lab to com-
putational activities, and the ability to program in Perl or Py-
thon is requisite for a student’s survival in a modern livestock
genomics environment. Limitations to the utility of NGS data
continue to be the inadequacy of the reference assemblies and
their annotation particularly for the locations of regulatory
elements including enhancers and repressors, the lack of ref-
erence assemblies for indicine or for other important taurine
breeds, and the lack of a high quality transcriptome includ-

ing isoforms. These are high priorities for all livestock species
and USDA NIFA funding must be allocated to quickly resolve
these deficiencies.
Key Words: genome sequencing, Mendelian loci,
quantitative trait loci

015 Beef cattle metabiomes and their relationships with
economically important phenotypes. P. R. Myer”,
J.E. Wells, T. P. L. Smith, L. A. Kuehn, H. C. Freetly,
USDA, ARS, U.S. Meat Animal Research Center,
Clay Center, NE.

The selection and optimization of economically important
phenotypes in cattle, such as feed efficiency, has long been an
effort devoted to host genetics, management, and diet. Feed
costs remain the largest variable cost in beef production, and
consequently, the improvement of feed efficiency is of signifi-
cant economic and environmental importance. However, the
various microbial populations within the gastrointestinal tract
as a whole are critical to the overall well-being of the host and
need to be examined when determining the interplay between
host and nonhost factors affecting feed efficiency. To address
this, we examined the microbial communities within the rumen
and locations throughout the lower gastrointestinal tract (GIT)
from steers differing in feed efficiency. Within 2 contemporary
groups of steers, individual feed intake (FI) and BW gain were
determined from animals fed the same ration. Within contem-
porary group, BW was regressed on FI, and the 4 most extreme
steers within each Cartesian quadrant were sampled (n = 16/
group). Bacterial 16S rRNA gene amplicons were sequenced
from the GIT content using next-generation sequencing tech-
nology. Although no differences were detected by bacterial di-
versity and richness metrics, changes in the relative abundanc-
es of microbial populations and operational taxonomic units
did reveal differences between feed efficiency groups. These
studies suggest the GIT microbiome differs at the 16S level
in cattle that vary in efficiency of weight gain. It is not clear
whether host factors are driving changes in the microbiome or
changes in the microbiome are contributing to differences in
feed efficiency. Partially funded by National Institute of Food
and Agriculture Grant 2011-68004-30214 National Program
for Genetic Improvement of Feed Efficiency in Beef Cattle.
USDA is an equal opportunity provider and employer.
Key Words: 16S rRNA, feed efficiency, microbiome

016 Mass spectrometry based proteomics and
metabolomics: Phenotyping in the Postgenomics
Era. C. D. Broeckling”, J. E. Prenni, Colorado State
University, Fort Collins.

While genome data is more readily available than ever before,
the genome in isolation fails to describe the phenotype of an
organism in a given condition. This limitation has driven the
development of high throughput and broad scale phenotyp-




ing efforts. Metabolomics and proteomics are 2 phenotyping
platforms which aim to describe the biochemical phenotype
of an organism, and how it responds to the environment. This
presentation will describe these 2 ‘omics’ fields broadly, intro-
duce the chromatographic and mass spectrometry technology
that is being used toward these ends, and describe selected
case studies implementing these platforms.
Key Words: metabolomics, phenotype, proteomics

017 Metabolomic differences in early and late
lactation first-parity gilts. L. A. Rempel’,
J. R. Miles, USDA, ARS, U.S. Meat Animal
Research Center, Clay Center, NE.

Investigating the metabolome provides the evaluation of all
cellular processes occurring while accounting for environ-
mental influence, and may provide additional information for
selection criteria to fully evolve. Blood samples and body con-
dition measurements were acquired from 68 first-parity gilts at
postfarrowing and weaning. Twenty gilts were retrospectively
selected for similar (P > 0.4475) number of piglets born and
nursed, and similar (P > 0.3141) body condition traits postfar-
rowing, yet exhibited minimal or extreme change (P < 0.0094)
in BW (8.6 £ 1.48 and —26.1 £+ 1.90 kg, respectively) and
backfat thickness (—1.3 £ 0.67 and —4.7 + 0.86 mm, respec-
tively) from postfarrowing to weaning. The plasma metabo-
lome at postfarrowing and weaning was investigated using
nontargeted ultrahigh pressure liquid chromatography-mass
spectrometry (UPLC-MS) and gas chromatography-mass
spectrometry (GC-MS). Retention time alignment and feature
detection and matching were performed in XC-MS using raw
spectral data. Grouping of features yielded approximately 700
compounds from each of the 2 techniques. An ANOVA was
performed on each detected compound in R for time of col-
lection, body condition change, and the interaction, followed
by a false discovery correction. No differences were detected
for the interaction, and only 2 compounds were different for
extreme vs. minimal body condition change. However, sev-
eral compound differences (P < 0.10) were identified between
postfarrowing and weaning. Thirty-two of the 84 significant
compounds detected by UPLC-MS had at least a fold change
of 1.0, while only 18 compounds had a fold change of +0.6
for the significant GC-MS compounds. Annotation of several
compounds implicated various metabolic pathways. Unsur-
prisingly, creatinine was greater at weaning (P = 0.0224), and
others have reported increased serum concentrations of creati-
nine in response to BW loss. A liver metabolite associated with
protein catabolism was also greater (P = 0.0007) at weaning.
Phospholipid compounds were greater (P < 0.0347) at wean-
ing. Two putative inositol-related compounds were greater (P
< 0.0236) at weaning. Inositol compounds have been impli-
cated in second messenger signaling in the brain, while others
may exert insulin-like effects. A fructose epimer was greater (P
=0.0731) at weaning and has several physiologically relevant

traits including glucose suppression, reactive oxygen species
scavenging, and neuroprotective activity. Lactation is a meta-
bolically demanding event that may have unfavorable impacts
on sow lifetime potential. Plasma biomarkers may prove use-
ful as nutraceuticals or aide in metabolome-genomewide as-
sociation studies to ascertain genetic points of interest relevant
to body condition loss during lactation. USDA is an equal op-
portunity provider and employer.

Key Words: gas chromatography-mass spectrometry,

gilts, lactation, liquid chromatography-mass

spectrometry, metabolomics

018 Annotation of functional regulatory elements
in livestock species. H. Zhou!", P. J. Ross!,
L. Korf', M. E. Delany', H. Cheng?, J. F. Medrano',
A. L. Van Eenennaam!', C. W. Ermst’, C. K. Tuggle®,
"University of California, Davis, ?USDA-ARS Avian
Disease and Oncology Laboratory, East Lansing,
MI, 3Genetics Program, Michigan State University,
East Lansing, *Bioinformatics and Computational
Biology Program, Department of Animal Science,
lowa State University, Ames.

Genomics is playing an increasing role in improving animal
production, health, and well-being. In order for a genome to
be fully utilized, it needs to be well annotated. The goal of
this project is to improve the annotation of regulatory regions
for 3 of the most important farm animal genomes: chicken,
cow, and pig. These genomes have been assembled, but there
is very limited information on the enhancers, promoters, and
insulators of the currently annotated genes. Recent work by
the human and mouse ENCODE projects provide a blueprint
for identifying the functional roles of regulatory elements in
the human and mouse genomes, that can be implemented for
similar efforts on animal genomes. Our specific goals are: 1)
identify promoter, enhancer, and silencer regions using DNase-
seq and ChIP-seq for specific chromatin marks, 2) determine
functional roles of regulatory regions by integrating ChIP-seq,
DNase-seq, and RNA-seq (sequence) data, and 3) freely dis-
tribute all data to the public including the UCSC and Ensembl
genome browsers. As a part of the Functional Annotation of
ANimal Genomes (FAANG) initiative and supported by the
NRSPS Cattle, Chicken and Swine and commodity groups, we
have ensured that the proposed tissues, assays and protocols
are consistent with currently developing FAANG guidelines.
This study will set a cornerstone for initiating farm animal EN-
CODE projects by providing a valuable resource for exploring
the functional landscapes of the chicken, bovine, and swine
genomes, and provide a valuable tool for a deeper and more
meaningful understanding of complex biological systems.
Key Words: annotation, ENCODE, farm animal,
Functional Annotation of ANimal Genomes initiative,
regulatory elements
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019 Estimates of genetic parameters and response
to 10 generations of selection for residual feed
intake in Yorkshire pigs. W. L. Hsu!", J. M. Young?,
E. D. Mauch!, J. C. M. Dekkers', ‘Jowa State Univer-
sity, Ames, *North Dakota State University, Fargo.

Objectives were to estimate response to 10 generations (G) of
divergent selection for residual feed intake (RFI = observed
feed intake — expected feed intake) in Yorkshire pigs and to
estimate genetic parameters for growth performance traits.
The low RFI (LRFI) line was selected for decreased EBV for
RFI during grow-finish. The high RFI (HRFI) line was ran-
domly selected until G4 and then selected for increased EBV
for RFI from G5 to G10. Both lines were maintained with ~50
litters by ~12 boars, avoiding full- and half-sib matings with
~70 gilts per generation, except ~10 boars and ~40 gilts that
produced ~30 litters in the first 4 generations of the HRFI line.
Records analyzed were for pigs with off-test BW > 102 kg (n=
2,224). ASReml software was used to estimate variance com-
ponents, EBV, and responses to selection. The mixed model
for analysis of ADFI, ADG, and feed conversion ratio (FCR =
ADFI/ADG) included the fixed effects of pen within contem-
porary group, sex, and a covariate of on-test age, and random
effects of additive genetic, litter, and residual. The model for
ultrasound traits of backfat (BF), loin muscle area (LMA) also
included off-test BW as a covariate. Estimates for RFI were
based on analysis of ADFI with additional covariates of on-
age, on-test BW, off-test BW, ADG, BF, and average meta-
bolic BW. Responses to selection based on EBV were com-
pared with results from separate phenotype-based analyses
of each generation using the MIXED procedure of SAS and
to genetic trends obtained from separate genetic analyses by
line. Estimates of heritability of RFI, ADFI, ADG, BF, LMA,
and FCR were 0.28 + 0.05, 0.45 + 0.05, 0.38 £ 0.05, 0.49 +
0.06, 0.53 + 0.06, and 0.29 + 0.05, respectively. Estimates of
genetic correlations of RFI with ADFI, ADG, BF, LMA, and
FCR were 0.69 =0.07,0.16 +£0.13,0.23 £ 0.12,-0.32 £ 0.11,
and 0.68 + 0.08, respectively. After 9 generations of selection,
the LRFT line had 201.4 g/d lower RFI (3.0 genetic SD), 276.9
g/d lower ADFI (2.1 SD), 29.1 g/d lower ADG (0.5 SD), 2.29
mm lower BF (0.82 SD), 1.48 cm? greater LMA (0.43 SD) and
0.26 g/g lower FCR (1.88 SD) than the HRFT line. In conclu-
sion, feed efficiency based on RFI is moderately heritable and
responds to selection. This work was supported by USDA-
NIFA-AFRI-2011-68004-30336.
Key Words: pig, residual feed intake, selection

Table 020. Genomic prediction accuracies when training in 1 RFI
line and validating on the other

Method  Training ADFI  ADG BF LMA FCR  RFI

Bayes-B L-RFI 0.36 036  0.24 0.36 0.06 0.31
H-RFI 0.39 0.32 0.29 0.22 0.18 0.34
Bayes-C L-RFI 0.35 0.34 0.23 0.30 0.28 0.32

H-RFI 0.40 0.32 0.20 0.26 0.14 0.43

020 Genomic prediction accuracies of residual feed
intake and component traits of feed efficiency in
pigs divergently selected for residual feed intake.
N. V. L. Serdao"", E. D. Mauch!, W. L. Hsu', A. Wolc!?,
M. F. Rothschild!, J. C. M. Dekkers!, ‘lowa State
University, Ames, *Hy-Line International, Dallas
Center; IA.

The objective of this work was to evaluate the accuracy of
genomic predictions for residual feed intake (RFI) and com-
ponent traits of feed efficiency in 2 lines of pigs selected for
high (H-RFI) and low (L-RFI) RFI (defined as observed feed
intake minus expected feed intake). Phenotypic and genotypic
data on 994 L-RFI pigs from Generations 0 to 10 of selection
and 698 H-RFI pigs from Generations 4 to 10 were used in
this study. Pigs were on-test at 95 + 15 d of age (39.8 £ 10.9
kg BW) and off-test at 202 + 17 d of age (115.8 £ 7.4 kg BW).
Phenotypic data included average daily feed intake (ADFI),
ADG, backfat depth (BF), loin muscle area (LMA), feed con-
version ratio (feed-to-gain ratio; FCR), and RFI (ADFI ad-
justed for ADG, LMA, BF, and metabolic BW). All animals
were genotyped using the Illumina PorcineSNP60 BeadChip,
and after quality control, 51,098 SNP were used for analyses.
For genomic prediction, 1 line was used as the training dataset
and the other for validation. Marker effects were estimated for
all SNP using the genomic prediction methods Bayes-B and
Bayes-C, fitting as many SNP as degrees-of-freedom avail-
able after accounting for fixed-effects in the model. Accuracy
of genomic prediction was calculated in the validation set as
the correlation of genomic predictions with phenotype pre-
adjusted for fixed effects, divided by the marker-based heri-
tability. Results are in Table 020. Overall, accuracies were
sizeable, considering that training and validation were sepa-
rated by at least 5 generations of selection, and both Bayesian
genomic prediction methods resulted in similar results. The
only trait with inconsistent results was FCR, in which Bayes-
B resulted in low accuracy (0.06) and Bayes-C in moderate
accuracy (0.28) when training on L-RFI and validating on H-
RFI. These results suggest that RFI and component traits can
be predicted between divergent lines selected for RFI using
high-density SNP genotypes. Financial support from AFRI-
NIFA grant No. 2011-68004-30336 is appreciated.
Key Words: feed intake, genetic improvement, single
nucleotide polymorphisms




Table 021. Heritability and prediction accuracy (correlation) from
BayesC and BayesB.

Trait h? BayesC BayesB
Birth weight 0.42 0.65 0.71
Weaning weight 0.24 0.52 0.54
Yearling weight 0.27 0.52 0.54

021 Genomic prediction of growth traits in Brangus
beef cattle. Z. Q. Weng'", H. Su', J. Lee', J. Zeng!,
D. J. Garrick?, lowa State University, Ames, *“Massey
University, Palmerston North, New Zealand.

The availability of a variety of SNP panels could influence
the cost-effectiveness or the accuracy of genomic prediction
in cattle. The objective of this study was to evaluate the pre-
diction accuracy of direct genomic breeding values (DGV)
for growth traits in Brangus beef cattle. Estimated breeding
values of the 3 studied traits (birth weight, weaning weight,
and yearling weight) in 1495 progeny-tested Brangus cattle
were obtained from the American Brangus Breeder Associa-
tion along with their assumed heritabilities (Table 021). The
cattle were genotyped using one or another of different SNP
panels (Bovine50K, GGPHD77K, or BovineHD770K), then
all animals were imputed to BovineHD770K using Fimpute.
After quality control, 736,053 segregating SNP remained.
Deregressed estimated breeding values (DEBV) were de-
rived from EBV and corresponding accuracies and then fit-
ted in a weighted Bayesian analysis to estimate SNP effects
using GENSEL. BayesB and BayesC models were both ap-
plied in this study. The population was divided into 5 mutu-
ally exclusive groups using K-means clustering methods, in
order to perform cross-validation. The accuracy of predic-
tion was assessed as the genetic correlation between DEBV
and DGV. The prediction accuracies were sizeable in these 3
traits, ranging from 0.52 to 0.71 (Table 021). The accuracies
from BayesB were slightly higher than those from BayesC.
The results indicated that it is promising to apply DGV for
routine evaluation in Brangus cattle. Breeders could improve
prediction accuracy in young animals and therefore increase
selection response by selecting on DGV.
Key Words: Brangus, deregressed estimated breeding
value, genomic prediction

022 Genetic variance and covariance components for
feed intake, average daily gain, and postweaning
gain in growing beef cattle. K. J. Retallick'”,

J. M. Bormann', R. L. Weaber', M. D. MacNeil',

H. L. Bradford!, H. C. Freetly?, W. M. Snelling?,

R. M. Thallman?, D. W. Moser', L. A. Kuehn?, 'Kansas
State University, Manhattan, °USDA, ARS, U.S. Meat
Animal Research Center, Clay Center, NE, USDA,
ARS, US MARC, Clay Center, NE.

Feed is the single most expensive cost related to a beef cattle
production enterprise. Data collection to determine feed effi-
cient animals is also costly. Currently, a 70 d performance test
is recommended for accurate calculation of efficiency. Previ-
ous research has suggested intake tests can be limited to 35 d;
however, decreased lengths in gain tests have been suggested
to have detrimental effects on accuracy. The objective of this
study was to estimate genetic parameters for growth and in-
take traits. On-test ADFI, on-test ADG, and postweaning gain
(PWG) records on 5,606 growing steers and heifers were ob-
tained from the U.S. Meat Animal Research Center in Clay
Center, NE. The 3-generation pedigree contained 9,211 ani-
mals from 27 different breed groups. On-test ADFI and ADG
data were collected from a minimum of 62 to 148 d testing
days. Independent quadratic regressions were fitted for BW on
time, and on-test ADG was predicted from the resulting equa-
tions. The PWG was calculated by subtracting 205-d weights
from 365-d weights and dividing by 160 d. Heritability and
genetic and residual correlations were estimated using multi-
ple trait animal mixed models with ADG, ADFI, and PWG for
both sexes as dependent variables. Postweaning gain and feed
efficiency contemporary groups were fitted as fixed effects.
Covariates included age on test, age of dam, direct heterosis,
and breed origin. Variance components were estimated with
ASReml 3.0. Heritability estimates + SE for ADG, ADFI, and
PWG of steers were 0.09 +0.03, 0.43 £ 0.05, and 0.37 + 0.05,
respectively; and corresponding estimates for heifers were
ADG 0.14 £ 0.04, ADFI 0.39 + 0.05, and PWG 0.42 + 0.05.
These estimates confirm genetic improvement of feed effi-
ciency can be made. The genetic correlations between steer
ADG and ADFI, PWG and ADFI, and ADG and PWG were
0.73 £ 0.12, 0.58 £ 0.06, and 0.81 + 0.15, respectively; and
corresponding estimates for heifers were 0.64 + 0.13, 0.77 +
0.05, and 0.65 £ 0.12. The genetic correlations between ADG
and PWG for both sexes were strong. This indicates PWG is a
strong proxy for ADG on-test and long test periods may not be
necessary. A shorter testing period would allow more animals
to be tested per year with a given set of facilities.
Key Words: beef cattle, feed efficiency,
genetic parameters

023 Accuracies of genomic and pedigree based
predictions for swine litter size traits in Large
White and Landrace breeds. A. M. Putz"*, K. A.
Gray?, C. Maltecca', M. Knauer!, F. Tiezzi!, ‘North
Carolina State University, Raleigh, *Smithfield
Premium Genetics, Rose Hill, NC.

Breeding value accuracy of young animals is a key determi-
nant of achievable genetic gain. The objective of this study was
to compare the accuracy of prediction for young animals using
GEBYV from single-step GBLUP vs. traditional pedigree EBV
for litter size traits. Four years of sow performance data were
provided by Smithfield Premium Genetics (Rose Hill, NC) on
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4810 Large White and 4418 Landrace sows. Traits included:
total number born (TNB), number born alive (NBA), litter size
atd 5 (LSS), litter size at weaning (LSW), and number weaned
(NW). Litter size at d 5 and LSW were calculated by subtract-
ing preweaning mortalities with age <5 d or total deaths from
TNB, respectively, according to the biological litter. Number
weaned was recorded as the number of piglets that were re-
moved from the sow at the time of weaning. Genotyping was
completed with the [llumina Porcine 60k BeadChip. After edit-
ing, the total number of effective SNP was 32,719 and 31,350
for Large White and Landrace, respectively. The number of
animals genotyped for Large White and Landrace was 3264
and 1976, respectively. Accuracy of prediction was defined
as the correlation between adjusted phenotype with GEBV
and EBV for dams with genotypes, after accounting for the
effect of year-season, farm, and parity. Full datasets included
16 year-seasons over the 4 yr. Validation datasets included the
last 3 year-seasons of the full dataset; 29 and 27% for Large
White and Landrace, respectively. Heritability estimates for
TNB, NBA, LS5, LSW, and NW were 0.05, 0.06, 0.06, 0.06,
and 0.05 for Large White and 0.07, 0.07, 0.08, 0.09, and 0.07
for Landrace, respectively. The GEBV (EBV) accuracies for
Large White were 0.082 (0.073), 0.104 (0.085), 0.101 (0.096),
0.099 (0.107), and 0.058 (0.088) for TNB, NBA, LS5, LSW,
and NW, respectively. GEBV (EBV) accuracies for Land-
race were 0.101 (0.144), 0.118 (0.149), 0.210 (0.185), 0.269
(0.236), and 0.223 (0.192) for TNB, NBA, LS5, LSW, and
NW, respectively. Accuracies were greater for Landrace than
Large White and inconsistent between breeds for each trait.
Results showed that the GEBV had a greater correlation with
adjusted phenotype than EBV in 6 out of the 10 comparisons.
Further research will need to be completed to understand ac-
curacy of prediction in litter size traits for young animals.
Key Words: accuracy, litter size, piglet mortality

024 Improved accuracy of genomic prediction combin-
ing linkage disequilibrium and co-segregation
by fitting haplotypes in addition to SNP genotypes.
X. Sun’, R. L. Fernando, D. J. Garrick,
J. C. M. Dekkers, lowa State University, Ames.

In livestock populations, evidence has been increasing that
genomic prediction models that fit SNP genotypes (SNP
model) have high accuracy only when prediction candidates
are closely related with the training population. Further, in-
creasing SNP density generally has limited impact on pre-
diction accuracy. Results from field datasets suggest that
historical linkage disequilibrium (LD) between QTL and
SNP may be low because many QTL have low minor allele
frequency (MAF), while SNP used for genotyping typically
have moderate to high MAF. In these cases, prediction ac-
curacy comes mainly from cosegregation (CS) between QTL
and SNP that is implicitly captured by SNP genotypes. In this
study, fitting 1-cM haplotypes across the genome to explic-

Table 024. Average prediction accuracies and standard errors (in
parentheses) in the 1st (Genl) and 8th (Gen8) validation genera-
tion across 50 replicated datasets with different MAF of QTL and
the number of SNP per cM (No. SNP/cM). MAF of SNP were be-
tween 0.06 and 0.5.

No. SNP model SNP-haplotype model
MAF  SNP/

of QTL  ¢M  Genl Gen8 Decrease Genl Gen8 Decrease
0.01-0.5 20 0920 0.862 0.058 0918 0.859  0.059
(0.004) (0.010) (0.008)  (0.004) (0.010) (0.008)

0.01-0.06 20 0.815 0.637 0.178 0.849 0.708  0.141
(0.016) (0.035) (0.027)  (0.013) (0.032) (0.024)

0.01-0.06 200 0.861 0.663  0.198 0.895 0.753  0.142

(0.013) (0.038) (0.028)  (0.010) (0.031) (0.023)

itly capture CS information, in addition to fitting SNP geno-
types to capture historical LD information (SNP-haplotype
model), is proposed to improve accuracy when historical LD
between QTL and SNP is low. Datasets were simulated for
a pedigree with 13 nonoverlapping generations. The first 5
generations, with 2,455 individuals in total, were used for
training to predict breeding values for each of the following 8
generations, each with 600 individuals. Results showed that
the SNP-haplotype model had significantly higher prediction
accuracy across validation generations than the SNP model
when historical LD was low, but had similar accuracy as the
SNP model when historical LD was high. When the SNP den-
sity increased from 20 to 200 SNP per cM, the increase in
accuracy was greater for the SNP-haplotype model than for
the SNP model (Table 024). In conclusion, when historical
LD is low, the accuracy from the SNP model is mainly con-
tributed by CS information that is implicitly captured by SNP
genotypes. Fitting haplotypes increases accuracy under low
LD by explicitly capturing CS information. Increasing SNP
density substantially improves the CS information between
haplotypes and QTL, but has little effect on the LD between
QTL and SNP when they have different MAF.
Key Words: accuracy, co-segregation, haplotype

025 Comparison of a QTL versus marker effects
model for genomic prediction with training
across families, generations, or breeds.

J. Zeng', D. J. Garrick, R. L. Fernando, lowa
State University, Ames.

Accurate prediction of genetic merit of selection candidates
using dense marker genotypes requires a large training data-
set. In practice, the number of training individuals from the
same contemporary group as the selection candidates is usual-
ly limited. Thus, genotypic and phenotypic records from other
contemporary groups such as other families, generations, or
breeds are pooled together to increase the training size. How-
ever, association signals between contemporary groups may
not be consistent due to different linkage disequilibrium (LD)
patterns in founders and different co-segregation patterns in
nonfounders. Marker effects models such as GBLUP and
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BayesC do not account for the heterogeneous association sig-
nals across contemporary groups. Therefore, accuracy of pre-
diction may not improve with increasing training size. In this
study, a QTL effects model is developed to accurately model
the heterogeneous association patterns across contemporary
groups, where putative QTL are assumed in every centimor-
gan chromosomal segment. LD is modeled through the condi-
tional gene frequency at the putative QTL given the surround-
ing marker haplotypes in founders, which is assumed to be
the same for all contemporary groups from a breed. Co-seg-
regation is modeled by tracing the inheritance of the putative
QTL alleles along with the surrounding marker haplotypes in
nonfounders. The marker and QTL models were compared
using simulated training populations consisting of multiple
contemporary groups that went across families, generations,
or breeds, with candidates from a single contemporary group
that was not included in training. The simulated genome had
one 1-morgan chromosome with 20 QTL and 20,000 markers
that were segregating in the founders. Three scenarios were
simulated, where QTL and markers were in strong LD, weak
LD, or linkage equilibrium (LE) in the founders, while mark-
ers were always in LD. In the strong LD scenario, BayesC and
the QTL model had similar accuracy, which was up to 11.0%
higher than GBLUP with SE < 0.8% across 16 replicates, as
the number of contemporary groups for training increased. In
the weak LD scenario, the QTL model had accuracy up to
12.9% (SE < 0.8%) higher than BayesC and up to 17.7% (SE
<0.9%) higher than GBLUP. In the scenario with LE between
QTL and markers, accuracy from BayesC and GBLUP dimin-
ished with increasing number of families or breeds, whereas
accuracy from the QTL model was persistent and up to 39.7%
higher than BayesC and up to 40.5% higher than GBLUP (SE
< 1.7% for both). In conclusion, the QTL model had higher
accuracy of prediction when training population consisted of
multiple contemporary groups.
Key Words: combined training dataset, genomic
prediction, quantitative trait loci effects model

026 Genome-wide association and genomic prediction
of response to infection for two isolates of Porcine
reproductive and respiratory syndrome virus.

