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The NDSU Beef Cattle Research Complex
K.C. Swanson1, M.L. Bauer1, T.C. Gilbery1 and G.P. Lardy1

Th e NDSU Beef Cattle Research 
Complex is a newly constructed 
(completed May 2011) state-of-the-art 
facility designed to meet the needs of 
beef cattle research at NDSU and for 
North Dakota and abroad.

Summary
Th e NDSU Beef Cattle Research 
Complex is a state-of-the-art facility 
designed to meet the needs of beef 
cattle research at NDSU well into the 
future. Th e facility will allow NDSU 
to accomplish the vast array of research 
needed to meet the challenges of 
21st century beef cattle production. 
Th e multiuse facility will be used 
for experiments with growing and 
fi nishing cattle, and breeding heifers 
and mature cows. It complements 
intensive campus-based facilities 
such as the Animal Nutrition and 
Physiology Center and Meat Science 
Laboratory, and the extensive research 
capabilities at the Research Extension 
Centers in Carrington, Streeter, 
Hettinger and Dickinson. 

Introduction
Th e Beef Cattle Research Complex 
replaces a livestock research facility 
that was built in 1959 and used for 
50 years until it was demolished. Th e 
old facility included 24 small cattle 
pens that each held six cattle. Th e new 
complex was built in two phases. Th e 
fi rst phase involved site preparation 
and construction of the main building. 
Th e second phase was approved 
during the 2009 legislative session and 
involved demolition of the old facility 
and a majority of the construction 
activity.

Th e beef cattle industry has been 
experiencing much volatility during 
the past several years. Input costs 
(including feed and fuel) have 
increased dramatically. Research on 

1Animal Sciences Department, 
North Dakota State University, Fargo, N.D.

Figure 1. Beef Cattle Research Complex feeding facility. 
Photo by Trent Gilbery, NDSU.
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improving the effi  ciency of production, 
alternative production practices, 
product quality and environmental 
sustainability is critical to the industry.

Technology also has evolved, and 
universities should be at the forefront 
of advancements in technology. For 
example, in beef cattle research, 
signifi cant advancements have been 
made in feed intake equipment that 
allow for improved measurement of 
individual feed intake (and feeding 
behavior) in cattle penned in groups. 
Th e Beef Cattle Research Complex will 
provide the infrastructure to conduct 
important research for the industry in 
North Dakota and abroad. 

Facilities Specifi cations and Equipment Suppliers
Th e feed intake system allows for 
restricting feed intake of individual 
animals within a single pen using a 
pneumatic gate system. Th e feeding 
system also monitors the time of and 
amount consumed at every feeding 
event.

Th e facility has 48 feeding stations in 
six pens (eight feeding stations per pen) 
with an approximate capacity of 192 
head. Th e system allows for feeding 
four diff erent dietary treatments 
within each pen. Th e feeding facility 
has retractable curtains (Norbco, 
Westmoreland, N.Y.) to regulate 
ventilation and mitigate temperature.

Th e animal handling area (Figure 3) 
is equipped with a Silencer handling 
system (Moly Manufacturing, 
Lorraine, Kan.) with a hydraulic 
Turret gate to assist with moving cattle 
through a double alley to a squeeze-
chute and scale equipped with a 
portable radiofrequency identifi cation 
reader. It also has 10 indoor pens to be 
used for calving or other purposes and 
14 outdoor sorting pens.

All fencing and gates are constructed 
of square metal tubing manufactured 
by D & D Panels (McLeod, N.D.). 
Th e offi  ce/laboratory area (Figure 4) is 
equipped with a manager’s offi  ce, small 
meeting room, small laboratory, and 
men’s and women’s locker rooms.

Th e feed storage and mixing facility 
(Figure 5) consists of a horizontal 
mixer (Kuhn Knight, Brodhead, 
Wis.), conveyer belt systems (Rapat, 
Hawley, Minn.), liquid feed storage 
and handling equipment (Schaben 
Industries, Columbus, Neb.), feed 
storage bays, a skid-steer for moving 
feed and a truck with a feed delivery 
box (Schuler, Griswold, Iowa; Figure 
6). It also has a small offi  ce/laboratory 
area for maintaining feed records and 
initial processing for feed analysis. 

Th e Beef Cattle Research Complex 
consists of a cattle feeding facility (41- 
by  300-foot open-sided structure plus 
outdoor yards), an indoor handling 
and calving area (50 by 83 feet plus 
outdoor sorting area), and offi  ce and 
laboratory space (25 by 50 feet). It also 
includes a separate feed storage and 
mixing facility (52 by 100 feet).

Th e feeding facility (Figure 1) is 
equipped with the Insentec Feeding 
System (Insentec BV, Marknesse, Th e 
Netherlands; Figure 2). Th is feeding 
system is capable of  monitoring and 
programming individual feed intake. 

Figure 2. 
Insentec 
feeding 
stations.
Photo by 
Trent Gilbery, 
NDSU.

Figure 3. 
Animal 
handling 
area. 
Photo by 
Carl Dahlen, 
NDSU.
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Research Capabilities 
Th e facility will allow for experiments 
with growing and fi nishing cattle as 
well as breeding heifers and mature 
cows. Th e Insentec feeding system 
measures individual feed intake as well 
as feeding behavior, allowing studies to 
examine the feeding value of alternative 
feedstuff s or feeding management 
and to increase our understanding 
of physiological and genetic 
factors infl uencing feed effi  ciency. 
Additionally, the facility will allow 
for potential research in reproductive 
physiology, genomics, meat quality, 
food safety, economics, animal 
behavior, environmental management 
and nutrient management.

Funding
Th e facility was constructed using 
a combination of state and federal 
dollars, which totaled more than $3 
million. 

Figure 4. Offi ce and laboratory space. Photo by Trent Gilbery, NDSU.

Figure 5. Feed mixing area. Photo by Trent Gilbery, NDSU.

Figure 6. Feed truck delivering 
feed to Insentec feeding stations.
Photo by Trent Gilbery, NDSU.
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Effects of realimentation after nutrient restriction during early to 
midgestation on umbilical blood fl ow in pregnant beef cows
L.E. Camacho1, C.O. Lemley1, B.W. Neville1, C.R. Dahlen1, G.P. Lardy1 and K.A. Vonnahme1

Th e objective of this research was 
to examine the eff ect of maternal 
realimentation after nutrient restriction 
during early to midgestation on 
umbilical blood fl ow. Maternal diet 
restriction during early to midgestation 
did not aff ect umbilical blood fl ow; 
however, we found evidence that it may 
alter fetal cardiac output. 

Summary
Th e objective of this research was 
to examine the eff ect of maternal 
realimentation after nutrient restriction 
during early to midgestation on fetal 
blood fl ow. Pregnant beef cows (initial 
body weight [BW] = 1,472 ± 30 
pounds, body condition score [BCS] = 
6.2 ± 0.1) were assigned to one of three 
treatments: 1) 100 percent National 
Research Council (NRC) requirements 
from days 30 to 156 of gestation 
(CCC; n = 6); 2) 60 percent NRC 
from days 30 to 85, then realimented 
to 100 percent NRC to day 156 (RCC; 
n = 5); or 3) 60 percent NRC from 
days 30 to 140, then realimented to 
100 percent NRC to day 156 (RRC; 
n = 6).

Cows were fed individually once daily 
at 3 p.m. Cows were weighed every 
14 days to adjust diets throughout the 
experiment, and BCSs were assigned 
to cows once a month. Umbilical 
measurements were obtained using 
Doppler ultrasonography at 7 a,m, on 
days 85, 87, 89, 91, 100, 140, 142, 
146 and 148. Measurements included 
fetal heart rate (HR), umbilical blood 
fl ow (BF), pulsatility index (PI) and 
resistance index (RI).

We found a treatment-by-day 
interaction for cow BW (P < 0.01), 
with cows exhibiting diff erent patterns 
of weight change throughout gestation. 
Only day aff ected (P < 0.01) BCS, 
as BCS dropped to 5.5 ± 0.5 by day 
156. We found no treatment-by-
day interaction for BF, PI and RI 

measurements (P ≥ 0.26). However, 
we found a day eff ect for PI (P < 
0.01), which decreased as gestation 
proceeded, and a day eff ect for BF (P 
< 0.01), which increased as gestation 
proceeded.

We also found a tendency for a 
treatment-by-day interaction (P = 
0.09) for HR, where fetuses from 
RRC cows had a greater HR (P ≤ 
0.07) than RCC and CCC fetuses 
on day 85. From days 87 to 140, 
HR did not diff er (P ≥ 0.17) for the 
three treatments. On days 142 and 
144, fetuses from CCC cows had a 
decreased (P ≤ 0.09) HR compared 
with RCC and RRC fetuses. We found 
no treatment eff ect (P = 0.55) for 
fetal biparietal distance (3.02 ± 0.09 
centimeters) on day 85. Maternal diet 
restriction during early to midgestation 
did not aff ect umbilical blood fl ow; 
however, we found evidence that it 
may alter fetal cardiac output. 

Introduction
Beef cows commonly are managed in 
grazing systems where the quality of 
forage varies according to the regional 
conditions. Forage often has a poor 
quality, aff ecting the nutritional and 
physiological status of the animal 
(Wu et al., 2006). Maternal nutrition 
during pregnancy plays an important 
role for fetal and placental growth 
and development. During early 
stages of embryo development, when 
nutrient requirements appear trivial for 
conceptus growth, maternal nutrient 
intake has an eff ect on prenatal growth 

1Center for Nutrition and Pregnancy, 
Department of Animal Sciences, 
North Dakota State University, Fargo, N.D.
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and development (Robinson et al., 
1999). Th erefore, research elucidating 
the eff ect of maternal nutrition on 
placental and fetal development is 
very important from a production and 
management standpoint. 

Th e placenta plays a major role in the 
regulation of fetal growth. Placental 
nutrient transport effi  ciency is directly 
related to utero-placenta blood fl ow 
(Reynolds and Redmer, 1995). Gases, 
nutrients and metabolic end products 
are exchanged between maternal and 
fetal systems via the placenta (Bleul et 
al., 2007; Reynolds and Redmer, 1995; 
Reynolds and Redmer, 2001). 

Pregnancy is associated with increases 
in cardiac output and uterine blood 
fl ow and a fall in systemic vascular 
resistance. Th e increase in uterine 
blood fl ow supports exponential fetal 
growth during the last trimester and 
maintains fetal well-being by providing 
adequate oxygen and nutrient delivery. 
Th erefore, we hypothesized that the 
duration of nutrient restriction would 
impact umbilical blood fl ow and, that 
upon realimentation, umbilical blood 
fl ow from restricted cows ultimately 
would surpass blood fl ow in control 
animals. 

Procedures
All procedures involving animals 
were approved by the NDSU 
Institutional Animal Care and Use 
Committee. Seventeen gestating, 
nonlactating, multiparous beef cows 
were transported from the NDSU 
Beef Research and Teaching Unit to 
the Animal Nutrition and Physiology 
Center (ANPC) on the NDSU campus 
within three days post-insemination.

Prior to the initiation of the 
experiment, cows were trained to use 
the Calan gate feeding system at the 
ANPC. Cows were grouped with three 
to four head per pen. All cows were 
fed a common diet from the ANPC 
until day 30 of pregnancy to meet or 
exceed NRC recommendations (2000). 

Pregnancy was confi rmed on day 25 
or 26 post-insemination via transrectal 
ultrasonography.

On day 30 of pregnancy (initial body 
weight [BW] = 1,472 ± 30 pounds, 
body condition score [BCS] = 6.2 ± 
0.1), cows were assigned randomly 
to one of three treatments: 1) 100 
percent NRC requirements from days 
30 to 156 of gestation (CCC; n = 6); 
2) 60 percent NRC from days 30 to 
85, then realimented to 100 percent 
NRC to ay 156 (RCC; n = 5); or 3) 
60 percent NRC from days 30 to 140, 
then realimented to 100 percent NRC 
to day 156 (RRC; n = 6).

Cows were fed individually once 
daily in a Calan gate system at 3 p.m. 
Cows were weighed every 14 days 
to adjust rations for changes in BW 
throughout the experiment and BCSs 
were assigned to cows once per month 
by four separate evaluators. Percentage 
of BW change was calculated as: [(fi nal 
BW - initial BW)/initial BW] x 100, 
where initial BW was BW on day 30 of 
gestation.

Cows were fed a diet containing a 
mixture of grass hay (98.7 percent 
dry matter [DM], 5.7 percent crude 
protein [CP], 0.46 percent calcium 
[Ca] and 0.08 percent phosphorus 
[P]) and alfalfa hay (99 percent DM, 
16.2 percent CP, 1.33 percent Ca and 
0.28 percent P). Intake was adjusted 
every two weeks for BW. Diet dry-
matter intake was adjusted monthly to 
meet NRC requirements according to 
the stage of gestation, with nutrient-
restricted cows receiving 60 percent of 
the total nutrient requirements.

Minerals (Easylix® 12-12-12 Mineral 
pressed block; Hubbard Feeds Inc., 
Mankato, Minn.) were supplemented 
three times a week to meet seven-
day requirements according to the 
manufacturer’s label (11 percent Ca, 
13 percent P, 12 percent salt, 180,000 
International Units per pound [IU/lb] 
of vitamin A, 18,000 IU/lb of vitamin 
D-3, 50 IU/lb of vitamin E). 

Umbilical measurements were obtained 
via color-Doppler ultrasonography 
(Aloka SSD-3500; Aloka America, 
Wallingford, Conn.) at 7 a.m. on 
days 85, 87, 89, 91, 100, 140, 142, 
146 and 148. Measurements included 
fetal heart rate (HR), umbilical blood 
fl ow (BF), pulsatility index (PI) 
and resistance index (RI). Biparietal 
measurements were obtained on day 85 
using B mode ultrasound Doppler.

PI and RI are indicators of how 
the vascular system is adjusting to 
pregnancy. For example, if the PI 
does not drop through time, potential 
negative impacts could result due to 
being under a high pressure for too 
long. Moreover, fetal HR, PI, RI and 
blood fl ow were calculated by pre-
programmed Doppler software where 
PI = (peak systolic velocity [PSV]-
end diastolic velocity [EDV])/mean 
velocity [MnV]; RI = (PSV-EDV)/
PSV; BF (mL/min) = MnV (cm/s) x 
(π/4) x diameter2 (cm2) x 60 s. 

