
1474

Effects of dietary energy level and intake of corn by-product-based diets on newly 
received growing cattle: antibody production, acute phase protein response, stress, 

and immunocompetency of healthy and morbid animals

Tyler J. Spore,† Sean P. Montgomery,‡ Evan C. Titgemeyer,† Gregg A. Hanzlicek,||  
Chris I. Vahl,$ Tiruvoor G. Nagaraja,¶ Kevin T. Cavalli,† William R. Hollenbeck,†  

Ross A. Wahl,† and Dale A. Blasi†,1

†Department of Animal Sciences and Industry, Kansas State University, Manhattan, KS 66506; ‡Corn 
Belt Livestock Services, Papillion, NE 68046; ||Veterinary Diagnostic Laboratory, Kansas State University, 

Manhattan, KS 66506; $Department of Statistics, Kansas State University, Manhattan, KS 66506; and 
¶Department of Diagnostic Medicine and Pathobiology, Kansas State University, Manhattan, KS 66506

ABSTRACT: Effects of dietary energy level and 
intake of corn by-product-based diets on antibody 
production, acute phase protein response, stress, 
and immunocompetency of healthy and morbid 
newly received growing cattle were evaluated. Four 
dietary treatments were formulated to supply 0.99, 
1.10, 1.21, and 1.32 Mcal NEg/ kg DM and were 
offered at 100%, 95%, 90%, and 85% of ad libitum 
based on 0.99/100 treatment intake, respectively. 
Thirty-two pens were utilized with approximately 
12 animals/pen. Four animals from each pen (32/
dietary treatment) were randomly selected and 
used to serve as a subset to monitor immune func-
tion and acute phase proteins following a split-plot 
design. In addition, two animals were randomly 
and independently selected from each pen (16/diet-
ary treatment) and used to measure fecal cortisol 
metabolite. Additionally, animals removed from 
the pen one (M1), two (M2), or three (M3) times 
and classified as morbid were bled in conjunction 
with a healthy control (H) removed at the same 
time and the serum analyzed for the same param-
eters. A  quadratic response to time (P < 0.01) 
was detected for haptoglobin concentrations and 

for antibody titers for bovine viral diarrhea type 
1 (BVD-I) and infectious bovine rhinotracheitis 
(IBR; P < 0.01). Haptoglobin was lowest on arrival, 
highest on day 14, and similar to baseline levels by 
day 27. Titer levels for BVD-I and IBR were low-
est on arrival, higher on day 14, and significantly 
higher on day 27. Titers for bovine viral diarrhea 
type 2 (BVD-II) responded linearly (P < 0.05) with 
lower levels on arrival and highest levels on day 27. 
Haptoglobin was elevated in morbid animals com-
pared to healthy pen mates (P < 0.05). Titer levels 
for BVD-I and IBR were also higher in healthy 
animals compared to animals pulled for morbid-
ity (P < 0.01). Fecal cortisol was higher on arrival 
than on day 14 (P < 0.05). Dietary treatment had 
no effect on any of the parameters investigated. 
In summary, high-energy receiving diets based on 
fermentable fiber from by-products can be fed to 
newly received growing cattle without negative 
effects on antibody production toward vaccines, 
inflammation, or overall stress. In addition, hap-
toglobin concentrations and titer levels for BVD-I 
and IBR viruses are higher in healthy animals 
compared to sick animals.
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INTRODUCTION

Newly received stocker cattle exposed to stress 
of marketing typically have low DMI on arrival to 
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feeding facilities (Hutcheson and Cole, 1986). One 
strategy to mitigate the risk of dietary deficiencies 
from low intakes is to increase the concentration of 
dietary energy. Increasing dietary energy in receiv-
ing diets has been correlated in some research to 
increased morbidity, as defined as a higher percent-
age of animals in a group experiencing bovine res-
piratory disease (Lofgreen et al., 1975; Rivera et al., 
2005). It is often thought the increased incidence 
of disease could be associated with metabolic dis-
orders initiated by excessive carbohydrate fermen-
tation from starch because cereal grains are often 
used to increase dietary energy. Restricting intake 
of high-energy diets for receiving and growing cat-
tle to target specific gains has been shown to be a 
more efficient way of growing cattle (Schoonmaker 
et al., 2003), and limiting the amount of carbohy-
drate available for fermentation could also help 
to decrease metabolic disorders. Limit-feeding 
high-energy diets based primarily on fibrous 
by-products such as wet corn gluten feed (Sweet 
Bran; Cargill Animal Nutrition, NE) as the energy 
source (40% of the diet on DM basis) and not on 
cereal grains has not been studied to our knowledge 
in pen based experiments involving growing cattle. 
Therefore, there is little information of how lim-
it-feeding diets of this nature could affect the ani-
mal’s immune system and stress level early in the 
feeding period.