E. H. Waide'", N. V. L. Serdo', A. Hess',

R. R. R. Rowland?, J. K. Lunney?, G. S. Plastow?,

J. C. M. Dekkers', "lowa State University, Ames,
’Kansas State University, Manhattan, SUSDA, ARS,
BARC, APDL, Beltsville, MD, *University of Alberta,
Edmonton, Canada.

The Porcine reproductive and respiratory syndrome (PRRS)
Host Genetics Consortium and Genome Canada projects aim
to identify genetic loci associated with response to PRRS virus
(PRRSV) infection. The objective of this study was to analyze
data from 13 trials of ~200 nursery piglets infected with 1
of 2 PRRSV isolates, NVSL97-7985 (NVSL) and KS2006-

72109 (KS06). Phenotypes included weight gain (WG) from
infection to 42 d postinfection (dpi) and viral load (VL; area
under the curve of log-PCR viremia from 0 to 21 dpi). Piglets
were genotyped using the Illumina PorcineSNP60 Beadchip.
Previous results using the NVSL trials of this data identified a
large QTL on Sus scrofa chromosome (SSC) 4 that influenced
both VL and WG. Genomic association analyses of VL and WG
using all data and data from each PRRSV isolate separately
were performed using Bayes-B. Genomic prediction accuracies
were calculated as the correlation between genomic prediction
and phenotype preadjusted for fixed effects, divided by square
root of heritability. Marker-based heritabilities when analyzing
all data were 0.43 for VL (0.47 for NVSL; 0.53 for KS06) and
0.35 for WG (0.36 for each isolate). The SSC4 QTL explained
the largest amount of genetic variance for VL for both isolates
(13.4% for NVSL; 7.5% for KS06) and also for WG in the
NVSL trials, 10.8%. This QTL was not associated with WG in
the KSO06 trials (explained 0.11% of genetic variance), possibly
because KS06 is less virulent, resulting in lower VL than the
NVSL isolate. All other 1-Mb windows explained less than
2.2% (VL) and 3.6% (WGQ) of the genetic variance for both
isolates and were not consistent between isolates. Accuracies
of genomic prediction for KS06 data when training on NVSL
were 0.32 (VL) and 0.40 (WQ), respectively, while accuracies
for NVSL data when training on KS06 were 0.42 (VL) and
0.17 (WG). When the SSC4 QTL genotype was included as
a fixed-effect in the model and its correspondent 5-Mb region
was removed from the genomic analyses, accuracies for VL
based on the rest of the genome decreased to 0.14 for both
training data analyses but remained unchanged for WG. These
results show that there are genomic regions other than the SSC4
region that explain genetic variation in response to both PRRS
isolates and that genomic prediction of host response to PRRSV
infection for 2 isolates is possible. Support from PRRS-CAP,
USDA-NIFA 2008-55620-19132, Genome Canada, and the
breeding companies that provided pigs.
Key Words: genome-wide association study,
prediction, PRRS

027 A comparison of viremia profiles between piglets
infected with one of two isolates of Porcine repro-
ductive and respiratory syndrome virus. A. Hess'”,
Z.Islam?, R. R. R. Rowland’, J. K. Lunney*,

A. Doeschl-Wilson®, S. C. Bishop®, G. S. Plastow?®,

J. C. M. Dekkers', "lowa State University, Ames,
’Roslin Institute, University of Edinburgh, Edinburgh,
Scotland, *Kansas State University, Manhattan, *USDA,
ARS, BARC, APDL, Beltsville, MD, The Roslin Institute
and R(D)SVS, University of Edinburgh, Midlothian,

UK, ®University of Alberta, Edmonton, Canada.

Log serum viremia under Porcine reproductive and respiratory
syndrome virus (PRRSV) infection has been shown to be ap-
propriately modeled by the Wood’s curve, which is often used to




model lactation yield in dairy cattle. Previously, infection with
PRRSV isolate KS-2006-72109 (KS06) was found to result in
5.8 + 0.7 units lower viral load (VL), defined as area under the
curve of log viremia for 0 to 21 dpi, than infection with PRRSV
isolate NVSL-97-7895 (NVSL). The objectives of this study
were to: 1) compare 3 parameters that describe viremia profiles
based on the Wood’s curve between these 2 isolates of PRRSV,
and 2) estimate the heritabilities of these parameters for each iso-
late. The parameters were: time to peak viremia (TP), peak vire-
mia (PV), and rate of postpeak clearance (CL). This study used
data on 3 commercial crosses paired across 5 PRRSV infection
trials with NVSL and 3 trials with KS06, in which ~200 piglets
per trial were experimentally infected with virus at 28 to 35 d
of age. Viremia was determined from serum collected periodi-
cally from 0 to 42 d postinfection (dpi). A Wood’s curve and a
biphasic extended Wood’s curve were compared with identify
piglets with a rebound in viremia. To evaluate differences in TP,
PV, and CL between isolates, phenotypes for these parameters
were analyzed in a model in SAS (v.9.4) that included isolate,
parity, and rebound (yes or no) as fixed effects, age and weight at
infection as covariates, and trial, pen within trial, sire, and litter
as random effects. Compared with KS06, NVSL infected piglets
reached peak viremia 1.87 + 0.60 (P = 0.0161) d sooner, had
1.03 £ 0.15 (P =0.0002) log higher PV, and cleared viremia 8.91
+ 2.88% (P = 0.0170) more quickly. To estimate heritabilities
of these parameters, a similar model was run in ASReml 3.0 for
each isolate, replacing sire with the genetic effect of animal using
a within-breed genomic relationship matrix generated from the
PorcineSNP60 Beadchip, and excluding virus and trial within
virus. Heritability of TP was similar for NVSL (0.36 & 0.08) and
KSO06 infections (0.27 = 0.11). Heritability of PV for KS06 infec-
tions (0.43 £ 0.09) was triple that for NVSL (0.13 £ 0.07), and
heritability of CL was higher for NVSL (0.36 = 0.08) infections
than KS06 (0.22 + 0.10). This study shows that TP, PV, and CL
are moderately heritable, and differences in these parameters are
responsible for the difference in VL between NVSL and KS06.
This work was supported by Genome Canada, USDA ARS, and
breeding companies of the PHGC and PigGen Canada.
Key Words: pigs, PRRSYV, viremia profile

028 Genomic prediction of host response to co-infection
with PRRSV and PCV2b using a PRRSV-only
infected training population. J. R. Dunkelberger'”,
E. H. Waide', N. V. L. Serdo' J. K. Lunney?,

R. R. R. Rowland®, J. C. M. Dekkers!, Jowa State
University, Ames, °USDA, ARS, BARC, APDL,
Beltsville, MD, 3Kansas State University, Manhattan.

The objective of this study was to evaluate the accuracy of
genomic prediction of host response to co-infection with Por-
cine reproductive and respiratory syndrome virus (PRRSV)
and porcine circovirus type 2b (PCV2b) using a PRRSV-only
infected training population. The training dataset included 9
PRRS Host Genetics Consortium (PHGC) trials of PRRSV-

infected commercial crossbred nursery pigs: 6 trials infected
with the NVSL isolate (» = 1055) and 3 trials with the KS06
isolate (n = 528). The PRRS viral load (VL; area under the
curve [AUC] of log-PCR viremia from 0 to 21 d postinfection
[dpi]), and weight gain (WG) from 0 to 42 dpi were evalu-
ated. Effects of 40,813 SNP were estimated using Bayes-B
for the following training scenarios: NVSL trials, KS06 tri-
als, and all trials, with or without genotype for the WUR SNP
(previously associated with response to PRRSV infection) as
a fixed effect, to evaluate predictive ability of the remainder
of the genome. Data from an independent, unrelated PHGC
trial in which commercial nursery pigs (n = 203) were co-
infected with PRRSV and PCV2b were used for validation.
For the validation dataset, PRRS and PCV2b VL were defined
as AUC from 0 to 21 and 0 to 42 dpi, respectively, and were
preadjusted for fixed effects, including or excluding WUR.
Accuracy of genomic prediction was assessed as the correla-
tion between estimated and preadjusted phenotypes. Since the
training population was infected with PRRSV only, PCV2b
VL of the validation dataset was predicted using PRRS VL.
Pedigree-based heritability estimates in the validation data
were 0.17 = 0.15, 0.28 + 0.13, and 0 for WG, PRRS, and
PCV2b VL, respectively. When WUR was not fitted as a fixed
effect for the training data, prediction correlations were 0.14,
0.07,and 0.22 for PRRS VL, 0.11, 0.12, and 0.10 for WG, and
~0 for PCV2b VL when training on both isolates, NVSL, and
KSO06, respectively. When WUR was excluded from predic-
tions, corresponding correlations were 0.12, 0.14, and 0.11 for
WG, —0.03, —-0.11, and 0.03 for PRRS VL, and —0.13, —0.14,
and —0.03 for PCV2b VL. The latter negative correlations
with PCV2b VL may suggest a negative genetic correlation
between PRRS VL of a PRRSV-only infected population,
and PCV2b VL in a population co-infected with PRRSV and
PCV2b. In conclusion, genomic predictions from a PRRSV-
infected population appear to have some predictive ability for
host response in pigs co-infected with PRRSV and PCV2b.
This work was supported by the USDA ARS NIFA award
2012-38420-19286 and by PIC/Genus and Choice Genetics.
Key Words: PCV2b, pigs, PRRSV
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029 Selection for maintenance energy requirements
in mice: Lifecycle biological efficiency.
A. S. Bhatnagar®, M. K. Nielsen, University
of Nebraska, Lincoln.

Divergent selection for heat loss as an indication of mainte-
nance energy requirements in mice resulted in low (ML) and
high (MH) maintenance lines, and an intermediate control
line (MC) in 3 replicates. Improved individual feed efficiency
has been observed in ML mice, which would be economi-

13



cally beneficial in livestock species. However, previous work
showed evidence of unfavorable correlated responses in re-
productive performance and body composition of ML mice
compared with MH mice. Therefore, the objective of this
study was to use these lines to model a lifecycle similar to a
livestock production system and determine if these correlated
responses diminish the benefit of improved individual feed
efficiency by calculating lifecycle efficiency. Feed intake, re-
productive performance, productivity, and body composition
were recorded on 21 mating pairs and sampled offspring from
each line by replicate combination. Pairs were cohabitated at
7 wk of age and maintained for up to 1 yr unless culled, and
offspring were maintained from 21 to 49 d of age. Results
from mixed-model analysis of recorded data were used to cal-
culate total lean output of offspring and culled mating pairs
and total energy intake of offspring and mating pairs. Life-
cycle efficiency was calculated as the sum of offspring and
parent output divided by the sum of offspring and parent in-
put. Survival was measured as number of parities achieved by
a mating pair. Hypothetical parity distribution of 100 pairs at
equilibrium was calculated using survival analysis results as-
suming a maximum of 4, 8, or 12 parities, and efficiency was
calculated separately for each scenario. High maintenance
mice consumed 7 to 20% more feed for maintenance per unit
body mass than ML mice. Control mice had greater BW, total
numbers weaned, and weaning weights compared with MH
and ML animals, while there were no significant differences
between MH and ML mice for these traits. Control mice had
greater survival rates overall, although ML mice had great-
est survival rates up 5 parities, while MH mice had greater
survival rates in later parities. Although ML mice were more
efficient over a lifecyle than MH mice, they were nearly iden-
tical to MC mice due to poorer productivity. Differences in
BW and numbers weaned had the greatest effect on lifecycle
efficiency, therefore selection for reduced maintenance ener-
gy requirement should be utilized as part of selection indices,
which also include positive emphasis on output, or in terminal
sire lines, to minimize negative responses.
Key Words: feed efficiency, heat loss,
maintenance energy

030 Selection for feed efficiency: Direct and correlated
responses on production traits in two rabbit lines
selected under ad libitum and restricted feeding.
H. Gilbert"", L. Drouilhet!, J. Ruesche', A. Tircazes',
M. Theau-Clément!, T. Joly?, E. Balmisse!,

H. Garreau!, /INRA UMR1388 GenPhySE, F-31326
Castanet-Tolosan, France, ’ISARA-Lyon, F-69007
Lyon, France.

Two alternative traits to feed to gain ratio (feed conversion
ratio, FCR) were studied in growing rabbits to compare strate-
gies for the genetic improvement of feed efficiency: Residual
feed intake (RFI), to select low ad libitum feed intake inde-

pendently from production level, and ADG under fixed re-
stricted feeding (ADG,, 80% of ad libitum). One line has been
selected for each trait (Generations 0 to 9) from the same pop-
ulation GO. Records comprised about 2,450 rabbits per line,
for BW at weaning (30 d of age, BW30) and slaughter (63 d
of age, BW63) and feed consumption, ADG, FCR, and RFI
were computed. Heritability and genetic correlations were
computed, together with responses to selection in each line.
Selection criteria showed similar heritabilities (0.21 & 0.04 for
RFI, 0.29 + 0.05 for ADG,) and responses to selection in the
2 lines (-0.34 genetic SD, o7, per generation for RFI, +0.29
o?, per generation for ADG,). Responses to selection were
—0.30 o, per generation on FCR in both lines, and genetic
correlations with selection criteria were close to unity. Genetic
correlations between selection criteria and BW30 and BW63
differed between lines: estimates with BW30 and BW63 were
0.72+£0.33 and 0.10 = 0.17, respectively, with RFI, and —0.44
£0.19 and 0.63 £ 0.15 with ADG,. The genetic correlation in
the RFI line between RFI and ADG was —0.09 = 0.14. Conse-
quently, responses to selection were null on ADG and limited
on BW63 in the RFI line, whereas they were highly significant
in the ADG, line. To further examine responses to selection,
in Generation 9, the 2 selected lines have been compared with
the GO control population (using frozen embryos) under ad li-
bitum and restricted feeding by testing 30 individuals per line
and feeding level combination. All lines had the same BW30.
The ADG, animals fed ad libitum ate the same amount as GO
animals. When fed ad libitum RFI animals grew at the same
rate as GO rabbits and ADG, animals grew faster than these
groups (P < 0.001), whereas both selected lines grew faster
than GO animals when restricted (P < 0.001). As a result, de-
spite different feed intakes and BW63, independently from
the feeding level both selected lines had a similar improved
G:F (2.62 + 0.02) compared with the GO line (2.82 + 0.02).
Thus, the breeding objectives for BW at slaughter and feed in-
take are the key to choose a selection criterion to improve feed
efficiency, together with the feeding level during selection.
Key Words: average daily gain, feed efficiency,
residual feed intake

031 Statistical methods for eQTL mapping using
RNA-seq data. D. Velez-Irizarry”, C. W. Ernst,
R. O. Bates, P. D. Reeb, Y. L. Bernal Rubio,
N. E. Raney, J. P. Steibel, Department of Animal
Science, Michigan State University, East Lansing.

Mapping expression quantitative trait loci (eQTL) provides
insight into gene expression regulation. When RNA-seq (se-
quence) data is used to fit eQTL, proper statistical analysis
requires addressing issues such as: 1) Shrinking variance
component estimates to increase power of eQTL detection
in small samples, and 2) Accounting for population structure
to avoid spurious associations. The goal of this research is to
propose statistical models for eQTL analysis with applica-
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tion to crosses of outbred livestock populations. We used LM
RNA-seq and SNP genotype data for 24 female pigs from the
F2 generation of the MSU Duroc x Pietrain population. We
compared 2 analysis models. The first model is GBLUP-based
GWA, which fits all markers simultaneously, 1 transcript at a
time. The advantages of this model are that it can prescreen
transcripts by their heritability and account for population
substructure through the genomic relationship matrix. Its dis-
advantage is that fitting | transcript at a time does not result
in borrowing information across genes. An alternative is to fit
a differential expression model implemented in the package
LIMMA. LIMMA fits markers 1 at a time for all transcripts si-
multaneously. This provides the advantage of shrinking vari-
ance components and borrowing information across genes, at
the price of not being able to model random effects, thus, not
easily accounting for population stratification. To overcome
this limitation we propose fitting k = 4 principal components
(PC) of the relationship matrix as fixed effects, accounting
for 34% of relationship matrix variation. With GBLUP-based
GWA, the h? was not significantly different from 0 for any
transcript after correcting for multiple testing, thus there were
no eQTL detected. We attribute this to a flat likelihood surface
due to small sample size. On the other extreme, the LIMMA
model detected 33,000 eQTL (qvalue < 0.1) if PC were ex-
cluded, and 4,000 eQTL (qvalue < 0.1) when PC were fit as
fixed effects. Similarly, the number of putative hotspots de-
tected (markers associated with more than 1000 transcripts)
reduced from 14 to 4 when PC were fit. We hypothesize that
the difference is due to an excess of false positives when pop-
ulation structure is ignored. To test this hypothesis, we per-
formed permutation of phenotypes with respect to genotypes
and confirmed that including PC reduced the number of false
positive eQTL. We conclude that LIMMA had more power for
eQTL detection than GBLUP, but population structure needs
to be accounted for using PC.
Key Words: expression quantitative trait loci,
RNA-sequence, pigs

032 Evidence of RNA editing in pig longissimus
dorsi muscle. S. A. Funkhouser'”, J. P. Steibel?,
R. O. Bates?, N. E. Raney?, C. W. Ernst'?, Genetics
Program, Michigan State University, East Lansing,
’Department of Animal Science, Michigan State
University, East Lansing.

RNA editing refers to posttranscriptional modifications of
an RNA transcript (excluding processes such as splicing or
polyadenylation) that alter its sequence such that it no longer
reflects the corresponding DNA sequence. In swine, as in all
mammals, most RNA editing is thought to be catalyzed by ade-
nosine deaminase acting on RNA, which substitutes adenosine
for inosine in a site-specific and tissue-dependent manner. This
is observed as an adenosine to guanine edit of RNA with re-
spect to DNA in next-generation sequencing, where inosine is

converted into guanine during cDNA library preparation. Our
objective was to use next-gen sequencing data to identify po-
tential RNA editing sites in pigs. We used genomic DNA and
LM total RNA from an F2 pig from the Michigan State Uni-
versity Duroc-Pietrain resource population. Non-strand-specif-
ic polyA RNAseq data from LD was used to call candidate
RNA editing sites. Whole genome sequence was used to call
genotypes. DNAseq and RNAseq sequence reads were aligned
to SScrofa 10.2 using Bowtie 2 and TopHat, respectively. To
minimize mapping error, only high quality bases (Phred score
> 25) from uniquely mapped reads were used in the analysis.
Candidate editing sites were required to have homozygous
genotypes in DNAseq data, with a sequencing depth of at least
10 reads, with 95% or more of the reads in agreement. Five or
more RNAseq reads with an alternative allele were required to
give sufficient evidence for a possible editing event. A total of
686 candidate RNA editing sites were observed with A to G ed-
its being the most common. These sites were found across all
autosomes and the X chromosome, with the majority located
in upstream and downstream gene proximal regions, intronic
variants and untranslated regions. Since this analysis was done
using a non-strand-specific protocol, A to G and T to C sites
cannot be distinguished a priori; the combined frequency of
Ato G and T to C sites observed was 38.34%. Results of this
initial study indicate the overall composition of transcriptome-
wide RNA editing in swine resembles other studies in primates,
where A to G edit sites are the most common. In primates, RNA
editing levels have been associated with diseases such as ALS,
tumors, and depression. Future efforts are warranted to identify
RNA editing events in additional pig tissues, as well as deter-
mine the impacts of RNA editing on transcriptional regulation
and economically important phenotypes.
Key Words: ADAR editing, RNA editing,
transcriptional regulation

033 Effect of hair coat shedding on ADG in
weaned Angus calves. B. N. Richardson’,
A.J. Cross, J. P. Cassady, South Dakota State
University, Brookings.

A retained winter hair coat into the summer months of a sub-
tropical climate can be detrimental to cattle. Heat stress in cattle
from decreased evaporative cooling due to a dense winter coat
is a common occurrence in states that experience hot, humid
summers. Hair coat shedding (HCS) has previously been stud-
ied in Angus dams and calf weaning weight was shown to be
impacted by dam HCS (Gray et. al, 2011). A pilot study indi-
cated that calves that shed their winter hair coat earlier in the
summer were heavier and had greater ADG during late summer
months (Richardson and Cassady, 2013). The objective of the
current study was to further examine the relationship between
HCS and postweaning gain in calves. Data were available on
Angus calves (n = 211) grazing pasture at the Upper Piedmont
Research Station in Reidsville, NC, over 2 consecutive years.
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Calves were scored for HCS 3 times during the summer by 2
trained technicians using a 1 to 5 scale, with 1 being a slick,
summer coat and 5 being a full, winter coat. Body weight was
recorded at time of HCS. For analysis, calves were classified
into 1 of 3 groups based on HCS for Date 3. These groups rep-
resented an early (n = 74), middle (n = 73), and late shed groups
(n = 64). Data were analyzed using the Proc Mixed procedure
of SAS. The model included fixed effects of sex, year, and shed
group and random effect of sire. Traits analyzed were BW at
Date 3 and ADG from Date 2 to Date 3. Body weight was af-
fected by sex, year, and shed group, with calves in the early
shed group weighing 18.3 kg more than calves in the middle
shed group and 28.5 kg more than calves in the late shed group
(P<0.05). The ADG was affected by sex, year, and shed group,
with calves in the early shed group gaining 0.23 kg/d more than
calves in the middle and late shed groups (P < 0.05). It was con-
cluded that significant differences in calf growth were associ-
ated with hair coat scores. At current market prices, the 18.3 kg
difference in weight found between early shedding calves and
the middle shed group is worth more than $100.00 per animal.
Key Words: beef cattle, growth, heat stress

034 Estimation of the relationship between
intramuscular fat, testosterone, and scrotal
circumference in yearling Angus bulls.

J. T. Parham"", C. S. Whisnant?, G. B. Huntington?,
M. H. Poore?, K. A. Gray?, J. P. Cassady', 'South
Dakota State University, Brookings, >North
Carolina State University, Raleigh, *Smithfield
Premium Genetics, Rose Hill, NC.

The objective of this study was to estimate the correlation
between intramuscular fat (IMF), testosterone levels, and scrotal
circumference (SC) of Angus bulls. Angus bulls (n =317) were
put on an 84 d growth trial at an average age of 276.1 + 1.15d
with an ADG of 1.51 + 0.013 kg. The study was conducted in 5
replications over a 5 yr period. Bulls were weighed every 14 d,
and individual feed intake was recorded daily. During the first
and last week of the trial, SC was measured and blood samples
were taken for the purpose of measuring circulating plasma
concentrations of testosterone. At those same time points, a
certified ultrasound technician captured images which were later
evaluated by the National CUP Lab and Technology Center,
Ames, A, to predict IMF, 12th rib fat, and rump fat. Partial
correlations were calculated using 3 different statistical models.
Each model included the fixed effect of year. Testosterone,
IMF, and SC were adjusted using a regression covariate of
either d 84 BW, rib fat, or rump fat. Correlations that differed
from 0 (P < 0.01) were only consistent in traits adjusted for
rib fat. Correlations between SC and testosterone, IMF and
testosterone, and SC and IMF were 0.46, 0.42, and 0.59,
respectively. There were also correlations between testosterone
and IMF (0.12; P < 0.05) as well as SC and testosterone (0.23;
P <0.01) when adjusted for rump fat and IMF and testosterone

(0.19; P <0.01) when adjusted for 84 d weight. When adjusted
to a common rib fat there were positive, favorable correlations
among testosterone, IMF, and SC. This supports the existing
literature. Selection for increased IMF in Angus bulls would not
be expected to negatively impact testosterone or SC which are 2
important components of male fertility.

Key Words: beef cattle, fertility, intramuscular fat

035 The effect of calf sex on dam milk yield in
the New Zealand dairy cattle population.
M. K. Hayr'*, A. Hess!, D. J. Garrick?, ‘lowa
State University, Ames, *Massey University,
Palmerston North, New Zealand.

Studies in U.S., Canadian, and French dairy cattle have ignited
debate over whether the sex of calves influences milk yield of
their dams. North American studies have shown milk yield is
increased when either the calf born to initiate lactation or the
calf in utero during lactation is female. A French study found
a small effect of calf sex on milk yield in favor of males and
concluded that this effect was too small to have any real effect
on profit. The objectives of this study were to 1) investigate
whether the sex of the calf born at the beginning of the cur-
rent lactation or calf sex in neighboring lactations affects milk
yield in 274,000 New Zealand Holstein Friesian and 85,000
Jersey cows, and 2) determine whether including an effect for
calf sex in national evaluations is likely to affect selection re-
sponse. Lactations 1 to 3 were analyzed separately. An animal
model with fixed effects for herd-year and calf sex across the
first 3 or 4 parities was fitted. This model was expanded to
include a sex-specific slope for days-in-milk. Spearman rank
correlations of breeding values were calculated separately for
cows and bulls between the expanded model and an animal
model with herd-year as a fixed effect and days-in-milk as a
covariate. In the model ignoring days-in-milk, giving birth to
a female rather than a male in the current lactation was associ-
ated with an increase of between 0.24 + 0.09 and 1.1 = 0.45%
milk yield, depending on breed and lactation number. Calf sex
in the preceding parity had an effect on milk yield for second
lactation Holstein Friesians and third lactation Jerseys. There
were significant interaction effects between calf sex in differ-
ent parities in all lactations. After accounting for days-in-milk,
the main effect of calf sex was not significant except for second
parity calf sex in the second lactation Holstein Friesians. The
rank correlation between breeding values in the models that
included or ignored calf sex was 1.00 for both bulls and cows
in all lactations and both breeds. This indicates the calf-sex
effect was primarily attributed to decreased lactation length in
cows that gave birth to male calves, which can be attributed to
their increased gestation length. Lactation ceases for the whole
herd at once, so the delayed calving date will shorten lactation
length. Including information on calf sex is unlikely to have
any effect on selection response in New Zealand dairy cattle.
Key Words: breeding values, calf sex, milk yield
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036 Effect of litter size on piglet birth weight and
birth weight as an indicator of pig quality.
C. E. Abell’, R. Komenda, T. Rathje, DNA
Genetics, Columbus, NE.

