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ABSTRACT: One hundred eight Angus x Hereford
steers, originating from 7 cow—calf were obtained from
an auction yard on d —2 and transported by road (800
km; 12 h) to an experimental feedlot facility. Upon
arrival on d —1, shrunk BW was recorded and steers
were grouped with free-choice access to grass hay, min-
eral supplement, and water. On d 0, steers were ranked
by source and shrunk BW and assigned to 1 of 18 pens
(6 steers/pen). Pens were allocated to 1) no immuno-
modulatory ingredient supplementation during feedlot
receiving (CON), 2) supplementation with OmniGen-
AF (OMN; 22 g/steer daily, as-fed basis; Phibro Animal
Health Corp., Teaneck, NJ) from d 0 to 30, or 3) 2 oral
capsules of Stocker Immune Primer on d 0 + 15 g/
steer daily (as-fed basis) of Stocker Preconditioned
Premix (Ramaekers Nutrition, Santa Cruz, CA) from
d 7 to 30 (IPF). From d 0 to 80, steers had free-choice
access to grass hay and water and received a corn-based
concentrate. Feed DMI was recorded from each pen,
and steers were assessed for bovine respiratory dis-
ease (BRD) signs daily. Steers were vaccinated against
BRD pathogens on d 0 and 21. Final shrunk BW was
recorded on d 81, and blood samples were collected on
do,3,7,10, 14,21, 31, 42, 56, and 73. Steer ADG and
final BW were greater (P < 0.05) in CON steers than in
OMN and IPF steers (1.23, 0.76, and 1.06 kg/d [SEM

0.06], respectively, and 320, 282, and 307 kg [SEM
4], respectively) and (P < 0.01) in IPF steers than in
OMN steers. No treatment effects were detected (P >
0.76) for BRD incidence (66 + 4%) and DMI, whereas
G:F was greater (P < 0.01) in OMN steers than in CON
steers. Mean plasma cortisol concentration was greater
(P =0.01) in CON steers than in OMN and IPF steers.
Plasma haptoglobin concentrations tended (P = 0.10)
to be greater in CON steers than in IPF steers on d 3,
were greater (P = 0.04) in IPF steers than in CON steers
on d 7, and tended (P = 0.10) to be less in OMN steers
than in IPF and CON steers on d 21. Blood mRNA
expression of interleukin 8 was greater (P < 0.05) in
OMN and IPF steers than in CON steers on d 3 and in
OMN steers than in CON and IPF steers on d 14. Blood
mRNA expression of tumor necrosis-a. was greater (P
<0.05) in OMN and IPF steers than in CON steers on
d 10. Plasma IGF-I concentrations, serum antibody
titers to BRD pathogens, and blood mRNA expression
of chemokine ligand 5, cyclooxygenase 2, interleukin 8
receptor, and L-selectin did not differ (P> 0.21) among
treatments. Collectively, the immunomodulatory feed
ingredients evaluated herein impacted adrenocortical
and innate immune responses but failed to mitigate
BRD incidence and improve performance of receiving
cattle.
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INTRODUCTION

Feedlot receiving is one of the most critical phas-
es of the beef production cycle, when cattle are ex-
posed to a multitude of stress and health challenges
that directly impact their welfare and productivity
(Duff and Galyean, 2007). As examples, receiving
cattle often experience long road transport and are
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immediately subjected to commingling with different
animals and exposure to novel diets and environments,
which are known to impair their immune system and
growth metabolism (Cooke, 2017). Accordingly, the
incidence of bovine respiratory disease (BRD) is el-
evated during feedlot receiving, despite vaccination
against BRD pathogens and efforts to minimize the
aforementioned stressors (Kirkpatrick et al., 2008).
Prophylactic medication with feed-grade antimi-
crobials is often effective in mitigating BRD incidence
during feedlot receiving (Wilson et al., 2017). However,
with increased regulations regarding the use of feed-
grade antimicrobials in livestock systems (U.S. Food
and Drug Administration, 2015), alternative dietary
strategies that enhance the immune function of re-
ceiving cattle are warranted. These include the use of
nonantibiotic feed ingredients with immunomodula-
tory properties, such as OmniGen-AF (OMN; Phibro
Animal Health Corp., Teaneck, NJ) and Immune Primer
formulas (2 oral capsules of Stocker Immune Primer
[Ramaekers Nutrition, Santa Cruz, CA] on d 0 + 15
g/steer daily [as-fed basis] of Stocker Preconditioned
Premix [Ramacekers Nutrition] from d 7 to 30 [IPF]).
The OMN was recently shown to improve milk produc-
tion and innate immunity parameters in transition dairy
cows (Brandao et al., 2016). The products contained
in the IPF treatment are based on transfer factor pro-
teins and lactate-producing probiotics, which are asso-
ciated with improved immunity in humans and cattle
(Fudenberg and Fudenberg, 1989; Krehbiel et al., 2003).
Based on this information, we hypothesized that OMN
or IPF are dietary alternatives to improve cattle immu-
nocompetence and productivity during feedlot receiv-
ing. Therefore, this experiment evaluated the effects of
supplementing OMN or IPF products on performance,
health, and physiological responses of receiving cattle.

MATERIALS AND METHODS

This experiment was conducted at the Oregon State
University — Eastern Oregon Agricultural Research
Center (Union station; Union, OR). All animals were
cared for in accordance with acceptable practices and
experimental protocols reviewed and approved by the
Oregon State University Institutional Animal Care
and Use Committee (number 4851).