Results 
We found a treatment-by-day 
interaction for cow BW (P ≤ 0.001; 
data not shown), with cows exhibiting 
diff erent patterns of weight change 
throughout gestation. When examining 
the percentage of BW change from day 
44 of pregnancy, we found a tendency 
for a treatment eff ect (P = 0.11). 
Percentage of BW change for CCC 
cows was -0.29 ± 0.85 percent, -1.14 
± 0.93 percent RCC cows, and -2.92 
± 85 percent for RRC cows. Moreover, 
we found a day eff ect (P < 0.001; 
data not shown) for the percentage of 
BW change where cows, regardless of 
treatment, had a decreased percentage 
of BW change from the beginning of 
the experiment until day 128 and an 
increased percentage of BW change by 
day 150. Only day aff ected (P < 0.001; 
data not shown) BCS, where cows 
initiated the experiment with a BCS of 
6.2 ± 0.1 and by day 156 decreased to 
5.5 ± 0.1. 
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We found no treatment eff ect (P = 
0.55) for fetal biparietal distance 
(average = 3.02 ± 0.09 cm) on day 
85. We found no treatment-by-day 
interaction for umbilical BF, PI and RI 
measurements (P ≥ 0.26). However, 
we found a day eff ect for PI (P < 
0.001), which decreased as gestation 
proceeded. On day 85, the PI was 
1.61 ± 0.05; by day 100, PI decreased 
to 1.45 ± 0.04; and on day 148, PI 
continued decreasing to 0.96 ± 0.03.

As anticipated with increasing fetal 
growth, BF was aff ected by day (P 
< 0.001) and increased as gestation 
proceeded. Umbilical BF on day 85 
was 46.0 ± 3.6 mL/min; by day 100, 
umbilical BF was 76.3± 7.1 mL/min 
and continued increasing to day 148, 
when umbilical BF was 244.7 ± 21.5 
mL/min.

We found a tendency for a treatment-
by-day interaction (P = 0.09; Figure 
1) for HR, where fetuses from RRC 
cows had a greater HR (P ≤ 0.07) than 
fetuses from RCC and CCC cows on 
day 85. From days 87 to 140, HR 
was similar (P ≥ 0.17) for the three 
treatments. On days 142 and 144, 
fetuses from CCC cows had decreased 
(P ≤ 0.09) HR compared with fetuses 
from RCC and RRC cows. 

Discussion
We reject our hypothesis that upon 
realimentation, umbilical blood 
fl ow from restricted cows would 
exceed blood fl ow in control cows. 
Previous research in maternal 
nutrient restriction from early to 
midgestation in ewes (50 percent of 
NRC requirements from days 28 to 
78 of pregnancy), caused a percentage 
weight increase of 7.4 percent in 
control ewes and a 7.5 percent decrease 
in restricted ewes. Th ese treatments 
resulted in intrauterine growth 
restriction for restricted versus control 
fed ewes (Vonnahme et al., 2003). 
In cows, nutrient restriction (68.1 
percent net energy for maintenance 

[NEm] and 86.7 percent metabolizable 
protein) from day 30 to day 125 of 
gestation reduced fetal, caruncular and 
cotyledonary weight compared with 
control cows at day 125.

However, when cows were realimented, 
fetal and caruncular weight were 
similar between restricted and control 
cows at day 245 (Zhu et al., 2007). 
Vonnahme et al. (2007) demonstrated 
that restriction from days 30 to 125 
did not aff ect placenta vascularity. 
Conversely, upon realimentation, 
placental vascularity was altered near 
term, indicating that the placenta 
compensated after restriction.

A paucity of information exists on the 
use of Doppler ultrasonography to 
monitor chronic umbilical blood fl ow 
in cattle, particularly during nutrient 
restriction. Our laboratory previously 
reported (Lekatz et al., 2009) that 
when restricting ewes to 60 percent 
of NRC requirements, PI, RI and BF 

were not aff ected. However, when the 
percentage of change was calculated, 
the PI of restricted ewes increased 
throughout pregnancy, while it 
decreased in the control ewes. Further 
studies are needed to determine if 
the placenta can compensate for 
varying durations of maternal nutrient 
restriction by altering umbilical blood 
fl ow after a period of restriction in the 
beef cow. 

Maternal diet restriction during 
early to midgestation did not aff ect 
umbilical blood fl ow. However, 
tendencies for altered fetal heart 
rate may depict alterations in fetal 
cardiac output during maternal diet 
restriction. Additional research is 
needed to understand the relationship 
between maternal diet restriction 
and fetal hemodynamics. Future 
studies focusing on frequent umbilical 
blood fl ow ultrasonography and fetal 
measurements throughout gestation are 
warranted. 

Figure 1. Fetal heart rate (HR) from cows receiving either control diet 
(100 percent NRC; CCC), restricted from days 30 to 85 (60 percent 
NRC; RCC), or restricted from days 30 to 140 (60 percent NRC; RRC). 
Treatment × day P = 0.09. Asterisk (*) signifi es RRC greater than 
CCC and RCC (P  0.07). Number sign (#) signifi es CCC decreased 
compared with RCC and RRC (P  0.09).
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Hay substitution using a 
limited-intake distillers dried grain supplement
D.G. Landblom1, S. Senturklu2 and K.A. Ringwall1

A late-gestation/lactation study was 
conducted to evaluate a coproduct 
management strategy for forage 
replacement. Using a 24 percent self-
fed, limited-intake distillers dried grain 
supplement, the amount of hay fed was 
reduced without negatively aff ecting 
cow or calf performance without 
supplement waste or daily feeding.  

Summary
Determining the forage replacement 
value of a 24 percent crude protein 
(CP) self-fed, limited-intake distillers 
dried grain supplement (DDGS) was 
the basis for this study. Compared with 
an all-hay control diet (CON), the 
research objective was to determine 
the eff ect of partially replacing hay 
with a limited-intake supplement on 
cow weight, body condition score 
(BCS), 12th rib fat depth, reproductive 
performance and calf weaning weight.

Mixed-age (3 to 10 years) range beef 
cows (n=108) were used to evaluate 
supplementation that began either 
56 days before calving (PRE-SUP) or 
at the onset of calving (POST-SUP). 
Once limited-intake supplementation 
was initiated the fi rst week of February, 
it was fed continuously until May 1 
(89.5 total days; 56 days pre-calving, 
33.5 days post-calving).

During the supplementation periods, 
and due to the longer pre-calving 
supplementation period, pre-calving 
cows consumed the least amount 
of hay and a greater amount of 
supplement per cow. Compared with 
the PRE-SUP group, the POST-SUP 
group consumed 41.9 percent more 
supplement per head per day overall 
(P = 0.055; 0.85 vs. 0.60 pounds per 
day).

Cow starting and ending weight, 
and overall cow weight gain, did not 
diff er (P = 0.213); however, weight 
decline was numerically less among the 

supplemented groups, and ending BCS 
did not diff er (P = 0.469). Although 
ending BCS was not diff erent, ending 
12th rib ultrasound fat depth tended to 
be greater for the supplemented cows 
(P = 0.092).

Th e fi rst , second and third  breeding 
cycle pregnancy rate, percent of 
nonpregnant cows and overall 
pregnancy rate did not diff er (P > 
0.10). At weaning, cow BCS, 205-day 
adjusted weaning weight and adjusted 
calf weight gain per day of age did not 
diff er (P > 0.10). 

Using a self-fed, limited-intake 
supplement as a forage replacement 
strategy resulted in comparable 
late-gestation/early lactation cow 
performance, reproductive effi  ciency 
and calf performance. 

Introduction
Drought in the northern Great Plains 
region is common and often impacts 
hay production. Short hay supplies 
often are addressed by selling cattle and 
replacing hay shortages with purchased 
hay, annual forages and coproducts. 
Corn distillers grains are fi ne textured 
and nutrient dense (NRC 1996), and 
contain signifi cant amounts of highly 
digestible rumen undegradable protein 
(Akayezu et al. 2007, Ingalls, 1995; 
Stern et al., 1995, and O’Mara et al., 
1997) averaging 54.9 percent of the 
CP value (NRC 1996). Under range 
conditions, one delivery method is 
to use a self-fed, limited-intake lick 
supplement. 

1Dickinson Research Extension Center, 
North Dakota State University, Dickinson, 
N.D.
2Cannakkle Onsekiz Mart Univeristy, Biga 
MYO, Canakkle-Turkey
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We hypothesized that the daily hay 
dry matter fed to late-gestation/
early lactating range beef cows could 
be replaced with an experimental 
DDGS-based self-fed, limited-
intake supplement without adversely 
eff ecting cow body condition, cow and 
calf performance, and reproductive 
performance.

Materials and Methods
Procedures: All procedures used in 
this project were approved by the 
NDSU Institutional Animal Care and 
Use Committee. Mixed-age (3 to 10 
years) range beef cows (n=108) were 
assigned randomly to the following 
three treatments: 1) all-hay control 
(CON), 2) hay + pre-calving DDGS 
supplement (PRE-SUP), and 3) hay 
+ post-calving DDGS supplement 
(POST-SUP). Each treatment group 
consisted of four pen replicates of nine 
cows per replicate for a total of 36 cows 
per treatment. 

Medium-quality alfalfa-bromegrass 
mixed hay (Medicago sativa and Bromus 
inermis) was fed throughout the study 
and was delivered to the cows daily 

using a Haybuster forage processor 
equipped with an electronic scale. 
Th e bales fed were core sampled, 
composited weekly and analyzed for 
percent of CP, total digestible nutrients 
(TDN), neutral detergent fi ber (NDF), 
acid detergent fi ber (ADF), calcium 
and phosphorus (Table 1). Th e limited-
intake DDGS supplements were 
a chemically hardened proprietary 
formulation that was off ered 
continuously from the initiation of 
each treatment (89.5 total days; 56 
days pre-calving, 33.5 days post-
calving) until the cows and their calves 
were turned out on crested wheatgrass 
(Agropyron desertorum) pasture on 
May 1. Th e experimental supplements 
were core sampled and analyzed for 
percent CP, NDF, ADF, in vitro dry 
matter disappearance (IVDMD), in 
vitro organic matter disappearance 
(IVOMD), calcium and phosphorus 
(Table 1).

Measurements: Cows were weighed 
and condition scored (1-9 scale), and 
an ultrasound fat depth measurement 
taken between the 12th and 13th ribs 
was recorded at the start and end of 
the supplementation period using a 

SonoVet-2000 ultrasound machine. 
During calving, as each calf was 
weighed and processed, the dam was 
scored visually for body condition. 
Final cow and calf weight, and cow 
BCS were recorded at weaning. Cows 
in the study were bred naturally, and 
the breeding cycle pregnancy rate was 
determined using regression analysis 
of ultrasound fetal cranial eye socket 
width. 

Statistics: Th e data was analyzed using 
the generalized least squares MIXED 
procedures of SAS (2007) with the pen 
as the experimental unit. 

Results and Discussion
Hay and limited-intake supplement 
consumption are shown in Table 2. 
Among supplemented cows, PRE-SUP 
cows consumed the least amount of 
total hay per cow (39 vs. 39.9 pounds 
per cow per day) and a correspondingly 
larger amount of supplement (53.9 vs. 
28.6 pounds per cow). Th e POST-SUP 
cows received supplement beginning 
at the onset of calving, and the 
supplementation was continued until 
the cows were turned out on crested 
wheatgrass pasture, a period of 33.5 
days.

Cows in the POST-SUP treatment 
consumed less total supplement per 
cow (53.9 vs. 28.6 pounds per cow), 
but their average daily consumption 
was 41.9 percent greater (0.6009 
vs. 0.8528 pound per cow per day; 
P=0.055) than for the pre-calving 
cows. 

Cow starting (P = 0.217) and ending 
(P = 0.433) weight, and weight gain 
(P = 0.217) did not diff er among 
treatments (Table 3); however, cow 
body weight decline was numerically 
less among the supplemented groups. 

Cow starting (P = 0.938), calving 
(P = 0.854) and ending (P = 0.469) 
body condition scores (BCSs) did 
not diff er (Table 3). Although a 
BCS diff erence was not detected, 

Table 1. Hay and limited intake supplement nutrient analysis (dry matter)

 CP1 TDN1 NDF1 ADF1 IVDMD1 IVOMD1 Ca1 P1

Alfalfa-brome hay, (%) 13.3 51.6 58.5 39.7 – – 0.95 0.28
Expt’l lick suppl., (%) 27.78 – 12.85  2.54 85.75 63.39 9.62 1.52
1 CP=crude protein, TDN=total digestible nutrients, NDF=neutral detergent fi ber, ADF=acid detergent 
fi ber, IVDMD=in vitro dry matter disappearance, IVOMD= in vitro organic matter disappearance, 
Ca=calcium, P= phosphorus.

Table 2. Hay and limited intake supplement consumption (as fed).

  Suppl. Suppl.
 Control Pre-calving Post-calving SE P-Value

Hay Intake     
 Hay, lb/cow 3560.5a 3391.0b 3468.8c 76.23 <.0001
  Hay, lb/head/day    40.93a    38.98b   39.88c  0.88 0.0001
Supplement Intake      
  Days fed –   89.75 33.5  
  lb/cow –   53.94a    28.58b  9.97 0.0614
  lb/cow/day –    0.60a    0.85b  0.16 0.0550
a,b,c Means with unlike superscripts diff er signifi cantly (P < 0.10).
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ultrasound external fat thickness 
measured between the 12th and 13th 
ribs identifi ed a signifi cant ending fat 
depth diff erence (P = 0.092) between 
control and supplemented cows (Table 
3). Compared with the control group, 
fat depth decline was less among the 
supplemented cows and ranged from 
21.8 to 25 percent less for the PRE-
SUP and POST-SUP treatments, 
respectively.

Calf age at weaning, 205-day adjusted 
weaning weight and adjusted weight 
gain per day of age did not diff er 
(P > 0.10; Table 3). Likewise, cow 
reproductive performance (Table 3) 
between control and supplemented 
cows did not diff er (P > 0.10).

Corn distillers dried grains with 
solubles are diffi  cult to feed without 
waste due to their fi ne texture. Th e 
ability to feed this coproduct in 
total-mixed-ration rations or other 
types of limit-fed manufactured feed 
supplements decreases waste. Th e 
intake rate from the experimental 
24 percent CP supplement used 
in this evaluation was desirable, 
considering the many nutritional and 
environmental factors that can impact 
the lick supplement intake rate. Ideally, 
when used as a substitute feed for hay, 
greater intake per cow per day would 
have been desirable, which would have 
provided for a larger quantity of hay to 
be replaced. 

Implications
Utilizing a self-fed, limited-intake lick 
supplement system as a replacement 
for hay following drought is a practical 
and eff ective way to deliver DDGS 
to range beef cows with virtually no 
waste.
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Table 3. Cow and calf performance. 