Swine maternal line selection programs place large empha-
sis on litter size. Increasing litter size improves sow produc-
tion efficiency, but can reduce piglet birth weight. Piglet birth
weight is associated with survivability and growth rate. In-
creasing litter size while maintaining or improving pig quality
would maximize production efficiency and profitability for a
commercial swine operation. The objective of this study was
to determine the effect of litter size on birth weight and the ef-
fect of birth weight on growth rate and survivability. All fully
formed pigs, including stillborns (n = 7896), from 459 Duroc
and 248 Yorkshire litters born January to May 2013 at a single
farm in Nebraska were weighed at birth. The average birth
weight was 1.40 kg for Durocs and 1.21 kg for Yorkshires. Se-
lected pigs were put on-test at 79.6 (+4.9) d and taken off-test
at 151.1 (£23.8) d. Using a model with breed and sex as fixed
effects, a random litter effect, and birth weight and age as co-
variates, a 1 kg increase in birth weight was associated with a
3.54 kg (P = 0.03) increase in on-test weight. Using a similar
model for off-test weight, there was a 10.72 kg (P = 0.03)
increase in off-test weight for a 1 kg increase in birth weight.
The relationship between total born and piglet birth weight
was estimated using a model with fixed effects of breed and
sex, a random litter effect, and a covariate for total born. For
every 1 pig increase in total born, birth weight was reduced by
0.03 kg (P = 0.05). A generalized linear model with fixed ef-
fects for sex and breed, a random litter effect, and a covariate
for birth weight was used to analyze survival to weaning. Pigs
weighing > 1.5 kg had at least a 90% chance of survival to
weaning, and Yorkshire pigs had a higher chance of survival
compared with Durocs. Recognizing the relationship between
birth weight and litter size as well as later performance will al-
low swine genetic companies to focus on maintaining pig qual-
ity when selecting for increased litter size. Determining the
genetic correlations between birth weight, litter size, growth
rate, and survivability would be important if birth weight were
to be incorporated into a swine breeding program.
Key Words: birth weight, litter size, swine

037 Characterization and symmetry study of objective
feet and leg joint measurements in five separate
lines of maternal gilts. J. D. Stock"", B. E. Mote?,

T. J. Baas®, M. F. Rothschild?, K. J. Stalder!,
'Department of Animal Science, lowa State
University, Ames, *Fast Genetics Inc., Saskatoon,
SK, Canada, *lowa State University, Ames.

The objectives of this study were to characterize the feet and
leg joint angle measures from 5 replacement gilt lines and to
evaluate the symmetry between same angles from each leg pair.

In total, 319 maternal gilts at 21.6 + 1.8 wk average age (range
19 to 25 wk) were video recorded in a 3 d time span. In total,
1767 profile digital images (857 left and 910 right), and 671
rear stance digital images were extracted from the video record-
ings using computer software based on gilt body position and
image quality, resulting in an average of 2.7 left, 2.8 right, and
2.1 rear stance images per gilt. Joint angles for the knee, front
and rear pastern, hock, and rear stance were measured using the
angle feature in image analysis software. Mixed model equa-
tions were used to evaluate the effect of gilt line and age at mea-
surement (included as a continuous linear covariate) as well as
the symmetry of joint angle between the pairs of legs evaluated.
The average measurements for each joint angle are as follows:
knee 159.9 £ 3.2°, front pastern 56.5 + 7.0°, hock 140.1 + 7.4°,
rear pastern 58.3 + 7.8°, and rear stance 92.3 + 6.3°. Significant
differences (P < 0.05) between gilt genetic lines were observed
in the front and rear pastern angle measurements. Knee and
hock angles increased as age at measurement progressed (P <
0.05). Joint measurements were symmetric between the gilts
left and right legs (P > 0.05) except for the knee where a dif-
ference of 0.69 + 0.26° (P < 0.05) was observed with the right
being a higher degree angle. Results suggest that genetic line
may play a role in pastern angle differences, and most of the dif-
ference was observed in the rear legs. Results appear to suggest
that the knee should be measured separately on each gilts leg,
or could warrant further examination of the technique in which
the knee is measured. Further investigation is required about the
biological implications of the angle changes on the knee and
hock as age progress as well as knee asymmetry on replacement
gilts as they enter the breeding herd. The individual importance
of the range of these measurements will be evaluated using pro-
duction records upon completion of the gilts’ first parity.
Key Words: digital imagery, feet and leg
conformation, swine

038 Assaying the metabolic network of the bovine
rumen microbiome. 7. M. Taxis®, S. Wolff, C. Zhang,
J. Dai, R. D. Schnabel, J. F. Taylor, M. Kerley,
J. C. Pires, W. R. Lamberson, G. C. Conant,
University of Missouri, Columbia.

Diverse populations of microbes inhabit the ruminant’s diges-
tive system, helping to degrade substrates that are inaccessible
to the enzymes encoded in the host’s genome. Variation in the
metagenome is associated with factors including feed effi-
ciency, methane production, and overall animal health. Gene
transfer among microbes in rumen makes the taxonomic struc-
ture of the ecosystem an imperfect representation of its func-
tional structure. The objective of this study is to elucidate the
metabolic interface between the ruminal metagenome and the
host metabolic network. Rumen fluid samples were collected
from 2 crossbred steers fed a concentrate feedlot diet. DNA
was extracted using the QIAamp DNA Stool Mini Kit, librar-
ies were constructed, and shotgun sequencing was completed




on the [llumina GAII platform. Paired-end reads were quality
filtered. Filtered reads were compared with a reference data-
base of 16S rDNA genes. Reads with >97% sequence identity
defined operational taxonomic units (OTU), or groups of like
species. To infer the metabolic network of the metagenome,
all 6 frame-translations were computed from each paired-
end read. Any translation where both pairs had open reading
frames (ORF) longer than 45 AA in opposite orientations were
retained and queried against an enzyme database allowing
comparison of the animals’ similarity in OTU distributions
and ruminal enzymes. To assess the metabolic interface be-
tween the microbiome and the host animal, a host metabolic
network was defined. Using comparative genomics, bovine
orthologs of the human enzymes in MetaCyc were linked to
the microbial enzymes with a list of potentially shared metab-
olites. OTU distributions were not identical for the 2 animals,
Spearman’s p = 0.45 (P < 107); however, the metabolism of
the metagenomes was more similar, Spearman’s p = 0.93 (P
< 10719). A distance metric on the metabolic network was cal-
culated by using the list of metabolites potentially taken from
the microbiome by the host. While the 2 animals were quite
similar in copy number for enzymes with potential interac-
tions with the host metabolic network, they were more dis-
similar in more distant parts of the metabolic network. Thus,
the taxonomic studies of microbial ecosystems may overstate
the amount of functional variation in those ecosystems; how-
ever, despite this, the ecosystems do differ in their enzymatic
structure. The nature of those differences suggest that, even
when there is strong external pressure, it is possible to con-
struct ecosystem-scale metabolic networks that differ in their
composition but where those differences are partly masked by
a common metabolic interface.
Key Words: metabolic network, metagenomics

DAVID H. BAKER AMINO ACID
SYMPOSIUM

039 The influence and consequences of free versus
protein bound amino acids on the efficacy of
analytical methods. T. P. Mawhinney”, University
of Missouri, Columbia.

Analysis of sample protein-bound AA via acid hydrolysis and
chromatographic identification has long been the standard
method of quantitation for foods and feeds, and for an endless
list of other matrices. The Association of Official Analytical
Chemists, International (AOAC), Official Methods of Analy-
sis 982.30 (a,b,c) and 994.12 address the 3 separate basic steps
that go into the making of a final report of uncorrected results,
that is, acid hydrolysis, oxidation of cysteine and methionine
followed by acid hydrolysis, and tryptophan analysis. Little
difficulty is encountered with the analysis of free supplemen-

Table 040. Crude protein (added L-lysine HCI) of experimental
diets for each feeding phase (% as fed)

Phase C RCP1 RCP2 RCP3
1 20.64 (0.350) 18.82(0.512)  18.43 (0.549) 16.68 (0.716)
19.38 (0.334) 16.85(0.558)  16.50 (0.590)  14.70 (0.763)

16.75 (0.285)
14.99 (0.253)
17.98 (0.300)

14.68 (0.468)
13.05 (0.424)
16.60 (0.424)

14.08 (0.523)
12.61 (0.464)
16.20 (0.462)

12.48 (0.675)
11.11 (0.607)

2
3
4
5 14.60 (0.614)

tal AA, via AOAC Official Methods of Analysis 999.13, or
other more suitable method that addresses a specific sample
type. For samples possessing both free and protein-bound
AA, such as complex feeds, foods, rumen supplements and
samplings, digesta, hypoallergenic foods, and more, analyti-
cal quantitation of each necessitates difference methodologi-
cal approaches as significant underestimation of free AA and
total AA will result if solely analyzed by acid hydrolysis and
reported. This presentation will discuss the influence and con-
sequences of free vs. protein bound AA, their analytical out-
comes, the comparisons of amino acid hydrolysis curves and
methods of addressing them.
Key Words: amino acids, analytical methods

040 Effect of feed-grade amino acid supplementation
in reduced crude protein diets formulated
on a net energy basis on performance and carcass
characteristic of growing-finishing pigs.
J. K. Apple'”’, C. V. Maxwell!, T. C. Tsai', H. J. Kim!,
D. G. Cook!, K. J. Touchette?, J. E. Thomson?®, J. Less®,
J. J. Chewning’, ‘Department of Animal Science,
University of Arkansas Division of Agriculture,
Fayetteville, *’Ajinomoto Heartland, Inc., Chicago,
1L, *Evonik Degussa Corp, Kennesaw, GA, *Archer
Daniels Midland Co., Decatur, IL, *Swine Research
Services, Inc., Springdale, AR.

Barrows and gilts (n = 216) were used to test the effects of
feed grade AA supplementation of reduced crude protein
(RCP) diets (formulated on a NE basis) on performance and
carcass traits. Pigs were blocked by BW, and pens (3 barrows
and 3 gilts/pen) within blocks were assigned randomly to ei-
ther control corn-soybean meal diets (C) or 1 of 3 RCP diets
supplemented with feed-grade AA to meet standardized ileal
digestible (SID) AA ratios during each of the 5 feeding phases
(23 to 41, 41 to 59, 59 to 82, 82 to 104, and 104 to 127 kg
BW). Paylean (10 mg/kg) was included in all diets during the
last 3 wk of finishing. Pig BW and pen feed disappearance
were recorded at the end of each feeding phase to calculate
ADG, ADFI, and G:F. Additionally, 10th rib backfat depth
(10RFD) and LM depth (LMD) were measured ultrasonically
on 1 randomly selected barrow and gilt/pen at the end of each
phase. The ADG was similar (P > 0.22) among treatments in
Phases 1, 2, and 4, but decreased at the highest level of CP
(linear effect, P < 0.02) in Phases 3 and 5, as well as across
the entire feeding trial. The ADFI increased, then decreased
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Table 041.

Thermoneutral Heat stress Diet Environment
Item Control Low Control Low SEM P-value P-value
Sow FI, kg/d 5.20 5.56 4.28 4.28 0.26 0.299 0.011
Sow DBW, kg/d -0.30 -0.63 —0.84 —0.84 0.19 0.368 0.044
Piglet ADG, g/d 263.3 279.2 236.7 235.2 9.70 0.426 0.001
Sow DBF, mm —1.46 -2.74 -3.22 -2.17 1.01 0.680 0.445
WLE, d 7.68 7.22 7.00 5.67 1.13 0.777 0.971
HR, beats/min 69.38 69.87 89.98 91.00 7.23 0.960 0.042
RR, breaths/min 71.74 69.37 93.81 93.27 6.37 0.951 0.014
BT, °C 36.83 37.66 37.77 38.02 0.86 0.830 0.420
MUN, mg/dL 9.46 2.35 9.83 1.92 0.72 <0.0001 0.979
TMP, % 4.47 4.29 4.64 4.55 4.30 0.184 0.028
Ammonia g/d 34.2 11.2 26.8 12.9 2.9 <0.0001 0.351

(quadratic, P = 0.06) at the highest level of CP reduction dur-
ing Phase 2, but reductions were greater in pigs fed RCP3
diets during Phases 4 and 5, and across all 5 feeding phases
(linear effect, P < 0.02). Feeding RCP diets reduced G:F dur-
ing phase 3 (linear, P = 0.05), but increased G:F (linear, P =
0.06) across the feeding trial. Linear increases (P < 0.07) in
10RFD with decreasing dietary CP were observed at the end
of each feeding phase, whereas LMD was reduced (linear, P
= 0.06) by RCP diets only at the end of Phase 4. Results sug-
gested that CP can be replaced with feed grade AA to meet the
requirement of the first 5 limiting AA (RCP2) without nega-
tively impacting growth performance or carcass traits when
diets are formulated on NE basis; however, further CP reduc-
tions resulted in more variable performance.

Key Words: amino acid supplementation, performance,

reduced crude protein, swine

041 Impact of reduced dietary crude protein
concentration with crystalline amino acid
supplementation on lactation performance and
ammonia emission of sows housed under thermo-
neutral and thermal-heat stress environments.

D. Chamberlin'*, W. J. Powers!, D. W. Rozeboom!,
T. M. Brown-Brand!?, S. Erwin!, C. Walker!,

N. L. Trottier', ‘Michigan State University,

East Lansing, °USDA, ARS, U.S. Meat Animal
Research Center, Clay Center, NE.

The objective of this study was to test the hypothesis that
feeding a diet containing lower dietary CP and supplemen-
tal crystalline AA (CAA), compared with a diet meeting Lys
requirement without supplemental AA, reduces ammonia
emission and maintains lactation performance in sows housed
under thermo-neutral and thermal-heat stress environments.
Thirty-six multiparus sows were allocated to a 2 % 2 factorial
arrangement of 2 temperatures, thermo-neutral (21°C; TN)
and heat stress (31.5°C; HS), and 2 diets, 17.16 (Control) and
11.82% CP (Low), in a randomized complete block design.
The HS sows were acclimated during late gestation to increas-
ing temperature from 21 to 31.5°C. During lactation, tempera-
ture for HS sows were incrementally changed (24 to 31.5°C
and 31.5 to 24°C) from 0500 to 1500 and 1800 to 0500, re-

spectively. Control diet met the standardized ileal digestible
(SID) Lys requirement with no added CAA, and Low diet
contained added crystalline Lys, Thr, Trp, Val, and Phe. Com-
pared with Control, piglet ADG, sow feed intake (FI), true
milk protein (TMP), weight loss (DBW), heart rate (HR), and
respiration rate (RR) of Low sows did not differ. Compared
with Control, MUN and ammonia emissions decreased for
sows fed Low (P < 0.0001). Change in back fat (DBF), body
temp (BT), and days postweaning to estrus (WtE) did not dif-
fer between diets. Compared with TN, DBW, HR, and RR of
HS sows were greater (P < 0.05). Compared with TN, piglet
ADG of HS sows was less (P <0.05). In conclusion, feed-
ing reduced CP diet to lactating sows improved N utilization
and did not impact lactation performance of sows under either
thermo-neutral or thermal-heat stress environments. These
results indicate that reduction of dietary CP in conjunction
with aggressive CAA supplementation may be implemented
for lactating sows to mitigate ammonia emissions while main-
taining lactation performance.
Key Words: amino acid, ammonia emission, SOw

042 Leucine supplementation to improve the efficiency
of utilization of dietary protein for lean growth.
T. A. Davis®, D. A. Columbus, R. Manjarin,
M. L. Fiorotto*, USDA/ARS-Children s Nutrition
Research Center, Baylor College of Medicine,
Houston, TX.

Most premature infants experience extrauterine growth re-
striction by hospital discharge and many remain small to
adulthood. Similarly, early weaning of piglets may reduce
food intake resulting in growth faltering. Thus, strategies are
needed to improve the efficiency of utilization of dietary AA
for lean growth in early life. Studies in the neonatal pig model
have shown that the sharp increase in muscle protein synthesis
after eating is mediated by the rise in AA and insulin. Amino
acids and insulin induce protein synthesis by activating in-
dependent signaling pathways that converge at mechanistic
target of rapamycin complex 1 (mTORC1), leading to the ac-
tivation of key regulators of translation. Leucine is the most
effective single AA in triggering translation initiation factor
activation. Acute parenteral leucine administration at physi-
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ological levels increases muscle protein synthesis in neonatal
pigs and this effect is due to the activation of mMTORCI and its
downstream targets, including eukaryotic initiation factor 4E-
binding protein 1 and ribosomal protein S6 kinase- 1. Although
acute administration of the other branched-chain amino AA,
isoleucine and valine, is less effective, the leucine metabo-
lites, a-ketoisocaproic acid and B-hydroxy-p-methylbutyrate,
stimulate muscle protein synthesis by activating mTORCI1-
dependent translation to the same extent as leucine. The
stimulation of protein synthesis by parenteral leucine can be
sustained for prolonged periods, but requires the maintenance
of the supply of other AA to support protein synthesis. Pul-
satile administration of leucine during continuous orogastric
feeding of a milk replacer enhances muscle protein synthesis
by stimulating translation initiation. Enteral leucine supple-
mentation of a low protein meal stimulates protein synthe-
sis to the same extent as a high protein meal but this effect
diminishes with more prolonged supplementation. Whether
the anabolic effects of leucine can be sustained chronically
to promote lean growth requires further study. Supported by
NIH AR444474, NIH HD072891, USDA NIFA 2013-67015-
20438, and USDA/ARS 6250-51000-055.
Key Words: amino acids, growth, muscle

043 Amino acid nutrition of lactating dairy cows:
Applying the concept of ideal protein.
C. G. Schwab®, Schwab Consulting, LLC,
Boscobel, WI.

The dairy industry has been slowly developing and adopting
the ideal protein concept. Research beginning over 40 yr ago
has established Lys and Met as generally the 2 most limit-
ing AA, and that the sequence and extent of their limitation
is determined by the amount and AA composition of rumen
escape feed protein. The first computerized model to predict
directly the “content” of AA in duodenal protein was the AA
submodel of Rulquin et al. (1998), which used the INRA
(1989) PDI system to predict flows of protein fractions. The
second was the AA submodel in NRC (2001). While differ-
ent approaches were used for predicting the AA composition
of duodenal protein, both models provided for a true integra-
tion of the AA submodel with the protein model and allowed
for minimal biases of prediction. Dose-response relationships
were subsequently developed for both models that related
changes in predicted concentrations of Lys and Met in digest-
ible protein to measured changes in milk protein production.
This was the first step in defining the ideal profile of absorbed
AA in lactating cows. By using these models and balancing
for the model-determined optimal levels of Lys and Met in
digestible protein, field nutritionists have been able to take
the first step in applying the concept of ideal protein in ra-
tion formulation. After its release, the NRC model was used,
in conjunction with published experiments with measured

yields of milk and milk components, to arrive at initial esti-
mates of Lys and Met requirements. The resulting regression
equations have been implemented in Formulate2, a ration for-
mulation program that is fully compliant with the NRC 2001
model. Based on field observations, this has been a huge step
forward in balancing diets for Lys and Met. By integrating
data from experiments in which individual and combinations
of AA were infused postruminally in dairy cows, Canadian
researchers have proposed ideal profiles of absorbed AA for
lactating cows when using the NRC model. Researchers are
debating how to further develop and validate the concept of
ideal protein for lactating cows. There are several reasons for
this and these will be discussed. While progress in developing
the concept of ideal protein has been slow, it is known that
an improved balance of digestible AA increases efficiency of
utilization of AA for milk protein production and reduces need
for rumen escape feed protein.

Key Words: amino acids, ideal protein,

lactating dairy cows

044 Amino acid nutrition and immunophysiology.
R. N. Dilger*, University of Illinois, Urbana.

Immune activation and the acute-phase response following
infection produces a coordinated reduction in feed intake and
growth performance in livestock species. As such, whole-body
protein metabolism is altered to repartition AA away from syn-
thesis of skeletal muscle protein and toward the production
of specialized immune cells and proteins. In addition to the
nonspecific symptoms associated with infection, normal gas-
trointestinal function may be compromised due to decreases
in nutrient digestion and absorption, especially if the animal
is exposed to an enteric pathogen. From a nutritional perspec-
tive, these circumstances are quite challenging to manage be-
cause not only do sick animals consume less feed, but they
experience shifts in AA metabolism, which are expensive from
a livestock production standpoint. Therefore, it will become
increasingly important to develop dietary strategies that can
potentially prevent or alleviate performance losses during and
after an infective period. In broiler chickens, coccidiosis is an
economically-important disease resulting from infection of
any 1 of 9 Eimeria protozoan parasitic species. Our labora-
tory has recently focused on how acute immune activation due
to Eimeria infection influences metabolic priorities of AA for
the bird during and after infection. Key outcomes measured in
this research include growth performance, markers of skeletal
muscle protein breakdown, plasma carotenoid and proinflam-
matory cytokine concentrations, and ileal AA digestibility co-
efficients. We hypothesize that aligning the dietary AA profile
with the composition of acute-phase proteins synthesized dur-
ing an acute Eimeria infection will minimize growth perfor-
mance deficits. Perhaps owing to the mismatch between AA
compositions of skeletal muscle and acute-phase proteins,
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early evidence suggests dietary supplementation of phenylala-
nine, tyrosine, tryptophan, and serine can improve growth per-
formance of birds during an acute coccidiosis infection, even
when serum «-1-acid glycoprotein, an important acute-phase
protein, remains elevated. Finding ways to manage the mag-
nitude and duration of an acute inflammatory response is key
to maximizing productive performance and profitability, and
progress may occur by focusing on the postinfection (i.e., com-
pensatory gain) period with regard to dietary AA strategies.
Key Words: amino acids, chicken, immunology

045 Lactation performance in sows fed diets with
graded levels of crystalline amino acids
as substitute for crude protein at lysine
requirement. D. Chamberlin®, D. W. Rozeboom,
S. Erwin, N. L. Trottier, Michigan State University,
East Lansing.

The objective of this study was to test the hypothesis that
lactation performance of sows fed diets containing 3 and 6%
less CP will not differ, when supplemented with crystalline
amino acid (CAA) to meet standardized ileal digestible (SID)
requirement, compared with a diet solely based on protein-
bound AA. Multiparous purebred Yorkshire sows (n = 48)
were allocated to 1 of 3 dietary treatments: 17.16 (Control),
14.48% (MCP), and 11.82% CP (LCP), in a randomized com-
plete block design. Diets were formulated to meet the SID Lys
requirement. Control diet did not contain CAA and exceeded
SID requirement in all other AA. The MCP and LCP diets
contained the following CAA: Lys, Thr, Trp, and Val, in ad-
dition to Phe for LCP diet only. Voluntary feed intake was
measured daily. Sow and piglet BW were measured on d 0, 3,
6,9,12,15, 18, and 21, and milk samples collected on d 4 and
16. Data was analyzed as a randomized complete block de-
sign with parity, day, and diets as fixed classification effects,
and sow as random effect. Compared with Control, voluntary
feed intake (kg) of sows fed MCP and LCP did not differ (P =
0.373), and was 5.85, 5.64, 5.66 (+ 0.1150) for Control, MCP,
and LCP, respectively. Compared with Control, piglet ADG of
sows fed MCP and LCP did not differ (P = 0.757) and were
(g/d)263.5,277.2,and 274.0 (+13.9, respectively). Compared
with Control, milk urea nitrogen (MUN, mg/dL) decreased (P
< 0.001) for MCP and LCP, and was 8.57, 6.85 and, 2.94mg/
dL (£0.93), respectively. In conclusion, feeding reduced CP
diets with CAA supplementation did not impact lactation per-
formance and reduced MUN. These results are the first to sug-
gest that aggressive CAA can be implemented in lactating sow
diets to optimize N utilization.
Key Words: amino acid, lactation, sow

|
EXTENSION—BEEF/SMALL RUMINANT

046 Collection method affects hay waste estimates.
D. J. Tomczak!", N. E. Mertz!, W. J. Sexten?,
IUniversity of Missouri, Columbia, *Division of
Animal Sciences, University of Missouri, Columbia.