Animals and Treatments

One hundred eight Angus x Hereford steers were
purchased from a commercial auction yard (Producers
Livestock Marketing Association, Vale, OR) and used
in this experiment (d 0 to 80). Steers originated from
7 cow—calf operations located in eastern and central
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Oregon, and no health or management history of the
steers was available at the time of purchase (d —2).
Steers were loaded into a double-deck commercial
livestock trailer (Legend 50-foot [15.24 m] cattle lin-
er; Barrett Trailers, LLC, Purcell, OK) at the auction
yard (d —2; 1800 h) and transported for 800 km to elicit
the stress of a long haul (Cooke et al., 2013). During
transport, the driver stopped once after 6 h of driving to
rest for 60 min, whereas total transport time was 12 h.
Steers remained in the truck throughout the 12-h trans-
portation period. Minimum, maximum, and average en-
vironmental temperatures during transport were —1, 23,
and 11°C, respectively, whereas average humidity was
37% and no precipitation was observed.

On d —1, steers were unloaded (0600 h) at the
Eastern Oregon Agricultural Research Center, imme-
diately weighed (220 + 2 kg initial shrunk BW), and
maintained as a single group in a drylot pen (80 by 40
m) with ad libitum access to orchardgrass (Dactylis
glomerata 1.) hay, water, and a commercial mineral
mix (described in Table 1) for 24 h. On d 0, steers were
ranked according to source and shrunk BW and allo-
cated to 1 of 18 drylot pens (35 by 15 m; 6 steers/pen)
in a manner such that pens had equivalent initial shrunk
BW and steers from 3 different sources to stimulate the
stress of commingling (Step et al., 2008). Pens were
assigned to receive 1 of 3 treatments: 1) no immuno-
modulatory ingredient supplementation during feedlot
receiving (CON; n = 6), 2) supplementation with OMN
(22 g/steer daily, as-fed basis; Phibro Animal Health
Corp.) from d 0 to 30 (n = 6), or 3) administration of
IPF products (Ramaekers Nutrition), which was 2 oral
capsules of Stocker Immune Primer on d 0 + 15 g/steer
daily (as-fed basis) of Stocker Preconditioned Premix
from d 7 to 30 (n = 6). Pens were assigned to treatments
in a manner such that the OMN, IPF, and CON were
balanced for initial shrunk BW and calf source and they
contained steers from each of the 7 cow—calf sources.

According to the manufacturer, OMN contains
a mixture of active dried Saccharomyces cerevisiae,
dried Trichoderma longibrachiatum fermentation
product, niacin, vitamin B,,, riboflavin-5-phosphate,
D-calcium pantothenate, choline chloride, biotin,
thiamine monohydrate, pyridoxine hydrochloride,
menodione dimethylpyrimidinol bisulfate, folic acid,
calcium aluminosilicate, sodium aluminosilicate, dia-
tomaceous earth, calcium carbonate, rice hulls, and
mineral oil (the full formulation is proprietary). Both
IPF products, Stocker Immune Primer capsules and the
Stocker Preconditioned Premix, have similar composi-
tion and are based on transfer factor proteins extracted
from bovine colostrum and egg yolks, plant-derived
heteropolysaccharides, lactate-producing probiotics,
vitamins, and minerals. The inclusion and administra-
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Table 1. Ingredient composition and nutrient profile of
concentrate offered during the experiment (d 0 to 80)!

Item Day 0to7 Day 8to 19 Day 20 to 30 Day 31 to 80
Ingredient (as-fed basis)
Whole corn, kg/d 0.91 2.27 4.09 523
Soybean meal, kg/d 0.36 0.36 0.55 0.68
Mineral mix,? kg/d 0.05 0.05 0.05 0.05
Nutrient profile? (DM basis)
TDN, % 83 86 87 87
NEm, Mcal’kg 2.11 2.14 2.16 2.16
NEg, Mcal/kg 1.46 1.47 1.49 1.49
NDE, % 8.4 8.1 8.1 8.1
ADF, % 4.6 4.1 4.0 4.0
CP, % 20.3 14.3 13.7 13.5

ISteers had free-choice access to orchardgrass (Dactylis glomerata L.)
hay and water throughout the experimental period. Hay and concentrate
were offered separately in different sections of the feed bunk.

2Cattleman’s Choice (Performix Nutrition Systems, Nampa, ID) con-
taining 14% Ca, 10% P, 16% NaCl, 1.5% Mg, 3,200 mg/kg Cu, 65 mg/kg
1, 900 mg/kg Mn, 140 mg/kg Se, 6,000 mg/kg Zn, 136,000 [U/kg vitamin
A, 13,000 1U/kg vitamin D3, and 50 IU/kg vitamin E.