  Suppl. Suppl.
 Control Pre-calving Post-calving SE P-Value

Trial Length, Days 89.25 89.75 89.5  

Cow Body Weight     
 Start wt., lb 1517.6 1510.4 1497.5 57.81 0.217
 End wt., lb  1389.5 1410.0 1412.0 56.02 0.433
 Gain, lb  -128.1 -100.4 -85.5 16.39 0.217
 Gain/head/day, lb -1.44 -1.12 -0.96 0.184 0.213
 % weight decline 8.44 6.64 5.70  

Cow Body Condition Score      
 Start  6.39 6.42 6.39 0.233 0.938
 Calving  6.39 6.47 6.47 0.223 0.854
 End  5.75 6.06 5.83 0.317 0.469
 BCS diff erence -0.64 -0.36 -0.56 0.133 0.358
 % BCS decline 10.0 5.61 8.76  

Cow Rib Fat Depth      
 Start rib fat depth, mm 5.86 5.91 6.03 0.702 0.955
 End rib fat depth, mm 3.58a 5.09b 5.00b 0.867 0.092
 Rib fat depth diff erence, mm -2.28 -0.82 -1.03 0.548 0.185
 % rib fat depth decline 38.9 13.9 17.1

Calf Performance      
 Weaning age, days  187.8  190.6  193.2   2.47  0.381
 Adjusted weaning weight, lb  644.5  643.7  640.9  13.67  0.971
 Adjusted wt/day of age, lb  2.91  2.87 2.82  0.051  0.484

Breeding Cycle Pregnancy Rate     
 1st breeding cycle, % 52.8 38.9  55.1  11.14  0.564
 2nd breeding cycle, % 23.4 38.9  24.9  5.83  0.172
 3rd breeding cycle, % 21.3 19.4  13.4  7.85  0.765
 Nonpregnant, %  2.8  2.8   6.7  3.19  0.620
 Overall pregnancy, % 97.2 97.2  93.6  3.13  0.660
a,b Means with unlike superscripts diff er signifi cantly (P < 0.10).     
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Incorporation of temporary calf removal into the 
seven-day CO-Synch+CIDR estrous synchronization protocol 
for suckled beef cows
S.I. Klein1 and C.R. Dahlen1

Th e objective of this research was to 
determine whether temporary calf 
removal prior to fi xed-time artifi cial 
insemination (AI) in suckled beef 
cows would increase pregnancy rates 
or alter subsequent calf performance. 
By removing calves for either 48 or 72 
hours prior to artifi cial insemination, 
conception rates may increase. However, 
this increase in conception rates may not 
be cost eff ective to producers if calves’ 
fi nal sale weights are aff ected negatively.  

Summary
Th e objective of this research was to 
determine whether temporary calf 
removal prior to fi xed-time artifi cial 
insemination (AI) would increase 
pregnancy rates or alter subsequent calf 
performance in suckled, crossbred beef 
cows.

Seventy-eight lactating, postpartum 
beef cows were randomly assigned to 
one of three treatments: 1) Control 
— calves remained with dam; 2) 48 
H — calves removed from cows for a 
48-hour period prior to breeding; or 3) 
72 H — calves removed from cows for 
a 72-hour period prior to breeding.

Pregnancy status was determined in 
cows via transrectal ultrasound on day 
30 post-insemination. Calves were 
weighed at the beginning of the trial 
(day -3), at the time cows were bred 
(day 0) and 30 days after the cows were 
bred (day 30).

Treatment had no eff ect (P > 0.05) 
on pregnancy rates, whereas calves 
that were removed from dams prior to 
insemination (both the 48 H and 72 
H groups) lost weight (P < 0.05) while 
away from their dams. In addition, 
calves that were removed from their 
dams for 72 H had lower (P < 0.05) 
total weight gain and average daily 
gain from day -3 to day 30, compared 
with calves in the Control and 48 H 
treatments.

Th ese data will allow us to determine 
whether diff erences in calf weight gains 
that are present 30 days after removal 
persist through weaning. Future 
measurements for cow pregnancy and 
calf weight will be determined on day 
65 after breeding and at weaning. 

Introduction 
Temporarily weaning calves from 
their dams has been used in estrous 
synchronization protocols to 
enhance synchronization response 
and subsequent pregnancy rate. Th e 
recommended schedules for estrous 
synchronization protocols from a 
decade ago were ideally suited for a 
48-hour period of calf removal prior 
to breeding. Geary et al. (2001) used 
a 48-hour temporary weaning strategy 
to enhance conception rates of cows to 
artifi cial insemination without causing 
detrimental eff ects on calf weight gain.

However, the currently recommended 
schedule of estrous synchronization 
protocols would facilitate a 72-
hour period of calf removal prior 
to breeding. In a preliminary study 
(Marquezini et al., 2010), conception 
rates also were increased after a 72-
hour temporary weaning. But calves 
did not gain as much weight as their 
contemporaries that remained with 
their dams.

Temporarily weaned calves that have 
a decrease in gain may negate any 
benefi ts achieved from increased 
conception rates. Th erefore, the current 1Department of Animal Sciences, 

North Dakota State University, Fargo, N.D. 
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study was designed to evaluate the 
eff ects of 48- and 72-hour periods 
of calf removal prior to breeding on 
cow pregnancy rates to AI and calf 
performance. 

Procedures 
Seventy-eight postpartum suckled 
crossbred beef cows and calves were 
maintained in pens at the NDSU beef 
unit in Fargo, N.D. All cows received 
a 100-microgram (μg) injection of 
GnRH (Factrel, Pfi zer Animal Health, 
New York, N.Y.) and a CIDR (EAZI-
Breed CIDR containing 1.38 gram of 
P4; Pfi zer Animal Health) insert. After 
seven days, cows were administered 25 
milligrams of PGF2 (Lutalyse; Pfi zer 
Animal Health) and underwent CIDR 
removal. Cows were fi xed-time AI 
(TAI) and given a second injection of 
GnRH 72 hours after CIDR removal 
(CO-Synch + CIDR protocol; Larson 
et al., 2006).

Cows were stratifi ed by days 
postpartum and body condition score, 
and randomly assigned to receive 
one of three treatments (Figure 1): 
1) Control — calves remained with 

dams between CIDR removal and 
TAI (n=26); 2) 48 H — calves were 
removed from their dams for 48 
hours beginning at CIDR removal 
(n=25); and 3) 72 H — calves were 
removed from their dams for 72 
hours beginning at CIDR removal 
(n=27). Blood samples were collected 
on days -21 and -10 relative to 
breeding and will be used to determine 
concentrations of progesterone. 

During temporary weaning, calves 
were housed separately from cows in 
a covered barn that allowed fence line 
contact with cows. While removed 
from the cows, the calves had access to 
free-choice hay, creep feed and fresh 
water. Calves in the 48 H treatment 
were returned to their dams one day 
prior to breeding, whereas calves in the 
72 H treatment were returned to their 
dams after AI. Calves were weighed 
three days prior to breeding (day -3), 
the day of breeding (day 0) and again 
on day 30 after breeding. Weight 
change from day -3 to 0, weight 
change from day -3 to day 30 and 
average daily gain from day -3 to day 
30 were calculated. 

Results and Discussion
Th is project is part of a multistate 
eff ort to determine the eff ects of 
calf removal on cow fertility and 
calf performance. Data presented in 
this report represent only the North 
Dakota location and will be combined 
with data collected by researchers at the 
University of Florida and Mississippi 
State University.  

Th e average body condition score of 
cows at the start of the project was 
6.5 (range of 5 to 8.5), average body 
weight was 1,621 pounds (range of 
1,051 to 2,126 pounds), and the 
average days postpartum was 74 (range 
of 48 to 99). Calf removal treatment 
had no signifi cant eff ect (P > 0.05) on 
the day 30 pregnancy rate (Table 1).

Th e numerical diff erence in pregnancy 
rates observed among treatments (a 22 
percentage point diff erence among 72 
H and 48 H treatments, respectively) 
points out a fundamental issue with 
fertility research, which is that a very 
large number of animals are required 
to detect signifi cant diff erences in 
pregnancy rates among treatments. 
When data in the current report 
are combined with other locations 
following the same experimental 
protocol, we will be able to determine 
the eff ects of temporary calf removal 
on cow fertility with more confi dence. 

Th e estrous synchronization protocol 
used (CO-Synch + CIDR) required 
each animal to be handled through 
the working facility three times, with 
all cows bred at a fi xed time without 
estrus detection. Considering the fact 
that lot conditions during the trial 
were extremely wet and muddy due 
to excessive moisture and late spring 
fl ooding, we were satisfi ed with the 
overall pregnancy rate of 59 percent 
(46 of 78) for the group of cows 
studied. 

Figure 1. Schematic of experimental treatments for cows with and 
without calf removal for 48 or 72 hours prior to breeding.



152011 Beef Cattle and Range Research Report

Th e average birth weight of calves 
in the study was 89.9 pounds (range 
from 61 to 120 pounds) and age 
at calf removal was 74 days (range 
from 48 and 99 days). We found 
no diff erences among treatments in 
body weights taken on days -3, 0 and 
30 (Table 1). Calves in the Control 
treatment, however, gained weight 
during the period from day -3 to day 
0, whereas calves in the 48 H and 72 
H treatments lost weight during this 
period. Th is resulted in a diff erence 
(P < 0.05) in weight change from 
day -3 to day 0 among the Control 
calves compared with the 48 H and 
72 H calves. In addition, calf weight 
gain from day -3 to day 30, as well as 
average daily gain, was decreased (P 
< 0.05) for calves in the 72 H group 
compared with those in the Control 
and 48 H treatment. 

At the time of this report’s submission, 
this group of cows and calves still is 
enrolled in the project. Calf weights 
and cow pregnancy status will be 
determined again on day 65 after 
breeding and at the time of weaning. 

Additional cow pregnancy data will 
be used to determine whether any 
pregnancies were lost between day 30 
and day 65 and to estimate the date 
of conception in cows that were bull 
bred. Th e additional calf weights will 
allow us to determine whether the 
reduced gains experienced up to day 
30 after breeding will be maintained 
until weaning or whether these calves 
experience greater compensatory gain 
compared with Control calves. 

Interestingly, calves in the 48 H 
and Control treatments performed 
similarly up to day 30, whereas calves 
that were removed for 72 hours had 
reduced performance up to this point. 
Researchers at the Florida location 
are making an eff ort to determine the 
reason for the reduced gains during 
calf removal. Th ey will be milking a 
group of cows to determine whether 
calf weight response is due to reduced 
milking ability of cows that did not 
have calves suckle for a 72-hour period, 
or whether these diff erences are due 
to a carryover eff ect of reduced intake 
and subsequent weight lost while calves 
were away from their dams. 
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Table 1. Performance of cows and calves after fi xed-time AI and 48-hour or 
72-hour calf removal.

  Treatment1

 CON (n=26) 48 H (n=25) 72 H (n=27)

Cow Data   
 Pregnancy rate, % (no.) 58 (15) 48 (12)  70 (19)
Calf Data   
 Weight day -3, lb 262.6 ± 11.0 269.2 ± 11.4 272.2 ± 11.4
 Weight day 0, lb 268.0 ± 10.9 265.6 ± 11.6 269.2 ± 11.1
 Weight day 30, lb 308.2 ± 11.9 313.7 ± 12.8 303.9 ± 12.1
 Weight change from day -3 to day 0, lb 5.4 ± 1.1x -3.1 ± 1.2y -3.1 ± 1.1y

 Gain, lb, day 0 - d 30  45.6 ± 3.1x 43.2 ± 3.3x 31.7 ± 3.2y

 ADG, lb 1.38 ± 0.1x 1.30 ± 0.1x 0.96 ± 0.1y

1 Treatment abbreviations: CON = calves remained with dams, 48 H = calves removed for 48 hours, 
     72 H = calves removed for 72 hours.
2 Daily gain from day -3 to 30 relative to removal from dam.
x,y Means within row lacking common superscripts diff er (P < 0.05)
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Effects of nutritional plane and selenium supplementation 
during gestation on ewe performance, milk production and 
offspring growth
A.M. Meyer1, J.J. Reed1, T.L. Neville1, J.B. Taylor2, C.J. Hammer1, K.R. Maddock-Carlin1, 
L.P. Reynolds1, D.A. Redmer1, K.A. Vonnahme1 and J.S. Caton1

Th e objective of this study was to 
determine the eff ects of nutrient 
restriction or excess during gestation, 
with or without high selenium, on 
dam and off spring performance 
during early lactation and neonatal 
periods. Results indicate that maternal 
nutrient restriction during gestation 
not only aff ects ewe performance and 
milk production negatively, but also 
has harmful consequences on their 
adequately fed off spring. 

Summary
Eighty-four Rambouillet ewe lambs 
were used in a 2 x 3 factorial design. 
Factors included selenium [adequate 
(ASe) or high (HSe)] initiated at 
breeding and nutritional plane 
[60 percent (RES), 100 percent 
(CON) or 140 percent (HIGH) of 
National Research Council (NRC) 
requirements] initiated at day 40 of 
gestation.

At parturition (term averaged 148 
days), all lambs were removed and 
artifi cially reared. Half of the ewes 
were transitioned to a common diet 
meeting requirements of lactation 
and mechanically milked for 20 days. 
From day 95 of gestation through 
lambing and day 20 of lactation, ewe 
body weight (BW) and body condition 
score were least (P ≤ 0.01) in RES, 
intermediate in CON and greatest in 
HIGH. Ewe back fat thickness and 
loin eye area on day 135 of gestation 
also were least (P < 0.001) in RES, 
intermediate in CON and greatest in 
HIGH.

Colostrum yield was greater (P < 0.05) 
for CON than RES and HIGH and 
greater (P = 0.02) for HSe than ASe. 
Ewes fed CON and HIGH had greater 
(P < 0.01) milk yield than RES, and 
HSe had greater (P < 0.01) milk yield 
than ASe during early lactation. Ewes 
fed HSe had greater (P < 0.01) milk 
selenium than ASe on each sampling 
day. Milk from CON and HIGH ewes 

had greater (P < 0.01) daily yield of 
solids-not-fat, lactose and protein than 
RES.

At birth, lambs born to RES ewes 
weighed less (P = 0.08) compared 
with CON and HIGH, although this 
was reversed with HSe (P < 0.08). 
Lambs from RES dams had decreased 
(P < 0.05) BW from day 7 to 19 and 
decreased (P < 0.07) overall average 
daily gain compared with CON and 
HIGH.

Results indicate that nutritional plane 
during gestation not only aff ects dam 
BW and body composition, but also 
aff ects milk production, off spring birth 
weight and off spring postnatal growth, 
all of which may be impacted by the 
selenium supply. Ewes fed HSe had 
greater (P ≤ 0.03) back fat thickness 
than ASe. 

Introduction
Beef cows and ewes in the northern 
Great Plains often consume standing 
or harvested forages of poor quality 
or limited availability during mid and 
late gestation, resulting in inadequate 
nutrient intake to meet the demands 
of pregnancy. Th e intake of specifi c 
nutrients such as selenium also may 
be excessive in these animals due to 
regional soil and feedstuff  variability. 
Recent research has demonstrated that 
nutrition during gestation not only 
infl uences later maternal reproductive 
performance, but also aff ects both 
prenatal and postnatal off spring 

1Center for Nutrition and Pregnancy, 
Department of Animal Sciences, 
North Dakota State University, Fargo, N.D.
2U.S. Department of Agriculture-Agricultural 
Research Service, U.S. Sheep Experiment 
Station, Dubois, Idaho
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growth and development, potentially 
impacting long-term production (Wu 
et al., 2006; Caton and Hess, 2010; 
Funston et al., 2010).