Two waste collection methods, cumulative (CUML) and
daily (Daily), were used to evaluate differences in hay waste
estimates. Small (128.3 + 3.19 c¢cm), Medium (160.7 + 6.38
cm), or Large (187.7 + 3.52 cm) tall-fescue round hay bales
(85.5% DM, 8.2% CP, 66% NDF, 152 cm wide) were placed
in hay feeders equipped with cradle chain (CONE) or without
(RING) in a 3 x 2 factorial design randomly assigned to a 6
x 6 Latin square. Bale replacement intervals (Small = 2 d,
Medium = 3 d, Large = 5 d) ensured ad libitum hay access.
Waste was collected daily or at bale replacement as the Latin
Square subplot. Bales were placed on flat end in round bale
feeders (230 cm diameter, 170 cm height) with 16 feeding
stations and metal sheeting on top (50 cm) and bottom (60
cm). We hypothesized hay waste estimates would not differ
due to collection method. CUML increased waste compared
with DAILY as percentage of initial bale (20.8 vs. 17.3%,
P = 0.005), percentage of disappearance (37.6 vs. 30.0%, P
= 0.01), and average kg - animal™ - d' (3.46 vs. 2.93, P =
0.005). Collection method x feeder (P < 0.01) and collection
method x bale size (P < 0.02) interactions were observed for
dry waste as percentage of total waste and average kg - ani-
mal! - d’!. Interactions resulted from a greater magnitude of
difference between CUML and DAILY as total waste amount
increased for percentage dry waste and average dry waste kg
- animal™' - d! estimates. Clean, contaminated and total waste
ash content was greater for CUML than DAILY (P < 0.05).
CUML waste having greater ash content than initial bale sug-
gests increased contamination could increase waste estimate.
Different conclusions were reached when analyzing CUML
compared with DAILY due to greater variance in CUML es-
timate. In conclusion, CUML is a more variable estimate and
increased contamination increases waste estimation.
Key Words: bale feeder, collection method, hay waste
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047 Relationship between preweaning gain, age at
puberty, and reproductive tract development
in Angus heifers. R. A. Cushman'*, A. K. McNeel,
E. C. Wright-Johnson', O. L. Amundson?,

S. C. Tenley?, E. L. Larimore?, B. N. Richardson?,
C. C. Chase, Jr.!, G. A. Perry*, A. S. Cupp?,
'USDA, ARS, U.S. Meat Animal Research Center,
Clay Center, NE, *South Dakota State University,
Brookings, $University of Nebraska-Lincoln,
Lincoln, *“Department of Animal Sciences, South
Dakota State University, Brookings.

Beef heifers should initiate reproductive cycles by 12 mo of
age to ensure multiple estrous cycles before the start of the
breeding season to maximize fertility. Previous research indi-
cated that preweaning gain positively influenced the onset of
puberty and antral follicle numbers. Therefore, the objective
of the current study was to examine differences in ADG and
reproductive tract development between heifers that attained
puberty before or after 12 mo of age. Angus heifers born in
the spring of 2012 (n = 84) and 2013 (n = 115) were weaned
and developed in a feedlot to attain 55% of estimated mature
weight by the start of the breeding season. From March (322.3
+ 1.3 d) until May, heifers were examined monthly (age) by
ultrasonography to determine pubertal status, antral follicle
count, ovarian size, and uterine horn diameter. Heifers were
classified as those that reached puberty prior to 12 mo of age
(n = 65) and those that reached puberty after 12 mo of age
(n = 134). Average daily gain and BW were analyzed using
the MIXED procedure of SAS with pubertal group as a fixed
effect and year as a random effect. Antral follicle count and
development of the reproductive tract were analyzed using
the MIXED procedure of SAS with age, pubertal group and
the interaction as fixed effects, and heifer and year as random
effects. Body weights, postweaning ADG, and age were not
different between pubertal groups (P > 0.05); however, pre-
weaning ADG was greater for heifers that achieved puberty
by 12 mo than those that did not (P = 0.03; 0.91 £ 0.02 vs.
0.87 +0.03 kg/d). There was a significant effect of age on an-
tral follicle count and ovarian size (P < 0.01), but these traits
did not differ between heifers that attained puberty before 12
mo and those that did not (P > 0.05). There was a tendency
for an interaction of age and puberty group on uterine horn
diameter, such that heifers that attained puberty before 12
mo had a greater uterine horn diameter at a younger age (P =
0.06). These data indicate that preweaning ADG and uterine
horn diameter are better predictors of puberty than age or BW.
Since selection on BW increases cow size, replacement heif-
ers should be selected using assessment of reproductive tract
development rather than BW.
Key Words: beef heifer, puberty, reproductive tract
development

048 Factors affecting the adoption of grazing systems
and grass-based management by beef and
sheep producers in Ohio. J. S. McCutcheon'”,
L. W. Morton?, H. N. Zerby?, S. C. Loerch?®, L. Miller?,
F. L. Fluharty®, /The Ohio State University, Mount
Gilead, OH, *lowa State University, Ames, *The
Ohio State University, Columbus, OH, “The Ohio
State University, Wooster, OH, *Small Farm Institute,
Millersburg, OH.

Relying solely on forage for livestock production (grass-
based) is a system for raising animals to a marketable weight
in many parts of the world, yet adoption of the practice is not
common in the United States. A random-sample mail survey
sent to Ohio beef and sheep farmers was used to determine
what influences the decision to adopt grass-based management
and the adoption of the associated use of a grazing system. A
response rate of 45% resulted in 344 usable surveys. Logis-
tic regression procedures were used to analyze the underlying
factors that influence a decision to use grass-based manage-
ment or use a grazing system. Producer demographic informa-
tion including, age, number of beef cows managed, number
of feeder calves sold, number of finished beef sold, number
of ewes managed, number of market lambs sold at less than
41 kg or from 41 to 54 kg, number of hectares owned, and
income were used to create dummy binary variables for both
logistic regression analysis. Factor scores created from prin-
cipal component analysis of 4 separate questions used in the
survey to determine underlying conceptual factors postulated
to influence the decision of adoption were also included in the
logistic regressions. Only 18% of the respondents identified
their operation as grass-based while 73% of respondents iden-
tified their operation as using a grazing system. Factors found
to influence the adoption of both grass-based management and
use of a grazing system (P < 0.05) were the respondent’s per-
ception of the importance of pasture, their social interactions,
and management of beef cows. Factors that were not a signifi-
cant (P > 0.05) influence in the adoption of both grass-based
management and use of a grazing system were age, number
of feeder calves sold, number of finished beef sold, number of
ewes managed, number of market lambs sold, number of hect-
ares owned, and income. Results from the analysis indicate
that adoption of grass-based or grazing systems by ruminant
livestock producers in Ohio are producer specific and not just
an economic decision.
Key Words: beef, grass-based, sheep
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049 Comparison of the host immune response to the
footrot pathogenic bacteria in different genotypes
of Katahdin sheep. S. Azarpajouh'’, T. Wuliji?,

A. Bax?, 'Department of Animal Sciences, University
of Missouri, Columbia, *Department of Agriculture
& Environmental Sciences, Lincoln University,
Jefferson City, MO.

Polymorphism at the DQA2 and DQA2-like loci located with-
in the Major Histocompatibility Complex (MHC) was utilized
to develop a gene marker screening test to identify resistant
and susceptible genotypes for Katahdin ewes. The objective
of this study was to compare the host immune response by
IgG to Dichelobacter nodosus in footrot resistant vs. suscep-
tible genotype for sheep. Fifty-four Katahdin ewes, 18 each of
high resistant footrot gene markers (HR), medium resistance
(MR), and low resistance (LR), were selected. Ewes were di-
vided into control and treatment groups. Cultures of D. nodo-
sus were inoculated to the interdigital skin of the treatment
group and held there with bandages for 7 d. Blood samples
were collected for 5 wk to measure the immune response.
The blood collected in a Vacutainer (10 mL) from the jugular
vein of sheep in both control and treatment groups during the
footrot pathogenic challenge was centrifuged at 2000 RPM
for 5 min to separate the serum. The IgG level (mg/mL) was
measured by using an Enzyme-linked immunosorbent assay
(ELISA) kit (GenWay, Biotech, Inc.). The data were analyzed
by using mixed model procedures of SAS and P < 0.05 was
considered as significant. The IgG level in sera (mg/mL) was
not different (P = 0.45) among different marker groups, and
between the beginning and the end of trial (P > 0.05). The
IgG level in sera of both treatment and control groups was in
the normal range (7.6 to 40 mg/mL), however; it was greater
in treatment than control group (P < 0.0001). Since no active
infection happened in animals, the IgG level in sera remained
in the normal range in both control and treatment groups and
the higher level of IgG in treatment group might be due to
bacteria inoculation or higher stress perception.
Key Words: footrot, genotype, sheep

050 Heifer intake and feed efficiency as indicators
of cow intake and efficiency. C. Cassady'”,
J. Adcock!, K. M. Retallick?, D. W. Shike!, ‘University
of lllinois at Urbana-Champaign, Urbana, *California
Polytechnic State University, San Luis Obispo.

Objectives were to determine the relationship between post-
weaning feed efficiency and intake in heifers, and subsequent
cow performance and reproduction as 2-yr-old cows. Post-
weaning DMI, ADG, and backfat were evaluated on Angus
and SimAngus heifers (n = 511) over a 5-yr period. Heifers
received similar forage-based diets, and individual DMI were
recorded using the GrowSafe (Airdrie, AB) system. Residual
feed intake (RFI) and residual BW gain (RG) were calculated.

Heifers were classified into high, medium, or low RFI, RG,
and DMI groups. Cow forage DMI, hip height, BW, BCS, and
backfat via ultrasound were recorded at 60 d (lactating) and
240 d (dry) postpartum; 24-h milk production was estimated
at 60 d. Cow predicted DMI was estimated by regressing DMI
on metabolic BW, backfat, and 24-h milk production. Cow ef-
ficiency (cow_RFI) is the difference between actual and pre-
dicted DMI. The RFI classification did not affect (P > 0.12)
reproductive traits; calf birth or weaning BW; cow BW, milk
production, backfat, or BCS. Cows, classified with the most
desirable heifer RFI, had reduced DMI (P < 0.01) and most
desirable cow RFI (P < 0.01) during lactation. Similarly,
during the dry phase, cows within the low heifer RFI group
tended (P = 0.06) to eat less when compared with cows in the
high heifer RFI group. The RG classification did not affect
(P > 0.06) reproductive traits; calf birth or weaning BW; cow
BW, hip height, BCS, milk production, backfat, cow RFI, or
DMI. Heifers, classified as low DMI, were less frequently
(P <0.01) kept as replacements compared with medium and
high DMI heifers, and were younger (P = 0.04) at first calving
compared with heifers classified as high DMI. Calves from
cows, classified as high DMI heifers, had the greatest (P <
0.01) birth BW; yet, there were no differences (P = 0.47) in
weaning BW. Intake classification had no effect (P > 0.24)
on cow BCS, backfat, or milk production. Cows, classified as
low DMI heifers, weighed the least (P = 0.02) compared with
cows from other heifer DMI groups. Cows, classified as high
DMI heifers, had greater (P < 0.01) hip heights than cows
within the low DMI group, the medium DMI group was in-
termediate. Cows, classified as low DMI heifers, had reduced
(P <0.02) DMI and improved (P = 0.04) cow_RFI compared
with cows within the high heifer DMI group, the medium
heifer DMI group was intermediate. This study suggests that
selection for improvements in heifer RFI can result in reduced
cow DMI without compromising production traits.
Key Words: beef cow, efficiency, intake,
residual feed intake

051 Ensiled high moisture corn stover as an
alternative forage in gestating and lactating
beef cow diets. W. T. Meteer”, W. C. Meteer,
W. P. Chapple, D. W. Shike, University of lllinois
at Urbana-Champaign, Urbana.

The objective of this study was to evaluate ensiled high-mois-
ture corn stover (HMCS) as an alternative forage in gestating
and lactating beef cow diets. In Exp. 1, multiparous Simmental
and Angus x Simmental cows (n = 96) in mid to late gesta-
tion were utilized. A randomized complete block design was
used with cows blocked by BW. Dietary treatments were: 1)
60% HMCS, 25% ground cornstalks, and 15% corn gluten
feed (STALK); 2) 60% corn silage, 25% ground cornstalks,
and 15% corn gluten feed (SIL); and 3) 60% hay, 25% ground
cornstalks, and 15% corn gluten feed (HAY). Diets were limit-
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fed from 108 + 14 to 38 = 14 d prepartum to achieve a DMI of
1.5% BW. In Exp. 1, BW gain was greatest (P < 0.01) for cows
fed SIL, intermediate for cows fed STALK, and least for cows
fed HAY (63 kg vs. 34 kg vs. 17 kg). While all cows started
and ended the trial in good body condition, cows fed SIL and
cows fed STALK had a greater (P =0.04) increase in BCS than
cows fed HAY. Feed cost, in order from least to greatest, was
STALK ($1.33-cow!-d!), HAY ($1.66:cow!-d™!), and SIL
($1.68-cow!-d!). Manure analysis indicated no difference (P
>0.17) in N, P, or K between treatments. In Exp. 2, lactating
Simmental and Angus x Simmental cows (n = 79) were ran-
domly allotted at calving to 2 treatments: 1) 75% HMCS, and
25% dried distillers grains (DDGS) on a DM basis (STALK?2);
and 2) 70% corn silage and 30% DDGS (SIL2). Diets were
limit fed to achieve NRC requirements for maintenance and
lactation; thus, cows fed STALK2 received 15.3 kg total DM,
whereas cows fed SIL2 received 12.7 kg total DM. In Exp. 2,
BW gain was greater (P < 0.01) for cows fed SIL2 compared
with cows fed STALK?2 (32 kg vs. —6.0 kg). No differences (P
> 0.16) were detected in BCS change, milk production, or sub-
sequent Al conception rates. Feed cost for cows fed STALK2
was calculated at $1.77-cow!-d™!, while SIL2 was calculated
at $2.16-cow'-d"". Ensiled HMCS may serve as an alternative
forage for feeding gestating beef cows. While lactating cows
fed ensiled HMCS had poorer BW gain than cows fed corn
silage, the reduced feed cost of HMCS warrants more investi-
gation into its use in lactating beef cow diets.
Key Words: alternative forage, beef cow, corn stover

052 Long term effect of corn residue grazing on
crop yields. M. E. Drewnoski®, J. C. MacDonald,
G. E. Erickson, K. Hanford, T. J. Klopfenstein,
University of Nebraska, Lincoln.

A 36 ha irrigated field was used to study long term effects
of grazing corn residue on crop yields. Half of the field was
planted to corn and the other half was planted to soybeans, and
crops were alternated yearly. Each half was divided into 2 rep-
licates of 3 grazing treatments beginning in 1997: 1) fall and
winter grazed (FG) in November to mid-February, 2) spring
grazed (SG) in mid-February to April, and 3) not grazed (NG).
Calves (227 to 319 kg BW) were stocked at 3 hd/ha in FG and
3 hd/ha in SG up until 2000 (5 yr) and then increased to 7.4
hd/ha in SG. For FG, no-till planting was utilized throughout
the 16 yr. However, yield data in FG is only available from the
harvest of 2004 through 2013 (10 yr). Within the SG and NG,
3 tillage treatments: no-till, ridge-till or spring disk-till, were
imposed after corn with no-till being used following the soy-
bean crop. These tillage treatments were maintained through
2007, at which time only the no-till treatments were contin-
ued. Therefore, the comparison of SG vs. NG under no-till is
available for 16 yr, the split plot comparison of SG vs. NG un-
der 3 tillage strategies is available for 9 yr, and the comparison
of SG, FG, and NG under no-till is available for 10 yr. No in-

teraction (P > 0.55) between tillage and grazing was observed
for soybean or corn yield. Across all tillage treatments, SG of
corn residue increased (P < 0.01) soybean yields and had no
effect (P = 0.58) on corn yields. Similarly, over 16 yr, SG un-
der no-till increased (P = 0.03) soybean yields (3.90 vs. 4.00 +
0.036 t/ha for NG and SG, respectively) and had no effect (P =
0.96) on corn yields. Over 10 yr, FG (4.41 t/ha) improved (P
<0.01; SEM = 0.053) soybean yields over both SG (4.28 t/ha)
and NG (4.18 t/ha), whereas SG tended (P = 0.07) to increase
soybean yields when compared with NG, and no effects (P =
0.55) of grazing in either season were observed on corn yields
(12.8, 13.0, 13.1 £ 0.24 t/ha for NG, SG and FG, respective-
ly). These data suggest that grazing of corn residue at stocking
rates that would result in consumption of approximately half
of the leaf and husk appears to have slightly positive or no
impacts on subsequent soybean or corn yields.
Key Words: corn residue, crop yield, grazing

053 Evaluation of the anthelmintic efficacy of a
single subcutaneous injection of LongRange™
in stocker calves when compared with a positive
(Dectomax™) and a negative (saline) control.
A. C. Vesco, A. K. Sexten', C. S. Weibert!,

B. E. Oleen!, W. R. Hollenbeck!, L. C. Grimes!,
D. A. Blasi?, ‘Kansas State University, Manhattan,
’Department of Animal Science & Industry,
Kansas State University, Manhattan.

Stocker cattle are commonly impacted by subclinical parasit-
ism. Single dose anthelmintics have shown to reduce inter-
nal worm load for approximately 30 d. LongRange™ is the
first single dose extended-release anthelminitic providing
parasite control for a minimum of 100 d. Crossbred heifers
(n=288; 115.4 + 13.3 kg, respectively) were completely ran-
domized by initial weight across 15 pastures. Pastures were
randomly assigned to either: 1) LongRange™ administered
at 1 mL/50kg; 2) Dectomax™ administered at 1 mL/50 kg
with Cyonara Plus™ insecticide given at 10 mL/272.16 kg;
or 3) Saline administered at 1mL/45.4 kg, with 5 pastures per
treatment. Weights were taken on individual heifers and fe-
cal samples were taken from 5 randomly selected heifers per
pasture. Weights and fecal samples were taken on d 0, 47, and
96. Heifers did not exhibit a level of fecal egg counts (FEC)
that would negatively impact performance. The fly counts
began on d 50 and continued on a weekly basis until end of
trial. Three heifers were randomly selected per pasture and
pictures were taken of each heifer using a digital single lens
reflex camera with a telephoto zoom lens. Pictures of heif-
ers were uploaded to a computer program where flies were
highlighted and counted by hand. Weight gains were similar
between treatments (P > 0.27) throughout the 96 d study. On
initial collection (P = 0.37) and mid collection (P = 0.34),
FEC were similar among treatments. However, on final col-
lection, Dectomax™ had lower (P = 0.05) FEC compared

24



with the Saline and LongRange™ treatments. The highest
FEC on trial heifers was 10.8 eggs per gram, which is well
below the economic threshold. LongRange™ treated heifers
had lower (P = 0.04) fly counts than Dectomax™ and Saline
treated heifers. Worm loads in heifers were not high enough
to impact performance, making it difficult to determine the
efficacy of the anthelmintics.
Key Words: anthelmintic, fly count, stocker

054 Determining growth performance implications
on meat goat kids fed soybean hull or corn based
pelleted diets. A. C. Vesco®, C. K. Jones, L. C. Grimes,
T. H. Fountain, B. R. Faris, A. K. Sexten, Kansas
State University, Manhattan.

The meat goat industry is rapidly expanding, yet there is lim-
ited knowledge on feeding kids to market weight, providing
opportunities for research in this area. This study investigates
the option of an alternative energy source to corn for a grow-
ing kid ration. Eighty-four Boer x Spanish kids (30 kg; 8 mo)
were used in a randomized complete block design to deter-
mine the effects of a soybean hull based diet on growth per-
formance and blood serum mineral composition. Kids were
blocked by sex and randomly assigned to 1 of 2 treatments: 1)
corn and soybean meal based pellet (Corn) or 2) soybean hull
and soybean meal based pellet (Soyhull). Kids were allowed a
10-d pen and diet adaptation period. Feed was delivered once
daily at 0600 with daily intake adjustments to maintain ad li-
bitum intake of pellets and brome hay for 70 d. There were 7
pens per treatment with 6 animals per pen; sex was divided
equally between treatments. Weights for all kids were record-
ed every 2 wk. Pellet and hay grab samples were collected
daily, composited by 2-wk period, oven dried, and ground to
be analyzed for DM, ash, N, NDF, and ADF. Blood samples
were taken on d 0, 28, and 70, and serum was analyzed for
levels of Na, K, Cl, Ca, P, and Mg. Initial BW was similar (P
= (0.24) between treatments. Body weights remained similar
(P >0.12) between treatments for each weigh date for the en-
tire 70-d feeding period. Overall gain and ADG were likewise
not different (P > 0.18) between treatments. Kids consuming
the Soyhull diet had greater (P < 0.001) DMI throughout the
study compared with kids consuming the Corn diet. Overall
DMI averaged 1.37 kg - kid™" - d' vs. 1.06 kg - kid™! - d! for
the kids consuming the Soyhull and Corn diets, respectively.
No differences (P> 0.44) were observed for blood serum min-
eral composition between treatments. Based on these results,
soybean hulls are a viable alternative feed source to corn for
growing meat goats when protein requirements are met.
Key Words: meat goat, mineral, soybean hulls

055 Technology 2-step research project: Genetic
improvement made through use of DNA testing
and artificial insemination to high-growth, high
carcass value angus sires. L. C. Grimes'”,

L. R. Corah?, T. Brink?, M. Gardiner*, A. K. Sexten',
!Kansas State University, Manhattan, *Certified
Angus Beef LLC., Manhattan, KS, *Top Dollar
Angus, Greeley, CO, *Gardiner Angus Ranch,
Ashland, KS.

Through the use of breed associations and herd health data-
bases, the beef industry has improved the recording of pedi-
grees and performance data. Constant evaluation of genetics
and performance has allowed producers to make more in-
formed breeding decisions that help improve herd productiv-
ity. However, as a result of recent droughts and elevated feed
and grain prices, the American cowherd is at a record low,
38.5 million cattle. For the United States to continue to be
the leading producer of beef in the world, the industry must
adopt technologies that improve the efficiency of the cowherd
and the quality beef being produced. The objective of this re-
search project was to increase the marbling and grid premium
potential in a cow base with average to below-average genetic
potential in 1 generation. In April 2012, 104 yearling heifers
were obtained from a single ranch source that was not expect-
ed to have a strong genetic potential for marbling. All heif-
ers were DNA tested for predicted marbling potential, and all
heifers had below average GeneSTAR DNA marker predicted
marbling values. Heifers in the bottom third for marbling po-
tential were culled. The predicted marbling values were —4.69
and —52.17 (P < 0.01; SEM = 3.67) units below population
average for retained and culled heifers, respectively. Retained
females were bred Al to 1 of 2 Angus sires selected for high
growth potential and increased carcass quality. Reference
sires ranked in the top 6% of the breed for calving ease and
the top 1% for $B. Resulting calves (n = 35) were managed
traditionally, DNA tested, fed in a southwest Kansas feedyard,
and harvested in June 2014. When compared with dam DNA,
progeny showed predicted marbling scores 54.51 units higher
(P < 0.01). On the rail, progeny recorded an average HCW
of 373.39 kg and a 2.91 average yield grade. Progeny graded
94.6% USDA Choice or higher. Of those, 5.8% graded USDA
Prime, and 35% qualified for the Certified Angus Beef brand.
There were no differences in quality grade, yield grade, or
price per hundredweight between sires (P > 0.19). With no
carcasses taking weight discounts and an average dressing
percentage of 64.92%, there was a $113.10 grid premium per
animal. The results from this study demonstrate the improve-
ment that can be made in 1 generation by using DNA technol-
ogy and proven sires simultaneously.
Key Words: beef cattle, carcass quality, genetic
improvement
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EXTENSION—DAIRY: STRATEGIES
TO IMPROVE DAIRY CATTLE HEALTH,
WELFARE, AND PERFORMANCE

056 Colostrum: Its effect on cattle health and
performance. P. S. Erickson®, University of
New Hampshire, Durham.

Colostrum is necessary for the development of immunity in
the neonatal calf. However, 60% of the colostrum produced
on U.S. dairy farms does not meet minimum quality standards
(<50 g/L IgG), resulting in >40% of calves not achieving pas-
sive transfer (serum IgG < 10 g/L). This poor quality colos-
trum is a major contributing factor toward the U.S. calf mor-
tality rate of 10.5%. Therefore, improving colostrum quality
and uptake of IgG by calves is imperative in enhancing health,
performance, and profitability. This review will focus on
means of improving IgG uptake in the newborn, including:
colostrum quality, time of feeding related to harvest, parity,
bacterial contamination, and pasteurization. Feeding colos-
trum via esophageal intubation as compared with conven-
tional feeding methods will be reviewed as intubation appears
to be as efficacious as conventional (nipple bottle) feeding
methods. Colostrum additives such as sodium bicarbonate,
and selenium have sometimes enhanced IgG uptake. Feeding
colostrum for >1 d improved local immunity in calves. Pre-
partum cow diets that predispose cows to hypocalcemia may
reduce IgG uptake in the neonate, whereas prepartum supple-
mentation of nicotinic acid to cows appeared to increase IgG
uptake in the newborn. Behavioral changes such as artificial
mothering may enhance IgG uptake. Reducing heat stress of
cows during colostrogenesis increased calf weight and uptake
of IgG compared with cows that were heat stressed. Feed-
ing at least 4 L of good quality colostrum (> 50 g/L IgG) has
been shown to improve growth, reduce veterinary costs, and
increase milk yield compared with calves fed 2 L of the same
quality colostrum. Lacteal-based colostrum replacers can pro-
vide adequate passive transfer of IgG. Utilization of colostrum
supplements resulted in mixed outcomes in regards to passive
IgG transfer. New research ideas will be presented, describing
ways to improve colostrum quality and immunity in the calf,
resulting in enhanced health and performance.
Key Words: calf, colostrum, immunoglobulin G

057 Calf growth and feed intake associations with milk
yield. D. L. Beam!*, K. J. Stalder', A. J. Heinrichs?,
C. D. Dechow?, ‘lowa State University, Ames,
2Pennsylvania State University, University Park.