The objectives of this experiment were to: 
1)  monitor immune function through the use of 
serological titer analysis; 2)  characterize stress by 
measuring concentrations of glucocorticoid metab-
olite in feces; and 3) index the acute phase protein 
response using haptoglobin, across a broad range 
of dietary energy concentrations and intakes. 
Moreover, the trial was designed to identify differ-
ences in the serological and inflammatory parame-
ters between healthy and morbid animals under the 
different dietary conditions.

MATERIALS AND METHODS

All procedures involving the use of animals 
were approved by the Kansas State University 
Institutional Animal Care and Use Committee 
(IACUC # 3745).

Arrival Management and Design

A total of 354 crossbred heifers 
(BW  =  217  ±  4  kg) were purchased at auction 
markets in Alabama and Tennessee, assembled 
at an order buyer’s facility in Dickson, TN then 
shipped 1,086 km to the Kansas State University 

Beef Stocker Unit over a 10-d period from May 
24 to June 3, 2016. The heifers were used in a ran-
domized complete block design to analyze the 
effects of four energy levels and intakes of fibrous 
by-product-based diets on health and performance 
of stocker cattle in a 55-d receiving and grow-
ing study. Calves were blocked by load (4), strat-
ified by individual arrival weight within load and 
assigned to pens containing 11 or 12 heifers. Pens 
within each block were randomly assigned to one 
of four treatments that equaled 8 pens/treatment 
for a total of 32 pens. The pens were soil surfaced 
and of equal size (9.1 × 15.2 m). Concrete bunks 
were 9.1 m in length and attached to a 3.6-m apron. 
Experimental diets (Table  1) were formulated to 
provide 0.99, 1.10, 1.21, or 1.32 Mcal NEg/kg DM 
and were offered for ad libitum intake (0.99/100), 
95 (1.10/95), 90 (1.21/90), or 85% (1.32/85) of ad 
libitum intakes. All diets were formulated to con-
tain 40% wet corn gluten feed (Sweet Bran; Cargill 
Animal Nutrition, Blair, NE) on a DM basis.

At the time of  arrival, calves were individ-
ually weighed, given an individual identifica-
tion ear tag, and grossly assessed for disease and 
lameness. All animals were ear-notched, and the 
samples placed on ice until shipped following pro-
cessing to the Kansas State University Veterinary 
Diagnostics Laboratory to identify animals per-
sistently infected with Bovine Viral Diarrhea by a 
commercial kit utilizing a polymerase chain reac-
tion assay (7500 Fast Real-Time PCR Systems, 
Applied Biosystems, Thermo Fisher Scientific, 
Austin, TX). Animals not demonstrating disease 
or lameness were assigned to 1 of  32 pens to stand 
overnight (11 or 12 heifers/pen). Each pen was pro-
vided long-stem hay and ad libitum access to water 
through automatic waterers.

Table 1. Composition of diets

Dietsa

Item 0.99/100 1.10/95 1.21/90 1.32/85

Ingredient, % DM

  Alfalfa 22.50 17.00 12.00 6.50

  Prairie hay 22.50 17.00 12.00 6.50

  Dry rolled corn 8.57 19.08 28.50 38.82

  Wet corn gluten feedb 40.00 40.00 40.00 40.00

  Supplementc 6.43 6.92 7.50 8.18

aTreatment diets offered based on DMI of 0.99/100 treatment intake 
that was offered for ad libitum intake. First number = Mcal NEg/kg 
DM. Second number = % of 0.99/100 treatment offered on DM basis.

bCargill Animal Nutrition, Blair, NE.
cSupplement pellet was formulated to contain (DM basis) 10% CP, 