Our sheep research model has 
demonstrated that both the 
level of nutrition and selenium 
supplementation can aff ect 
primiparous dam performance and 
fetal off spring growth (Reed et al., 
2007; Carlson et al., 2009), as well 
as have lasting impacts on market-
weight lamb off spring (Neville et al., 
2010). Despite this, little is known 
about how nutrition during gestation 
aff ects the critical periods of early milk 
production and early postnatal lamb 
growth.

We hypothesized that changes 
caused by gestational nutrition 
would continue postpartum, even 
when ewes and their lambs were 
managed independently. Th erefore, 
the objectives of this study were to 
determine the eff ects of maternal 
nutritional plane and dietary selenium 
during gestation on performance of 
ewes and their lambs when placed 
under similar but independent 
management systems postpartum. 

Procedures
Eighty-four Rambouillet ewe lambs 
[age = 240 ± 17 days, body weight 
(BW) = 114.8 ± 13.7 pounds], 
were allocated to a 2 x 3 factorial 
design. Factors included selenium 
[adequate selenium (ASe, NRC 
requirements) or high selenium (HSe, 
6.7x ASe)] initiated at breeding and 
nutritional plane [60 percent (RES), 
100 percent (CON) or 140 percent 
(HIGH) of NRC requirements] 
initiated at day 40 of gestation. 
Beginning on day 40 of gestation, 
ewes were housed individually in 
a temperature-controlled facility. 
Nutrient requirements were based on 
NRC (1985) recommendations for 
132-pound BW, pregnant ewe lambs 
during mid to late gestation.

Pelleted diets were fed once daily 
in varying quantities to achieve the 
desired nutritional plane and selenium 
treatments. Additional selenium was 
provided to HSe ewes with selenium-
enriched wheat millrun resulting from 
on-site processing of wheat grown in a 
selenium-rich region near Pierre, S.D. 
Ewes had free access to water and a 
trace mineralized salt block containing 
no additional selenium. 

Ewes were monitored closely during 
lambing, and lambs were removed 
immediately after parturition 
for artifi cial rearing. Colostrum 
production was measured at three 
hours postpartum in all ewes, and half 
of the ewes within each treatment were 
milked mechanically for 20 days. Th ese 
ewes were transitioned to a pelleted 
diet providing 100 percent of NRC 
(1985) requirements and adequate 
selenium for early lactation. Milk 
production was measured and milk 
samples were obtained at 5 a.m.  and 
5 p.m. daily until day 20 of lactation 
using a portable milking system. Ewe 
BW, body condition scores (BCS; 1 to 
5 scale, with 1 = emaciated, 5 = obese), 
and ultrasonic back fat thickness and 
longissimus dorsi (loin eye) area were 
collected throughout the study.

Lambs were removed from their dams 
prior to suckling and then were towel-
dried and processed. Immediately after 
birth, lambs were weighed, measured 
and vaccinated. Lambs were fed 
artifi cial colostrum within 30 minutes 
of birth and at six additional times. At 
24 hours, lambs were transitioned to 
milk replacer fed from a bottle until a 
strong suckling response was observed. 
Once this occurred, lambs were moved 
to a pen with free access to water and 
creep feed and adapted to a teat bucket 
system for ad libitum (free-will) access 
to milk replacer. Tails were not docked, 
and male lambs were not castrated to 
prevent any decrease in performance 
caused by these procedures. Twins 
(n = 6) and their dams (n = 3) were 
removed from the dataset. 

Results and Discussion
As expected, ewe performance was 
aff ected by nutritional plane. Ewe BW 
(Figure 1A) was reduced (P < 0.05) 
by RES and increased (P < 0.07) by 
HIGH compared with CON from 
day 81 through lambing. From day 95 
of gestation through lambing (term 
averaged 148 days), ewe BCS (Figure 
1B) also was decreased (P < 0.001) 
by RES and increased (P < 0.01) by 
HIGH. Ewes fed RES had less (P < 
0.01) back fat thickness (Figure 1C) 
and loin-eye area (Figure 1D), and 
HIGH had greater (P < 0.01) back fat 
compared with CON from day 96 to 
lambing.

By day 135 of gestation, loin-eye area 
also was greater (P < 0.001) for HIGH 
than CON. Even though ewes were 
shifted to a similar diet after lambing, 
BW, BCS, back fat thickness and loin-
eye area remained diff erent (P < 0.05) 
through day 20 of lactation. High 
selenium also increased (P < 0.001) 
average daily gain of ewes during 
midgestation, increased (P < 0.05) 
BCS change throughout gestation and 
increased (P < 0.01) back fat thickness 
at day 96 of gestation, suggesting 
that high selenium may improve ewe 
performance during gestation. In 
contrast, during lactation, ewe BCS 
increase was greater (P = 0.07) in ASe 
vs. HSe. 

Colostrum and milk production and 
nutrient content were impacted by 
nutritional plane and selenium supply 
during mid and late gestation, even 
when ewes were managed similarly 
postpartum. Ewes fed CON during 
gestation had greater (P ≤ 0.05) 
colostrum yield and total colostrum 
solids-not-fat, protein and lactose 
compared with RES and HIGH. 
High selenium during gestation also 
increased (P ≤ 0.05) colostrum yield 
and total colostrum butterfat, solids-
not-fat, protein, lactose and selenium.
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Figure 1. Effects of nutritional plane during gestation on ewe body weight (Panel A), body condition score 
(Panel B), back fat thickness (Panel C) and loin-eye area (Panel D) from midgestation to early lactation. 
* denotes that treatments differ from CON (P < 0.10).

Milk yield to day 20 of lactation was 
reduced (P < 0.001) in ewes fed RES 
during gestation (Figure 2). Ewes fed 
HSe during gestation also had greater 
(P < 0.001) milk yield than ASe. Milk 
nutrient composition (percentage) was 
aff ected, and total daily nutrient yield 
was decreased, by RES (Table 1). Milk 
selenium content from ewes fed HSe 
remained greater (P < 0.05) than ASe 
through day 20 of lactation.

Lambs born to ewes on the RES diet 
weighed less (P ≤ 0.10) at birth than 
CON and HIGH, which was reversed 

by high selenium (P < 0.08). Th e eff ect 
of selenium on lamb weight dissipated 
postnatally, and on days 7, 14 and 19 
of age, lambs from RES dams weighed 
less (P < 0.04) than those from CON 
and HIGH (Figure 3). Th is resulted in 
the average daily gain being reduced 
(P < 0.07) in lambs born to RES ewes 
compared with CON and HIGH.

Results indicate that maternal 
nutrient restriction during gestation 
not only negatively aff ects the dam 
during gestation, but also has harmful 
consequences on the dams’ lactation 

potential and off spring growth. Th ese 
changes occur even when both the 
dam and off spring are fed an adequate 
diet postpartum, but may be reversed 
by high selenium during gestation. In 
addition, reduced milk production and 
nutrient content could further decrease 
off spring growth in conventional 
management systems. Additional 
research is necessary to determine if 
the nutrition of ewes during their fi rst 
gestation aff ects lactation potential 
during later parities.
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Figure 2. Effects of nutritional plane during 
gestation on ewe milk production during early 
lactation. Milk yield was reduced in RES compared 
with CON and HIGH (P < 0.01).
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Figure 3. Effects of ewe nutritional plane during 
gestation on lamb early postpartum growth. * 
denotes that treatments differ from CON (P < 0.10). 
Lambs from RES dams weighed less than CON 
and HIGH.

Table 1. Effects of selenium supply and nutritional plane during gestation on ewe milk percentage nutrient 
composition and total daily yield of nutrient components.

 Selenium Supply1 Nutritional Plane2 P-values3

Item ASe HSe SEM RES CON HIGH SEM Se Nut Se x Nut

Nutrient composition         
 Butterfat, % 5.92 5.60 0.14 6.60 5.66 5.02 0.18 0.12 <0.001 0.02
 ASe – – – 6.40yz 5.85xy 5.50x 0.25   
 HSe – – – 6.80z 5.47x 4.53w 0.25   
 Solids-not-fat, % 11.4 11.3 0.1 11.5 11.3 11.2 0.1 0.10 0.17 0.40
 Lactose, % 5.18 5.14 0.03 5.10 5.20 5.18 0.04 0.32 0.13 0.58
 Protein, % 5.24 5.14 0.05 5.38a 5.11b 5.09b 0.06 0.13 <0.001 0.45
 Selenium, ppm 0.19 0.40 0.01 0.32 0.32 0.26 0.01 <0.001 <0.001 0.03
 ASe – – – 0.20x 0.20x 0.18x 0.02   
 HSe – – – 0.45z 0.43z 0.33y 0.02   

Total nutrient components         
 Butterfat, lb/d  0.11 0.11 0.01 0.11 0.12 0.11 0.01 0.95 0.19 0.10
 Solids-not-fat, lb/d 0.22 0.24 0.01 0.19a 0.24b 0.25b 0.01 0.24 <0.001 0.67
 Lactose, lb/d 0.10 0.11 0.01 0.08a 0.11b 0.12b 0.01 0.21 <0.001 0.71
 Protein, lb/d 0.10 0.11 0.01 0.09a 0.11b 0.11b 0.01 0.30 0.003 0.61
 Selenium, lb/d *10-7 3.74 8.15 0.44 5.29a 6.83b 5.73ab 0.44 <0.001 0.05 0.64

a,b Within an item, main eff ect means diff er (P ≤ 0.05).
w,x,y,z Within an item, interactive means diff er (P ≤ 0.05).
1Ewes fed adequate selenium (ASe) or high selenium (6.7x ASe; HSe) during gestation.
2Ewes fed 60 percent (RES), 100 percent (CON) or 140 percent (HIGH) of nutrient requirements during gestation.
3Probabilities of diff erence for selenium supply (Se), nutritional plane (Nut) and their interaction. 
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Effects of calf weaning method on calf stress, hormone 
concentration, growth performance and carcass ultrasound 
characteristics*
M.M. Thompson1, C.R. Dahlen2, M.L. Van Emon1,2, R.F. Cooke4, T.C. Gilbery2, B.W. Neville3 and C.S. Schauer1

Th e study objective was to determine 
the eff ects of conventional weaning 
versus two-step weaning on calf stress, 
hormone concentration, growth 
performance and carcass ultrasound 
characteristics on growing crossbred 
calves. Th ese results suggest that two-
step weaning may alleviate some stress 
compared with conventional weaning; 
however, feed effi  ciency for calves in 
the traditional weaning treatment was 
superior to the two-phase treatment. 

Summary
Crossbred steer and heifer calves (n 
= 71) were stratifi ed by body weight 
(BW) and allotted randomly to one 
of two weaning treatments (TRT): 
conventional weaning (CON) or 
two-step weaning (2P) in a completely 
randomized design. Blood samples 
were collected concurrently with rectal 
temperature assessment on days -7, 
-6, -4, 0, 1, 3, 7 and 10 relative to 
weaning (day 0) for determination 
of plasma cortisol and haptoglobin 
concentrations. A subset of calves (n = 
12; six calves per TRT) were fi tted with 
human pedometers to measure steps 
taken before and after weaning.

On day 0, calves were allotted by 
TRT and sex to one of 12 feedlot 
pens (six pens per TRT) for a 65-day 
background period. Calves were fed 
a growing diet [11.5 percent crude 
protein (CP), 4.08 Mcals net energy 
gain (NEg); dry-matter (DM) basis] 
for a 2.2-pound average daily gain 
(ADG). Calf age at weaning and 
initial BW averaged 160 ± 2 days and 
526 ± 8 pounds for both treatments, 
respectively.

Calf BW and dry-matter intake (DMI) 
during backgrounding were similar 
(P ≥ 0.10) across TRT; however, 
treatment by sex interactions occurred 
for ADG and gain-to-feed ratios (G:F; 
P = 0.001 and P = 0.01, ADG and 
G:F, respectively). Furthermore, CON 
G:F from day 0 to 65 was greater than 
2P G:F (0.19 vs. 0.15; P = 0.05).

Haptoglobin absorbance was similar 
(P ≥ 0.10) for weaning method. 
Concentrations of cortisol and 
pedometer steps recorded tended to be 
eff ected by a TRT by day interaction 
(P < 0.10). Carcass ultrasound 
characteristics did not diff er (P ≥ 0.15) 
for weaning method.

Th ese results suggest that two-step 
weaning may alleviate some stress 
compared with conventional weaning; 
however, feed effi  ciency for calves 
in the traditional weaning TRT was 
superior to the two-phase treatment.

Introduction
Conventional weaning, defi ned as 
the sudden removal of a calf from its 
dam and mother’s milk (Haley et. 
al, 2005), is the traditional weaning 
method used by most cattle producers. 
It can be a very stressful experience for 
young calves because during weaning, 
calves experience loss of maternal 
contact, new diets and novel social 
environments, as well as transportation 
to new housing facilities (Enriques et 
al., 2010). Weaning initiates behavioral 
and physiological responses indicative 
of distress that are unfavorable to 
beef production and animal welfare 
(Lefcourt and Elasser, 1995; Stookey et 
al., 1997; Krebs et al., 2010), causing 
morbidity and mortality at feedlot 
arrival (Loerch and Fluharty, 1999). 
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Two-step weaning, a weaning 
alternative using anti-suckling nose 
tags, has been reported to reduce stress 
during the weaning process (Carter et 
al., 2010). Th e process allows calves to 
remain with their mothers, adjusting 
to milk removal prior to physical 
separation (Loberg et al., 2007). 
Little research, however, has evaluated 
how weaning stress infl uences carcass 
characteristics during the growing 
period. We hypothesized that the two-
step weaning method would reduce 
calf stress and improve calf growth and 
carcass characteristics compared with 
conventional weaning. 

Materials and Methods
All animal care and handling 
procedures were approved by the 
North Dakota State University 
Institutional Animal Care and Use 
Committee prior to the initiation of 
this study. 

Th e experiment was conducted at 
the North Dakota State University 
Hettinger Research Extension Center’s 
(HREC) Southwest Feeders feedlot 
and two-319 acre pasture locations. 
One pasture was 2.5 miles south of 
Hettinger (Clement) and the other was 
fi ve miles west of Hettinger (Fitch).

Th e Clement and Fitch pastures 
housed 36 and 35 cow-calf pairs, 
respectively. Seventy-one crossbred 
steer (n = 36) and heifer (n = 35) calves 
were used in this study (day -7 to 65). 
Before weaning, cow-calf pairs grazed 
the respective pastures containing 
similar vegetation and portable wind 
breaks. Two creep feeders, with oat 
grain as creep feed, were placed on the 
pastures 65 days before weaning. 