This study’s objective was to understand the association be-
tween heifers” growth and feed intake traits with cow milk
yield. Data from 197 Holstein calves from 6 trials of varying

lengths was collected at Pennsylvania State University be-
tween 2003 and 2010. Calf hip height, starter feed intake, and
BW were measured for periods that ranged from 4 to 8 wk.
Calves were split into high, medium, and low ranking groups
according to their hip height, starter feed intake, BW, and
growth rate. Heifer calf data was merged with lactation milk
yield data. A total of 134,469 daily milk records were evalu-
ated using mixed model methodology. The model fitted age at
calving group, treatment within trial, parity, lactation number,
and calf groups as fixed effects, and cow and calendar week
by year as random effects. During lactation wk 1 to 5, cows
from the intermediate weight calf classification produced 5.0
+ 2.34 kg and 5.6 + 2.16 kg more milk than cows from the
light (P = 0.03) or heavy (P = 0.009) weight calf classifica-
tions, respectively. During lactation wk 6 to 10, cows from the
intermediate weight calf group produced 4.6 = 1.99 kg and
3.8 £ 2.14 kg more milk than cows from the heavy (P = 0.02)
and light (P = 0.07) weight calf classifications, respectively.
Cows from the low hip height calf group tended to produce
4.2 +£2.22kgand 6.0+ 2.10 kg milk less when compared with
cows from the high (P = 0.06) and intermediate (P = 0.004)
hip height calf groups in wk 1 to 5 of lactations, respectively.
Additionally, during lactation wk 6 to 10, cows from the low
hip height calf classification produced 4.2 + 2.07 kg milk less
than cows from the high hip height calf classification (P =
0.04). However, for lactation wk 10 to 20, there were no milk
yield differences (P > 0.10) for cows when classified for calf
hip height and BW. No significant milk yield differences were
observed for starter feed intake and growth rate among cows
from the different hip height and BW groupings (P > 0.10).
Results suggest that calf hip height and rearing BW could be
used as indicators for milk yield later in life.
Key Words: body weight, hip height, milk yield

058 Serotonin: A new player in hypocalcemia.
L. L. Hernandez", J. Laporta, University of
Wisconsin, Madison.

Dairy cows are challenged to maintain calcium homeostasis
during the early postpartum due to increased demand by the
mammary gland for calcium secretion into milk. The mamma-
ry gland coordinates the cow’s metabolism during lactation to
ensure appropriate milk formation. Calcium is the major min-
eral constituent of milk. All mammals must mobilize bone tis-
sue to maintain appropriate circulating calcium concentrations
during lactation and support milk formation. Due to the high
level of milk production seen in dairy cattle, approximately
47% of multiparous and 25% of primiparous cows have circu-
lating calcium levels in the range of subclinical hypocalcemia
(1.4 to 2.1 mM), approximately 5% are in the clinical range
(<1.4 mM). Current therapies for the treatment and prevention
and treatment of hypocalcemia include manipulation of the
dietary cation-anion difference, oral calcium supplementation
and intravenous calcium as a last resort. However, while these




current strategies have been helpful for the prevention of clin-
ical hypocalcemia, subclinical hypocalcemia is still prevalent.
Recently, we have demonstrated the regulation of calcium ho-
meostasis during early lactation by the monoamine, serotonin
(5-HT). Serotonin acts to increase mammary gland production
of parathyroid hormone related-protein, the hormone respon-
sible for the mobilization of calcium from bone during lacta-
tion. Concentrations of 5-HT concentrations are dynamic over
the course of a lactation cycle in multiparous dairy cows and
greatly fluctuate around calving in multiparous cows follow a
pattern similar to that of total calcium concentrations. 5-HT
concentrations are positively correlated with total calcium
and PTHrP on d 1 of lactation and negatively correlated with
incidence of subclinical hypocalcemia in multiparous dairy
cows. Furthermore, circulating 5-HT levels are positively cor-
related with total calcium concentrations during the first 10 d
of lactation. Using a rat model, we fed a precursor to 5-HT,
S-hyrdoxytryptophan (5-HTP), to rats during the transition
from pregnancy to lactation in order to determine the feasibil-
ity of using 5-HT as a preventative strategy for hypocalcemia.
Our results showed improved circulating calcium levels and
increased calcium secretion into milk. In a preliminary acute
5-HTP dosing experiment in late lactation multiparous dairy
cows, we observed that administration of 5-HTP improves
calcium and glucose homeostasis. In conclusion, 5-HT is an
important modulator of calcium and glucose homeostasis, and
is of particular importance around the time of parturition.
Key Words: hypocalcemia, serotonin, transition cow

059 Holistic approach for the identification, risk
assessment, and mitigation of mycotoxins’
impact in ruminant. A. Yiannikouris®, Center
for Animal Nutrigenomics and Applied Animal
Nutrition, Alltech, Nicholasville, KY.

The large number and structural diversity of mycotoxins has
impeded rapid quantification owing to varying toxin extrac-
tion efficiencies and interferences from feed and food matri-
ces. In turn, the lack of unbiased detection methods decreased
the ability to identify the impact of multiple mycotoxins com-
ing from various mold species that can contaminate feedstuffs
preharvest or during storage phases, and produce mycotoxins.
The complexity of ruminant feed formulations makes those
uncertainties even prone to greater variation and reliability
issues due to matrix complexity and lack of validated rapid
methods available. We have successfully tackled these chal-
lenges by fully validating the 37+™ method that evolved into
a routine analytical tool. This novel method provides simul-
taneous and absolute quantification for more than 37 myco-
toxins in feed in a cost-effective manner. Our method sets the
basis for a novel approach using nonanalogous mycotoxins
to normalize classes of mycotoxins which have similar ex-
tractability and which experience similar matrix suppres-
sion and/or enhancement effect to the isotopologue during

UPLC-MSMS analysis. Four isotopically labeled standards
were used to normalize 10 groups of mycotoxins, making the
method applicable any feed matrices or mixture. Averaging
8 different mycotoxins per sample with a level of positive
samples of 99.5% (n = 6000), the data set generated was fur-
ther interpreted and normalized according to known species
specific sensitivity. The latter was evaluated according to the
principles of toxic equivalent factors used to perform dioxins
risk assessment and adapted to mycotoxins. Specific thresh-
old of risk related to animal performance impairment was
determined, applied to dairy. The risk assessment calculates
a risk equivalency quantity (REQ) expressed in ppb of AFB1-
equivalent, which computes a multicontamination complex
situation pertaining to feedstuffs into 1 single value. Propor-
tions of 28.2, 36.3, and 35.5% of samples were contaminated
with levels representing a high, moderate, and low risk for
dairy cows, respectively. The use of REQ calculations enabled
also to change the outcome of mitigation strategies. Evaluat-
ing the adsorption efficacy of yeast cell wall based product
with extended carbohydrate network could now be performed
by measuring REQ in 1) initial feedstuff and 2) postmyco-
toxins extraction and sequestering under digestive condition,
and evaluating then a differential REQ. Data showed that,
in realistic contamination conditions involving 12 different
mycotoxins as mixture, the adsorbent enabled a decrease in
risk by 70.2% in ruminants. Continuous research is carried
out to further refine the methods using in situ approaches for
the monitoring of mycotoxin impact and remediation strategy.
Key Words: detection, mitigation, mycotoxins,
risk assessment

060 A nutritional strategy to help control digital
dermatitis in growing animals. A. Gomez',
D. Dopfer?, J. DeFrain!, D. H. Kleinschmit!,
D. J. Tomlinson!, M. Socha'*, !Zinpro Corporation,
Eden Prairie, MN, *School of Veterinary Medicine,
University of Wisconsin, Madison, W1

Digital dermatitis (DD) is a multifactorial disease with
infectious, immune, and environmental components. This
condition has been reported in intensively managed cattle in
all parts of the world with higher prevalence in housed vs.
grazing cattle. Previously recognized only as a disease of
mature cattle, there is an increasing awareness of this condition
in growing cattle. Depending on stage and severity of DD
lesions, impact on cattle ranges from minor discomfort to
severe and debilitating lameness. Chemical or physical trauma
to the digital skin, low oxygen environment and presence of
the causative agent(s) are needed for development of DD.
Improving skin integrity and/or enhancing immune response in
the presence of the causative agent will help reduce incidence
and severity of DD. One means to enhance disease resistance
of cattle is to provide them with an adequate supply of zinc,
manganese, copper, cobalt, and iodine. In Study 1, a study in
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which DD lesions were experimentally induced, feeding steers
a strategically formulated trace mineral premix (DD Formula)
reduced acute DD prevalence (P = 0.11) and DD lesion size
(P =0.11). The DD Formula was designed to supply higher
levels of AA complexes Zn, Mn, and Cu (Zinpro Performance
Minerals), and a higher level of iodine than is typically fed
to growing cattle. In Study 2, a study in which DD lesions
were naturally induced, feeding a modified version of the DD
Formula to heifers had no effect (P> 0.15) on DD prevalence.
In this study, heifers had DD lesions when enrolled in the study
and feeding rate of the DD Formula per unit of BW was less
than in Study 1. In Study 3, heifers began treatments prior to
developing DD lesions and the dosage of the DD Formula per
unit of BW was similar to feeding rate in Study 1. In this study,
feeding the DD Formula to heifers in which DD lesions were
naturally induced decreased (P < 0.05) DD prevalence. The
DD Formula reduces DD prevalence when fed at the proper
dose and fed prior to appearance of DD lesions.
Key Words: cattle, digital dermatitis, trace minerals

061 Chromium for dairy cattle: An essential nutrient.
K. J. Herrick”, K. E. Griswold, P. W. Rounds,
A. Duffield, D. O’Connor, Kemin Industries, Inc.,
Des Moines, IA.

Although Cr research dates back to the late 19th century, it
wasn’t until approximately 50 yr ago it was demonstrated that
Cr was an essential mineral for rats and humans. Since then,
there has been a plethora of research which has helped to ex-
plain the relevance of Cr in human and production-livestock
nutrition. Chromium can exist in all oxidation states; howev-
er, the most common available forms are trivalent (Cr™) and
hexavalent (Cr*). Trivalent Cr is most identified with digest-
ibility markers and commercially available forms of Cr for
livestock, while Cr* is associated with carcinogenic properties
of Cr. Since bioavailability of inorganic forms of Cr are gener-
ally low (0.4 to 2.0%), organic forms of Cr*® are now available
which improve absorption and availability of Cr to the animal.
Numerous studies have shown that Cr has a strong association
to both glucose and lipid metabolism through insulin potentia-
tion. As a result, production measures affected by insulin such
as growth, milk production, and immunity are areas which
benefit from Cr supplementation. Because of the relationship
to insulin and insulin sensitivity, metabolic disorders related to
the transition and early lactation periods have previously been
identified as areas of opportunity for Cr supplementation. Ad-
ditional research has recently demonstrated that Cr may also
have significant benefits on reproductive indices. Bryan et al.
(2004) observed a tendency for improved pregnancy rate in
intensively grazed cows supplemented with Cr compared with
cows not provided Cr. Additionally, in research done by Kafil-
zadeh et al. (2012), Holstein cows supplemented with Cr had
fewer days to first service and days to first estrus compared
with nonsupplemented cows. It was speculated by both authors

that increased insulin sensitivity may have affected granu-
lose cell proliferation or perhaps increased ovulation rates as
observed in swine fed Cr. Part of the improved response by
Kafilzadeh et al. (2012) may have been related to improved
immunity. Cows fed Cr had increased neutrophil and neutro-
phil to lymphocyte ratio during the prepartum period. Yasui
et al. (2014) observed a similar immune response. Cows fed
Cr tended to have a greater percentage of neutrophils as well
as a decreased incidence of cytological endometritis compared
with cows not fed Cr. Because of the relationship to insulin
and related metabolic pathways, Cr supplementation has the
potential to positively impact numerous production measures
in dairy cattle. However, additional research needs to be com-
pleted to elucidate the exact mode of action.
Key Words: chromium, dairy cattle, reproduction

062 Relationship between early lactation body
condition score and midlactation feed efficiency
in primiparous Holstein cows. L. C. Hardie'",
M. J. VandeHaar?, D. M. Spurlock!, ‘lowa State
University, Ames, *“Michigan State University,
East Lansing.

Feed efficiency is increasingly becoming an important trait
to consider when selecting profitable dairy cows. With that
comes the concern that selecting for a more feed efficient cow
may inadvertently select for cows that undergo extreme body
tissue loss to meet the demands of milk production. The goal
of this study was to determine if residual feed intake (RFI)
measured in midlactation was related to early lactation BCS
in primiparous Holstein cows. Weekly BCS up to 45 days in
milk (DIM) were observed on all first lactation Holstein cows
at the lowa State University dairy farm from 2012 to 2014. Be-
ginning at approximately 50 DIM, all clinically healthy cows
had daily milk production measured and feed intake recorded
using a Calan Broadbent feeding system for approximately 60
d. During this time, weekly BW, BCS, and milk component
data were also collected. In total, 255 cows had all of these data
recorded. Early lactation BCS was predicted for days without
observations. Three early lactation BCS traits were generated:
average daily change in BCS during the first 25 DIM, average
daily change in BCS during the first 45 DIM, and BCS at calv-
ing, measured as the average predicted BCS for DIM 3 through
5. The RFI was calculated as the error term in the regression of
DMI on milk energy, change in BW, and metabolic BW. Fixed
effects of replicate and DIM were included. Differences in the
early lactation BCS traits were assessed for the 20 most and
20 least feed efficient cows using a mixed model. The RFI for
the 20 feed efficient cows was <—1.66 and >1.69 for the feed
inefficient cows. The DMI for the efficient cows averaged 18.5
and 24.2 kg/d for inefficient cows. The difference in average
BCS at calving was insignificant at 3.87 for efficient cows and
3.66 for inefficient cows. Change in BCS during the first 25
DIM and during the first 45 DIM did not differ by feed effi-
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ciency group. From this study, we conclude that cows differing
on RFI as measured during mid-lactation do not experience
significant differences in body tissue mobilization during early
lactation. We appreciate the support from the USDA Nation-
al Needs Graduate Fellowship Competitive Grant no. 2013-
38420-20496 and the Agriculture and food Research Initiative
Competitive Grant no. 2011-68004-30340.

Key Words: body condition score, feed efficiency,

residual feed intake
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063 Identification of gilt development factors that
impact subsequent female reproduction.
A.J. Cross"’, K. A. Gray?, M. Knauer?, J. P. Cassady’,
!South Dakota State University, Brookings, *Smithfield
Premium Genetics, Rose Hill, NC, *North Carolina
State University, Raleigh.

The objective of this study was to identify gilt development
characteristics that affect subsequent sow reproductive per-
formance. Selection for production traits and reproductive
efficiency has decreased sow longevity. Improving sow lon-
gevity can have a positive economic impact on commercial
pork production. Therefore, it is important to construct man-
agement strategies that enhance gilt and sow retention. Birth
and weaning information were obtained on 12,943 gilts from
2 genetic multiplication farms. After weaning, gilts were
followed throughout their reproductive life on commercial
sow farms (n = 10) in eastern North Carolina. Information
obtained from the commercial sow farms included: age at
first service, age at first farrowing, length of productive life,
and lifetime prolificacy. The GLIMMX procedure in SAS
was used to examine litter birth characteristics in relation to
the likelihood of a gilt farrowing a litter. A binary distribu-
tion with a logit link function was used for gilt survival to
parity 1 (0 = did not farrow, 1 = farrowed). General linear
models were used to evaluate age at first service and age
at first farrowing. Of the 12,943 gilts that were born, 5,732
(44.3%) entered the commercial sow farms. Of the gilts that
entered the sow farms, 5,262 (91.8%) farrowed a litter. An
increase of 1 piglet born in a gilt’s birth litter decreased the
odds of her subsequently farrowing a litter by 3.3% (P <
0.05). Gilts with a 1 kg increase in adjusted wean weight are
1.16 times more likely to subsequently farrow a parity 1 lit-
ter (P <0.01). A 1 d increase in weaning age increased age
at first service by 0.83 d and age at first farrowing increases
by 0.68 d (P <0.01). As age at first service increased by 1
d, the odds of a gilt farrowing a parity 1 litter decreased by
1.2% (P < 0.01). It was concluded gilts born into smaller lit-
ters and gilts that were heavier at weaning were more likely
to farrow a subsequent litter. Genetic multiplication farms

should work to maximize piglet weaning weight to improve
subsequent reproduction at commercial sow farms.
Key Words: gilt, longevity, reproduction

064 Efficiency of replacement gilt production is affected
by litter birth weight phenotype. G. Foxcroft'",
J. Patterson', N. Holden?, T. Werner?, M. Allerson?,
E. Triemert?, L. Bruner?®, J. C. Pinilla*, 'University
of Alberta, Edmonton, Canada, ’Holden Farms Inc.,
Northfield, MN, 3Swine Veterinary Center, St. Peter,
MN, “PIC, Hendersonville, TN.

The successful selection for increased litter size has resulted
in an overall decrease in litter average birth weight (LBW).
However, irrespective of litter size, a genotype X environment
interaction has also been reported to result in a repeatable low
LBW phenotype in a subpopulation of mature sows. In the
preliminary phase of a National Pork Board-funded project to
investigate links between LBW phenotype and sow lifetime
productivity (SLP), conducted in collaboration with Holden
Farms Inc., individual piglet weights were used to determine
LBW in parity 2 to 4 PIC Line 3 sows in a commercial genetic
nucleus population (n = 1150). Excluding sows with a total
born (TB) of < 7 and > 20, TB was negatively correlated (P
<0.0001) to LBW [LBW = -0.037 (TB) + 1.87, R* = 0.20],
representing a 500 g difference between the smallest and larg-
est litters. In contrast, the variation in LBW among litters with
the same TB was greater (mean = 950 g, range 600 to 1400
g). Sows with 2 consecutive parity records (n = 183, to date)
were classified as having a repeatable low (LLBW, n = 24) or
high (HLBW, n=28) LBW phenotype, if LBW fell 1 standard
deviation below or above the population mean, respectively,
and a repeatable medium (MLBW, n = 131) phenotype for
intermediate weight litters. Overall, there was a significant
correlation between LBW measured at consecutive farrow-
ings (r = 0.4; P <0.0001). Furthermore, supporting previous
results, no sows first giving birth to a LLBW litter produced
a HLBW litter at the next farrowing. An extreme LLBW phe-
noptype is, therefore, repeatable and predictable within sows.
Considering L3 sows bred to produce replacement L3 gilts in
the nucleus population, preliminary analyses identify entire
sets of littermate gilts that are already subjectively designated
“nonselect” at weaning or the preselection stage on the basis
of being “small” or “thin”, suggesting that a LLBW pheno-
type has a major impact on the efficiency of replacement gilt
production. Further evidence to substantiate the hypothesis
that “a repeatable low LBW phenotype will negatively impact
the production of selectable replacement gilts at nucleus and
multiplication level” will continue to be a major component of
this ongoing collaborative study.
Key Words: birth weight, gilt, selection
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065 “Select” gilts have superior lifetime productivity.
J. Patterson'*, G. Foxcroft', N. Holden?, T. Werner?,
E. Triemert?, B. Gustafson?, J. C. Pinilla’, 'University
of Alberta, Edmonton, Canada, ’Holden Farms Inc.,
Northfield, MN, 3PIC, Hendersonville, TN.

Establishing effective gilt development unit (GDU) protocols
was considered pivotal to the success of a long-term National
Pork Board funded project designed to link gilt litter of origin
traits to sow lifetime productivity (SLP). In collaboration with
Holden Farms Inc., prepubertal Camborough gilts (n = 6082)
were delivered to a designated GDU over a 21-mo period, with
the goal of delivering known cyclic (Select) gilts to the sow
breeding farm. A purpose built boar exposure arca (BEAR) was
designed to facilitate stimulation and detection of puberty (full
standing heat in the presence of a boar) by providing fenceline
and direct contact (15 min daily) with at least 6 mature boars
over a 28-d period, starting at approximately 170 d of age. At
D14, nonpubertal gilts were mixed in new pen groups. At D23,
noncyclic gilts with no record of vulval development were eli-
gible for treatment with PG600 to induce puberty in these “op-
portunity” females. Gilts without a record of puberty at D28
were deemed “Nonselect”. At the end of the GDU phase, 75%
of the gilts were considered “Select” (4561/6082). In practice,
4980 gilts were delivered to the sow farm and retrospectively
classified as: “Select” gilts expressed a pubertal estrus and ei-
ther exhibited standing heat without intervention (SEL, n =
3276), or exhibited estrus after PG600 treatment (SELPG, n
= 1137). A number of “Nonselect” gilts transferred to the sow
farm either did not spontaneously show estrus (NOSEL, n =
417), or did not exhibit puberty immediately after PG600 treat-
ment (NOSELPG, n = 150). More SEL gilts (P < 0.05) were
served (SEL: 97.9, SELPG: 96.6, NOSEL: 94.3, NOSELPG:
88.9%) and farrowed to first service (SEL: 94.3, SELPG: 91.0,
NOSEL: 89.2, NOSELPG: 86.0%) than the other classifica-
tions. However, once gilts were successfully bred, the percent-
age that farrowed at Parity 4 (SEL: 73.0, SELPG: 70.2, NOSEL:
70.0, NOSELPG: 70.4%), and total numbers born (SEL: 55.2,
SELPG: 55.0, NOSEL: 54.2, NOSELPG: 55.7) and weaned
(SEL: 42.9, SELPG: 42.4, NOSEL: 43.7, NOSELPG: 43.0)
were not different (P > 0.05) among gilt classifications. There-
fore, effective gilt selection, linked to successful introduction to
the breeding herd, is a critical driver of SLP. These GDU/BEAR
protocols will now be used to study more complex associations
among gilt litter of origin, rate of selection in the GDU and SLP.
Key Words: gilts, puberty, selection

066 Relationship of Minolta color scores at birth
with piglet weights and survival. T. L. Carolan”,
T. J. Safranski, M. R. Ellersieck, University of
Missouri, Columbia.

Subjective viability scores at birth have been shown to
correlate with piglet growth and survival. Viability score

includes the skin color of a piglet, which could be measured
objectively. The objective of this study was to measure
relationship of Minolta color scores of piglets at birth with
piglet growth and survival. Minolta scores (from low values to
high values; L*, white to black, a*, green to red, and b*, blue
to yellow) were taken immediately after birth. Each piglet’s
side was wiped off and the Minolta camera was pressed
against their side to get the scores. Each Minolta score was
divided into quartiles increasing in value from Q1, Q2, Q3,
to Q4. Piglets were weighed at birth (n = 660), and a random
sample again 24 h postparturition (n = 310), 11 wk of age (n
=304), and 21 wk of age (n = 312). At birth, piglets with L*
in Q4 compared with Q3 were heavier (P = 0.0309). Piglets
with birth b* in Q4 were heavier than Q1, Q2, and Q3 (P <
0.0001, P = 0.0005, and P = 0.0006). Week 11 weights were
significantly higher if L* was either in Q1 or Q2 compared
with both Q3 (P = 0.0248, P = 0.0306) and Q4 (P = 0.0140,
P = 0.0175). Piglets at wk 11 with a* in Q4 were heavier
compared with Q2 (P = 0.0255). Heavier piglets had more red
pigmentation at birth, and b* in Q4 compared with Q2 (P =
0.0428). Week 21 weights tended to be higher when L* was in
Q1 compared with Q2 (P = 0.0908), and when a* was in Q1
or Q4 compared with Q2 (P =0.1170 and P =0.1295). Piglets
were more likely to survive to 17 d of age if their b* was in Q2
compared with Q3 and Q4 (P =0.0321 and P=0.0088). There
is significant evidence to suggest that certain Minolta scores at
birth correlate with higher weights in early piglet growth, and
there are some tendencies for birth Minolta scores to correlate
with heavier weights later in piglet growth.
Key Words: growth, piglet, survival

067 Development of a mobile phone application to
predict live body weight in Ugandan village pigs
without the use of a scale using various body
measurements. M. Walugembe®, Y. Liu, V. Sukhwal,
D. M. Weiss, K. J. Stalder, M. F. Rothschild, Jlowa
State University, Ames.

In Uganda, very few pig producers own scales, thereby mak-
ing fair sale of pigs based on weight quite difficult. To remedy
this situation, a study to develop pig BW prediction equations
based on various body measurements was conducted in the
rural Kamuli district, Uganda. Body weight (kg) and body
measurement data (cm) were collected from 411 pigs between
15 kg and 127 kg from both local and exotic (mainly cross-
bred) pigs. Five body measurements; body length, heart girth,
height, body width (over the shoulders), and flank-to-flank
were taken from each pig. Prediction models were developed
by regression analysis where BW was the dependent variable
and the various body measures were the independent variables.
The data were organized into 3 categories for modeling: pigs
categorized as <40 kg, > 40 kg, and all pigs. Mean weights in
the <40 kg and >40 kg categories were 27 + 6.5 kg and 63 +
19.6 kg, respectively. Body length and heart girth were used to




predict (R* = 0.89) weight for the <40 kg pigs with the predic-
tion equation: Weight =—41.814 + 0.296 (body length) + 0.654
(heart girth). Four body measurements; body length, heart
girth, height, and body width were strongly predictive (R*> =
0.92) of live BW for the >40 kg pigs with the prediction equa-
tion: Weight =—108.198 + 0.228 (body length) + 1.094 (heart
girth) + 0.267 (height) + 0.922 (body width). The flank-to-
flank measurement did not affect model prediction (P > 0.05)
and quadratic terms also did not improve accuracy. Because
local Ugandan farmers are not likely to use prediction equa-
tions to compute pig weights, an android-based mobile app
was developed using the appropriate body measurements. The
app is designed to be used with English or Luganda, a Uganda
native language spoken by most of the people in the country.
We concluded that this weight estimation tool would empower
Ugandan small scale pig farmers by providing them with an
accurate estimate for the animal’s live weight and giving them
better bargaining power when selling their pigs.
Key Words: body measurements, mobile app,
weight prediction model

068 Relationship between feeding behavior and
performance traits in boars. C. E. Abell’, A. Steuer,
T. Rathje, DNA Genetics, Columbus, NE.