8.0% Ca, 0.24% P, 5.0% salt, 0.55% potassium, 0.25% magnesium, 
1.67% fat, 8.03% ADF, and as 367 mg/kg lasalocid (Bovatec; Zoetis, 
Parsippany, NJ).
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The morning after arrival (day 0), calves were 
weighed, tagged with a pen number, and vaccinated 
for respiratory and clostridial disease. For clostrid-
ial pathogens, Vison 7 Somnus with Spur (Merck 
Animal Health, Omaha, NE) was used and for 
respiratory pathogens, Pyramid 5 + Presponse SQ 
(Boehringer Ingelheim Vetmedica Inc., St. Joseph, 
MO), a modified-live vaccine against infectious 
bovine rhinotracheitis (IBR), bovine viral diar-
rhea types 1 and 2 (BVDI-II), parainflueza 3 (PI3), 
and bovine respiratory syncytial virus (BRSV). 
Calves were also treated on day 0 for internal 
parasites with 10% Fenbendazole (Safe-Guard, 
Merck Animal Health) and administered enroflox-
acin (Baytril 100, Bayer Animal Health, Shawnee 
Mission, KS). All animals were revaccinated on 
day 14 with Bovishield Gold 5, an additional mod-
ified-live virus against IBR, BVDI-II, BRSV and 
PI3 (Zoetis, Parsippany, NJ).

Animals were fed once daily at 0700 hours 
using a Roto-Mix feed wagon (model 414-14B, 
Dodge City, KS). Refusals were collected and 
weighed each day at 0600 hours immediately before 
feeding and those of pens offered the 0.99/100 
treatment were used to calculate DMI each day and 
adjust feed delivery for the remaining treatments as 
described above. Refusals were targeted at 10% of 
feed delivery for the 0.99/100 treatment. Individual 
cattle weights were measured on day 0, at revacci-
nation (day 14), and at conclusion of the study (day 
55). A pen scale (Rice Lake Weighing Systems; Rice 
Lake, WI) was used to measure pen weights on days 
27 and 42. After pen weights were measured on day 
42, cattle were offered the 0.99/100 treatment for 
ad libitum intake through day 55 to equalize differ-
ences in gastrointestinal tract fill. Performance data 
was calculated from day 0 to each weigh period. 
Animals were observed twice daily for signs of mor-
bidity that included overall depression, nasal and/
or ocular discharge, and anorexia. Any animal dis-
playing these symptoms was removed from the pen 
and taken to the hospital facilities. Once restrained 
in the chute, rectal temperature was measured and 
a clinical illness score (CIS) were recorded such that 
a CIS of 1 was a normal healthy animal; 2, slightly 
ill with mild depression or gauntness; 3, moderately 
ill demonstrating severe depression/labored breath-
ing/and nasal or ocular discharge; and 4, severely 
ill and near death showing minimal response to 
human approach. Animals pulled from the pen 
with a rectal temperature ≥40 °C and demonstrat-
ing a CIS ≥ 2 were treated following label instruc-
tions. At first morbidity animals received florfenicol 
and flunixin meglumine (300 and 16.5  mg/mL, 

respectively; Resflor; Merck Animal Health, De 
Soto, KS). At second morbidity, ceftiofur (200 mg/
mL; Excede; Zoetis, Parsippany, NJ), and at third, 
oxytetracycline (200  mg/mL; Bio-Mycin 200, 
Boehringer Ingelheim Vetmedica, Inc., St. Joeseph, 
MO). On the third treatment, animals were consid-
ered chronic and removed from the trial.

Blood Sampling and Analysis

Thirty-two animals from each dietary treatment 
(four from each pen) were randomly selected after 
arrival (day 1) and bled via a tail vein to serve as a 
subset for analysis of antibody production toward 
vaccines and the acute phase protein haptoglobin. 
Five animal samples were removed from the analysis 
due to labeling issues (three from 0.99/100 treat-
ment, one from 1.21/90, and one from the 1.32/85 
treatment) and four animal samples as a result of 
the animal testing positive as a BVD-PI and con-
sequently being removed from the study (two ani-
mals from the 1.32/85 treatment and two from the 
1.21/90 treatment). Animals were bled on days 0, 
14, and 27 at 0700 hours immediately prior to feed-
ing using venipuncture with an 18 gauge-bleeding 
needle. Blood was collected in glass 10-mL serum 
separator tubes (Monoject Blood Collection Tubes; 
Sherwood Medical, St. Louis, MO) and allowed to 
clot for 30 to 45 min in an upright position following 
collection. After the sample had clotted, the tubes 
were centrifuged at room temperature for 15  min 
at 2,000 × g. Immediately after being centrifuged, 
approximately 4 mL clear serum was pipetted from 
the top of the tubes with a transfer pipette and 
transferred to 5  mL glass tubes (Monoject Blood 
Collection Tubes; Sherwood Medical, St. Louis, 
MO) and kept frozen for analysis. Tubes containing 
serum were shipped to the Kansas State University 
Veterinary Diagnostic Laboratory and analyzed for 
antibody titers for bovine viral diarrhea I  and II 
(BVD-I, BVD-II) and IBR as well as haptoglobin. 
Viral neutralizing antibody titers were determined 
using the American Association of Veterinary 
Laboratory Diagnosticians approved test proce-
dure that is a varied serum-constant virus method 
and uses standardized specific viral strains as the 
indicator viruses. Haptoglobin concentrations were 
measured using a colorimetric assay (Smith et al., 
1998).