All calves were gathered; vaccinated 
for respiratory, clostridial, H. Somnus 
and Mannheimia diseases; and weighed 
33 days before weaning to obtain 
preweaning calf BW. On day -7, cow-
calf pairs were gathered on respective 
pastures, with calves stratifi ed by 

preweaning BW and allotted randomly 
to one of two weaning treatments 
(TRT): traditional weaning (CON) or 
two-step weaning (2P).

Anti-suckling nose tags (fl exible, 
one-piece plastic tags; QuietWean 
nose tags, JDA Livestock Innovations 
Ltd., Saskatoon, Canada), were placed 
into the nostrils of the 2P calves. 
Th e tags were monitored to ensure 
retention; any calf that lost its nose 
tag had another one inserted. Th e tags 
remained in the 2P calves’ nostrils for 
seven days, and all calves remained 
on pasture with their dams until 
conventional weaning (d 0). 

On day 0, cow-calf pairs were gathered 
on the respective pastures; calves were 
separated from their dams, loaded into 
livestock trailers and transported to the 
feedlot. Calves were weighed and bled, 
pedometer measures were recorded 
and ultrasound carcass characteristics 
were measured. Calves were allotted by 
TRT and sex to one of 12 feedlot pens 
(six pens per TRT; fi ve or six calves per 
pen) for a 65-day background period. 
Calf age at weaning and initial BW 
averaged 160 ± 2 days and 526 ± 8 
pounds, respectively. 

During the fi rst four days in the 
feedlot, calves had free-choice access to 
grass hay, plain salt blocks and water in 
automatic electrically heated fence-line 
water fountains. On days 2 and 3, oat 
grain (21.3 pounds per pen; DM basis) 
was off ered. On day 3, calves were fed 
a growing diet (4.8 pounds per calf; 
11.5 percent CP, 4.08 Mcal of NEg; 
DM basis) in the form of a totally 
mixed ration (TMR); the diet consisted 
of ground mixed hay, corn, barley, oat 
silage, a custom calf pellet containing 
Rumensin® (200 milligrams per pound, 
as fed), deccox® (569 milligrams per 
pound, as fed) medicated crumbles 
and calcium carbonate at 53.9, 16.5, 
11.5, 9.9, 5.9, 1.7 and 0.6 percent, 
respectively (DM basis). Th e TMR was 
fed once daily (9 a.m.) from days 4 
through 65, with adjustments to intake 
made daily. 

Data measures (calf BW, blood 
samples, rectal temperatures, 
pedometer and ultrasound measures) 
were collected before calf feeding on 
collection days. All calves were bled 
via the jugular vein relative to weaning 
(day 0) for plasma cortisol and 
haptoglobin concentrations.

A subset of calves (n = 12; six calves 
per TRT) were fi tted with human 
pedometers (GOsmart Tri-Axis pocket 
pedometer, model HJ-303, Omron 
Healthcare Inc., Bannockburn, Ill.) on 
day -7 to measure steps taken before 
and after weaning. Th e pedometers 
were placed in plastic zipper-top bags 
to protect them from moisture. Bags 
were fastened securely to the inside 
of the calf ’s left rear leg (below the 
hock and above the fetlock) with 
veterinary wrap and duct tape, and 
checked regularly for signs of swelling, 
discomfort or pain.

On day 10, pedometers were removed 
from the calves. On day 0 and 65 
of the background period, back 
fat thickness, ribeye area, rump 
fat thickness and intramuscular 
fat percentages were measured via 
real-time ultrasonography, and 
marbling scores were calculated from 
intramuscular fat percentages. 

Calves were checked daily for signs 
of illness during the weaning and 
backgrounding periods. On day 
14, all calves were revaccinated for 
respiratory, clostridial, H. Somnus and 
Mannheimia diseases; dewormed; and 
implanted with a Ralgro® implant 
(36 milligrams zeranol). During the 
background period, diet samples were 
collected weekly from each pen at feed 
delivery, composited, dried in a forced-
air oven and ground for nutritional 
analysis by a commercial laboratory 
(Midwest Laboratories, Omaha, Neb.). 
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Results and Discussion
Feedlot performance: Calf BW 
averaged 710 ± 16.7 pounds, with 
189 ± 11.2 pounds gained (P > 0.10; 
Table 1) at the end of the 65-day 
backgrounding period. Average daily 
gain was similar (P = 0.10) across TRT 
during backgrounding despite CON 
calves having a numerically higher 
ADG than 2P calves (3.08 vs. 2.64 
pounds per day, CON vs. 2P calves, 
respectively). Dry-matter intakes 
averaged 16.2 ± 0.6 pounds per day; 
however, feed effi  ciency (gain:feed) 
was greater (P = 0.05) for CON than 
2P calves (0.19 vs. 0.15, CON vs. 2P, 
respectively; Table 1) at the conclusion 
of the study. 

Hormone concentrations and 
physiological measures: When animals 
undergo stress, fear, fl ight, infection, 
physical trauma and malignancy, these 
external and internal processes will 
alter an animal’s hormonal balance. 
Hormones are the chemical messengers 
to the animal’s body tissues and organs; 
these messengers (hormones) regulate 
specifi c metabolic body processes, 
whereby they either can stimulate or 
retard (prevent) life activities.

Cortisol, a hormone from the adrenal 
cortex that causes liver glycogen and 
blood sugar stores to increase as part 
of the “fl ight or fi ght” response, is 
the primary biological marker used 
to measure stress or fear in animals. 
Another physiological reaction that 
can result from these internal or 
external stressors is the acute-phase 
response. Th is response stimulates 
increased production and mobilization 
of leukocytes (the white blood cells 
responsible for ingesting infectious 
microorganisms), and fever, as well 
as changes in tissue metabolism 
and circulating levels of acute-phase 
proteins.

Haptoglobin, one of the acute-phase 
proteins, is a glycoprotein produced 
by the liver that binds to freed 

hemoglobin resulting from infection or 
tissue injury. Th e goal of this complex 
series of reactions is to prevent ongoing 
tissue damage, isolate and destroy 
infectious organisms, and activate 
repair processes necessary to restore 
the animal’s normal body functions 
(Baumann and Gauldie, 1994). 

In our study, we measured cortisol 
and haptoglobin concentrations 
as indicators of weaning stress. 
Haptoglobin absorbance did not 
show a sex (P = 0.93) or TRT-by-sex 
interaction (P = 0.81), but a day eff ect 
(P < 0.002) was observed (Figure 1). 

Both TRT groups had elevated plasma 
haptoglobin absorbance occurring on 
day 10.  

Although cortisol concentrations 
were not aff ected by TRT (P = 0.13), 
we found a tendency (P = 0.06) for 
a treatment-by-day interaction for 
cortisol (Figure 2). Peak cortisol 
concentrations for 2P (52.7 nanograms 
per millilitre, or ng/ml) occurred 
on day -4, 72 hours post nose 
tag insertion, while peak cortisol 
concentrations for CON (43.6 ng/ml) 
occurred on day -6, 24 hours after the 
calves fi rst were handled.

Table 1. Effect of weaning method on calf growth performance.

 Treatment1  

Item CON 2P SEM2 P – value3

No. head 36 35 –  –
No. pens 6 6 – –
 Initial weight, lbs. 521 530 8.4 0.99
 Final weight, lbs. 708 711 16.7 0.99
 Weight gained, lbs. 194 183 11.2 0.53
 DMI, lbs./day 15.6 16.7 0.6 0.19
 ADG, lbs./day 3.08 2.64 0.2 0.10
 Gain:feed, lbs./lbs. 0.19 0.15 0.01 0.05
1Treatments: CON = conventionally weaned calves; 2P = two-step weaned calves.
2Standard error of mean; n = 6.
3P-values for F- test of treatment.
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Figure 1. Effect of weaning method on plasma haptoglobin 
concentration (absorbance at 450 nm x 100; ±SEM). Effects of 
treatment (P = 0.69), day (P = 0.002) and treatment x day (P = 0.43).



24 2011 Beef Cattle and Range Research Report

Generally, plasma cortisol 
concentrations spike immediately 
following a stress (Lefcourt and Elasser, 
1995). 

Except for receiving preweaning shots, 
none of the calves were acclimated 
to human handling before this study. 
Grandin (1998) reported that an 
animal that has not been acclimated 
to human handling and restraint in 
a squeeze chute will have more fear 
stress when it is restrained and handled 
than one that has been habituated to 
human contact and trained to handling 
procedures. 

A tendency was noted for a treatment-
by-day eff ect (P = 0.09) in the number 
of pedometer steps recorded (Figure 
3). Th e 2P calves took more steps per 
day by day -4 (754 vs. 526 steps, 2P 
vs. CON, respectively) because the 2P 
calves were unable to suckle, relying 
on pasture forages and creep feed for 
their daily nutrition. Conversely, CON 
calves took more steps per day by day 
3 (460 vs. 162 steps, CON vs. 2P, 
respectively). 

Ultrasound measures: Carcass 
ultrasound characteristics did not 
diff er (P ≥ 0.16; Table 2) for weaning 
method. Back fat and rump fat 
thickness changes were similar (P ≥ 
0.94), averaging 0.025 ± 0.01 inch 
and 0.02 ± 0.01 inch for CON and 
2P calves at the end of backgrounding. 
Ribeye area, intramuscular fat 
percentage and marbling scores were 
not statistically diff erent (P ≥ 0.73). 

Implications
 As the cattle industry comes under 
increased scrutiny from its consumers 
and outside entities, who demand the 
industry utilize more animal-friendly 
production methods, cattle producers 
must consider less stressful, more 
humane methods of weaning calves 
than conventional weaning. Th ese 

Figure 3. Effect of weaning method on number of steps taken 
per day (±SEM). Effects of treatment (P = 0.91), day (P = 0.03) and 
treatment x day (P = 0.09).

Table 2. Change in real-time ultrasound carcass 
characteristics during the background period.

 Treatment1  

Item CON 2P SEM2 P – value3

No. head 36 35 - -
No. pens 6 6 - -
 Ribeye area, in.2 1.83 2.17 0.17 0.16
 Back fat thickness, in. 0.03 0.02 0.01 0.94
 Rump fat thickness, in.  0.02 0.02 0.01 0.96
 Intramuscular fat, % 0.95 0.90 0.11 0.74
 Marbling score4 0.75 0.71 0.08 0.73
1Treatments: CON = conventionally weaned calves; 2P = two step weaned calves.
2Standard error of mean; n = 6.
3P-values for F- test of treatment.
4Marbling score was calculated from intramuscular fat percentages.
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results suggest that two-step weaning 
may alleviate some stress compared 
with conventional weaning; however, 
feed effi  ciency for calves in the 
traditionally weaned TRT was superior 
to the two-phase treatment. Continued 
evaluation of two-step weaning is 
necessary.
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Eastern Dakota Cattle Feedout Project VI: Discovering value 
in North Dakota calves — Progress Report Year 2009-2010
Karl Hoppe1, Al Ulmer2, Brad Brummond3, Mark Miller4 and Andy Johnson5

Th e Eastern Dakota Cattle Feedout 
project was developed to discover the 
actual value of spring-born beef steer 
calves, provide comparisons among 
herds, and benchmark feeding and 
carcass performance for contributing 
North Dakota cow herds.   

Summary
Cattle consigned to the feedout project 
averaged 691.6 pounds upon delivery 
to the Pipestem Feeders Feedlot, 
Carrington, N.D., on Dec. 9, 2009. 
After an average 177-day feeding 
period with 0.91 percent death loss, 
cattle averaged 1,294.1 pounds (at 
plant, shrunk weight). Th e average 
daily feed intake per head, as fed, was 
35.5 pounds, while the pounds of 
feed required per pound of gain were 
10.6. Diet dry matter was 64 percent. 
Th e calves averaged 444 days of age at 
harvest. Th e overall pen average daily 
gain with death loss included was 3.35 
pounds. Th e feed cost was $0.509 
per pound, and the total cost of gain 
without interest was $0.717.

Th e cattle were harvested on May 26 
and June 12, 2010. Marbling scores 
averaged 454.5 (low choice). Th e 
overall profi t before deducting interest 
expense per head was $153.16. Th e 
average profi t before interest expense 
for the top fi ve groups of six head of 
calves with superior growth and carcass 
traits was $208.67 per head, while 
the bottom fi ve groups of poorer-
performing calves averaged a $142.67 
loss per head. Th e wide range in 
profi tability indicates the diversity of 
the cattle consigned by North Dakota 
cattle producers into a feedout project. 

Introduction
Determining calf value is a continuing 
experience for cow-calf producers. A 
companion project, the Dakota Feeder 

Calf Show, was developed to identify 
diff erences in cattle fed to fi nish under 
similar conditions. Th e Eastern Dakota 
Cattle Feedout commences 1½ months 
later than the Dakota Feeder Calf 
Show feedout. Previous trials (Hoppe 
et.al., 1997) support cost-eff ective 
feeding of cattle to fi nish in North 
Dakota. Th ese feedout projects were 
developed to explore diff erences in 
feedlot and carcass performance in 
cattle fed in North Dakota. 

Materials and Methods
Th e Eastern Dakota Feedout Project 
was developed for cattle producers 
willing to consign steer calves to a 
feedout project in which cattle are 
comingled. Th e calves were received 
in groups of six or more calves on 
Dec. 9, 2009, at the Pipestem Feeders 
Feedlot, Carrington, N.D. Th e calves 
were weighed individually, ear tagged, 
vaccinated (IBR,BVD,PI3,BRSV) and 
treated with an antiparasiticide. 

During a six-week period, the calves 
were transitioned to a fi nishing diet 
(80 percent grain) through a series of 
step-up rations containing increased 
amounts of grain. Th e calves were 
weighed every four to six weeks, and 
updated performance reports were sent 
to the owners. 

Cattle (109 head) were harvested at 
Tyson Fresh Meats, Dakota City, Neb., 
and priced using a carcass grid with 
premiums and discounts. Carcass data 
were collected after harvest. 

1Carrington Research Extension Center, North 
Dakota State University, Carrington, N.D.
2NDSU Extension Service, LaMoure County 
3NDSU Extension Service, Walsh County 
4NDSU Extension Service, Rolette County 
5NDSU Extension Service, Steele County
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Consignee meetings were held 
individually to discuss cattle 
performance after the project was 
completed. 

Results and Discussion
Cattle consigned to the Dakota Feeder 
Calf Show Feedout project averaged 
691.6 pounds upon delivery to the 
Pipestem Feeders Feedlot, Carrington, 
N.D., on Dec. 9, 2009. After an 
average 177-day feeding period, cattle 
averaged 1,294.1 pounds (at plant, 
shrunk weight). One death, or a 0.91 
percent death loss, occurred during the 
feeding period. Th e average daily feed 
intake per head was 35.5 pounds on 
an as-fed basis, and 22.7 pounds on a 
dry-matter basis. Th e pounds of feed 
required per pound of gain were 10.6 
on an as-fed basis and 6.8 pounds on a 
dry-matter basis.