Feed accounts for over 60% of the cost of producing a market
pig. Genetic variation exists for feed efficiency and it can be
improved through selection. Feed efficiency or feed intake and
growth are included in most selection programs; however, there
is little known about how feeding behaviors can influence per-
formance. Individual feed intake records from 895 Yorkshire,
685 Landrace, and 1588 Duroc boars were collected at a single
finishing site using Osborne Feed Intake Recording Equipment
(FIRE™). Pigs were tested for 12 wk from 75.7 (+2.8) d old
to 158.5 (£3.0) d old. During the testing period, feed intake
was recorded every other week on each pig, with the first 2 d
discarded as the acclimation period and the other 5 d used to
predict daily feed intake. While not on the FIRE feeders, pigs
ate from a fence line feeder. For all 3 breeds, a greater amount
of time spent in the feeder per day was correlated with poorer
feed efficiency; the correlations (+SD) were 0.24 = 0.06, 0.29 +
0.07, and 0.26 + 0.05 for Yorkshire, Landrace, and Duroc boars,
respectively. The phenotypic correlations between feed intake
per visit and feed efficiency ranged from 0.17 to 0.22 (P < 0.05)
for the 3 breeds. There was a positive correlation between ADG
during the testing period and time spent in the feeder for all 3
breeds (0.08-0.12, P <0.05), but the magnitude was small. The
amount of time spent in the feeder per day increased for the first
3 wk after the pigs started the test, then declined for the remain-
ing test period for all 3 breeds. Yorkshire boars spent the most
time in the feeder at the beginning of the testing period, but
spent the least time in the feeder after 2 wk on-test compared
with the other 2 breeds. The number of visits per day decreased
throughout the testing period for Landrace and Duroc boars,

while Yorkshire boars had a maximum number of visits per
day half way through the testing period. Feed consumed per
visit for all 3 breeds increased throughout the testing period.
It was observed that Yorkshire boars had more visits per day
to the feeder, but consumed less feed per day compared with
Landrace and Duroc boars. Establishing how feeding behaviors
influence boar performance can result in improved response in
feed efficiency through both selection and feeding strategies.
Key Words: feed intake, growth rate, swine

069 The effect of DDGS particle size and pellet
quality on grower-finisher pig performance.
W. J. Pacheco'’, M. Knauer!, E. van Heugten!,
A. C. Fahrenholz', C. E. Phillips?, C. R. Stark?,
INorth Carolina State University, Raleigh,
Murphy-Brown LLC, Rose Hill, NC, *Kansas
State University, Manhattan.

The objective of the study was to evaluate the effect of further
grinding distillers dried grains with solubles (DDGS) and the
percentage feed fines on grower-finisher pig performance. A
total of 760 mixed sex pigs (28.8 £ 3.1 kg) were housed in
a curtain-sided barn with mechanical ventilation and totally
slatted flooring. The experimental design consisted of a 2
x 2 factorial design with 2 particle sizes of DDGS (640 vs.
450 pum) and 2 levels of fines (0 vs. 25%). The 4 treatments
were randomly distributed among 40 pens with 10 replicates
per treatment. Pigs were fed a common diet containing 30%
DDGS and 6.5% supplemental fat in 3 dietary phases grower
(1 to 40 d), developer (41 to 83 d), and finisher (84 to 116 d).
Of the 6.5% supplemental fat in each diet, 1.5% was added in
the mixer and 5.0% was added postpelleting. Diets were con-
ditioned at 77°C for 45 seconds and then pelleted using a pel-
let mill equipped with a 3.5 x 36 mm die. The fines produced
during the pelleting process were separated using a pellet
screener and then mixed back with the whole pellets to obtain
the desired percentage fines in the final feed. Feeds were de-
livered and pen feed intake recorded using an automatic feed
delivery system (FeedPro). Feed consumption and BW were
determined at 1, 18, 40, 83, and 116 d on test and gain to feed
(G:F) calculated. Data were analyzed using PROC GLM in
SAS. Pen was the experimental unit. Fixed effects included
DDGS particle size, percentage fines, and their interaction.
The particle size of DDGS did not impact (P > 0.05) overall
ADG (836 vs. 842 g; P = 0.65), ADFI (2205 vs. 2222 g; P =
0.66), or G:F (0.379 vs. 0.379; P = 0.95). Diets with 0% fines
did not improve (P > 0.05) ADG (843 vs. 835 g; P = 0.48),
ADFI (2224 vs. 2204 g; P = 0.59), or G:F (0.379 vs. 0.379;
P =0.97) in comparison to diets with 25% fines. Results in-
dicated that DDGS does not need to be further ground at the
feed mill and that up to 25% feed fines could be fed without
adverse effects on pig performance.
Key Words: DDGS, fines, grinding, particle size
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GARY ALLEE SYMPOSIUM:
IMPACT OF FDA GUIDANCE’S 209
AND 213 ON THE SWINE INDUSTRY

070 Use it and lose it: The dilemma of antibiotic
resistance development. E. Topp®, Agriculture
and Agri-Food Canada, London, ON, Canada.

Amid concerns that the loss of antibiotic efficacy will have
dire consequences for human morbidity and mortality, there
is an urgent need for a comprehensive and global strategy to
forestall the development of resistance to antibiotics by bacte-
rial pathogens. Action must include steps to promote the ju-
dicious use of antibiotics in human medicine and in animal
production, and to mitigate terrestrial and aquatic exposure to
antibiotic residues and antibiotic resistance genes carried in
agricultural wastes, and effluents from municipal wastewater
treatment. It is important that in mixed agriculture, livestock
and crop production systems be tightly coupled with respect
to nutrient flow. Manures typically carry antibiotic-resistant
bacteria, and numerous genes associated with antibiotic resis-
tance determinants have been detected in molecular invento-
ries of manure microbial populations, and in the environment
in proximity to land fertilized with manure. In field experi-
ments in London, ON, Canada, we have been evaluating the
dynamics of antibiotic resistance genes (ARGs) and bacteria
following the land application of dairy or swine manure, or
sewage sludge, and whether the use of these materials as soil
amendments in normal farming practice increases the abun-
dance of ARGs on crops at harvest. Following a general intro-
duction to antibiotic resistance, this presentation will present
recent search results (e.g., Applied and Environmental Mi-
crobiology 79:5701-9; 80:3258-65; 80:6898-6907) and dis-
cuss their potential significance within the broad context of
antibiotic resistance development. Key findings are that soils
become enriched with DNA carried in amendments including
genes associated with antibiotic resistance and gene mobil-
ity. Antibiotic resistance genes persisted for months follow-
ing soil amendment with seasonally variable and complex
dynamics. Vegetable crops harvested in the fall following a
spring amendment application carried an additional burden of
ARGs, compared with crops grown in unamended soil. Fur-
ther knowledge concerning the origin and dynamics of ARGs
in animal and crop production systems is needed to inform ag-
ricultural policies and practices that mitigate human exposure
to antibiotic resistant bacteria entrained on food crops.
Key Words: antibiotic resistance, manure, soil

071 Antibiotic resistance in the swine industry.
P. R. Davies", University of Minnesota, St. Paul.

Antimicrobials are important tools for ensuring the health,

welfare, and productivity of food animals. Societal concerns
about the use of antimicrobials in food animals increased
greatly in recent years, and substantial regulatory changes
to oversight of antimicrobial use are underway in the United
States. Even greater restrictions are likely in the future. These
changes are likely to impact animal health, welfare, and pro-
ductivity of swine production, and the economic viability of
some farms, particularly smaller farmers. From a scientific
perspective, 2 important unanswered questions are: 1) to what
extent does antimicrobial use in food animals contribute to
problems of clinical treatment failure in humans resulting
from resistance; and 2) Which patterns of antimicrobial use
in animals are of greatest concern with respect to selection
of resistant bacteria? Without this knowledge, arguments that
restricted use of antimicrobials in food animals will measur-
ably benefit public health, and that particular modes of use
are more harmful, rest more on belief than evidence. Mo-
mentum for regulatory changes in the United States has been
inherited from changes implemented in the EU over the last
15 yr. Most notably, banning of antimicrobial growth promo-
tants in Denmark in 2000, and across the EU in 2006, gave
great impetus to the recent changes in FDA regulations. The
changes in the EU were initially motivated by specific con-
cerns about antimicrobial resistance in foodborne pathogens
(e.g., Salmonella, Campylobacter), where the link between
animal antimicrobial use and human health is most direct.
However, any resultant reduction in resistance in these organ-
isms has been questionable. As we traverse the spectrum of
treatment-control-prevention-growth promotion uses, societal
support for antimicrobial use in animals will understandably
decline. Assuming any reduction of antimicrobial use is de-
sirable (i.e., less is better), it seems logical to eliminate uses
that are less necessary or less justifiable in terms of benefits to
animal health and welfare. However, it is ominous that recent
developments to reduce antimicrobial use in food animals in
the EU are almost completely divorced from any assessment
of trends of resistance in bacteria or in clinical antimicrobial
resistance in humans. An EU directive for mandatory record-
ing and analysis of antimicrobial use in food animals is now
being implemented, and better systems for accurately quanti-
fying use in the United States are to be expected. Of greater
concern are calls to eliminate preventive uses of antimicrobi-
als, which appear to pay no heed to likely impact on animal
health and well-being.
Key Words: antimicrobial, resistance, use

072 What FDA Guidance 213 and the veterinary feed
directive mean on the farm. E. A. Wagstrom”,
National Pork Producers Council, Washington, DC.

The FDA has published final Guidance for Industry No. 213
and a proposed Veterinary Feed Directive (VFD) rule. Guid-
ance for Industry No. 213 asks sponsors to relinquish their
claims for production uses (growth promotion or improvement
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of nutritional efficiency) for antimicrobials in classes that are
used in human medicine. The VFD Rule will require all thera-
peutic uses of these same antimicrobials in feed or water to
be under a veterinary order or prescription. Farmers in the
United States are allowed to utilize a range of antimicrobials
to improve growth or nutritional efficiency without veterinary
oversight. Some of these antimicrobials are also in classes
used in human medicine. The fluoroquinolone and cephalo-
sporin classes have never been used for production purposes
in the United States. Certain feed antimicrobials have required
a VFD. The current regulations require that the veterinarian
state not only the indication and dose, but also an amount of
feed that will be consumed during treatment. These require-
ments have been problematic. Antimicrobials administered in
feed can only be used as labeled. Since administering an anti-
microbial for a different indication is considered extra-label,
after the production claims are discontinued it will be illegal
to use these antibiotics to promote growth. The implementa-
tion of Guidance 213 and the revised VFD rule will change
how antimicrobials are used in food animal production. Sim-
plistically, many feel that the success of these changes should
be measured by a decrease in the amount of antimicrobials
sold. However, it is uncertain how much clinical disease is
being prevented by the current uses of antimicrobials that will
require treatment following the removal of growth promotion
antibiotics. The requirement for the therapeutic uses of anti-
microbials in feed and water to be under veterinary oversight
will also impact farmers of all sizes. It is expected that the
revisions to the VFD rule will make the process more user
friendly. However, it is expected these changes will impose
a burden on farmers and veterinarians. Since there are rela-
tively few veterinarians practicing food animal medicine in
the United States, the burden to provide and document the
veterinary orders may be substantial. The FDA Guidance for
Industry No. 213 and the changes to the VFD rule will have
substantial impact on antimicrobial use decisions on farm and
add to the burden to document judicious use of therapeutic
antimicrobials by producers who utilize them on their farms.
Key Words: antimicrobial use, FDA, veterinary
feed directive

073 Identifying potential alternatives to antibiotics.
H. K. Allen®, T. Looft, J. Trachsel, T. A. Casey,
T. B. Stanton, USDA National Animal Disease
Center, Ames, IA.

The greatest challenges to identifying antibiotic alternatives
in animal agriculture are the numerous different uses of anti-
biotics: disease treatment, disease prevention, and improved
feed efficiency. These various uses are achieved by adminis-
tering antibiotics at either high or low concentrations, which
beget different effects on both pathogenic and commensal gut
bacteria. Selecting an appropriate alternative is therefore de-
pendent on the intended use of the antibiotic. Three promising

alternatives that address the different goals of antibiotic use
will be discussed here: phage therapy, vaccination, and modu-
lation of gut bacteria (e.g., probiotics, prebiotics, synbiotics,
or competitive exclusion). Benefits and shortcomings of each
of these strategies will be described. Vaccination targets spe-
cific pathogens, which is an advantage because few collateral
effects will be experienced, but is limited by knowledge of
the etiological agent. Phage therapy also benefits from being
a targeted approach, but is akin to antibiotics because of the
potential for resistance to develop when used imprudently.
Probiotic and similar modulators of the gut bacterial com-
munity are often reported as promising but lack experimental
reproducibility, likely due to unknown principles governing
the complex relationship between a host and its gut bacterial
consortium. The goal of research in our lab is to understand
how growth-promoting antibiotics alter the intestinal bacterial
community to enhance animal performance, and perhaps this
information will inform efficacious antibiotic alternatives.
One avenue has been to define the effects of the growth-pro-
moting antibiotic carbadox on the swine bacterial community.
Our results show that carbadox has an immediate (within 7
d of initial administration) effect on the gut bacterial com-
munity, but that the community recovers even in the contin-
ued presence of carbadox. Notably, the abundance of some
bacteria (members of the Prevotella genus) remain constant
during carbadox exposure, while other bacterial populations
temporarily decrease. Further work is required to determine
the potential of these bacteria as modulation targets. As tight-
ening regulations continue to limit antibiotic use, these and
other alternatives to antibiotics merit continued exploration to
improve animal health and food safety.
Key Words: antibiotic alternatives, antibiotics,
carbadox, phage therapy, probiotics, vaccines

074 The paradigm of restricted antimicrobial use:
Swine production in the EU. T. van Kempen’,
North Carolina State University, Raleigh, Nutreco
R&D, Boxmeer, the Netherlands.

Instilled by fears for unmanageable bacterial infections in
humans, the use of antimicrobials as growth promoters is
under dispute in many countries, and already banned in the
European Union. On paper, it is possible to produce livestock
without the use of antimicrobials by practicing perfect bios-
ecurity. Indeed, some farmers in affected regions have rebuilt
their production system in order to achieve much better bios-
ecurity, but also to align better with increasing environmental
and welfare demands. For farms unable to do so, but also for
farms where biosecurity has been improved, practical means
for better managing health are needed. Likely, the 2 most criti-
cal points are birth and weaning. The birth process is stressful
for the piglet, especially when the sows lack stamina to sus-
tain parturition. Better preparation of the sow for parturition is
key. Once born, piglets should be provided with an optimum
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climate to facilitate colostrum intake; supplemental milk can
be a beneficial source of additional nutrients and health fac-
tors, especially for weaker animals. This supplemental milk is
ideally made available on the day of birth and offered warm
and frequently as to stimulate intake. Later-on, during lacta-
tion, creep feed should be offered in order to facilitate the
transition to solid feed after weaning. The feed after weaning
should not be perceived as novel to the piglet, as this can delay
intakes, resulting in opportunities for infections. Escherichia
coli infection trials demonstrated that feed intake was the key
protectant for newly weaned piglets, not the composition of
the diet (ZnO provides an exception to this rule). The time
of day of weaning should be optimized for intake while diet
composition should focus on intake above anything else. Plas-
ma, colostrum powder, and hyperimmunized eggs provide
precious immunological support to the newly weaned. There
is also a host of organic acid and plant-extract based products
that can aid in maintaining intestinal health. These products
should first of all not hurt palatability; second, they should aid
in maintaining a stable gut environment. For the latter, in vitro
data for selecting products is only a first stab; products should
be proven and tried under field conditions. Smart combina-
tions, however, can certainly aid in maintaining piglet health
during stress periods. In conclusion, swine production without
antimicrobials is tough; with high quality management, high
quality diets, and proven additives that aid in stabilizing the
gut, the pain can be lessened.
Key Words: additives, antimicrobials, swine

075 Use of antibiotics in swine production in the
light of new FDA guidelines. C. J. Rademacher”,
Murphy-Brown, LLC, Ames, IA.

Group sow housing has been the predominant industry social
issue in regards to modern swine production, and the regula-
tion of antibiotics usage in the swine industry is quickly be-
coming the next issue with societal implications. Although
there is no definitive link between use of antibiotics in pro-
duction animal medicine and the increase in resistance in hu-
man medicine, there has been strong societal pressures for the
government to intervene. The FDA has responded by releas-
ing 2 guidances for the U.S. swine industry designed to limit
the amount of antibiotics used, as well as enacting more vet-
erinary oversight into the use of antibiotics, particularly for
growth promotion. FDA Guidance No. 209 and 213 are de-
signed to limit the use of medically important (human) antibi-
otics in animal agriculture. The scope of the limitation was to
prohibit the use of medically important antibiotics for growth
promotion or for improvement in feed efficiency. It states that,
under veterinary guidance, the use of medically important an-
tibiotics are allowed for treatment and control. It is also al-
lowed for prevention as long as certain criteria are met, such
as evidence of efficacy, it is an accepted veterinary practice,
no practical alternatives are available, and it targets a specific

etiologic agent. The guidance also states the importance for
veterinary consultation for the use of any medically important
antibiotics in modern agriculture. Essentially, it will eliminate
the over-the-counter use of medically important antibiotics,
thereby requiring veterinary oversight to be able to use them.
With both of these regulations, there is a 3 yr grace period
before they are officially enacted, which means 2016 will be
when these guidances become law. In preparation to meet
these new regulations, our company has begun the process of
updating our production practices. The focus of this presenta-
tion will be on discussing the antibiotic program changes that
have been implemented to meet the criteria of the guidance
documents. Examples from our nursery and grow-finish pro-
duction system evaluations will be shared with the audience.

Key Words: antibiotics, FDA guidelines,

swine production
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076 Effects of in utero heat stress on muscle
development of barrows. T. A. Wilmoth'-*,
Z.D. Callahan?, T. J. Safranski’, B. R. Wiegand?,
!Clemson University, Clemson, SC, *University
of Missouri, Columbia.

Muscle development occurs between d 25 to 90 of gestation
and can be influenced by environmental factors such as in ute-
ro heat stress during fetal development and postnatal growth.
Changes in muscle development can alter the quality of the
meat product. Therefore, the objectives of this work were to
determine the effects of in utero heat stress, excess dietary
lysine, and Paylean on muscle development of barrows. At
25 kg, barrows of control (n = 40) or heat stressed (HS; n =
40) dams were individually housed and fed a corn—soybean
meal diet. At this time, barrows were equally and randomly
assigned to receive a diet that met (100% NRC; n = 20) or
exceeded (110% NRC; n = 20) NRC lysine requirements. In
the last 30 days of finishing, barrows were again equally and
randomly assigned to a diet containing 0 (n = 10) or 7.4 mg/kg
Paylean (PAY; n = 10). Diets were fed until 121 kg of weight
was attained. At slaughter, muscle samples were collected
from the longissimus dorsi (LD) and semitendonosus (ST)
and used for the adenosinetriphosphatase assay. In the LD,
the number of primary muscle fibers (PCLD), the number of
secondary fibers (SCLD), the size of primary fibers (PDLD)
and the size of secondary fibers (SDLD) were determined.
The same variables (PCST, SCST, SPST, PDST, and SDST)
were determined for ST. The ratio of secondary to primary
fibers (SPLD and SPST) was also determined for each LD and
ST. Heat stressed treatment increased (58.17 £ 1.17 vs. 60.90
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+1.06 pm; P =0.09) SDLD. Heat stressed x PAY interactions
increased SDLD (P = 0.02) and decreased SPLD (P = 0.04).
There was a decrease for an interaction between lysine by HS
for SCLD (P = 0.08). Heat stressed x lysine x PAY interac-
tions increased SCLD (P = 0.03) and decreased SPLD (P =
0.009). In ST muscle, HS treatment increased PDST (57.74
+ 1.09 vs. 63.78 £ 1.13 pm; P = 0.0003) and SDST (67.70 £
1.36 vs. 72.74 = 1.40 pm; P = 0.01). A lysine % PAY interac-
tion increased PDST (P = 0.04) and trends for this interactions
reduced PCST (P = 0.07) and SCST (P = 0.10). There were
also positive correlations between shear force and PDLD (r
=0.31, P=0.01), SDLD (r = 0.27, P = 0.04), and PDST (r
= 0.30, P = 0.03) and a tendency for SDST (» = 0.25, P =
0.06). Heat stress during gestation alters muscle development,
resulting in increased muscle fiber size at harvest and, ulti-
mately, a tougher product.

Key Words: heat stress, muscle development,

ractopamine

077 Integrative responses of pig adipose tissues to a
high-fat, high-fiber diet: Towards key regulators
of energy flexibility. F. Gondret"*’, A. Vincent!?,

M. Houee?, S. Lagarrigue'?, A. Siegel?, D. Causeur?,
I. Louveau'?, ZINRA UMR1348 PEGASE, Saint Gilles,
France, *AgroCampus-Ouest UMR 1348 PEGASE,
Rennes, France, *AgroCampus-Ouest UMR6625
IRMAR, Rennes, France, *CNRS-Universite de Rennes
1-INRIA, UMR6074 IRISA, Rennes, France.

The competition between food and feed challenges the use
of alternative resources such as fibrous feedstuffs in diets
for pigs. Adding fat to high-fiber diets appears as a relevant
strategy to improve dietary energy value and feed efficiency,
but this changes the nutrients and energy source compared
to a standard low-fat diet. This study aimed to elucidate the
transcriptional mechanisms involved in variations of adipos-
ity when pigs were fed a high-fat, high-fiber diet. Growing
barrows (Large White; n = 48) divergently selected for feed
efficiency were offered during 10 wk either a low-fat, low-
fiber diet (LF) or a high-fat, high-fiber diet (HF) where oils
and wheat straw were used to partially substitute cereals (n =
24 per diet). At 132 days of age, HF pigs displayed lower (P <
0.001) proportions of perirenal (PRAT; —16%) and subcutane-
ous (SCAT; —28%) fat tissues than LF pigs. Analyses using a
porcine microarray showed that diet had pronounced effects
on adipose tissue transcriptomes. The number of differentially
expressed genes (DEG) was greater in PRAT than in SCAT,
with 1,251 and 825 unique genes being upregulated and 2,440
and 1,279 unique genes being downregulated by the HF diet
in PRAT and SCAT, respectively (cutoffs for P-corrected BH
were <0.10 and raw P <0.01 and fold changes between condi-
tions were >1.1 or <0.9). A multiple factor analysis revealed
large similarities between the 2 adipose tissues in response
to diets. Notably, different genes related to protein catabo-

lism (33 DEQG), protein transport (33 DEG), apoptosis (31
DEG), phosphate metabolic process including ATP synthesis
(34 DEQG), response to stress (26 DEG), and glucose metabo-
lism (13 DEG) were commonly downregulated in HF pigs.
Conversely, IGFIR participating to the negative regulation of
apoptotic process was upregulated by the HF diet in the 2 adi-
pose tissues. Correlation modules also stressed the upregula-
tion by the HF diet of genes related to immunity and defense
response specifically in PRAT. Causality graph analysis high-
lighted MLXIPL, SREBF1, peroxisome proliferator-activated
receptors (PPARG and PPARD), and their heterodimer partner
RXRA as candidate upstream regulators of these processes.
The qPCR analyses confirmed dietary-related differences in
expression levels of these regulators in the 2 adipose tissues.
Altogether, high fiber intake in growing pigs was associated
with lower body fatness, which was related to lower glucose
metabolism in adipose tissues; its effect on immune factors in
the perirenal fat deserves further studies.
Key Words: adipose tissue, fiber diet, pig

078 Correlation of fresh muscle firmness with sensory
characteristics of pork loins destined for export
to a quality focused market. E. K. Arkfeld!”,
S. Mancini'?, B. Fields®, A. C. Dilger, D. D. Boler*,
"University of Illinois, Urbana, *University of
Pisa, Pisa, Italy, *Genus PIC, Hendersonville, TN,
“University of lllinois at Urbana-Champaign, Urbana.

Because pork processors use subjective firmness at 1 d post-
mortem to sort loins for quality-driven export markets, the
objective was to correlate firmness at either 1 or 28 d post-
mortem with sensory characteristics. Boneless loins (N = 154;
2.86 to 5.58 kg) were aged for 28 days at 1.7°C. Firmness was
assessed at 1 d postmortem using a 5-point subjective scale
at the 10th rib. On d 28, subjective firmness scores were as-
signed using the same scale on the ventral side of the loin at
3 locations: the area of the 10th rib, the anterior half, and the
posterior half. Durometer readings were collected at the 10th
rib on both dorsal and ventral sides of the loin and then aver-
aged for average loin objective firmness. Loin flop and cir-
cumference were measured. Chops were cut and frozen on 28
d to assess sensory, quality, and mechanistic characteristics.
Data were analyzed using the correlation procedure of SAS
with Spearman correlation coefficients to account for the non-
normality of data. Subjective firmness measures on 1 and 28
d postmortem were correlated to 28-d loin flop distance and
loin circumference (P < 0.01). Dorsal and ventral durometer
readings at 28 d postmortem were not correlated to these traits
(P > 0.30). Day 28 subjective loin firmness was negatively
correlated with purge loss and accounted for between 7.3
(10th rib) and 12.0% (anterior portion) of the total variation in
purge (P < 0.01). Although 1-d subjective firmness accounted
for 3.0% of the variation in 28-d Warner—Bratzler shear force
(WBSF; P = 0.03), 28-d subjective firmness measures were
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not correlated to WBSF (P > 0.36). Sensory tenderness was
weakly correlated with subjective anterior firmness (P = 0.03,
r=0.17) but no other firmness measures. Sensory chewiness
was weakly correlated with 28-d 10th rib and anterior firm-
ness (P < 0.05, r = —0.18 and » = —0.19, respectively). Day
28 loin dorsal durometer readings accounted for 3.6% of the
total variation in sensory juiciness (P = 0.02), and 1- and 28-d
subjective anterior firmness tended to correlate with juiciness
(P<0.10,7=0.14 and r = 0.13, respectively). Averaged 28-d
loin durometer readings and 1-d subjective firmness measures
did not correlate with sensory characteristics (P > 0.10). Ini-
tial (1 d) firmness accounted for 4.0% of the variation in in-
tramuscular fat iodine value (P = 0.02). No firmness measures
were correlated with soluble or insoluble collagen content (P
> (.05). These results suggest that 1-d postmortem firmness
measures do not correlate to pork quality or sensory character-
istics at 28 d. Although a small amount of variation in sensory
attributes can be explained by 28-d firmness measures, results
are not consistent throughout the loin.
Key Words: firmness, quality, sensory

079 Dietary hydrolysable tannins from chestnut have
the potential to reduce the risk of boar tainted
carcasses. G. Bee', S. Ampuero Kragten, Agroscope
Institute for Livestock Sciences, Posieux, Switzerland.