Healthy and Morbid Animal Blood Analysis

Animals removed from the pen according to the 
protocol above for illness were also bled via a tail 
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vein and the blood sample handled identically to 
the samples taken from the subset of cattle. In add-
ition, a pre-determined random order of animals 
from each pen was generated on day 0 that served 
as a means to select a healthy control animal from 
each pen to obtain a blood sample following the 
same protocol and to use for pairwise comparisons. 
Animals that became morbid were permanently 
removed from the list of healthy candidates and 
therefore could never serve as a “healthy” animal 
for comparison.

Fecal Cortisol Metabolite Analysis and Sampling

Two randomly selected animals from each pen 
(16/dietary treatment) were used to determine fecal 
cortisol metabolite as a means of quantifying stress 
levels. Fecal grab samples (50 g) were obtained from 
the rectum of each of the selected animals on days 
0 and 14 processing immediately prior to feeding 
using a different glove between samples. Samples 
were labeled by individual animal identification 
number and immediately frozen at −20 °C for ana-
lysis. All fecal samples were shipped to the Kansas 
State University Veterinary Diagnostic Laboratory 
to determine fecal cortisol metabolite concentra-
tions by enzyme immunoassay to measure 11,17 
dioxoandrostanes following the procedures of 
Montanholi et al. (2013).

Statistical Analysis

Serological and fecal cortisol data were ana-
lyzed using the MIXED procedure of SAS (ver. 
9.4; SAS inst. Inc., Cary, NC), where sampling day, 
dietary treatment, and the interaction of sampling 
day × dietary treatment were fixed effects. The nat-
ural logarithm of titer levels for BVDI-II and IBR, 
and concentrations of haptoglobin were analyzed 
as the response variable. Contrast statements were 
used to detect linear, quadratic, and cubic effects of 
dietary treatment, sampling day, and their interac-
tions when significant (α = 0.05). All values were 
back-transformed to normal scale and reported as 
such with accompanying back-transformed stand-
ard errors.

Data from the comparisons of healthy and sick 
animals was also transformed to the natural log 
scale and analyzed in the MIXED procedure of 
SAS as a split-plot design with dietary treatment 
as the whole plot treatment and health status as 
the sub-plot treatment. In this analysis, health sta-
tus and the interaction of health status × dietary 
treatment were also used to test differences between 

healthy (H), animals pulled once (M1), animals 
pulled twice (M2), and animals pulled three times 
(M3). Orthogonal contrasts were used to detect lin-
ear, quadratic, and cubic effects of the fixed effects.

RESULTS AND DISCUSSION

Blood Analysis

Results from the analysis conducted on sam-
ples from the subset of cattle are in Tables 2 and 3. 
There were no effects of dietary treatment on titer 
levels for BVD-I (P  =  0.89), BVD-II (P  =  0.92), 
IBR (P  =  0.62), or haptoglobin concentrations 
(P  =  0.26). There were also no dietary treatment 
× sampling day interactions for BVD-I (P = 0.99), 
BVD-II (P = 0.99), IBR (P = 0.94), or haptoglobin 
(P = 0.64). In this trial, caloric intake was meant to 
be similar among treatments and all animals were 
theoretically programmed to gain weight similarly.