Th e number of cattle consigned was 
110. Cattle were implanted with 
Revalor S 71 days after arrival at the 
feedyard. 

Th e overall feed cost per pound of 
gain was $0.509. Th e overall yardage 
cost per pound of gain was $0.084. 
Th e combined cost per pound of gain, 
including feed, yardage, veterinary, 
trucking and other expenses except 
interest, was $0.717. Trucking to 
Tyson Fresh Meats, Dakota City, Neb., 
averaged $35.27 per head.

Cattle were tested using ultrasound 
technology to determine back fat and 
marbling on April 15, 2010. Cattle 
were sorted by weight and back fat 
thickness, and harvested on May 
26 or June 12, 2010. Th e carcass 
characteristics were collected after 
harvest. Th eir market value was based 
on actual carcass price received (Table 
1).

Cattle performance was reported 
individually to the consignees. 
Th e average cattle performance by 
consignee is reported in Table 2.

Overall, calves averaged 444 days of 
age and 1,294.1 pounds per head at 
harvest. Th e overall average daily gain 
was 3.35 pounds, while the weight per 
day of age was 3 pounds. Th e overall 
pen-of-three marbling score was 454.5 
(low choice/small marbling). 

Profi t or loss was calculated using 
the initial calf price as the price per 
100 pounds: $ = 137.9305 – (0.0612 
* initial calf weight). Profi t or loss 
accounted for initial calf price, feed, 
yardage, veterinary, freight, brand 
inspection, beef checkoff , ultrasound 
and carcass data collection costs. 
Interest costs on cattle and feeding 
were not included in calculating profi t 
or loss. Th e fi nal carcass value was 
assessed using the actual grid pricing 
for the harvest group.

Overall, cattle feeding provided a 
$153.16-per-head profi t before interest 
expense was deducted. However, the 
top-profi t herd of calves returned 
$280.43 per head, while bottom pen 
of calves with no death loss returned 
a $137.57-per-head loss. Th e bottom 
pen of calves with death loss included 
returned a $113.99-per-head loss. 

Th e profi t for the top fi ve herds 
averaged $208.67 per head. Th e 
average profi t of the bottom fi ve herds 
with no deaths was $152.88 per head. 

Th e average profi t of the bottom fi ve 
herds with death loss included was 
$142.67 per head.

Correlations between profi t and date 
of birth, harvest weight, average daily 
gain, weight per day of age, carcass 
back fat, carcass ribeye area, UDSA 
yield grade and marbling score were 
low (Table 4).

Implications
Calf value is unknown until cattle are 
fed to fi nish. Feedlot performance is 
important for increased weight gain 
and heavier carcass weights (or to 
reduce time on feed). Exceptional 
average daily gains, weight per day 
of age and carcass characteristics, 
including marbling score, can be 
found in North Dakota beef herds. 
Feedout projects provide a source of 
information for cattle producers to 
learn about genetics, calf performance 
and cattle value. Profi t best correlates 
with heavier harvest weight, more 
marbling score and higher yield grade. 
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Table 1. Carcass characteristics and grid prices 
for EDFP cattle.

Harvest date May 26, 2010 June 12, 2010

Carcass % $/cwt* % $/cwt  

Prime  4.2 12.2 3.3 13.31
CAB 14.6 2.82 18.0 2.75
Choice 70.8 0.00 41.0 0.00
Select 8.3 (4.00) 32.8 (5.73)
Standard 2.1 (17.00) 4.9 (20.13)

YG 1 2.3 4.00 16.4 4.00
YG 2 18.6 2.00 32.8 2.00
YG 3 69.8 0.00 49.2 0.00
YG 4 9.3 (12.46) 1.6 (13.23)
YG 5 0.0 (19.77) 0.0 (19.77)

No. of head 48  61 
Base price  156.68  154.97

*discount or premium with grid pricing
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Tables 2. Feeding performance – 2009-10 Dakota Feeder Calf Show Feedout. 

    Average   Carcass Carcass Carcass
   Harvest    Daily  Weight per Carcass Ribeye USDA Marbling Profi t or Loss 
 Herd Date of birth  Weight   Gain  Day of Age Back Fat Area Yield Grade Score  Per Head 

 1 — 1,444.8 3.5 — 0.6 14.2 3.4 480.0  $280.43 
 2 March 1, 2009 1,348.1 3.3 3.0 0.7 13.4 3.7 603.3  $235.17 
 3 April 11, 2009 1,277.2 3.1 3.1 0.6 13.7 3.3 455.0  $196.40 
 4 February 22, 2009 1,289.3 3.1 2.8 0.7 13.6 3.6 445.0  $166.30 
 5 April 11, 2009 1,315.5 3.0 2.7 0.3 15.6 2.0 368.9  $165.07 
 6 April 5, 1009 1,353.7 3.5 3.3 0.7 13.3 3.7 450.0  $159.32 
 7 — 1,217.0 3.7 — 0.5 13.2 2.9 511.0  $153.38 
 8 March 6, 2009 1,321.2 3.2 3.0 0.6 13.9 3.2 501.7  $149.07 
 9 March 17, 2009 1,206.4 2.9 2.7 0.4 13.6 2.5 383.3  $137.57 
 10 April 6, 2009 1,331.1 3.6 3.1 0.4 15.3 2.3 372.4  $113.99 

Mean March 22, 2009  1,310.43   3.29   2.95   0.56   13.96   3.07   457.06   $175.67 
Standard Deviation 19.857 69.132 0.278 0.209 0.153 0.822 0.621 72.579 49.298
Number  8 10 10 8 10 10 10 10 10

Tables 3. Feeding performance of top, middle and bottom fi ve herds when sorted by profi t. 

    Average   Carcass Carcass Carcass
   Harvest    Daily  Weight per Carcass Ribeye USDA Marbling Profi t or Loss 
 Herd Date of birth  Weight   Gain  Day of Age Back Fat Area Yield Grade Score  Per Head 

 Average –  
top 5 herds March 20, 2009  1,334.96   3.20   2.91   0.60   14.06   3.22   470.44   $208.67 

Average – 
middle 5 herds March 29, 2009  1,290.54   3.28   2.97   0.59   13.86   3.11   445.98   $168.10 

Average – 
bottom fi ve herds  March 25, 2009  1,282.70   3.27   2.90   0.51   13.91   3.27   442.98   $152.88 
with no deaths 

Average – 
bottom fi ve herds  March 24, 2009  1,285.89   3.38   2.99   0.52   13.86   2.92   443.68   $142.67
with deaths 

Table 4.  Correlations between profi t and various 
production and carcass measurements.

 Correlation coeffi  cient 

Profi t and date of birth -0.2680
Profi t and harvest weight 0.6372
Profi t and average daily gain 0.1093
Profi t and weight per day of age 0.1364
Profi t and carcass back fat 0.4465
Profi t and carcass ribeye area -0.1894
Profi t and USDA yield grade 0.5294
Profi t and marbling score 0.5549
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Genetic assessment of champion Angus bulls at 
major cattle shows from 1972 through 2011
David S. Buchanan1

Th e objective of this study is to compare 
the genetic merit of Angus bulls that 
have excelled at major cattle shows to 
the breed average and to examine trends 
in those comparisons during the last 40 
years.   

Summary
Cattle shows have long been a means 
of identifying desirable breeding stock 
in the beef industry. Th is article is an 
evaluation of whether major shows 
correctly have identifi ed breeding 
stock that were genetically superior 
to contemporaries during the last 40 
years.

Th e results reveal that a general 
emphasis on growth traits in winning 
bulls at shows has persisted throughout 
the 40 years, and that selection 
for height reached extreme levels 
during the 1980s. In addition, this 
emphasis on extreme growth traits 
coincided with some undesirable 
results pertaining to expected progeny 
diff erences (EPDs) for larger mature 
size and increased calving diffi  culty.

Introduction
Genetic improvement of beef cattle has 
evolved considerably inthe course of 
the last 110 years. During the fi rst half 
of the 20th century, visual appraisal 
and pedigree information were the 
predominant means of identifying 
superior cattle to be used for breeding 
purposes. Th e identifi cation of the 
champion bull at shows such as the 
National Western or International was 
an important statement of the type of 
cattle desired by a breed.

By the 1950s, tools for the application 
of quantitative performance 
information were becoming available, 
and breed associations started 
conducting on-farm performance 
testing programs such as the Angus 
Herd Improvement Records (AHIR), 
which was started in 1958. Th e 
Beef Improvement Federation was 
created in 1968, and the fi rst edition 
of the Guidelines for Uniform Beef 
Improvement Programs was published 
in 1970. Th is document is in its ninth 
edition (BIF, 2010).

Data the breed improvement programs 
generated became extensive and, when 
combined with developing technology 
for genetics and computers, could be 
used to generate predictions of genetic 
merit (expected progeny diff erence, 
or EPD). Th e American Angus 
Association (AAA) published its fi rst 
sire summary using AHIR data in 
1980 and, at present, has performance 
information on more than 6 million 
cattle. Th ese data enable the prediction 
of genetic merit for numerous traits of 
importance to beef producers (AAA, 
2011a). 

Despite the enormous increase 
in availability of performance 
information, visual appraisal through 
cattle shows has continued to have an 
important place in the beef business. 

1Department of Animal Sciences, 
North Dakota State University, Fargo, N.D.
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Procedures
Champion and reserve champion 
Angus bulls at the International 
Livestock Exposition (through 
1976),  North American International 
Livestock Exposition, National 
Western and All-America Angus 
Breeders Futurity were identifi ed 
for each year starting in 1972 and 
continuing through the present. Th is 
resulted in 148 unique bulls available 
for this evaluation (some bulls were 
champion or reserve champion at more 
than one show). EPDs were obtained 
for each of the bulls from the AAA 
website for each trait included in its 
national cattle evaluation program 
(AAA, 2011b), along with the genetic 
trend values that show the average 
EPDs for each birth year back to 1972. 
(AAA, 2011c)

Graphs were constructed to show 
individual bull EPDs and the genetic 
trend for each of 16 diff erent traits. 
Additionally, accuracies from the 
birth weight EPDs (generally one of 
the most accurately evaluated traits) 
were examined to have a measure of 
the infl uence each bull has had on 
the breed. Th ese were compared with 
the average accuracy for the bulls 
that are listed in either the main or 
supplemental listing (n = 4,765) in the 
current Angus Sire Evaluation Report 
(AAA, 2011d). 

Statistical analysis was conducted on 
the individual bull EPDs and genetic 
trend values for each year to evaluate 
the average diff erence between the 
champion show bulls and the breed 
average. Th e time involved was split 
into two periods (1972-1991 and 
1992-2011). Th e statistical model 
included period, year nested within 
period, type of data (show vs. genetic 
trend) and the interaction of period 
with type of data. Means were obtained 
for period x type of data.

Results
Figures 1 to 16 show the EPDs of each 
of the show bulls, along with the breed 
genetic trend line. Each of the graphs 
has a spread, from top to bottom, of 
nine standard deviation units (AAA, 
2011a)  to allow each of the graphs to 
tell its story in a similar manner.

One of the more noticeable items is the 
peak in show bull EPDs for yearling 
height, mature height and mature 
weight that occurred during the late 
1980s. Th e peak occurred after several 
years of increase and then took a few 
more years to return to values nearer 
to the average of the breed. Although 
not as dramatically diff erent, show 
bull EPDs for birth weight were above 
breed average, and EPDs for direct 
calving ease were below breed average. 

Th e show bulls generally were above 
breed average for EPDs for other 
traits associated with growth (weaning 
weight, yearling weight, carcass 
weight and residual average daily 
gain). Additionally, most of the show 
bulls were above average in EPD for 
ribeye area and had lower than average 
EPDs for fat thickness. In contrast, 

no discernible pattern could be found 
for EPDs for maternal calving ease, 
docility, scrotal circumference or 
marbling. 

Dividing the time in this study into 
two 20-year periods also approximately 
divides the data between the years 
when height appeared to be a major 
consideration in the selection of 
champions and the later years when a 
more balanced approach appeared to 
be in place (Table 1). 

During the 1972-1991 time frame, 
the show bulls had EPDs that were 
substantially above breed average for 
yearling height, mature height and 
all other traits associated with growth 
(P < .0001). Th eir EPDs for birth 
weight were substantially higher, and 
their EPDs for direct calving ease were 
substantially lower than breed average 
(P < .0001). Th eir EPDs also were 
lower for docility (P = .06) and fat 
thickness (P = .003). Th eir EPDs for 
scrotal circumference, maternal calving 
ease, milk, marbling and ribeye area 
were not very diff erent from breed 
average (P > .10).

Table 1. Comparison of average EPDs for champion and reserve champion 
bulls to breed average EPDs during two 20-year periods.

 1972-1991 1992-2011

 Breed Show bulls  Breed Show bulls
 average average  average average
Trait EPD EPD P levela EPD EPD P level

Calving ease direct EPD (%) 0.40 -6.35 <.0001 2.54 2.70 0.90
Birth weight EPD (lb) 0.08 3.89 <.0001 2.30 3.62 0.001
Weaning weight EPD (lb) 5.3 22.5 <.0001 33.6 44.7 <.0001
Yearling weight EPD (lb) 8.8 38.6 <.0001 61.5 80.8 <.0001
Residual ADG EPD (lb/day) 0.02 0.09 <.0001 0.11 0.16 0.002
Yearling height EPD (in) 0.18 1.00 <.0001 0.45 0.69 0.001
Scrotal circumference EPD (cm) 0.01 -0.13 0.15 0.22 0.18 0.72
Docility EPD (score) 9.6 6.7 0.06 7.3 8.8 0.34
Calving ease maternal EPD (%) 0.25 0.71 0.61 4.99 6.18 0.22
Milk EPD (lb) 1.4 1.9 0.72 14.7 18.0 0.02
Mature weight EPD (lb) 7.5 50.0 <.0001 26.6 50.1 0.001
Mature height EPD (in) 0.18 1.14 <.0001 0.41 0.85 0.0001
Carcass weight EPD (lb) 0.6 6.0 0.01 8.4 19.7 <.0001
Marbling EPD (score) 0.03 0.07 0.29 0.26 0.25 0.96
Ribeye area EPD (in2) -0.01 -0.03 0.67 0.05 0.18 0.01
Fat thickness EPD (in) -0.001 -0.019 0.003 0.005 -0.014 0.004
Birth weight accuracy 0.93 0.89 0.19 0.74 0.69 0.17
a smaller P levels indicate stronger evidence that the observed diff erence is real.
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Figure 1. Calving Ease - direct EPDs for champion 
and reserve champion Angus bulls at major cattle 
shows and genetic trend line for the Angus breed 
from 1972 through 2011. 