Recent in vitro incubation studies of swine cecal inoculum
with different concentrations of hydrolysable tannins (HT)
suggested an inhibitory effect of HT on the total activity of
cecal bacteria. These findings are of interest especially in the
production of entire males where the synthesis of skatole and
indole, 2 compounds responsible for boar taint, could be re-
duced in the colon by dietary means. Results of a recent in
vivo study revealed the potential of HT to reduce the inci-
dence of boar taint. Therefore, the goal of the present study
was to determine possible threshold levels of supplemented
dietary HT on skatole and indole tissue deposition. For the
study, 44 Swiss Large White entire males from 11 litters were
selected at 59.4 kg BW and assigned within litter to 1 of 4
treatments: an unsupplemented control finisher diet (T0) and
a finisher diet supplemented with 1.5 (T15), 3.0 (T30), or
4.5% (T45) chestnut powder. All pigs were reared in 1 pen
equipped with 4 automatic feeders. They had ad libitum ac-
cess to the assigned diets. The animals were weighed weekly
and individual feed intake was monitored daily. At 103.5 kg
BW, pigs were slaughtered and organ weights as well as car-
cass characteristics were assessed. In addition, concentrations
of androstenone, skatole, and indole levels were measured in
the backfat using HPLC. Despite similar feed intake, T45 pigs
tended (P < 0.10) to grow slower than T15 pigs, with interme-
diate values for TO and T30 pigs (0.80, 0.92, 0.88, and 0.83
kg/d, respectively). The T45 and T30 pigs were less (0.34 kg/
kg each; P < 0.05) feed efficient than TO and T15 pigs (0.38
and 0.37 kg/kg, respectively). Compared to the TO group, lean

meat percentage was lower (P < 0.05) in carcasses of boars
from the T15 group (56.7 vs. 58.4%), with intermediate val-
ues for the T30 and T45 group (57.3 and 57.5%, respectively).
Weight of the liver, kidney, and salivary gland was less (P
< 0.10) in the T45 group compared to all other groups. Due
to large variability in the androstenone, skatole, and indole
levels in the backfat, no significant (P > 0.27) dietary effects
were observed. However, taking into account the suggested
boar taint thresholds for androstenone (<1 mg/kg) and/or ska-
tole (<0.25 mg/kg), fewer T45 than TO, T15, and T30 pigs
were above these thresholds (2 vs. 5, 6, and 5, respectively).
In conclusion, the current data show that despite the slight
negative effect of the highest dietary HT supply on growth
performance incidence of boar taint could be lowered at the
highest HT inclusion level.
Key Words: boar taint, hydrolysable tannin, pig

080 The effects of maternal energy restriction during
midgestation on growth performance, gene
expression, and immune function in the resultant
beef offspring. A. R. Taylor'*, D. A. Mohrhauser!,
K. R. Underwood!, R. H. Pritchard', A. E. Wertz-
Lutz?, A. D. Blair®, ‘South Dakota State University,
Brookings, >’ADM Alliance Nutrition, Quincy, IL,
iSouth Dakota State University, Rapid City.

Fetal or developmental programming evaluates the effects of
maternal alterations on the developing fetus and the potential
adverse effects later in life. To understand these potential con-
sequences in beef cattle, the objectives of this research were
to determine the effects of maternal nutrient restriction during
midgestation on offspring growth performance, subcutaneous
adipose tissue gene expression, and the humoral immune re-
sponse in the resultant beef offspring. Pregnant beef cows (84
+ 11 d of gestation, 4 + 1 yr, 495 + 58 kg, and 4.9 + 0.5 BCS)
were allotted to 1 of 2 dietary treatments: 1) Control (n = 76),
fed to achieve and/or maintain BCS 5.0 to 5.5, or 2) Restricted
(n =175), fed to lose 1 BCS over the ensuing 91-d treatment
period of midgestation. Following treatment, cows were com-
mingled and managed as a common group through weaning.
Cow data was analyzed using PROC GLM (SAS). Progeny
data were analyzed as a completely randomized design us-
ing PROC GLM and Repeated Measures in PROC MIXED
(SAS) for growth performance and immune response, respec-
tively. Fold differences in progeny gene expression were de-
termined using Relative Expression Software Tool (REST).
A subsample of weaned calves was used to measure humoral
immune response. Two additional subsamples were sampled
at weaning and harvest to evaluate gene expression. Control
cows maintained or gained condition whereas Restricted cows
lost condition (P < 0.05) during the midgestation treatment
period. Midgestation treatment did not affect (P > 0.05) birth
weight, weaning weight, or adjusted 205-d weaning weight
of progeny. Expected gender differences occurred with steers
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having heavier (P < 0.05) birth weights, weaning weights, and
adjusted 205-d weaning weights compared to heifers. No dif-
ferences (P > 0.05) were observed between treatments during
the feeding period on live cattle performance variables includ-
ing ADG, DMI and G:F. No differences were detected (P >
0.05) in subcutaneous adipose tissue gene expression in the
weaning or final subsample. Calves from Restricted cows had
lower antibody titers (P < 0.05) in response to a novel antigen
during the receiving period. These results suggest a mild loss
in body condition encountered by a cow during midgestation
will not affect adipose differentiation or growth throughout
the postnatal period in beef cattle offspring. However, these
conditions imposed on the cow during midgestation may have
an adverse impact on antibody production during the receiv-
ing period in the resultant calf.
Key Words: cattle, fetal programming, growth

cows, with calves from 130%REQ cows being intermediate.
Maternal treatments did not affect (P = 0.66) calves’ methane
production. There were no effects (P> 0.15) of maternal treat-
ment on calf postinfusion glucose and insulin concentrations,
glucose and insulin area under curve, or insulin to glucose ra-
tio. Calves from REQ cows tended (P = 0.08) to have greater
HCW than calves from 70%REQ and 130%REQ cows. Treat-
ment did not affect (P > 0.18) carcass backfat, yield grade,
LM area, marbling score, KPH, shear force, or intramuscular
fat percentage. Differing maternal plane of nutrition during
midgestation affected transition period gain efficiency yet did
not dramatically impact calf growth performance, feed effi-
ciency measures, methane production, insulin sensitivity, or
carcass characteristics during the finishing phase.

Key Words: carcass characteristics, feed efficiency,

fetal programming

081 Effects of maternal plane of nutrition during
midgestation on beef calf postweaning growth
and feed efficiency, methane production, insulin
sensitivity, and carcass characteristics. T. B. Wilson®,
B. C. Ramirez, L. F. Rodriguez, A. R. Green,
D. D. Boler, A. C. Dilger, T. L. Felix, D. W. Shike,
University of Illinois at Urbana-Champaign, Urbana.

Objectives were to investigate the effects of maternal plane
of nutrition, during midgestation, on calf postweaning growth
and feed efficiency, methane production, insulin sensitivity,
and carcass characteristics. Calves (n = 27; steers, n = 14,
and heifers, n = 13; initial BW = 239 + 22 kg) used for this
experiment were born to beef cows limit-fed for 3 planes of
nutrition from 195 + 14 to 112 + 14 d prepartum: 100% NRC
energy and protein requirement (REQ), 70% NRC require-
ment (70%REQ), or 130% NRC requirement (130%REQ).
Calves were weaned at 198 + 14 d of age and transitioned
over 30 d to a common finishing diet. Individual DMI was
recorded using GrowSafe (Airdrie, AB, Canada). At 304 = 14
d of age, methane was collected, beginning at 3 h postfeed-
ing, for 24 h. An indwelling venous catheter was inserted at
316 + 14 d of age to conduct a glucose tolerance test. Plasma
glucose and insulin concentrations were analyzed preinfusion
and 5, 10, 15, 20, 30, 60, 90, and 120 min postinfusion. All
calves were slaughtered at 404 + 14 d of age at an average
backfat of 1.24 cm. Transition period initial BW, ADG, and
DMI were not different (P > 0.39). However, G:F was great-
est (P=0.01) for calves from cows fed 70%REQ and least for
calves from REQ cows; calves from 130%REQ cows were
intermediate and different from both. In the finishing phase,
treatment did not affect (P> 0.11) final BW, DMI, ADG, G:F,
or residual feed intake. Residual gain tended (P = 0.06) to
be greater in calves from 130%REQ cows when compared to
calves from 70%REQ and REQ cows. Ultrasound backfat at
299 + 14 d postweaning tended (P = 0.06) to be greatest for
calves from REQ cows and lowest for calves from 70%REQ

082 Evaluation of the effects of zilpaterol hydrochloride
supplementation on catecholamine response and
other blood metabolites following a combined
corticotropin releasing hormone and vasopressin
challenge. J. O. Buntyn'*, N. C. Burdick Sanchez?,
T. B. Schmidt!, S. E. Sieren!, G. E. Erickson',

S. J. Jones!, J. A. Carroll?, !University of Nebraska,
Lincoln, 2USDA-ARS, Livestock Issues Research
Unit, Lubbock, TX.

The stress response of cattle supplemented with zilpaterol hy-
drochloride (ZH) has become an issue due to claims of cattle
responding poorly to stress. This study was designed to deter-
mine if differences exist in the catecholamine and blood me-
tabolite response of ZH-supplemented cattle when exposed to
a metabolic stress challenge. Crossbred heifers (n = 18; 596
+ 39 kg BW) were randomized into 2 treatment groups and
individually fed daily with heifer serving as the experimental
unit: 1) Control (CON), the finishing diet with no ZH, and 2)
Zilpaterol (ZIL), the finishing diet with ZH (7.56 g/t DM ba-
sis). Zilpaterol heifers were supplemented ZH for 20 d, with a
3-d withdraw period. On d 20 of supplementation, all heifers
were fitted with indwelling jugular catheters. On d 24, start-
ing at 0400 (6 h before) and 0800 h (2 h before) and continu-
ing until 1600 h (8 h after), blood samples were collected at
60-min intervals for plasma and serum, respectively. At 1000
h (d 24), heifers received an intravenous bolus of corticotro-
pin releasing hormone (CRH; 0.3 pg/kg BW) and vasopres-
sin (VP; 1.0 pg/kg BW) to activate the stress axis. Serum
was separated and stored at —80°C until analyzed for creatine
phosphokinase (CPK), creatine, Ca, P, Na, K, and liver en-
zymes. Blood samples were collected in EDTA vacutainers;
plasma was separated, flash frozen, and stored at —80°C until
analyzed for catecholamines. Data were analyzed using the
MIXED procedure with hour as a repeated measure and com-
pound symmetry covariance structure. There was a treatment
effect (P < 0.02) only for Ca and K; ZIL heifers had decreased
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concentrations during the CRH/VP challenge. Heifers for ZIL
had increased concentrations of CPK (P = 0.05) and creatine
(P <0.01) during CRH/VP challenge. A treatment x time ef-
fect (P = 0.02) was observed for P. Concentrations of P were
similar —2 h before to 6 h after challenge. At 7 h postchallenge,
CON heifers had less P compared to ZIL heifers. There were
no differences observed (P > 0.22) for the liver enzymes aspar-
tate transaminase and gamma glutamyltransferase. Heifers fed
CON had greater concentrations of alkaline phosphatase and
sorbitol dehydrogenase (P < 0.05) compared to ZIL heifers.
Heifers for ZIL had decreased concentrations of epinephrine
(P =0.04). There was no difference (P = 0.94) for norepineph-
rine. Whereas some variations were observed between ZIL and
CON heifers in terms of response to the CRH/VP challenge,
these alterations appear to be minor. In this experimental set-
ting, supplementation of ZH did not dramatically alter the abil-
ity of cattle to respond to stress stimuli.
Key Words: beta-agonist, stress response, Zilmax

083 Supplementation of zilpaterol hydrochloride does
not significantly alter the serum metabolic profile
and metabolic enzyme profile of finishing heifers.
S. E. Sieren'”’, S. J. Jones!, J. O. Buntyn!, J. A. Carroll?,
N. C. Burdick Sanchez?, T. B. Schmidt!, !University
of Nebraska, Lincoln, °USDA-ARS, Livestock Issues
Research Unit, Lubbock, TX.

Supplementation of zilpaterol hydrochloride (ZH; Zilmax) to
cattle has been implicated as having a negative impact on the
well-being of cattle. However, there is limited data to support
or refute these claims. This study was designed to determine if
differences exist in the serum metabolic profile and metabolic
enzymes of heifers supplemented ZH. Heifers (n =20; 556 + 7
kg BW) were separated into 2 groups: Control (CON), with no
ZH, or 2) ZIL, supplemented with ZH at 7.56 g/t (DM basis).
The trial was conducted over a 25-d period (-2 to 22 d), with
3 serum collection periods (-2 to 3 d [ZH supplementation
started on d 0], 12 to 15 d, and 20 to 22 d [withdrawal period]).
For each day of the collection periods, 2 blood samples were
collected for serum profile analysis (0800 and 2000 h). Serum
was separated and stored at —80°C until analyzed for blood
urea nitrogen (BUN), total protein, albumin, globulin, P, K,
Na, anion gap, serum total Ca (TCa), creatinine (CREAT),
creatine phosphokinase (CPK), and the enzymes aspartate
transaminase (AT), alkaline phosphatase (AP), gamma glu-
tamyltransferase (GG), and sorbitol dehydrogenase (SDH).
Data were analyzed using the MIXED procedure of SAS with
hour as a repeated measure and compound symmetry cova-
riance structure (liver enzymes AT, AP, GG, and SDH were
analyzed as change from baseline [-2 to 0 d]). A treatment X
time interaction was observed for BUN; concentrations were
similar (P > 0.13) prior to ZH supplementation; however,
from 12 to 22 d after supplementation, BUN concentrations
in ZIL heifers were decreased (P < 0.01) compared to CON

heifers. No differences (P = 0.58) were observed for serum
total protein, albumin, globulin, P, K, Na, and anion gap. For
TCa, only a treatment effect (P = 0.008) was observed; CON
heifers had greater concentrations of TCa compared to ZIL
(9.8 vs. 9.5 mg/dL, respectively). A treatment X time interac-
tion (P < 0.001) was observed for CREAT and CPK. Prior
to ZH supplementation, CREAT and CPK concentrations
were similar (P > 0.18); after ZH supplementation (4 to 22
d), CREAT and CPK concentrations were greater (P < 0.04)
in ZIL supplemented heifers. No differences (P > 0.16) were
observed for the liver enzymes AT, AP, GG, and SDH in terms
of change from baseline concentrations. Whereas some varia-
tion was observed between ZIL and CON heifers (primarily
in terms of protein accretion), all variables of interest were
within normal biological ranges for cattle.
Key Words: beta-agonist, serum profile, Zilmax

084 A comparison of performance, carcass characteris-
tics, and meat quality from intact male beef cattle
relative to castrated male beef cattle administered
growth promotion technology. M. E. Stephens!”,

S. J. Bartle!, D. N. Rethorst!, C. D. Reinhardt!,
M. G. Siemens?, D. U. Thomson!, ‘Kansas State
University, Manhattan, 2Cargill, Wichita, KS.

Castration is a surgical procedure in male beef cattle that has
raised animal welfare concerns. Steroid implants and beta-
adrenergic agonists are fed to steers after castration to im-
prove feed efficiency and growth rates but can have a nega-
tive impact on carcass quality. Yearling bulls that are raised for
breeding purposes that fail the breeding soundness exam are
castrated and administered growth promotion technology and
then fed for beef. The purpose of this study was to compare
the effects on performance, carcass characteristics, and meat
quality of intact male cattle not administered any growth pro-
motion technology verses castrated male yearling cattle that
are administered growth promotion technology. Angus bulls (n
=24; 605 + 37 kg) averaging 16 mo of age were stratified by
weight and randomly assigned to 1 of 2 treatments: uncastrated
control (BULL) and castrated with growth promotion technol-
ogy (STR) treatment. Cattle assigned to STR treatment were
implanted with 120 mg trenbolone acetate and 24 mg estradiol
on d 0 and fed ractopamine hydrochloride (300 mg/d) the last
28 d of feeding. Cattle were fed a rolled corn—based finish-
ing ration with a NEg of 0.64 Mcal/lb for 62 d (final weight
= 680 + 37 kg). Carcass samples and data were collected at a
commercial abattoir. The BULL treatment had a higher ADG
(1.40 vs. 1.05 kg; P <0.05) and tended to have increased G:F
(0.09 vs. 0.07 kg; P < 0.10). Feed intake for BULL and STR
(14.87 vs. 15.05 kg; P > 0.20) was not different. There was no
difference between treatments for quality grade, yield grade,
HCW, back fat thickness, and dressing percent. Longissimus
muscle area was greater in BULL compared to STR (100.1
vs. 89.3 cm?; P < 0.05). There was no difference in tender-
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ness for BULL and STR based on Warner—Bratzler shear force
(WBSF) measures (4.82 and 4.32 kg of force; P <0.05). There
was no difference between BULL and STR cattle for myofi-
brillar tenderness (5.24 vs. 5.43), juiciness (5.18 vs. 4.98), beef
flavor intensity (5.29 vs. 5.27), connective tissue amount (5.97
vs. 6.26), overall tenderness (5.34 vs. 5.58), and off flavor in-
tensity (7.73 vs. 7.70). The castration of yearling bulls admin-
istered metabolic modifier technology did not improve perfor-
mance, carcass characteristics, WBSF, or sensory panel items.
Eliminating an animal welfare concern along with removing
the cost and management of metabolic modifiers while main-
taining meat quality and improving performance, castration is
unnecessary for this age of bulls.
Key Words: castration

447 Effects of dietary narasin inclusion level on the
growth performance, incidence and severity of
diarrhea, and viral shedding in nursery pigs
infected with porcine epidemic diarrhea virus.
C. L. Puls"", K. S. Rosenkrans', J. A. King',

T. E. Weber!, M. J. Ritter!, C. T. Herr!, J. G. Owens!,
K. K. Keffaber!, L. Kesl?, T. A. Marsteller!, ‘Elanco
Animal Health, Greenfield, IN, *Veterinary Resources,
Inc., Ames, IA.

This study was conducted to determine the effects of narasin
on the growth performance, incidence and severity of diar-
rhea, and viral shedding in nursery pigs infected with porcine
epidemic diarrhea virus (PEDV). The study was carried out
over a fixed time period of 14 d from 29 to 43 d of age (7.6 +
0.64 to 12.1 £ 0.96 kg BW, respectively). A randomized com-
plete block design (blocking factor = weight) was used with 3
narasin inclusion levels (0, 30, and 60 mg/kg). Diets were for-
mulated to meet or exceed NRC (2012) recommendations for
nursery pigs. A total of 75 barrows (rn = 36) and gilts (n = 39)
were used and were housed in mixed-gender pens of 5 pigs (5
groups/treatment). Pigs were allocated to pens and treatments
at weaning (22 d of age) and started on dietary treatments 7 d
prior to being challenged with PEDV. Pigs were weighed on
day —7, O (start; challenge), 5, and 14 (end) of the study; all
feed additions to the feeders were recorded. Diarrhea scores
(1 = normal, 2 = pasty, 3 = semisolid, and 4 = loose) were
recorded and fecal swab samples were taken each day follow-
ing the challenge to determine viral shedding values. No pigs
died or were removed while on the study. Compared to the
control, feeding narasin from d 0 to 5 increased (P < 0.05)
ADG (0.11,0.17, and 0.22 kg for 0, 30, and 60 mg/kg, respec-
tively; SEM = 0.025) and G:F (0.375, 0.551, and 0.670; SEM
=0.0767, respectively), but there was no effect (P > 0.10) on
overall growth performance from d 0 to 14. Diarrhea scores
decreased with increasing narasin level (1.49, 1.45, and 1.37,
respectively), although these differences were not statistically
significant (P > 0.10). Compared to the control (0 mg/kg),
pigs fed 30 mg/kg narasin had lower (P < 0.10) viral shedding

on d 2 and 3 of the study; pigs fed 60 mg/kg narasin had lower
(P < 0.10) viral shedding on d 2, 3, 4, 5, and 6 of the study
compared to the control. The results of this study suggest
that feeding narasin lowers viral shedding levels of PEDV in
nursery pigs, but further research is needed to understand the
impacts of narasin on growth performance and incidence of
morbidity and mortality in pigs infected with PEDV.

Key Words: growth, pigs, porcine epidemic diarrhea

virus, viral shedding

HARLAN RITCHIE SYMPOSIUM:
HAVE WE ENTERED A NEW ERA
IN BEEF PRODUCTION?

085 Trends to watch in cattle nutrition. G. P. Lardy’,
North Dakota State University, Fargo.

The beef cattle industry has evolved continuously since the
first cattle arrived in North America over 500 yr ago. One way
to predict the future is to evaluate current trends and extrapo-
late what will happen. Industry-wide trends, a changing con-
sumer demographic, as well as rapidly changing agricultural
science and technology, will impact various segments of the
beef industry at fundamental levels. Here are 7 trends that will
impact cattle nutrition in the future: 1) cost pressures will drive
continued industry consolidation, 2) rapidly growing world
population and more people achieving middle class incomes
will result in greater demand for animal protein products, 3)
feed price volatility will necessitate flexible production sys-
tems, 4) heightened consumer and corporate interest in how
and what cattle are fed, 5) continued development of crops and
feedstuffs with enhanced nutrient qualities, 6) better under-
standing of how the microbial population and cattle genetics
interact will affect nutrition supply and nutrient requirements,
and 7) the nexus of food, water, and energy security will drive
changes in the geography of where and what cattle are fed.
These changes are occurring on the local, regional, national,
and global scale. Some of these trends may not seem intui-
tively linked to cattle nutrition, but they are all driving change
in beef cattle production systems and, as a consequence, cattle
nutrition programs. In order to provide producers with sound
advice for the future, beef cattle nutritionists need to embrace
available technologies and develop multidisciplinary research
which addresses the changing landscape of the industry. They
need to be innovative and creative in how they develop their
research programs. Research programs need to become more
interdisciplinary in order to address changes and provide
sound research-based recommendations. Scientists training
the next generation of nutritionists must prepare students to
deal with current and future changes which will impact cattle
nutrition. In light of the fact that feed costs make up over 60%
of the cost of production in beef cattle enterprises, Extension
programs need to position producers to adapt to a constantly
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changing industry landscape. Change in the beef cattle indus-
try is certain, how we respond and adapt is up to us.
Key Words: beef cattle, nutrition, trends

086 Cow herd investment opportunities during a
period of prosperity. W. J. Sexten®, Division of
Animal Sciences, University of Missouri, Columbia.

Record high cattle prices, coupled with abundant supplies of
relatively inexpensive feed and forage, have contributed to
prosperity for most Midwestern beef cattle operations. Pros-
perity provides the opportunity to pay down debt and make
operational improvements in preparation for more challeng-
ing financial times. Ideally, herd investments should provide
for short- and long-term returns by reducing costs, increasing
productivity, or enhancing efficiency. Debt service offers the
immediate opportunity to reduce interest cost while increasing
management decision flexibility. Handling facility investments
can improve genetic, reproductive, health, and nutritional
management, in addition to reducing operator and cattle stress
at processing. Implementation of nearly every cattle manage-
ment decision begins at the handling facility. Genetic improve-
ments will prepare cow herds to increase performance, expand
market options, or enhance efficiency. Even with recent tech-
nology improvements, the selection of superior genetics still
requires scales and sorting capabilities. With handling facility
investments, producers may expand reproductive management
to narrow the calving window, increase Al use, or diagnose
nonproductive cows, offering labor and nutrient efficiency
savings. Preventative health management should focus on re-
ducing calving and weaning losses. Herd health management
using a scale equipped handling facility ensures accurate an-
timicrobial and anthelmintic dosing, reducing drug costs, en-
hancing animal performance, and protecting product efficacy.
Cow nutrient demand grouping represents a management op-
portunity to optimize supplement cost relative to production
efficiency. Developing facilities to enable nutrient need deter-
mination while expanding the ability to sort and house these
groups prepares herds to weather higher feed and forage prices.
Facilities designed to minimize weaning stress while providing
short-term feeding infrastructure expands market opportunities
while reducing shrink. Midwest pasture acres are increasingly
viewed as potential row crop acres, suggesting investments
increasing carrying capacity or harvest efficiency prepare op-
erations for future land use challenges. Pasture improvements
increasing forage yield, nutritional quality, weed competition,
and antiquality factors offer long-term investment for an in-
creasingly shrinking resource. Investments to reduce forage
losses during harvest, storage, and feeding represent an oppor-
tunity to reduce hay acres and forage cost. Numerous invest-
ment opportunities exist to improve the cow herd; short- and
long-term returns on these investments are dependent on cur-
rent productivity and future resource limitations. With increas-
ing competition for land, resource investments designed to

reduce cost, increase productivity, or enhance efficiency when
evaluated on a per-acre basis offer the greatest opportunity to
maintain profitability.