Pahlavani (2000) reviewed a large number 
of studies and determined the effects of caloric 
restriction on several aspects of the immune sys-
tem. Results predominately favored a heightened 
innate and adaptive response in the face of patho-
gens and immunostimulants particularly increased 
IL-2 production. Pahlavani (2000) speculated the 
effects of caloric restriction could be due to altered 
transcription of IL-2, which aids in the maturation 
and activation of naive T-cells to become TH1 cells. 
Therefore, increased IL-2 could modulate adaptive 
immunity. Lymphocytes of the TH1 phenotype are 
central in the control and elimination of viruses. In 
partial agreement with Pahlavani (2000), Perkins 
et  al. (2001) indicates that restriction of feed to 
60% of maintenance had little effect on leukocytes 
or adhesion molecules in Holstein cows, but there 
were some instances of up-regulation. Whitney 
et al. (2006) observed that the febrile response was 
increased in steers on a high-forage diet compared 
to one of high concentrate and serum IgG was 
also decreased by the high concentrate diet after 
a Bovine Respiratory Syncytial Virus challenge. 
However, morbidity (number of animals initially 
being classified as ill) was not affected by dietary 
treatment. These authors speculated that the IgG 
produced in the calves fed the high concentrate diet 
could have been more effective at clearing the infec-
tion, and thus a more potent immune response was 
not necessary.

It is difficult to compare our results directly with 
these studies because our treatment altered diet-
ary energy concentration, but total energy intakes 
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were similar. Because our diets were not formu-
lated to produce a state of energy deficiency, we did 
not expect differences in immune function due to 
dietary treatment as a result of energy restriction. 
We hypothesized that, if  differences were detected 
in immune function, it would be due to increased 
incidence of disease, which is often times associ-
ated with decreased intakes and performance; that 
was not the case for any of those parameters. More 
research is warranted addressing the effects of how 
energy is delivered (programmed vs. full-fed) and its 
effects on the immune system of growing cattle.

We also hypothesized that if  the high-energy 
diets that were limit-fed were increasing the inci-
dence or severity of subacute ruminal acidosis 
(SARA), then there could be detectable differences 
in inflammation as measured by the acute phase 
protein response. Cattle experiencing acidotic con-
ditions have ruminal epithelia that are more sus-
ceptible to damage caused by lipopolysaccharide 
and this damage could result in increased acute 
phase protein concentrations as endotoxin translo-
cate into the bloodstream (Enemark et al., 2002). 

Dietary treatment did not affect haptoglobin con-
centrations in our study, which suggests no effects 
on the incidence of ruminal acidosis; research 
shows marked increases in acute phase proteins 
following SARA (Gozho et  al., 2005). Although 
pH was lower for cattle fed the high-energy diets, 
it was not suggestive of being a cause of metabolic 
disorders, similar to other work involving Wet corn 
gluten feed (Montgomery et al., 2004).

Immunological parameters responded quadrat-
ically to sampling day (P < 0.01), except for BVD-II 
titers where only a linear effect was detected 
(P  <  0.01; Table  1). For haptoglobin, concentra-
tions were lowest on day 0, peaked at day 14, and 
were similar to base line levels by day 27. These 
results differ slightly from Berry et al. (2004) where 
peak levels of haptoglobin were realized on day 7 
and returned to arrival levels by day 14. One dis-
crepancy between our study and Berry et al. (2004) 
could be that we did not sample on day 7 and levels 
could have been higher than on day 14. The initial 
increase between day 0 and day 14 is most likely 
an effect of vaccination as Arthington et al. (2013) 

Table 2. Effects of intake and energy level on log transformed haptoglobin and titer levels over time

Dieta P-valuec

Item 0.99/100 1.10/95 1.21/90 1.32/85 SEMb Diet Day Diet × Day

No. of pens 8 8 8 8

No. of animals 29 32 29 29

Haptoglobin,mg/dLg 0.26 <0.01 0.64

  Day 0 2.7 2.6 3.2 2.6 0.26

  Day 14 3.6 3.0 3.5 3.3 0.26

  Day 27 3.1 3.0 3.1 3.0 0.27

IBRd, titer levelf,g,i 0.62 <0.01 0.94

  Day 0 0.3 0.7 0.4 0.3 0.30

  Day 14 2.5 2.9 2.2 2.5 0.30

  Day 27 2.8 3.0 2.9 2.7 0.30

BVD-Ie, titer levelf,g,i

  Day 0 1.0 1.4 0.8 1.0 0.41 0.89 <0.01 0.99

  Day 14 3.9 4.0 3.9 3.7 0.41

  Day 27 5.7 5.7 5.7 5.6 0.41

BVD-IIe, titer levelf,i 0.92 <0.01 0.99

  Day 0 1.4 1.3 1.1 1.2 0.59

  Day 14 3.1 3.0 2.6 3.2 0.59

  Day 27 4.0 4.3 3.8 4.2 0.59

aTreatment diets offered based on DMI of 0.99/100 treatment intake that was offered for ad libitum intake. First number = Mcal NEg/kg DM. 
Second number = % of 0.99/100 treatment offered on DM basis.