3Based on nutritional profile of each ingredient, which were analyzed
using wet chemistry procedures by a commercial laboratory (Dairy One
Forage Laboratory, Ithaca, NY). Calculation for TDN used the equation
proposed by Weiss et al. (1992), whereas NEm and NEg were calculated
using the equations proposed by the NRC (1996).

tion rate of OMN and IPF products were according to
manufacturer’s recommendations for growing cattle.
From d 0 to 80, steers had free-choice access to
orchardgrass (D. glomerata L.) hay and water and re-
ceived a corn-based concentrate (Table 1). Hay and
concentrate were offered (0800 h) separately in differ-
ent sections of the feed bunk (d 0 to 80). The OMN (d
0 to 30) and IPF Stocker Preconditioned Premix (d 7
to 30) were mixed daily with the concentrate, whereas
IPF oral capsules of Stocker Immune Primer were ad-
ministered (d 0) using a bolus applicator provided by
the manufacturer (Ramaekers Nutrition). From d 31 to
80, all steers received diets without the addition OMN
or [PF (Table 1). On d 0, steers were vaccinated against
Clostridium and Mannheimia haemolytica (One Shot
Ultra 7; Zoetis Inc., Florham Park, NJ) and infectious
bovine rhinotracheitis, bovine viral diarrhea complex,
parainfluenza-3 virus (PI3), and bovine respiratory syn-
cytial virus (BRSV; Bovi-Shield Gold 5; Zoetis Inc.)
and were administered an anthelmintic (Dectomax;
Zoetis Inc.). On d 21, steers were revaccinated against
Clostridium (Ultrabac 8; Zoetis Inc.) and infectious
bovine rhinotracheitis virus, bovine viral diarrhea com-
plex, PI3, and BRSV (Bovi-Shield Gold 5; Zoetis Inc.).

Sampling

Samples of hay and concentrate ingredients were
collected weekly, pooled across all weeks, and ana-
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lyzed for nutrient content by a commercial laboratory
(Dairy One Forage Laboratory, Ithaca, NY). All samples
were analyzed by wet chemistry procedures for con-
centrations of CP (method 984.13; AOAC, 2006), ADF
(method 973.18, modified for use in an Ankom 200 fiber
analyzer [ANKOM Technology Corp., Fairport, NY];
AOAC, 2006), and NDF (Van Soest et al., 1991; modi-
fied for use in an Ankom 200 fiber analyzer [ANKOM
Technology Corp.]). Calculations for TDN used the
equation proposed by Weiss et al. (1992), whereas NEm
and NEg were calculated with the equations proposed
by the NRC (1996). The hay nutritional profile was (DM
basis) 57% TDN, 59.7% NDF, 38.1% ADF, 1.12 Mcal/
kg of NEm, 0.57 Mcal/kg of NEg, and 11.0% CP. The
nutrient profile of the concentrate is described in Table 1.

Steer full BW was recorded on d 0, 3, 7, 10, 14, 21,
31, 42, 73, and 80 of the experiment at 0700 h, prior
to the hay and concentrate feeding of the day. Shrunk
BW was recorded on d 81, after 16 h of water and feed
withdrawal. Shrunk BW values from d —1 and 81 were
used to calculate steer ADG during the experiment.
Concentrate, hay, and total DMI were evaluated daily
from d 0 to 80 from each pen by collecting and weighing
offered and nonconsumed feed. All samples were dried
for 96 h at 50°C in forced-air ovens for DM calculation.
Hay, concentrate, and total daily DMI of each pen were
divided by the number of steers within each pen and ex-
pressed as kilograms per steer per day. Total BW gain
and DMI of each pen were used for G:F calculation.

Steers were observed daily for BRD signs accord-
ing to the DART system (Zoetis Inc.) and received anti-
microbial treatment as described by Wilson et al. (2015).
Moreover, IPF steers diagnosed with BRD also received
2 oral capsules of Stocker Immune Primer (Ramaekers
Nutrition) concurrently with each antimicrobial admin-
istration, as recommended by the manufacturer.

Blood samples were collected from all steers, con-
currently with full BW evaluation from d 0 to 73, into
commercial blood collection tubes (Vacutainer, 10
mL; Becton, Dickinson and Company, Franklin Lakes,
NJ) containing no additive or containing freeze-dried
sodium heparin for serum and plasma collection, re-
spectively. Blood samples were also collected from
3 steers/pen, which were randomly selected on d —1,
into PAXgene tubes (BD Diagnostic Systems, Sparks,
MD) for whole-blood RNA extraction. These samples
were collected on d 0, 3, 7, 10, and 14 for mRNA ex-
pression analysis of innate immunity genes (Table 2)
to assess such response during the initial 2 wk of feed-
lot receiving, when cattle are coping with the stressors
associated with feedlot entry (Duff and Galyean, 2007,
Cooke, 2017; Wilson et al., 2017).
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Table 2. Primer sequences, accession number, and reference for all gene transcripts analyzed by real-time

reverse-transcription PCR

Target gene Primer sequence

Accession no. Source

Cyclooxygenase-2

Forward AATCATTCACCAGGCAAAGG AF031699 Silva et al. (2008)
Reverse TAGGGCTTCAGCAGAAAACG

Tumor necrosis factor o
Forward AACAGCCCTCTGGTTCAAAC NM_173966 Riollet et al. (2000)
Reverse TCTTGATGGCAGACAGGATG

L-selectin
Forward GACACTTCCCTTCAGCCGTAC NM_174182.1 Playford et al. (2014)
Reverse AGTTCTTTGCTTCTTCAGTGAGAG

Interleukin-8
Forward ACACATTCCACACCTTTCCAC NM_173925.2 Kliem et al. (2013)
Reverse ACCTTCTGCACCCACTTTTC

Interleukin-8 receptor
Forward CGGGTCATCTTTGCTGTCG NM_174360.3 Playford et al. (2014)
Reverse ATGAGGGTGTCCGCGATC

CCL5
Forward GCCCTGCTGCTTTGCCTATAT NM_175827.2 Buza et al. (2003)
Reverse TCCACCCTAGCTCAACTCCAA

B-actin
Forward CTGGACTTCGAGCAGGAGAT AY141970 Gifford et al. (2007)
Reverse GGATGTCGACGTCACACTTC