Figure 2. Birth weight EPDs for champion and 
reserve champion Angus bulls at major cattle 
shows and genetic trend line for the Angus breed 
from 1972 through 2011.

Figure 3. Weaning weight EPDs for champion and 
reserve champion Angus bulls at major cattle 
shows and genetic trend line for the Angus breed 
from 1972 through 2011.

Figure 4. Yearling weight EPDs for champion and 
reserve champion Angus bulls at major cattle 
shows and genetic trend line for the Angus breed 
from 1972 through 2011.

Figure 8. Docility EPDs for champion and reserve 
champion Angus bulls at major cattle shows and 
genetic trend line for the Angus breed from 1972 
through 2011.

Figure 7. Scrotal circumference EPDs for 
champion and reserve champion Angus bulls at 
major cattle shows and genetic trend line for the 
Angus breed from 1972 through 2011. 

Figure 6. Yearling height EPDs for champion and 
reserve champion Angus bulls at major cattle 
shows and genetic trend line for the Angus breed 
from 1972 through 2011. 

Figure 5. Residual average daily gain EPDs for 
champion and reserve champion Angus bulls at 
major cattle shows and genetic trend line for the 
Angus breed from 1972 through 2011. 
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Figure 9. Calving ease - maternal EPDs for 
champion and reserve champion Angus bulls at 
major cattle shows and genetic trend line for the 
Angus breed from 1972 through 2011. 

Figure 16. Fat thickness EPDs for champion and 
reserve champion Angus bulls at major cattle 
shows and genetic trend line for the Angus breed 
from 1972 through 2011. 

Figure 15. Ribeye area EPDs for champion and 
reserve champion Angus bulls at major cattle 
shows and genetic trend line for the Angus breed 
from 1972 through 2011.

Figure 14. Marbling EPDs for champion and 
reserve champion Angus bulls at major cattle 
shows and genetic trend line for the Angus breed 
from 1972 through 2011. 

Figure 13. Carcass weight EPDs for champion 
and reserve champion Angus bulls at major cattle 
shows and genetic trend line for the Angus breed 
from 1972 through 2011.

Figure 12. Mature height for champion and reserve 
champion Angus bulls at major cattle shows and 
genetic trend line for the Angus breed from 1972 
through 2011.

Figure 11. Mature weight EPDs for champion and 
reserve champion Angus bulls at major cattle 
shows and genetic trend line for the Angus breed 
from 1972 through 2011. 

Figure 10. Milk EPDs for champion and reserve 
champion Angus bulls at major cattle shows and 
genetic trend line for the Angus breed from 1972 
through 2011.
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During the 1992-2011 time period, 
the show bulls still had EPDs for 
yearling height and mature height 
that were, on average, higher than the 
breed average EPDs (P = .001), but 
the diff erence was much smaller than 
during the earlier time period. Show 
bulls continued to have larger than 
breed average EPDs for the various 
traits associated with growth (P < 
.003). Th ey also had lower EPDs for 
fat thickness (P = .004) and higher 
EPDs for ribeye area (P = .01) and 
milk (P = .02). Only small diff erences 
continued to occur in EPDs for scrotal 
circumference (P = .72), maternal 
calving ease (P = .22) and marbling (P 
= .96). In contrast to the early period,  
only a slight diff erence occurred in 
EPDs for direct calving ease (P = .90) 
and docility (P = .34). 

Figure 17 shows the birth weight 
accuracy for each of the show bulls, 
along with the average of the accuracy 
values for the 4,765 bulls in the AAA 
Sire Evaluation Report. Many of the 
show bulls have accuracies as high as 
the yearly averages, indicating that 
their infl uence among cattle recorded 
by AHIR was high and compared 
reasonably well with bulls that had 
suffi  cient recorded progeny to be 
included in the sire summary.

However, numerous show bulls had 
much lower accuracies, including some 
with the base pedigree accuracy (.05), 
indicating that they had few, if any, 
progeny with recorded performance 
information. Of course, the accuracies 
of bulls during the last few years are 
low, which mainly refl ects the fact 
that they have not been in service 
long enough to have built up large 
numbers of progeny. Th e accuracies of 
show bulls were lower than the breed 
average (Table 1), but the diff erence 
was not large, during both time periods 
(P>.16). 

Discussion and 
Implications
Remember, a judge chooses a 
champion from the cattle that are 
presented and is not scouring the entire 
breed for the most visually appealing 
bulls. Many factors determine breeders’  
decision to bring certain cattle to the 
show. Th ese include the perception of 
what is popular at a given time and an 
understanding of what appeals to the 
specifi c judge for that show.

Pedigree also is an important 
consideration. For example, during 
the years 1956-1959, each of the 
champion bulls at the International 

had the same name, with only the 
number attached to the name changing 
from one year to the next. Performance 
information also was made available 
to judges at some of the shows, 
and that also would be considered 
when choosing the champion bulls. 
Additionally, the way the cattle are 
fi tted and shown may have an eff ect on 
their placing.

Even with these qualifi cations, the 
identifi cation of champion bulls does 
tell a story about what the segment of 
the Angus breeders who participate in 
the show ring have been looking for. 

Th e 1979 meeting of the Beef 
Improvement Federation featured two 
presentations that addressed height. 
One of them was strongly in favor 
of including hip height (with higher 
values being favorable) when making 
selection decisions (Healy, 1979), while 
the other provided many cautionary 
notes (deBaca and McInerney, 1979). 
Th e show ring trends illustrated here 
suggest that Healy’s advice (1979) was 
in play between 1972 and 1991, with 
some unfortunate results in that the 
bulls with higher genetic merit for 
height also had undesirable genetic 
merit for other performance traits.

Height is fairly heritable, so the fact 
that bulls chosen with height as a 
consideration also proved to have high 
genetic merit for height is no surprise. 
However, they also had higher than 
average genetic merit for birth weight 
and mature weight and lower than 
average genetic merit for calving ease. 
Th ey also were lower in genetic merit 
for docility, although this connection is 
harder to understand.

Each of these creates additional 
expenses for commercial producers. 
Th is is verifi cation of the idea that 
selection for extremes can have 
undesirable results. 

Figure 17. Accuracy (birth weight) for champion 
and reserve champion Angus bulls at major cattle 
shows and mean accuracy for the sire summary-
qualifi ed Angus bulls from 1972 through 2011.
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Th e fascination with height appears 
to have ceased by 1992, although 
considerable emphasis still was placed 
on general aspects of growth. Th is 
change in emphasis on height was 
likely the result of the recognition 
by judges that height had been 
overemphasized previously. Th e later 
time period does indicate that judges 
were not choosing cattle that would 
cause undue calving diffi  culty and had 
preferred genetic merit for fat thickness 
and ribeye area. In general, judges 
apparently moved away from the 
selection for extremes in height that 
plagued the time from 1972 to 1991.

Note that these results suggest some 
economically important traits, such as 
marbling and maternal calving ease, 
simply cannot be observed. EPDs 
pertaining to reproduction, such as 
the relatively new heifer pregnancy 
rate EPD, also point to economically 
important traits that cannot be 
appraised visually except to eliminate 
cattle that are unsound. 

Th e show ring continues to be an 
important tool for marketing cattle 
from purebred herds and, when the 
judging has a focus on economically 
important traits, can be an eff ective 
educational tool. Th ese results, along 
with observation of the show results 
from other time periods (such as the 
1950s when very short cattle were 
emphasized), illustrate that the show 
ring as a tool for genetic improvement 
has a rather mixed history. Show ring 
enthusiasts need to remind themselves 
continually that the ultimate goal 
should be effi  ciency of production of 
high-quality beef, and selection for 
extremes is not a way to achieve that 
goal. 
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Differences in beef color and tenderness associated with 
feedlot stress and slaughter method
J.D. Magolski1, K.R. Maddock-Carlin1, V L. Anderson2, C.A. Schwartz1, A.N. Lepper1, 
W.L. Keller1, X. Sun1, B.R. Ilse2 and E.P. Berg1 

Th e objective of this project was to 
investigate the eff ect of beef cattle 
temperament and slaughter method 
on objective color measurements and 
tenderness of beef strip steaks. Our 
data suggests that cattle harvested by 
the kosher method produce less tender 
meat, along with changes in meat color, 
compared with captive-bolt-stunned 
cattle.  

Summary
Measurements of temperament, 
including exit velocity, chute score 
and capture score, were obtained 
on 126 crossbred heifers. Heifers 
were harvested on two consecutive 
Mondays either by the kosher method 
or using a captive-bolt stun. At 
approximately 24 hours postmortem, 
carcass measurements and marbling 
scores were obtained. Strip steaks were 
collected and color measurements were 
obtained using a Minolta Chroma-
meter.

Following a 14-day aging period, 
Warner-Bratzler shear force (WBSF) 
measurements were taken as an 
indication of cooked steak tenderness. 
Chute score and capture score, as well 
as vocalization just prior to slaughter, 
correlated (P < 0.03) with blood lactate 
concentration at the time of slaughter. 
Exit velocity and capture scores were 
correlated negatively (P < 0.001), while 
WBSF was correlated positively (P ≤ 
0.01) to L* (white to black), a* (red to 
green) and b* (yellow to blue).

Strip steaks from kosher-slaughtered 
heifers were lighter, redder and 
yellower and were tougher (P < 0.01) 
than those of captive-bolt-stunned 
heifers. Strip steaks from captive-bolt-
stunned heifers had more (P = 0.04) 
marbling and a tendency (P = 0.08) 
for increased cook loss compared with 
strip steaks from kosher-slaughtered 
heifers.

Our data also suggest that the kosher-
slaughter method may aff ect the color 
of strip steaks, as well as decrease 
tenderness, marbling and drip loss in 
strip steaks when compared with the 
captive-bolt-stunning method. 

Introduction
Beef tenderness is the most studied and 
most variable palatability attribute of 
cooked beef (Beermann et al., 2009). 
Th e continued research focus on 
this topic is due to the vast number 
of factors infl uencing tenderness 
and the consumer’s demand for a 
tender product. Research has shown 
that increased stress in the feedlot, 
during transportation and at the 
slaughterhouse can lead to increased 
bruising, decreased tenderness and 
increased risk of dark cutters (Voisinet 
et al., 1997). Th ese negative quality 
traits can infl uence the producer’s 
bottom line and the consumer’s 
willingness to purchase beef. Th is 
study was conducted to evaluate the 
infl uence of feedlot and preslaughter 
temperament, as well as slaughter 
method, on meat color and tenderness. 

Experimental Procedures
All methods and procedures were 
reviewed and approved by the North 
Dakota State University Animal 
Care and Use Committee. Feedlot 
temperament data were collected 
on Sept. 9, 2010, on 126 Angus x 
Peidmontese heifers at the Carrington 
Research Extension Center (CREC). 

1Department of Animal Sciences, 
North Dakota State University, Fargo, N.D.
2Carrington Research Extension Center, North 
Dakota State University, Carrington, N.D.
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Feedlot Data Collection 
Exit velocity (EV) was measured by 
infrared motion sensors. Th e “start” 
sensor was placed approximately 1.5 
feet from the end of the working chute 
(head gate) and the “fi nish” sensor 
was placed 7.5 feet from the end of 
the working chute. Exit velocity was 
recorded as the time each heifer took 
to travel the 6-foot distance after being 
restrained in the head gate. Th e chute 
score was observed visually and scored 
while the animals were on the weigh 
scale with both entry and exit gates 
closed.

Th e same technician evaluated the 
behavior throughout the study. Th e 
temperament scoring system was 1 
= calm, no movement; 2 = slightly 
restless; 3 = squirming, occasionally 
shaking the chute; 4 = continuous, 
very vigorous movement and shaking 
of the chute; and 5 = rearing, twisting 
of the body and struggling violently 
(Grandin, 1993). Animals on the 
weigh scale were not under restraint at 
any time.

Th e capture score was recorded 
utilizing the same numeric score (1 
to 5) as the chute score; however, this 
evaluation was recorded based on 
activity while the heifer was captured 
in the head gate. 

Carcass Data  
At approximately 14 to 16 months 
of age (1,276 ± 95 pounds of body 
weight), heifers were transported to 
the North Dakota Natural Beef facility 
in New Rockford, N.D., where they 
were slaughtered on two consecutive 
Mondays (Sept. 13 and 20; 64 and 
62 heifers, respectively) with 53 of 
the 64 on day one harvested with the 
kosher method, and the remaining 73 
stunned using a captive bolt. Climatic 
conditions, transportation method 
and transportation time were similar 
between harvest dates. Vocalization 
scores (0 = no vocalization, 1 = little 
vocalization, 2 = extensive vocalization) 

and blood lactate measurements 
also were obtained at the time of the 
harvest. 

Carcass measurements were obtained 
approximately 24 hours postmortem at 
the North Dakota Natural Beef facility 
in Fargo, N.D., and included carcass 
weight, 12th rib fat depth; ribeye area; 
kidney, pelvic and heart fat percentage; 
marbling; and yield grade. Also at 24 
hours postmortem, a 1-inch-thick strip 
steak was obtained at the 13th rib, 
placed in a labeled Ziploc bag, packed 
in a cooler and transported to the 
NDSU meats laboratory. 

Color was measured using a Minolta 
Chroma-meter to record L* (white to 
black), a* (red to green) and b* (yellow 
to blue) from each strip steak after 
approximately 15 minutes. After aging 
14 days, each steak then was measured 
for tenderness by WBSF.

Statistical Analysis
Data was analyzed using Proc CORR 
and Proc GLM procedures of SAS 
(SAS Institute Inc., Cary, N.C.) with 
slaughter method x slaughter date 
and pen within slaughter date in the 
model. Th ese procedures accounted 
for variation as a result of two diff erent 
slaughter days, two slaughter methods 
and the cattle being group housed in 
16 total pens. 

Results and Discussion
Th e relationship between feedlot 
temperament and preslaughter 
measurements is reported in Table 1. 

Temperament scores, including chute 
score, capture score and vocalization, 
correlated (P < 0.03) with lactate 
concentration (r = 0.267, r = -0.209 
and r = 0.369, respectively). Th e 
strongest correlation was between 
vocalization and lactate concentration. 
Animals that are more stressed just 
prior to slaughter, measured by 
vocalization, probably undergo a faster 
rate of anaerobic metabolism, where 
lactate is produced.

Exit velocity and capture score were 
correlated negatively (P < 0.001; r 
= -0.385), suggesting heifers that 
were more stressed in the working 
facility were more anxious to leave 
and exited at a faster rate. Th ese data 
show a relationship between feedlot 
behavior and stress in the plant prior 
to slaughter, with measurements 
of temperament correlating with 
lactate concentration. Gruber et 
al. (2006) also found that cattle 
exhibiting restless or agitated behavior 
at the slaughterhouse following 
transportation had higher blood lactate 
concentrations and produced less 
tender meat. 