bLargest value across treatments for each time point is reported.
cFixed effects of dietary treatment, day, and dietary treatment × day interaction.
dStands for Infectious Bovine Rhinotracheitis.
eStands for Bovine Viral Diarrhea type 1 (BVD-I) and 2 (BVD-II).
fLinear effect of day (P < 0.0001).
gQuadratic effect of day (P < 0.01).
hQuadratic effect of day (P < 0.0001).
iDilution factor of serum at which viral neutralization was not detectable.
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reported an acute phase protein response for 2 wk 
following vaccination against common respiratory 
and clostridial pathogens.

Titers for BVD-I and IBR viruses responded 
quadratically to sampling day. All animals were 
vaccinated on day 0 against both viruses and again 
on day 14. These results are a prime example of 
adaptive immunity as the immune system was 
primed and sensitized after day 0 vaccination and 
re-exposure on day 14 incited a much more robust 
response. This would explain the increase in titers 
between day 0 and day 14 and the large magni-
tude of  increase between day 14 and day 27. More 
research is warranted which addresses the effects 
of  programmed feeding on humoral immunity to 
vaccines.

The BVD-II titer response for sampling day was 
linear (P < 0.0001) and titer level numbers appeared 
in this study to be less than those for BVD-I. The 
lower titers for BVD type 2 compared to type 1 are 
in agreement with Fulton et  al. (1997) and could 
be explained by lower immunomodulation from 

the type 2 antigen as evidence of antigen diversity 
between the two types.

Immuno-Characterization of Healthy and Morbid 
Animals

There were no interactions detected (P = 0.83) 
between dietary treatment and health status for 
haptoglobin concentrations (Figure  1). In add-
ition, there were no interactions detected (P = 0.28) 
between dietary treatment and health status for 
titer levels. In contrast, health status was associated 
with haptoglobin concentrations, BVD-I, and IBR 
titers (P < 0.05; Figures 2–4; respectively).

For haptoglobin, although concentrations in 
serum increased (P < 0.05) with increasing duration 
of morbidity, there were less cattle pulled twice 
(M2) and three times (M3) which greatly increases 
the variability as indicated in Table 4 and Figure 1. 
However, these results are in agreement with mul-
tiple studies involving haptoglobin concentrations 
between healthy and sick livestock (Berry et  al., 

Table 3. Effects of intake and energy level on haptoglobin and titer levels over time

Dieta P-valuec

Item 0.99/100 1.10/95 1.21/90 1.32/85 SEMb Diet Day Diet × Day

No. of pens 8 8 8 8

No. of animals 29 32 29 29

Haptoglobin, mg/dLg 0.26 <0.01 0.64

  Day 0 15.2 13.3 25.8 13.8 6.8

  Day 14 35.8 19.3 32.5 27.2 9.5

  Day 27 22.1 19.8 21.5 19.6 5.9

IBR,d titer levelf,h,i 0.62 <0.01 0.94

  Day 0 0.3 1.0 0.5 0.3 0.6

  Day 14 11.6 16.6 8.2 10.7 5.1

  Day 27 15.7 19.1 17.3 14.4 5.9

BVD-I,e titer levelf,g,i

  Day 0 1.7 2.9 1.2 1.6 1.1 0.89 <0.01 0.99

  Day 14 48.6 51.7 46.5 40.8 20.1

  Day 27 286.2 303.1 284.7 257.9 121.6

BVD-II,e titer levelf,i 0.92 <0.01 0.99

  Day 0 3.0 2.8 1.9 2.4 2.8

  Day 14 20.6 18.4 12.5 24.4 15.0

  Day 27 55.7 75.4 45.3 68.4 44.5

aTreatment diets offered based on DMI of 0.99/100 treatment intake that was offered for ad libitum intake. First number = Mcal NEg/kg DM. 
Second number = % of 0.99/100 treatment offered on DM basis.