B2-microglobulin
Forward GGGCTGCTGTCGCTGTCT NM_173893 Silva et al. (2008)
Reverse TCTTCTGGTGGGTGTCTTGAGT

Blood Laboratorial Analyses

Plasma and Serum Samples. After collection, all
blood samples were immediately placed on ice, centri-
fuged (2,500 x g for 30 min at 4°C) for plasma or serum
harvest, and stored at —80°C on the same day of col-
lection. Plasma samples collected from d 0 to 31 were
analyzed for cortisol (Immulite 1000; Siemens Medical
Solutions Diagnostics, Inc., Los Angeles, CA) and
haptoglobin (Cooke and Arthington, 2013) concentra-
tions, given that adrenocortical and acute-phase protein
responses in receiving cattle return to baseline levels
within 4 wk after feedlot entry (Cooke, 2017). Plasma
samples collected on d 0, 21, 42, and 73 were analyzed
for IGF-I concentrations (Immulite 1000; Siemens
Medical Solutions Diagnostics, Inc.) to metabolically
assess steer nutritional status throughout the experimen-
tal period (Hess et al., 2005). The intra- and interassay
CV for haptoglobin were 2.4 and 8.0%, respectively.
Plasma IGF-I and cortisol were analyzed within single
assays, and the intra-assay CV were 3.1 and 4.1%, re-
spectively. Serum samples collected on d 0, 10, 21, 31,
and 42 were analyzed for antibody titers against BRSV,
bovine herpesvirus-1 (BHV-1), bovine viral diarrhea
virus-1 (BVD-1), and PI3 using virus neutralization
tests and for antibodies against M. haemolytica using a

quantitative agglutination test (Texas A&M Veterinary
Medical Diagnostic Laboratory, Amarillo, TX).
PAXgene Samples. Total RNA was extracted using
the PAXgene Blood RNA Kit (QIAGEN Inc., Valencia,
CA). Quantity and quality of isolated RNA were as-
sessed using UV absorbance (NanoDrop Lite; Thermo
Fisher Scientific Inc., Wilmington, DE) at 260 nm and a
260:280 nm ratio, respectively (Fleige and Pfaffl, 2006).
Extracted RNA (120 ng) was reverse transcribed using
the High Capacity cDNA Reverse Transcription Kit with
random hexamers (Applied Biosystems, Inc., Foster City,
CA). Real-time reverse-transcription PCR was com-
pleted using the Fast SYBR Green Master Mix (Applied
Biosystems, Inc.) and gene-specific primers (20 pM
each; Table 2) with the StepOne Real-Time PCR System
(Applied Biosystems, Inc.), according to procedures de-
scribed by Cooke et al. (2008). At the end of each reverse-
transcription PCR, amplified products were subjected
to a dissociation gradient (95°C for 15 s, 60°C for 30 s,
and 95°C for 15 s) to verify the amplification of a single
product by denaturation at the anticipated temperature.
Responses were quantified based on the threshold cycle
(Cy), the number of PCR cycles required for target am-
plification to reach a predetermined threshold. Responses
from genes of interest were quantified based on the C;
and normalized to the geometrical mean of the C val-
ues from PB2-microglobulin and B-actin (Vandesompele
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etal., 2002). The CV for the geometrical mean of the f2-
microglobulin and B-actin C values across all samples
was 2.0%. Results are expressed as relative fold change
(27AACT) as described by Ocon-Grove et al. (2008).

Statistical Analysis

Pen was considered the experimental unit for all
analyses. Quantitative data were analyzed using the
MIXED procedure of SAS (SAS Inst. Inc., Cary, NC),
whereas binary data were analyzed using the GLIMMIX
procedure of SAS with a binomial distribution and logit
link function. All data were analyzed using Satterthwaite
approximation to determine the denominator degrees of
freedom for tests of fixed effects, with pen(treatment)
and steer(pen) as random variables, except for DMI and
G:F, which used pen(treatment) as a random variable.
The model statement for initial and final BW, ADG, G:F,
and morbidity-related and mortality results contained
the effects of treatment. The model statement for DMI,
cumulative BRD incidence, full BW change, and blood
variables contained the effects of treatment, day, and the
resultant interaction, in addition to results from d 0 as
an independent covariate only for blood variables. Steer
source was also included as an independent covariate for
mRNA expression analysis of innate immunity genes,
given that steers were randomly selected within each pen
for blood mRNA sampling. The specified term for all
repeated statements was day, with pen(treatment) as the
subject for DMI and steer(pen) as the subject for all other
analyses. The covariance structure used was first-order
autoregressive, which provided the smallest Akaike in-
formation criterion and, hence, the best fit for all vari-
ables analyzed. All results are reported as least squares
means except for blood variables, which are reported as
covariately adjusted least squares means. Significance
was set at P < 0.05 and tendencies were determined if P
> (.05 and <0.10. Results are reported according to main
effects if no interactions were significant or according to
the highest-order interaction detected.