Wulf et al. (1997) reported that meat 
color could serve as an indicator of beef 
tenderness and reported lighter, redder 
and yellower meat was associated with 
more tender beef. Our data is contrary 
to those reports because we found meat 
toughness to be correlated positively (P 
≤ 0.01) to lighter, redder and yellower 
meat (r = 0.278, r = 0.332 and r = 
0.359, respectively; Table 2).

Table 1. Partial correlation coeffi cients (P-value) for vocalization 
prior to slaughter, chute score (CS), catch score (CAPS), exit 
velocity (EV) and blood lactate concentration at time of slaughter.

Item Vocalization Chute Score Catch Score Exit Velocity

Lactate 0.369 0.267 0.249 -0.209
 (0.001) (0.02) (0.03) (0.06)
Chute Score -0.006  0.179 -0.183
 (0.96)  (0.11) (0.11)
Catch Score -0.005   -0.385
 (0.96)   (<0.001)
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One possible explanation could be 
the interaction of slaughter method, 
particularly the kosher method, 
resulting in changes in the state of 
muscle contraction and pre-rigor 
metabolism. Cattle slaughtered by 
the kosher method typically remain 
conscious for 17 to 85 seconds 
after a proper throat cut (Grandin, 
2010), compared with immediate 
unconsciousness with captive-bolt 
stunning. We hypothesize that the 
muscles are in tense contraction prior 
to unconsciousness, shortening the 
muscle fi ber length at rigor, thus 
resulting in more muscle fi ber overlap, 
leading to a less tender steak (Locker, 
1959). 

Strip steaks from kosher-slaughtered 
heifers were darker, greener, bluer 
and tougher (P < 0.01) than that of 
captive-bolt-stunned heifers (Table 3). 
Strip steaks from captive-bolt-stunned 
heifers had increased marbling (P = 
0.04) and a tendency (P = 0.08) for 
increased cook loss compared with 
strip steaks from kosher-slaughtered 
heifers. Cook loss represents the 
percentage of weight lost as a result of 
the cooking or heating process. 

Conclusions
Our data suggests a positive 
relationship between feedlot 
temperament measurements and blood 
lactate concentration at the time of 
slaughter, suggesting that an animal’s 
stress response in the feedlot is similar 
to its response at the slaughterhouse. 
Slaughter method also can have an 
impact on meat quality, as strip steaks 
from kosher-slaughtered heifers had 
worse color, decreased tenderness, 
reduced marbling and reduced cook 
loss.

We plan to continue exploring the 
diff erences between kosher- and 

captive-bolt slaughter methods to 
understand the impacts each of them 
has on the end product.

Lastly, producers should continue 
to implement strategies to reduce 
livestock stress in the feedlot phase 
because this  not only has production 
benefi ts, but also consumer benefi ts 
that could result in a more enjoyable 
eating experience. 
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Table 2. Partial correlation 
coeffi cients (P-value) for Warner 
Bratzler shear force (WBSF), L*, a* 
and b* Minolta color scores.

Item L*a a* b*

WBSF 0.278 0.332 0.359
 (0.01) (0.003) (0.001)
a L* = electronic color measurement indicating 
lightness/darkness whereby 100 is pure white 
and 0 is black, a* = electronic color measurement 
whereby a positive value is in the red spectrum 
and a negative value is in the green spectrum, b* = 
electronic color measurement whereby a positive 
value is in the yellow spectrum and a negative 
value is in the blue spectrum.

Table 3. Effect of slaughter day and method (standard error of the mean) 
for color (L*, a*, b*), Warner-Bratzler shear force (WBSF), cook loss, and 
marbling.

 Day 1 Day 2

Item Kosher Captive Bolt Captive Bolt P-value

n evaluated  40  6  61
Colora

 L*  42.77  (0.54)  39.99  (1.70)  41.23  (0.45)  0.001
 a*  27.72  (0.44)  26.18  (1.36)  26.25  (0.36)  0.001
 b*  8.55  (0.34)  7.33  (1.06)  7.29  (0.28)  < 0.001
WBSF (lb)  8.01  (0.33)  8.67  (1.06)  7.04  (0.29)  < 0.001
Cook loss (%)b  23.0  (1.0)  27.0  (3.0)  26.0  (1.0)  0.076
Marblingc  387.0 (10.0) 418.0 (32.0) 417.0 (8.0) 0.040
a L* = electronic color measurement indicating lightness/darkness whereby 100 is pure white and 
0 is black, a* = electronic color measurement whereby a positive value is in the red spectrum and a 
negative value is in the green spectrum, b* = electronic color measurement whereby a positive value 
is in the yellow spectrum and a negative value is in the blue spectrum.
b Cook loss is the % change is steak weight as the result of cooking to 71 C (160 F)
c Marbling score designation: 100 = traces (standard); 200 = slight (select); 300 = small (low choice); 
400 = modest (average choice); 500 = moderate (high choice).
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Restaurant patrons’ perception of beef branded as ‘North Dakota 
guaranteed tender’ relative to price paid and palatability
A.N. Lepper1, A.J. Germolus1, T.B. Schmidt2, R.J. Maddock1 and E.P. Berg1

Th e objective of the study was to 
determine if restaurant consumers are 
willing to pay a premium for steaks that 
are from cattle raised in North Dakota 
and known to be tender, and, if so, 
their perception of tenderness, juiciness 
and fl avor. Th ese data suggest that 
consumers are conscientious about the 
label of products in a restaurant and are 
willing to pay a premium for specifi c 
attributes. Being from North Dakota-
raised cattle and tenderness are among  
the top three reasons why consumers 
purchased the featured steak.    

Summary
Th ree restaurants in Fargo and one 
in Bismarck, N.D., were selected 
for this study based on menu ribeye 
price and willingness to collaborate. 
Restaurants were classifi ed into one of 
three categories: high steak cost ($25 
or more), medium ($15 to $24) and 
low ($15 or less). Th e “North Dakota 
Tendercut” ribeye steak was off ered as 
an evening feature at each restaurant 
for a total of three nonconsecutive 
weekends (nine days). Th e price of the 
North Dakota Tendercut was 10, 20 or 
30 percent higher than the restaurant’s 
regular-menu ribeye. 

After patrons consumed their meal, 
they were asked to fi ll out a survey 
consisting of eight questions regarding 
their eating experience. Question 
2 of the survey asked consumers to 
rank the following factors from 1 to 
7 relative to what infl uenced their 
purchasing decision: price, featured 
beef item, North Dakota product, 
classifi ed as tender, waitress/waiter 
recommendation, suggested by a friend 
and other. 

A total of 149 ribeye steaks were 
sold at the restaurants. Survey results 
determined that out of the seven 
categories, being a North Dakota 
product was the top reason (35.6 
percent) why consumers’ at all four 
restaurants bought the steak. 

Consumers also were asked to rank 
from 1 (lowest) to 9 (highest) the 
tenderness, juiciness and fl avor. Th e 
four restaurants diff ered in customers’ 
perception of steak tenderness (P = 
0.02); however, consumers rated steaks 
higher in tenderness (P = 0.03) and 
juiciness (P = 0.026) as purchase price 
increased. 

Introduction
Th ree major attributes determine 
beef palatability: tenderness, juiciness 
and fl avor (Voges et al., 2007), and 
tenderness is considered the most 
important trait of the three (Dikeman, 
1987). Besides tenderness, consumers 
also place value on a locally produced 
product (Maynard et al., 2003).

With this understanding, researchers 
have conducted willingness-to-pay 
studies primarily in the grocery store 
or laboratory, or through mail surveys. 
Lusk et al. (2001) conducted a study 
in grocery stores by approaching 
consumers at the meat counter. Th is 
study found that when a steak is 
labeled “guaranteed tender,” 84 percent 
of the surveyed consumers preferred 
this steak compared with a “probably 
tough” labeled steak, and 51 percent 
of these consumers were willing to pay 
for the tender steak. Maynard et al. 
(2003) reported that 52 percent of the 
surveyed consumers were willing to pay 
a 20 percent premium for a steak that 
is labeled as being locally produced 
versus an undiff erentiated USDA 
Choice steak. 

1Department of Animal Sciences, North 
Dakota State University, Fargo, N.D.
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Technomic, an industry research 
and consulting fi rm, reported that 
consumers have gained familiarity with 
descriptions of beef (“grass-fed,” “lean,” 
“organic” and “local”) in retail stores 
and are seeking these in the restaurant.

However, little research has been 
conducted on consumers’ willingness 
to pay for locally produced beef and 
tenderness in a restaurant setting. 
Th erefore, the objective of this study 
was to determine if consumers at 
a restaurant setting were willing to 
pay premiums for steaks from North 
Dakota-raised cattle and that are 
known to be tender, and, if so, their 
perception of tenderness, juiciness and 
fl avor.

Materials and Methods
Th ree restaurants in the Fargo, N.D., 
area and one restaurant in Bismarck, 
N.D., were chosen to participate in the 
study based on their 2008 menu ribeye 
price. Th e restaurants were categorized 
as high end (restaurants A and D, 
steak price $25 or more), medium 
(restaurant B, steak price $15 to $24) 
and low (restaurant C, steak price $15 
or less).

Th e participating restaurants were 
asked to feature the “North Dakota 
Tendercut” ribeye as a special item for 
the evening. Th e study was conducted 
on a Th ursday, Friday and Saturday 
for three nonconsecutive weeks from 
5 p.m. untill closing. Due to the 
diversity of clientele at restaurant A, 
the study also was conducted there on 
a Monday and Tuesday to facilitate 
business clientele. Th e price of the 
North Dakota Tendercut ribeye was 
based on each restaurant’s menu ribeye 
price and was increased by 10, 20 or 
30 percent on randomized consecutive 
days during the week.

Ribeye rolls were purchased from 
a North Dakota beef supplier and 
stored fresh at the NDSU meat science 
laboratory. All steaks were aged 14 
days and were Choice quality grade or 

higher. Steaks were cut and vacuumed 
packaged for delivery to the restaurant 
on the Wednesday before each 
experimental period. If a consumer 
ordered the North Dakota Tendercut 
ribeye, it was prepared to his/her 
specifi cations, including any type of 
seasoning that each restaurant off ered. 
After the meal, consumers were asked 
if they would fi ll out a survey in return 
for a free dessert. 

Th e survey consisted of eight questions 
and a section for additional comments. 
Question 2 asked consumers to 
rank from 1 to 7 how each of the 
following categories infl uenced their 
purchasing decisions: price, featured 
beef item, North Dakota product, 
classifi ed as tender, waitress/waiter 
recommendation, suggested by a 
friend and other. Questions 6 to 8 had 
consumers rank the palatability of the 
steak. Consumers ranked tenderness, 
juiciness and fl avor on a 9-point 
hedonic scale, with a score of 1 being 
least tender, juicy and fl avorful, and a 
score of 9 indicated most tender, juicy 
and fl avorful.

Results
Th e study was conducted for a total 
of three weekends (nine days) at each 
of the four restaurants. Th e second 
question on the survey asked for 
the consumer to rank from 1 to 7 
their reason why they purchased the 
North Dakota Tendercut ribeye. For 
this project,  understanding why the 
consumer purchased the steak was 
important.

Th e consumers’ No. 1 reasons 
(category) for purchasing the ribeye 
were tabulated and expressed as a 
percentage of the total steaks sold 
(149). Th is percentage is shown in 
Figure 1 as a pie chart with each 
category. Out of the seven categories, 
the steak being from North Dakota-
raised cattle was the top reason (35.6 
percent) for the purchase decision, 
while staff  recommendation and the 
tenderness label followed with 29.5 
and 18.1 percent, respectively. 

Th e “wait staff  recommendation” 
category ranked as the second most 
infl uential reason for purchasing the 

Figure 1. Pie chart representing survey question 2 regarding the No. 
1 category that most infl uenced customers’ decision to purchase 
the North Dakota Tendercut ribeye expressed as a proportion of total 
responses.
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North Dakota Tendercut despite 
the fact that staff  members at each 
restaurant were instructed to do a 
“soft sell” of the feature as a means to 
minimize infl uence. A Restaurant and 
Institutions survey (2009) found one-
third of the surveyed consumers were 
more likely to order a particular item if 
the server verbally suggests  it.

Questions 6 to 8 consisted of three 
sensory preferences relative to 
palatability. Customers were asked to 
rank ribeye tenderness, juiciness and 
fl avor on a 1 (least) to 9 (most) scale.

Recall that the price assigned 
represented three markup categories of 
10, 20 and 30 percent from the menu’s 
regular ribeye price. Th e amount of 
steaks sold in each price category was 
close to being evenly distributed: 52, 
45 and 42 steaks, respectively, from 
lowest to highest markup. Price (Figure 
2) was found to have an eff ect on 
customers’ perception of tenderness 
(P = 0.03) and juiciness (P = 0.026), 
but not fl avor (P = 0.22). Diff erences 
in customer perception of tenderness, 
juiciness and fl avor across the four 
restaurants are presented in Figure 3.

Th e type of restaurant had no eff ect 
on customer perception of juiciness (P 
= 0.13) but tended to infl uence fl avor 
(P = 0.06). Th e type of restaurant did 
infl uence consumers’ perception of 
tenderness (P = 0.02), with  high-end 
restaurant A being rated as having 
signifi cantly more tender steaks than 
restaurants B and D. Restaurant C did 
not diff er from restaurants A and B, 
while the high-cost Bismarck restaurant 
D did not diff er from  medium-cost 
Fargo restaurant B. 

Note that the ribeye rolls distributed to 
each restaurant (whole or precut into 
steaks) were of the same quality grade 
and from the same company. Th e eff ect 
of the restaurant on tenderness could 
be caused by the type of restaurant, 
preparation method or the clientele’s 
expectations.

Figure 3. Least squares means for consumer ranking for the sensory 
characteristics of tenderness, juiciness and fl avor across restaurant.

Figure 2. Least squares means for consumer ranking of sensory 
characteristics (tenderness, juiciness and fl avor) across price paid at 
10, 20 and 30 percent markup over the original menu ribeye steak.
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Implications
Consumers in this study were 
conscientious about the label of 
products off ered in a restaurant and 
were willing to pay a premium for 
specifi c attributes. Being labeled as 
coming from North Dakota-raised 
cattle and/or being tender are two of 
the top three reasons why the North 
Dakota restaurant patrons purchased 
the featured steak.

Th at said, restaurant managers and beef 
marketers should not underestimate 
the power of suggestion by the wait 
staff  or the infl uence of advertising a 
restaurant item as a “featured” product. 
Th e survey results of this study show 
a person perceives a steak to be more 
tender, juicy and fl avorful the more he 
or she pays. Th ese results indicate an 
important marketing opportunity for 
locally produced beef in North Dakota 
food service.
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