bLargest value across treatments for each time point is reported.
cFixed effects of dietary treatment, day, and dietary treatment × day interaction.
dStands for Infectious Bovine Rhinotracheitis.
eStands for Bovine Viral Diarrhea type 1 (BVD-I) and 2 (BVD-II).
fLinear effect of day (P < 0.0001).
gQuadratic effect of day (P < 0.01).
hQuadratic effect of day (P < 0.0001).
iDilution factor of serum at which viral neutralization was not detectable.
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2004; Humblet et  al., 2004; El-Deeb, 2016) and 
would be expected if  the animals being tested were 
truly suffering from infection. Titers for BVD-I and 
IBR titers were higher in healthy animals than in 
morbid animals (P < 0.05), but health status did not 
affect BVD-II titers (Figure 5). In this study, healthy 
animal titers were compared among cattle initially 
experiencing illness and those experiencing treat-
ment failure and requiring further treatment. There 
are several possible reasons for the lower titers in 

cattle that were identified as morbid compared to 
healthy cattle sampled on multiple days of the study. 
One, the calves were from typical sale barn marketing 
protocols and arrived at the Kansas State University 
Beef Stocker Unit with little to no medical history. 
We do not know how many of the animals arrived 
already infected with a variety of different patho-
gens. The effects of initial sickness could have hin-
dered the body’s immune system responses to the 

Figure 1. Effects of dietary energy level and intake on haptoglobin concentrations in healthy and morbid animals. 0.99/100 = 0.99 Mcal NEg/
kg DM offered ad libitum intake (100%). 1.10/95 = 1.1 Mcal NEg/kg DM diet limit-fed at 95% of 0.99/100. 1.21/90 = 1.21 Mcal NEg/kg DM diet 
limit-fed at 90% of 0.99/100 diet. 1.32/85= 1.32 Mcal NEg/kg DM diet limit-fed at 85% of 0.99/100 diet. Healthy = healthy pen mate pulled with 
sick animal for comparison (n = 71; SE = 24). Morb 1 = first pull for illness (n = 46; SE = 28). Morb 2 = second pull for illness (n = 15; SE = 50). 
Morb 3 = third pull for illness (n = 10; SE = 84). Health status effect (P < 0.0001), diet effect (P = 0.28), diet × health status effect (P = 0.83). Largest 
standard error reported between treatments.

Figure 2. Effects of health status on haptoglobin concentrations. 
Healthy = healthy pen mate pulled with sick animal for comparison 
(n = 71; SE = 11). Morb 1 = first pull for illness (n = 46; SE = 13). 
Morb 2 = second pull for illness (n = 15; SE = 23). Morb 3 = third 
pull for illness (n = 10; SE = 31). a,bUnlike superscripts above bars in 
chart differ (P < 0.05). Standard error reported after combining values 
between treatments.

Figure  3. Effects of health status on antibody titers for BVD-I. 
Healthy = healthy pen mate pulled with sick animal for comparison 
(n = 71; SE = 17). Morb 1 = first pull for illness (n = 46; SE = 7). Morb 
2 = second pull for illness (n = 15; SE = 5). Morb 3 = third pull for 
illness (n = 10; SE = 6). a,bUnlike superscripts above bars in chart differ 
(P < 0.05). Standard error reported after combining values between 
treatments.
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vaccines. Furthermore, the calves were transported 
for approximately 12 h before arriving at the receiv-
ing facilities and research has shown shipping could 
decrease immune response (Blecha et al., 1984). This 
theory would further advocate research into the 
field of delayed vaccination where vaccines are not 
administered on arrival but at some time later, when 
stress levels could have subsided and the immune 
system can mount a robust response to vaccines as 
well as to field pathogens.

Research which involves delayed vaccina-
tion has shown positive results for antibody titers 
against vaccines (Richeson et al., 2009). However, 
more research investigating the nutritional effects 
of such protocols should be conducted. Our results 
indicate immune function was depressed for mor-
bid compared to healthy animals, but dietary treat-
ment had no effect on these parameters.