RESULTS

Performance and Health Variables

A treatment effect was detected (P < 0.01) for ADG,
which was greater (P < 0.05) in CON steers than in IPF
and OMN steers and greater (P < 0.01) in IPF steers
than in OMN steers (Table 3). Accordingly, a treatment
effect was also detected (P < 0.01) for final shrunk BW
(d 81), which was greater (P <0.05) in CON steers than
in IPF and OMN steers and greater (P < 0.01) in IPF
steers than in OMN steers (Table 3). No treatment ef-
fects were detected (P > 0.77) for hay, concentrate, or
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Table 3. Performance parameters during an 80-d feed-
lot receiving from beef steers supplemented or not (no
immunomodulatory ingredient supplementation dur-
ing feedlot receiving [CON]; n = 6) with immunos-
timulant ingredients (IPF! [n = 6] and OMN? [n = 6])
from d 0 to 30 of the receiving period>

Item CON IPF OMN  SEM  P-value
Initial BW (d -1), kg 219 220 220 7 0.99
Final BW (d 81), kg~ 320° 307> 282¢ 4 <0.01
ADG, kg/d 1238 106 076  0.06  <0.01
DML, kg/d

Hay 3.19 3.06 310 025 0.93

Concentrate 4.64 4.63 4.69 0.06 0.77

Total 7.83 7.69 779 030 0.94
G:F* g/kg 1732 1528 1070 14 0.01

3CValues within rows with different superscripts differ (P < 0.05).

IIPF = 2 oral capsules of Stocker Immune Primer on d 0 + 15 g/
steer daily (as-fed basis) of Stocker Preconditioned Premix (Ramackers
Nutrition, Santa Cruz, CA) from d 7 to 30.

20MN = supplementation with OmniGen-AF (22 g/steer daily, as-fed
basis, from d 0 to 30; Phibro Animal Health Corp., Teaneck, NJ).

3Steer shrunk BW was obtained after road transport (800 km for 12 h) on d
—1 and after 16 h of water and feed withdrawal on d 81. Steer ADG was calcu-
lated using initial and final BW. Feed intake was recorded daily from d 0 to 80
by measuring feed offered and refusals from each pen, divided by the number
of steers within each pen, and expressed as kilograms per steer per day.

4Calculated using total DMI from d 0 to 80 and BW gain of each pen
fromd—1 tod 81.

total DMI (Table 3). Based on the concentrate intake of
each pen, IPF steers consumed a mean of 14.5 g/d (SE
0.1) of Stocker Preconditioned Premix from d 7 to 30,
whereas OMN was consumed at a mean of 20.2 g/d (SE
0.3) from d 0 to 30 by OMN steers. A treatment effect
was detected (P = 0.01) for G:F, which was less (P <
0.04) in OMN steers than in CON and IPF steers (Table
3) but did not differ (P = 0.33) between IPF steers and
CON steers, despite differences in ADG and equivalent
DMI between these latter treatments (Table 3).

It should be noted, however, that full BW did not
differ (P > 0.69) among treatments until d 56 and dif-
fered (P < 0.09) among treatments only on d 73 and
80 (treatment % day interaction, P < 0.01; Fig. la).
Moreover, DMI parameters did not differ among treat-
ments throughout the experiment (treatment x day in-
teraction, P > 0.94; Fig. 1b). Hence, G:F from d 56 to
80 was reduced (P < 0.01) in OMN steers compared
with CON and IPF steers (50, 230, and 176 g/kg [SEM
27], respectively) and also tended to be less (P = 0.09)
in IPF steers than in CON steers.

No treatment differences were detected (P > 0.55)
for BRD incidence (Table 4), whereas BRD signs
were observed only during the initial 30 d of feedlot
receiving (Fig. 2; day effect, P < 0.01). No treatment
differences were detected (P = 0.36) for other mor-
bidity reasons (i.e., bloat), number of antimicrobial
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Figure 1. Body weight (panel A) and DMI (hay + concentrate; panel B) during a 80-d feedlot receiving from beef steers supplemented or not (no immuno-
modulatory ingredient supplementation during feedlot receiving [CON]; n = 6) with 1) 2 oral capsules of Stocker Immune Primer on d 0 + 15 g/steer daily (as-fed
basis) of Stocker Preconditioned Premix (Ramaekers Nutrition, Santa Cruz, CA; n = 6) from d 7 to 30 (IPF) or 2) supplementation with OmniGen-AF (OMN; 22 g/
steer daily, as-fed basis, from d 0 to 30; Phibro Animal Health Corp., Teaneck, NJ; n = 6). A treatment x day interaction was detected (P < 0.01) for BW but not for
DMI (P =0.97). Within day, letters indicate the following treatment differences: 2CON vs. OMN (P < 0.01), PIPF vs. OMN (P < 0.04), and °IPF vs. CON (P = 0.09).

treatments required on BRD diagnosis, and percent-
age of cattle that required >1 antimicrobial treatment
on BRD diagnosis as well as mortality rate during the
experiment (Table 4).

Physiological Variables

A treatment effect was detected for plasma cortisol
(P =0.02), given that mean plasma cortisol concentra-
tion was greater (P = 0.01) in CON steers than in IPF
and OMN steers and did not differ (P = 0.93) between
IPF steers and OMN steers (Table 5). A treatment X
day interaction was detected (P = 0.05; Fig. 3) for
plasma haptoglobin concentration, which tended (P =
0.10) to be greater in CON steers than in IPF steers on
d 3, was greater (P = 0.04) in IPF steers than in CON
steers on d 7, and tended (P < 0.10) to be less in OMN
steers than in IPF and CON steers on d 21 of the ex-
periment (Fig. 3). No treatment effects were detected
(P = 0.41) for plasma IGF-I concentrations (Table 5).
Moreover, day effects were detected (P < 0.01) for all
plasma and serum variables (Fig. 3; Table 6),