Key Words: beef cattle, efficiency, profitability

087 New innovations in how we sell beef.
B. E. Wasser®, National Cattlemen’s Beef
Association, Centennial, CO.

In today’s highly competitive protein marketplace, it is criti-
cal for the beef industry to improve product performance over
time and to offer innovative, relevant products to consumers.
Through a series of related checkoff-funded programs set in
motion in the late 1990s, the industry responded to depressed
prices for the beef chuck and round by developing innova-
tive, value-added cuts that meet consumer needs in retail and
foodservice. A research study called muscle profiling evalu-
ated individual muscles in the chuck and round to identify
those with marketable value beyond their traditional uses. The
results of this study have made it possible for the industry to
capture higher values for beef carcasses. New knowledge of
individual muscle performance has prompted technical explo-
ration to find optimal uses for muscles in the ends of the car-
cass, ultimately increasing demand for underutilized cuts and
decreasing price pressures on middle meats. For example, the
volume of the Flat Iron Steak has grown significantly since
its widespread introduction in 2002, and now more than 31.8
million kilograms are sold annually, making it the 6th most
popular cut on restaurant menus, where it outpaces more tra-
ditional cuts like the T-Bone and Porterhouse. This session
will highlight these and other checkoff-funded innovative fab-
rication methods and state-of-the-art education tools intended
to create positive eating experiences for consumers and spur
value creation for the beef carcass. Moreover, the session will
cover recent checkoff research related to improving the con-
sistency of beef’s eating experience by targeting beef’s palat-
ability drivers: tenderness, flavor, and juiciness.
Key Words: chuck, innovative cuts, palatability

088 Tracking beef industry dollars.
N. Speer”, Bowling Green, KY.

The wave of higher prices within the beef complex during the
past several years is unprecedented. Historically, amidst un-
even economic recovery, beef expenditures would typically
have been flat-to-negative as consumers traded down within
the beef category and/or traded across to less expensive com-
petitive proteins. Nevertheless, despite persistent drag on the
economy since the financial crisis, beef and cattle prices have
surged higher. That occurrence, though, has invoked concerns
around consumer resistance and potential for demand destruc-
tion. Those questions have been especially prevalent during
2014 as beef prices surge ahead of competitive proteins. Ad-
ditionally, considering that cattle prices have doubled in just
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5 yr since, some observers express further concern about the
market being overstretched and poised for a sharp pullback—
consistent with the behavior of most commodity markets. The
upshot being discussion about the need for renewed analysis
of current production systems, industry value incentives, and
their subsequent impact upon consumer prices. Ground beef
is the industry’s volume leader, representing upwards of 50
to 60% of all beef consumed in the United States, and often
positioned as the primary price-category offering for beef di-
rectly comparable with pork and poultry. Given those consid-
erations, dialogue has arisen around the prudence of tilting the
production emphasis towards ground beef. However, begin-
ning in 2014, new USDA boxed beef reports indicate ground
beef and trimmings comprise only about 20% of the cutout
value. Moreover, the industry’s move away from a less-com-
moditized perspective have paid significant dividends during
the past several years and served to underpin beef’s competi-
tiveness. Primarily, high-quality, differentiated beef products
are accounting for an ever-larger portion of the beef industry’s
total revenue. The sales mix of Prime and Branded categories
have gained market share during the past 5 yr. That results
in customers buying more beef at higher prices on a consis-
tent basis. That occurrence inherently helps to break free from
a more traditional commodity business and buffer it against
quality shortfalls that historically hampered the beef business.
Key Words: beef industry, beef prices, cattle prices

NONRUMINANT NUTRITION:
FEED ADDITIVES

089 Salmonella surrogate mitigation in poultry feed
using a dry acid powder. R. A. Cochrane'”’, C. R.
Stark!, A. R. Huss!, G. Aldrich!, C. J. Knueven?,
C. K. Jones', J. S. Pitts®, ‘Kansas State University,
Manhattan, *Jones-Hamilton Co., Walbridge, OH,
3Jones-Hamilton Co., Weatherford, TX.

Salmonella contamination is a prevalent concern for the feed
industry. Heat treatment is commonly used to mitigate patho-
gens, but it is a point-in-time strategy that does not prevent
recontamination. Chemical alternatives may limit recontam-
ination, but are often difficult to mix effectively or corrode
equipment. A dry acid powder, such as sodium bisulfate (SBS;
Jones-Hamilton, Co., Waldridge, OH), may be a practical op-
tion for pathogen mitigation. Therefore, the objective of this
experiment was to evaluate the effectiveness of SBS to miti-
gate postprocessing contamination of a Salmonella surrogate,
Enterococcus faecium ATCC 8459, in poultry feeds. Treat-
ments were arranged in a 2 x 6 factorial with 2 feed forms
(nonprocessed mash vs. pelleted feed) and 6 levels of SBS
(0, 0.175, 0.35, 0.70, 1.4, and 2.8% w/w). A standard, broil-
er grower feed was inoculated with E. faecium, treatments

mixed with SBS, and pelleted at 70°C on a pilot scale (Cali-
fornia Pellet Mill, Crawfordsville, IN). Pellet production test
was the experimental unit and there were 3 pellet production
replicates. Treatments were randomized prior to pelleting and
a noninoculated flush was utilized between each treatment to
prevent crossover contamination. Mash samples before ther-
mal processing and corresponding pelleted samples were col-
lected. Samples were analyzed for E. faecium ond 0, 2, 4, 7,
and 14. All main effects and interactions were significant (P <
0.0001). Specifically, pelleting resulted in a 3-log reduction in
E. faecium (P < 0.0001; 6.6x10° vs. 2.3x10? CFU/g for mash
vs. pelleted, respectively). In both pelleted and mash feeds,
there was a linear decline in E. faecium with increasing SBS
inclusion (P < 0.0001; 1.3 x 104, 9.8 x 103, 8.5 x 10?, 7.7 x
10% 7.6 x 10% 2.5 x 10° CFU/g for 0, 0.175, 0.35, 0.70, 1.4,
and 2.8% SBS, respectively for mash feeds on d 14). There
was also a linear decrease in E. faecium over time (P < 0.0001,
6.7 x 10% 6.9 x 10, 6.0 x 10%, 5.0 x 10°, and 1.3 x 10°* CFU/g
for the negative control on d 0, 2, 4, 7, and 14, respectively).
In summary, this research suggests that thermal processing,
time, and SBS concentration all impact pathogen levels in
poultry feeds, and that including a dry acid powder may be an
effective pathogen mitigation strategy.
Key Words: Enterococcus faecium, feed safety,
pathogen, poultry, Salmonella, sodium bisulfate

090 Evaluating chemical mitigation of porcine
epidemic diarrhea virus in swine feed and
ingredients. R. A. Cochrane’, J. C. Woodworth,
S. S. Dritz, A. R. Huss, C. R. Stark, R. A. Hesse,
M. D. Tokach, J. F. Bai, C. K. Jones, Kansas State
University, Manhattan.

Porcine epidemic diarrhea virus (PEDv) is transmitted by
fecal-oral contamination. Research has confirmed swine feed
or ingredients as potential vectors of transmission, so strate-
gies need to be developed to mitigate PEDv presence in feed.
Therefore, the objective of this experiment was to evaluate
the effectiveness of various chemicals to mitigate PEDv in
swine feed and ingredients. Treatments were arranged in a 5
x 4 factorial with 5 chemical treatments and 4 feed matrices.
The chemical treatments included: 1) negative control with no
chemical addition, 2) 0.003% commercial formaldehyde, 3)
1% sodium bisulfate, 4) 1% sodium chlorate, and 5) 3% or-
ganic acid blend. The 4 matrices included: 1) complete swine
diet, 2) blood meal, 3) meat and bone meal, and 4) spray-dried
animal plasma. Matrices were first chemically treated, then
inoculated with 5.6 x 10* TCID50/g PEDv, stored at room
temperature, and analyzed by real-time PCR on d 0, 1, 3, 7,
14, 21, and 42. Data were analyzed by the GLIMMIX pro-
cedure of SAS with day as a repeated measure. The analyzed
values represent threshold cycle (CT) at which the virus was
detected, and thus lower values indicate greater nucleic acid
presence, not infectivity. All main effects and interactions were
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significant; however, only main effects are discussed in this ab-
stract due to space limitations (P < 0.0001). Both commercial
formaldehyde treatment and organic acid addition decreased
RNA concentration of PEDv compared with the control (P <
0.05), with the commercial formaldehyde treatment being the
most effective on d 0 by decreasing the CT by 1.4 to 2.8 CT
compared with the control. Feed matrix appears important in
retention of PEDv as RNA concentrations were 1.2 to 3.8 CT
higher in the complete swine diet and blood meal than meat
and bone meal or spray-dried animal plasma on d 0 (P < 0.05).
Additionally, PEDv stability over time was influenced by ma-
trix as RNA concentrations only improved 0.7 and 2.9 CT by
d 42 for spray-dried animal plasma and meat and bone meal,
respectively, compared with 4.1 and 5.6 CT for the complete
swine diet and blood meal. In summary, time, formaldehyde,
and organic acid treatments all enhance the RNA degradation
of PEDv in swine feed and ingredients, but their effectiveness
varies within matrix. More research is needed to relate RNA
concentration to infectivity and to elucidate the appropriate
chemical concentration for each feed ingredient or diet.
Key Words: chemical treatment, feed matrix,
PEDv, swine

091 Effects of dietary inclusion of direct-fed microbials
on gut health and growth of nursery pigs orally
challenged with F18-positive enterotoxigenic
Escherichia coli. Y. Sun, 1. Park”, C. H. Stahl,

S. W. Kim, North Carolina State University, Raleigh.

This study was to determine the effect of direct-fed microbials
(DFM, Primalac, Star Labs, Clarksdale, MO) on the growth
performance and gut health on newly weaned pigs with an
oral challenge of F18+ enterotoxigenic Escherichia coli
(ETEC). PrimaLac includes Lactobacillus acidophilus (2.5
x 107 cfu/gram), L. casei (2.5 x 107 cfu/gram), Bifidobacte-
rium thermophilum (2.5 x 107 cfu/gram), and Enterococcus
faecium (2.5 x 107 cfu/gram). Thirty-two pigs (16 barrows
and 16 gilts at 6.99 + 0.33 kg BW) in individual pens were
randomly allotted to 4 treatments (2 x 2 factorial arrangement:
first factor was DFM and the second factor was ETEC). Pigs
were fed experimental diets based on 2 phases (10 and 15 d,
respectively). Direct-fed microbials were supplemented in the
feed for Phase 1 (0 or 0.15%) and Phase 2 (0 or 0.10%). Pigs
were challenged with ETEC (0 or 2 x 10°CFU) on d 13 of the
study. Body weight and feed intake were measured on d 5, 9,
13, 19, and 25. Fecal scores were measured based on the 0 to
3 scale (0 = normal, to 3 = severe diarrhea) ond 2, 3, 5,9, 12,
and daily from d 13. Blood samples were taken on d 19 and
24 to measure tumor necrosis factor-alpha (TNF-«) and mal-
onedealdehyde (MDA). On d 25, all pigs were euthanized to
obtain tissues (jejunum and ileum) to measure TNF-a, MDA,
and morphological evaluation. Digesta (jejunum, ileum, and
colon) were also obtained to measure pH. Data were analyzed
using the Mixed procedure in SAS except for occurrence of

diarrhea, which was analyzed by Chi-square. Overall, DFM
increased (P < 0.05) ADG (193 to 308 g/d) and ADFI (354
to 491 g/d). Fecal scores were increased (P < 0.05) by ETEC
(0.45to 1.03). The number of pigs with diarrhea was increased
(P <0.05) by ETEC (1 to 6 pigs) from d 13 to 25. The crypt
depth (255 to 284 um) in ileum was increased (P < 0.05) by
ETEC. There were interactions (P < 0.05) between DFM and
ETEC on villus height and villus height:crypt depth, indicat-
ing that DFM increased villus height and villus height:crypt
depth when pigs had ETEC. There was an interaction (P <
0.05) on serum TNF-« concentration on d 19 indicating that
DFM decreased TNF-a when pigs had ETEC. Collectively,
ETEC increased occurrence of diarrhea and caused mild is-
sues on gut health, whereas DFM improved growth perfor-
mance without affecting gut health.

Key Words: direct-fed microbials, Escherichia coli,

growth performance, gut health, nursery pigs

092 Effect of standardized ileal digestible tryptophan :
lysine ratio on growth performance of 11 to 20 kg
nursery pigs. M. A. Goncalves!*, M. D. Tokach',

S. S. Dritz!, N. M. Bello!, K. J. Touchette?,

J. M. DeRouchey!, J. C. Woodworth!, R. D. Good-
band!, ‘Kansas State University, Manhattan,
?Ajinomoto Heartland, Inc., Chicago, IL.

Two experiments were conducted to determine the standard-
ized ileal digestible (SID) Trp:Lys ratio requirement for 11
to 20 kg pigs. Experiment 1 was conducted to validate the
dietary approach, and Exp. 2 was a dose titration. Both experi-
ments used corn-soybean meal based diets with 30% DDGS.
Experiments 1 and 2 used 1,188 and 1,088 pigs (PIC 337 x
1050; initially 13.0 + 0.16 and 11.2 £ 0.55 kg BW), were 21
d in duration, and had 11 and 6 pens/treatment with 24 to 27
pigs/pen, respectively. In Exp. 1, different SID Trp:Lys ra-
tios (14.5 vs. 20%), CP (26.1 vs. 22.9%), and SID Lys levels
(0.97 vs. 1.29%) combined into the following dietary treat-
ments: High CP, High Lys, and High Trp:Lys (HHH); Low
CP, High Lys, and High Trp:Lys (LHH); Low CP, Low Lys,
and High Trp:Lys (LLH); and Low CP, Low Lys, and Low
Trp:Lys (LLL). Lowering CP (HHH vs. LHH) did not signifi-
cantly influence (P > 0.05) ADG, but G:F was greater in HHH
compared with LHH. Decreasing lysine (LHH vs. LLH) and
Trp:Lys (LLH vs. LLL) reduced (P < 0.05) ADG and G:F,
respectively. Thus, low-CP diets formulated at 0.97% SID Lys
appear to ensure pigs are below their Lys requirement when
determining the optimal SID Trp:Lys ratio. In Exp. 2, dietary
treatments consisted of SID Trp:Lys ratios of 14.5, 16.5, 18.0,
19.5, 21.0, 22.5, and 24.5% formulated to 0.97% SID Lys
and 18.1% CP. Response variables, ADG and G:F, were each
fitted using general linear and nonlinear mixed models with
heterogeneous residual variances and pen as the experimental
unit. Competing models included quadratic polynomial (QP),
broken-line linear (BLL), and broken-line quadratic (BLQ).
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Table 092.

SID Trp:Lys, %

14.5 16.5 18.0 19.5 21.0 22.5 24.5
ADG, g 369 £20.2 428 £20.2 442 £20.2 432+£20.2 453 £17.6 451 +£17.6 435+£17.6
G:F 0.543 +0.008 0.582 + 0.005 0.582 + 0.005 0.578 +0.008 0.590 + 0.005 0.584 + 0.005 0.580 + 0.008

For each response, the best fitting models were selected using
Bayesian information criterion. Increasing Trp:Lys increased
(P < 0.004) ADG and G:F in a quadratic manner. For ADG,
the best fitting model was a QP [-317 + 7259 x (Trp:Lys)
— 17,110 x (Trp:Lys)’] with maximum ADG at 21.2% SID
Trp:Lys and 99% of maximum ADG achieved at 19.5% SID
Trp:Lys. For G:F, BLL, and BLQ models had comparable fit
and estimated SID Trp:Lys requirements of 16.6 (95% CI:
16.0 to 17.3) and 17.1% (95% CI: 16.6 to 17.7), respective-
ly. In conclusion, the SID Trp:Lys requirement for 11 to 20
kg pigs ranged from 16.6% for G:F to 21.2% for maximum
ADG, with 99% of maximum ADG at 19.5% SID Trp:Lys.
Key Words: amino acids, pigs, tryptophan

093 Withdrawn.

094 Effects of an essential oils blend on growth
performance of nursery pigs. N. Lu'",
M. D. Lindemann', J. R. Bergstrom?,
C. W. Parks?, H. J. Monegue', J. H. Cho',
!University of Kentucky, Lexington, >DSM
Nutritional Products, Parsippany, NJ.

Three experiments were conducted to evaluate the effects of a
proprietary blend of essential oils (CRINA Piglets, DSM Nu-
tritional Products, Parsippany, NJ) on growth performance of
nursery pigs. A total of 96, 48, and 48 crossbred nursery pigs
with initial BW of 6.62, 7.17, and 7.10 kg were used, respec-
tively. Pigs were blocked by initial BW and sex before ran-
domly allotted to 4 dietary treatments in each of the 3 experi-
ments that were conducted for 35 d using 3 diet phases (7, 14,
and 14 d). The dietary treatments were: 1) basal diets with no
additive [CON]; 2) CON plus carbadox at 55 ppm [MEC]; 3)
CON plus CRINA Piglets at 200 ppm [CRI]; and 4) CON plus
carbadox at 55 ppm and CRINA Piglets at 200 ppm [MEC +
CRI]. Basal diets were formulated to contain 3335, 3344, and
3329 kcal’/kg ME, and 1.62, 1.51, and 1.41% total lysine, for
the 3 phases, respectively. Data were checked for normality
and pooled for statistical analysis. In total, 12 replicates (pens)
were used per treatment, and no experiment X treatment in-
teractions were detected (P > 0.26). The 35-d ADG was 493,
514, 510, and 495 g/d for Diet 1 to 4, respectively (P = 0.25);
the 35-d ADFI was 741, 757, 752, and 741 g/d, respectively
(P = 0.80); and the 35-d G:F was 0.666, 0.680, 0.678, and
0.667, respectively (P = 0.55). The 35-d ADG response dem-
onstrated a significant MEC x CRI interaction (P = 0.05),
which indicated the numerical improvement of MEC and CRI

might be negated by their combination. The response to both
products decreased across the 3 diet phases. Compared with
CON, MEC and CRI numerically increased ADG in Phase 1
by 10.43 and 12.27%, respectively (180 and 183 vs. 163 g/d);
in Phase 2 by 6.28 and 3.14%, respectively (508 and 493 vs.
478 g/d); and in Phase 3 by 1.93 and 2.37%, respectively (687
and 690 vs. 674 g/d). Likewise, when comparing MEC and
CRI to CON, the numerical differences in G:F were 12.40 and
4.75% in Phase 1, respectively (0.734 and 0.684 vs. 0.653);
3.00 and 0.46% in Phase 2, respectively (0.762 and 0.743 vs.
0.740); and —0.16% and 2.11% in Phase 3, respectively (0.624
and 0.639 vs. 0.625). In this study, CRI and MEC numerically
improved the growth of nursery pigs in a similar manner, but
the responses to each were not additive.

Key Words: essential oils, growth performance,

nursery pigs

095 Comparative effects of dietary Cu, Zn, essential
oil, and chlortetracycline on nursery pig growth
performance. J. A. Feldpausch'’, J. A. De Jong',
M. D. Tokach!, S. S. Dritz!, J. C. Woodworth!,

R. G. Amachawadi', H. M. Scott'?, J. L. Nelssen',
R. D. Goodband!, ‘Kansas State University,
Manhattan, *Texas A&M University, College Station.

Weaned pigs (n = 350; PIC 1050; initially 6.05 kg) were used
in a 47-d study to compare the effects of feeding antibiotic
alternatives (Cu, Zn, and essential oil), alone or in combina-
tion, on nursery pig performance. Pigs were allotted to pens at
weaning (d 0) and fed a common starter diet with no antimi-
crobial for 5 d prior to diet treatments. On d 5, pens of 5 pigs
were allotted to 1 of 10 dietary treatments balanced on average
pen weight in a randomized block design with 7 replications/
treatment. Dietary treatments were arranged ina 2 X 2 x 2 +2
factorial with main effects of added Cu from CuSO, (0 vs. 125
ppm Cu), added Zn from ZnO (0 vs. 3,000 ppm Zn from d 5 to
12 and 2,000 ppm Zn from d 12 to 33), and essential oil (0 vs.
0.1% Regano EX containing origanum oil; Ralco Animal Nu-
trition, Marshall, MN). The 2 additional treatments were sub-
therapeutic and therapeutic levels of chlortetracycline (CTC;
55 or 441 mg/kg). All diets contained 16.5 ppm Cu and 165
ppm of Zn from the trace mineral premix. Pigs were fed exper-
imental diets from d 5 to 33 after weaning followed by a com-
mon corn-soybean meal based diet without any antimicrobial,
essential oil, or pharmacological levels of Cu or Zn from d 33
to 47. To comply with FDA guidelines, CTC was removed on d
19 from the diet of pigs fed 441 mg/kg CTC, then added again
from d 20 to 33. During the treatment period, essential oil had
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no effect (P > 0.05) on ADG or ADFI, whereas pharmaco-
logical levels of Cu, Zn, and CTC increased (P = 0.003, 0.001,
linear 0.028, respectively) ADG with coinciding increases (P
= 0.055, 0.006, and linear 0.079, respectively) in ADFI. Cop-
per, Zn, and CTC had no effect (P > 0.05) on G:F. Essential
oil decreased (P = 0.009) G:F and a Cu x essential oil inter-
action (P = 0.024) was observed due to poorer-than-expected
G:F of pigs when Cu was fed in combination with essential
oil. The dietary treatments had minimal carryover effects on
subsequent nursery pig growth performance. Overall, from d
5 to 47, Cu increased (P = 0.018) ADG, Zn increased (P <
0.05) ADG and ADFI, and essential oil tended to decrease (P
= 0.086) overall G:F. In conclusion, increased levels of dietary
Cu, Zn, or CTC improved weanling pig performance while es-
sential oil elicited no growth performance benefits.
Key Words: antibiotic, essential oil, nursery pig

096 Effect of ractopamine and enzyme supplementation
28 days prior to marketing on growth performance
of finishing pigs. M. D. Asmus®, A. M. Jones,

E. R. Otto-Tice, C. E. Vonderohe, F. A. Cabezon,
A. P. Schinckel, B. T. Richert, Purdue University,
West Lafayette, IN.

One-hundred eighty pigs (initial BW = 105.4 + 1.29 kg) were
used to evaluate the effects of 2 enzymes individually and in
combination in a corn-soybean meal-cDDGS based diet on
pig growth performance and feed efficiency during late finish-
ing. Pigs were allocated in a randomized complete block de-
sign of mixed gender pens, stratified by ancestory, gender, and
initial BW to 5 treatments with 6 pens/treatment and 6 pigs/
pen. Dietary treatments included: 1) negative control (0.75%
standardized ileal digestible [SID] Lys; NC); 2) NC + ractopa-
mine (RAC); 3) RAC + enzyme (0.08 MU/kg B-mannanase;
RENZI); 4) RAC + enzyme (0.08 MU/kg B-glucanase + 0.10
MU/kg B-mannanase; RENZ2); 5) RAC + enzyme (0.08 MU/
kg B-glucanase, 0.18 MU/kg B-mannanase; RENZ1 + 2). Treat-
ments 2 through 5 contained 5 ppm ractopamine from d 0 to 14
and 10 ppm ractopamine from d 14 to 28. For d 0 to 14, pigs
fed the RAC diet had increased (P < 0.001) ADG, improved
feed efficiency and tended (P < 0.06) to have increased ADFI
when compared with pigs fed the NC diet. Pigs fed RENZ1 had
increased (P < 0.05) ADG, and improved (P < 0.02) G:F, while
pigs fed RENZ2 tended (P < 0.08) to have reduced G:F com-
pared with pigs fed RAC. Pigs fed RAC from d 14 to 28 had
increased (P < 0.05) ADG, ADFI, and improved G:F compared
with NC. Feeding RENZ1 or RENZ2 had no impact (P > 0.61)
on ADG, ADFI, or G:F from d 14 to 28 compared with RAC
fed pigs. For the overall period d 0 to 28, pigs fed RAC diets
had increased (P < 0.04) ADG and ADFI with improved (P
< 0.001) feed efficiency compared with NC. Pigs fed RENZ1
had increased (P < 0.01) ADG and improved (P < 0.02) feed
efficiency while pigs fed RENZ2 had no improvement (P >
0.21) in measured response criteria compared with pigs fed

Table 096.

Treatment
NC RAC RENZI RENZ2 RENZI+2 SEM 'P<
d0to28
ADG? kg 0.81 0.99 1.04 0.97 1.02 0.020 0.001
ADFL kg 3.10 3.24 3.25 3.26 3.25 0.053  0.04
G/F? 0.26  0.31 0.32 0.30 0.32 0.007 _ 0.001

"Main effect of Ractopamine (NC vs. RAC).
*RENZI improved (P < 0.02) ADG and G:F.

RAC. In conclusion, pigs fed the RAC diet had increased ADG
and ADFI with improved feed efficiency throughout the trial.
Pigs fed RENZ1 had increased ADG driven by improved feed
efficiency compared with pigs fed RAC. This study indicates
the combination of RAC and -mannanase has the potential to
improve late finishing performance.

Key Words: glucanase, mannanase, ractopamine

097 The effects of feeding narasin on growth and
harvest performance of pigs during the grow-
finish period. R. A. Arentson'”, J. J. Chewning?,
'Elanco, Greenfield, IN, *Swine Research Services,
Inc., Springdale, AR.

The purpose of this study was to determine the effects of nara-
sin (NAR; Skycis, Elanco Animal Health, Greenfield, IN) on
the growth and harvest performance of pigs during the grow-
finish period. On d —8 or -9, 74 pens each containing 8 pigs
were blocked by gender and weight within each of 4 barns,
resulting in 18 blocks containing 2 pens of gilts and 2 pens of
barrows and 1 block containing 2 pens of gilts. On d 0 (initial
BW 26.34 kg), diet treatments control (CON) or NAR 15 ppm
were randomly assigned to pens within gender of each block.
Pigs were fed a series of 5 corn—soybean meal diet phases with
or without NAR premix. Pigs were weighed on d 0, 26, 54,
74, 95 or 96, and 109 or 110 to determine initial weight, phase
weights, and ADG. Feed issuance and weigh backs were re-
corded in order to determine ADFI and G:F. On d 95 or 96, the
heaviest 3 barrows and 1 gilt from appropriate pens and on d
109 or 110 the remaining pigs were transported to a food com-
pany for harvest. Fat depth, loin depth, and HCW were mea-
sured on each carcass. Data were analyzed using the PROC
MIXED procedure of SAS. Pigs fed NAR had a greater BW
ond 54 (P <0.01), 74 (P < 0.001), and 95.5 (P < 0.001) and
tended to be greater at the end of the study (P < 0.1) than pigs
fed CON. Pigs fed NAR had a faster ADG during d 0 to 26
(P <0.05),26 to 54 (P <0.01), and 54 to 74 (P < 0.001), and
tended to be faster during d 0 to 109.5 (P < 0.10) than pigs fed
CON. Feed intake by pigs f