Although no statistical differences were 
observed for BVD-II titers among morbidity 
groups, it should be noted that numerical patterns 
were similar between BVD-II titers and titers for 
BVD-I and IBR titers. It is possible that the immune 
system’s low affinity for the BVD-II antigen could 
be responsible for the very large standard errors 
associated with this specific analysis.

Fecal Cortisol

Fecal cortisol was unaffected by dietary treat-
ment (P = 0.23) and there were no dietary treatment 
× sampling day interactions (P  =  0.21), however 
sampling day did affect fecal cortisol (P  <  0.05; 
Table 5). The results in regard to energy concentra-
tion are similar to those observed by Tolleson et al. 
(2013) where a low (9% CP, 58% TDN) and moder-
ate (14% CP, 60% TDN) diet was fed and no differ-
ences in fecal cortisol were observed. One difference 
between this trial and ours includes how diets were 
offered. The current study used four diets; how-
ever, only one was offered for ad libitum intakes 
compared to all of them being fed for ad libitum 
intakes in Tolleson et al. (2013). Like Tolleson et al. 
(2013), we too used fecal cortisol as an index of 
overall stress. Fecal cortisol concentrations have 
been shown to increase following stressful events 
such as transportation (Morrow et al., 2002; Chen 
et al., 2015).

Results from this trial disagree with results from 
Bourguet et al. (2011) in terms of feed deprivation 
and stress. Their study showed increased levels of 
plasma cortisol in Holstein heifers when feed was 
deprived for 30 h. Heifers in the current study were 
fed every morning at approximately 0700 hours and 
the limit-fed rations were typically consumed within 
3 h, which translates on most days to feed depriv-
ation of 21 h. Further, cattle become quickly accli-
mated to stressors, and fecal cortisol can decline 

Table 4. Effects of intake and energy level on fecal cortisol over time

Dieta P-valuec

Item 0.99/100 1.10/95 1.21/90 1.32/85 SEMb Diet Day Diet × Day

No. of pens 8 8 8 8

No. of animals 16 15 16 15

Fecal cortisol, ng/g 0.23 <0.01 0.21

  Day 0 45.2 72.0 52.6 37.4 7.5

  Day 14 16.2 13.7 17.7 11.6 9.6

aTreatment diets offered based on DMI of 0.99/100 treatment intake that was offered for ad libitum intake. First number = Mcal NEg/kg DM. 
Second number = % of 0.99/100 treatment offered on DM basis.

bLargest value between treatments at each time point reported.
cFixed effects of diet, day, and diet × day.

Figure  4. Effects of health status on antibody titers for IBR. 
Healthy = healthy pen mate pulled with sick animal for comparison 
(n = 71; SE = 3). Morb 1 = first pull for illness (n = 46; SE = 1). Morb 
2 = second pull for illness (n = 15; SE = 1). Morb 3 = third pull for 
illness (n = 10; SE = 1). a,bUnlike superscripts above bars in chart differ 
(P < 0.05). Standard error reported after combining values between 
treatments.
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accordingly as reported by Andrade et  al. (2001). 
These workers found that when cattle were restrained 
in a chute for 10 min repeatedly for 19 d, fecal cor-
tisol gradually declined. Fecal cortisol samples were 
taken on days 0 and 14, which could explain the day 
effect detected in the current study. On day 0, fecal 
cortisol concentrations were much higher when com-
pared to day 14 most likely as a result of stress from 
shipping and initial processing and acclimation by 
day 14. Measuring plasma cortisol concentrations 
may have been a more accurate or useful analysis 
to analyze the effects of diet deprivation; however, 
sampling can often confound results. Results from 
this trial indicate that limit-feeding and the increased 
energy in the limit-fed diets did not induce stress as 
measured by fecal cortisol metabolite.

IMPLICATIONS

Limit-feeding wet corn gluten feed based 
rations formulated to contain up to 1.32 Mcal NEg/

kg DM does not affect stress or immune function in 
healthy or sick animals when compared to lower-en-
ergy high-roughage diets fed for ad libitum intake. 
This is important because limit-feeding to program 
gain is a efficient strategy for growing cattle and the 
higher energy in this case did not cause health issues 
or modulation of the immune system. Additionally, 
haptoglobin was increased and titer levels for BVD-I 
and IBR decreased in morbid animals compared 
to healthy pen mates. More research is warranted 
addressing the effects of programmed feeding sys-
tems based on by-products on the immune system 
and the subsequent effects on performance.
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