No treatment effects were detected (P = 0.21)
for serum titers against M. haemolytica, P13, BRSV,
BVD-1, and BHV-1 (Table 5), whereas day effects
were detected (P < 0.03) for all these variables (Table
6). Tendencies for treatment x day interactions were
detected (P <0.08; Fig. 4) for blood mRNA expression

of interleukin 8 and tumor necrosis-o. Blood mRNA
expression of interleukin 8 was greater (P < 0.05) in
OMN and IPF steers than in CON steers on d 3 and
greater in OMN steers than in CON and IPF steers
on d 14 (Fig. 4a). Blood mRNA expression of tumor
necrosis-o. was greater (P < 0.05) in OMN and IPF
steers than in CON steers on d 10 (Fig. 4b). No treat-
ment effects were detected (P> 0.24) for blood mRNA
expression of chemokine ligand 5, cyclooxygenase 2,
interleukin 8 receptor, and L-selectin (Table 5). Day
effects were also detected (P < 0.05) for blood mRNA
expression variables (Fig. 4; Table 6).

DISCUSSION

As is common in commercial feedlot operations,
the management history of steers prior to the initia-
tion of this experiment was not fully known; therefore,
they were considered high risk (Wilson et al., 2017).
Furthermore, steers experienced the stress of wean-
ing, auction, transportation, vaccination, and feedlot
entry within a 72-h period, whereas the combination
of these stressors are known to stimulate neuroendo-
crine and inflammatory responses that impact cattle
immunocompetence and performance (Cooke, 2017).
Accordingly, day effects observed for plasma cortisol
and haptoglobin corroborate that steers experienced
an adrenocortical and subsequent acute-phase protein
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Table 4. Morbidity and mortality parameters during a 80-d feedlot receiving from beef steers supplemented or
not (no immunomodulatory ingredient supplementation during feedlot receiving [CON]; n = 6) with immunos-
timulant ingredients (IPF! [n = 6] and OMN? [n = 6]) from d 0 to 30 of the receiving period?

Item CON IPF OMN SEM P-value
Incidence of bovine respiratory disease symptoms, % 69.4 61.1 69.4 9.1 0.76
Number of antimicrobial treatments required 1.13 1.32 1.31 0.13 0.55
Calves that required > 1 antimicrobial treatment, % 13.1 233 273 9.9 0.59
Other morbidity reasons,* % 8.3 83 2.8 4.1 0.55
Mortality, % 2.8 5.5 0.0 2.7 0.36

IIPF =2 oral capsules of Stocker Immune Primer on d 0 + 15 g/steer daily (as-fed basis) of Stocker Preconditioned Premix (Ramaekers Nutrition, Santa

Cruz, CA) from d 7 to 30.

20MN = supplementation with OmniGen-AF (22 g/steer daily, as-fed basis, from d 0 to 30; Phibro Animal Health Corp., Teaneck, NIJ).
3Steers were observed daily for bovine respiratory disease symptoms according to the DART system (Zoetis Inc., Florham Park, NJ) and received antimi-

crobial treatment as described by Wilson et al. (2015).

4All non-bovine respiratory disease—related morbidity was due to bloat, with steers receiving 60 mL (oral drench, mixed with 500 mL of water) of

Therabloat (Zoetis Inc.) when bloat was detected (Meyer and Bartley, 1972).

response elicited by transport, vaccination, and feed-
lot entry (Cooke et al., 2011). Day effects detected
for mRNA expression of whole-blood genes suggest
immune activation on feedlot entry, given that inter-
leukin 8, tumor necrosis-a, chemokine ligand 5, cyclo-
oxygenase 2, interleukin 8 receptor, and L-selectin are
key inflammatory components of the innate immune
system (Abbas and Lichtman, 2007). Collectively,
these stress-induced inflammatory processes are linked
with the BRD complex in receiving cattle (Berry et
al., 2004; Cooke, 2017), supporting the substantial in-
cidence of BRD observed in the present experiment,
which is comparable to research efforts conducted at
commercial receiving yards (Snowder et al., 2006;
Marques et al., 2016).

Contrary to our hypothesis, however, the OMN-
and IPF-based products failed to mitigate BRD in-
cidence and improve steer receiving performance.

100 1
90 4
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These ingredients were tested due to 1) their immu-
nomodulatory potential (Fudenberg and Fudenberg,
1989; Krehbiel et al., 2003; Brandao et al., 2016), 2)
the need for alternative dietary strategies to enhance
immunocompetence of receiving cattle, and 3) the
negative association among BRD incidence and cattle
productivity (Snowder et al., 2006; Schneider et al.,
2009). Moreover, OMN- and IPF-based products were
administered to cattle during the initial 30 d of feedlot
receiving, when the majority of BRD is observed in
feedlot cattle (Snowder et al., 2006). The IPF products
are based on transfer factor proteins extracted from
bovine colostrum and egg yolks as well as lactate-
producing probiotics. Transfer factor is a component
of dialyzable leukocyte extracts produced in small
quantities by T-lymphocytes (Rozzo and Kirkpatrick,
1992) that, once extracted and administered into the
recipient, is able to transfer cell-mediated immunity
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Figure 2. Cumulative incidence of bovine respiratory disease (BRD) symptoms during a 80-d feedlot receiving from in steers supplemented or not

(no immunomodulatory ingredient supplementation during feedlot receiving [CON]; n = 6) with 1) 2 oral capsules of Stocker Immune Primer ond 0 + 15
g/steer daily (as-fed basis) of Stocker Preconditioned Premix (Ramaekers Nutrition, Santa Cruz, CA; n = 6) from d 7 to 30 (IPF) or 2) supplementation with
OmniGen-AF (OMN; 22 g/steer daily, as-fed basis, from d 0 to 30; Phibro Animal Health Corp., Teaneck, NJ; n = 6). Steers were observed daily for BRD
symptoms according to the DART system (Zoetis Inc., Florham Park, NJ) and received medication as described by Wilson et al. (2015). No treatment or
treatment x day interaction were detected (P > 0.59), whereas a day effect was significant (P < 0.01).



4952

Table 5. Metabolic, humoral, and gene expression
responses in beef steers supplemented or not (no
immunomodulatory ingredient supplementation dur-
ing feedlot receiving [CON]; n = 6) with immunos-
timulant ingredients (IPF! [n = 6] and OMN? [ = 6])
from d 0 to 30 of the receiving period>:*

Item CON
Metabolic variables

IPF  OMN SEM P-value

Plasma cortisol, ng/mL 21.892 18.74> 18.63> 0.92 0.02

Plasma IGF-1, ng/mL 178 166 175 7 0.41
Serum antibody variables, titer log 2
Mannheimia haemolytica 1044 1041 1023 023 0.79
Parainfluenza-3 virus 6.65 599 618 051 0.66
Bovine respiratory syncytial virus 559 547 4.81 043 039
Bovine viral diarrhea virus-1 577 6.9 616 051 0.81
Bovine herpesvirus-1 353 3.02 415 043 021
Blood mRNA expression
Chemokine ligand 5 447 322 289 061 024
Cyclooxygenase 2 393 334 388 053 0.69
Interleukin 8 receptor 486 473 544 097 0.85
L-selectin 1.83 178 175 0.12 091

abValues within rows with different superscripts differ (P < 0.05).

IIPF = 2 oral capsules of Stocker Immune Primer on d 0 + 15 g/
steer daily (as-fed basis) of Stocker Preconditioned Premix (Ramaekers
Nutrition, Santa Cruz, CA) from d 7 to 30.

20MN = supplementation with OmniGen-AF (22 g/steer daily, as-fed
basis, from d 0 to 30; Phibro Animal Health Corp., Teaneck, NJ).

30n d 0, steers were vaccinated against Clostridium and Mannheimia
haemolytica (One Shot Ultra 7; Zoetis Inc., Florham Park, NJ) and in-
fectious bovine rhinotracheitis, bovine viral diarrhea complex, parainflu-
enza-3 virus, and bovine respiratory syncytial virus (Bovi-Shield Gold 5;
Zoetis Inc.) and were administered an anthelmintic (Dectomax; Zoetis
Inc.). On d 21, steers were revaccinated against Clostridium (Ultrabac 8;
Zoetis Inc.) and infectious bovine rhinotracheitis virus, bovine viral diar-
rhea complex, parainfluenza-3 virus, and bovine respiratory syncytial virus
(Bovi-Shield Gold 5; Zoetis Inc.).

4Blood samples were collected on d 0, 3, 7, 10, 14, 21, 31, 42, and 73
and analyzed for cortisol (d 0 to 31), IGF-I (d 0, 21, 42, and 73), serum
antibody variables (d 0, 10, 21, 31, and 42), and whole-blood mRNA ex-
pression (d 0 to 14).

for specific pathogens (Fudenberg and Fudenberg,
1989). Treatment with transfer factor has been shown
to provide delayed hypersensitivity to Eimeria bovis
in calves (Klesius and Kristensen, 1977). Published
research examining its use in cattle have been scarce;
however, Montgomery et al. (2008) investigated using
transfer factor delivered as an oral drench in receiv-
ing heifers compared with treatment with tilmicosin
phosphate. Similar to the results seen in the current
study, treatment with transfer factor did not improve
DMI, ADG, or feed efficiency during a 36-d receiving
period; however, the incidence of BRD was increased
in heifers receiving transfer factor (Montgomery et
al., 2008). Hence, these authors concluded that trans-
fer factor was not as effective as tilmicosin phosphate
in preventing incidence of BRD and attributed this
outcome to extensive rumen degradation of transfer

Lippolis et al.

factor. Alternatively, a direct-fed microbial such as
lactic acid—producing bacteria have been shown to
improve performance and decrease morbidity in re-
ceiving cattle (Krehbiel et al., 2003; McDonald et al.,
2005); therefore, the lactic acid—producing bacteria in
the IPF-based products were also expected to mitigate
BRD incidence and enhance steer performance in the
present experiment.

The OMN is based on components that have been
shown to modulate the innate immune system, par-
ticularly yeast-based ingredients. More specifically,
yeast products contain pathogen-associated molecular
patterns such as B-glucans that are recognized by the
immune system trigger innate immune responses by
binding to Toll-like receptors and preparing the im-
mune system against pathogens (Heine and Ulmer,
2005; Broadway et al., 2015). Feeding yeast cell wall
components to newly received feedlot heifers alleviat-
ed inflammatory and serum cortisol responses to lipo-
polysaccharide administration (Burdick Sanchez et al.,
2013). Accordingly, OMN supplementation has been
shown to impact leukocytes gene expression related to
the inflammatory response in dairy cows (Wang et al.,
2009; Nace et al., 2014). These include improved leu-
kocyte function, surface L-selectin concentration, and
phagocytosis of extracellular pathogens in addition to
fewer incidents of udder edema and mastitis following
OMN supplementation (Wang et al., 2009; Ryman et
al., 2013; Nace et al., 2014). In beef cattle, Armstrong
et al. (2016) observed altered mRNA expression in a
variety of genes relevant to innate immune function,
suggesting that OMN regulates antigen presentation
and signal transduction in cattle. However, no research
evaluating the impacts of OMN supplementation on
performance and immunocompetence of high-risk re-
ceiving cattle had been conducted to date.

Corroborating their immunomodulatory proper-
ties, supplementing OMN or IPF products to receiving
steers herein impacted blood parameters that indicate
enhanced innate immunity. More specifically, treat-
ment differences in whole-blood mRNA expression of
interleukin 8 and tumor necrosis-a suggest heightened
inflammation, particularly in OMN steers, as previ-
ously observed by others (Burdick et al., 2012; Burdick
Sanchez et al., 2014; Brandio et al., 2016). Treatment
effects on plasma haptoglobin concentrations, an acute-
phase protein whose synthesis is stimulated by proin-
flammatory cytokines (Carroll and Forsberg, 2007),
also suggest an altered acute-phase response typical of
feedlot receiving (Cooke, 2017) in OMN and IPF steers.
These outcomes also can be associated with treatment
differences in plasma cortisol concentrations, which
serves as an effector molecule on proinflammatory and
acute-phase reactions (Steiger et al., 1999; Carroll et al.,
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Figure 3. Plasma haptoglobin concentrations in feedlot receiving steers supplemented or not (no immunomodulatory ingredient supplementation
during feedlot receiving [CON]; n = 6) with 1) 2 oral capsules of Stocker Immune Primer on d 0 + 15 g/steer daily (as-fed basis) of Stocker Preconditioned
Premix (Ramaekers Nutrition, Santa Cruz, CA; n = 6) from d 7 to 30 (IPF) or 2) supplementation with OmniGen-AF (OMN; 22 g/steer daily, as-fed basis,
from d 0 to 30; Phibro Animal Health Corp., Teaneck, NJ; n = 6). A treatment x day interaction was detected (P < 0.05). Blood samples collected on d 0
were a significant covariate (P = 0.02) but did not differ among treatments (0.21, 0.25, and 0.28 mg/mL [SEM 0.04] in CON, IPF, and OMN steers, respec-
tively). Within day, letters indicate the following treatment differences: alPF vs. CON (P <0.10), bOMN vs. CON (P =0.10), and cOMN vs. IPF (P = 0.09).

2009; Cooke et al., 2012). In turn, a potential enhance-
ment in innate immunity from OMN and IPF supple-
mentation may have contributed to a lessened adreno-
cortical response to the stress and immune challenges
associated with feedlot receiving (Carroll and Forsberg,
2007; Cooke, 2017). Others have also reported reduced
circulating cortisol concentrations when OMN was
supplemented to dairy cows exposed to heat-stress
conditions or receiving lipopolysaccharide administra-
tion (Hall et al., 2014; McBride et al., 2016). Moreover,
pathological conditions such as BRD elicit inflamma-
tory and innate immune reactions (Ackermann et al.,
2010). Given that BRD incidence did not differ among
treatments throughout the experiment, treatment dif-
ferences observed in plasma haptoglobin, cortisol, and
blood mRNA expression of interleukin 8 and tumor
necrosis-a were not caused by morbidity differences
among OMN, IPF, and CON steers.

Heightened innate immunity often results in en-
hanced acquired immunity on vaccination (Durum and
Muegge, 1996). However, supplementing OMN and
IPF did not improve acquired humoral immunity against
BRD pathogens, which likely contributed to the similar
incidence of BRD among treatments (Callan, 2001).
Perhaps treatment differences in innate immune param-
eters were not sufficient to improve acquired humoral
responses to vaccinated antigens. It should be noted that
serum antibody titers against BRD pathogens increased
across all treatments during the experiment, indicat-
ing that steers effectively acquired humoral immunity
against these pathogens on vaccination and revaccina-
tion (Howard et al., 1989; Bolin and Ridpath, 1990;
Richeson et al., 2008). Moreover, vaccination against
BRD pathogens is also known to further contribute to
the adrenocortical and inflammatory responses report-
ed herein (Rodrigues et al., 2015; Lippolis et al., 2016),
and it is typically performed on feedlot arrival and a

few weeks later due to lack of health history in high-risk
receiving cattle (Richeson et al., 2008; Edwards, 2010).
Therefore, and as previously mentioned, vaccination
against BRD also contributed to the increase in cortisol,
haptoglobin, and whole-blood mRNA expression pa-
rameters on feedlot arrival observed across treatments.
Supplementing OMN and IPF also failed to im-
prove feedlot receiving performance. In fact, both treat-
ments impaired steer growth and feed efficiency during
the 80-d receiving period compared with CON steers,
with a greater disadvantage to steers receiving OMN.
Nevertheless, treatment differences in BW were noted
only after d 56 of the receiving period, despite similar
DMI throughout the experiment. Hence, treatment dif-
ferences on ADG and final BW should be mainly as-
sociated with the impaired G:F of IPF and OMN steers
after d 56. Yet the OMN and IPF treatments were ad-
ministered until d 30 of feedlot receiving, when cattle
are constantly exposed to a multitude of stressors that
directly impair their growth metabolism (Duff and
Galyean, 2007; Cooke, 2017). Moreover, BRD symp-
toms were observed only during the initial 30 d of
feedlot receiving (Snowder et al., 2006) and did not dif-
fer among OMN, CON, and IPF steers and, therefore,
should not be associated with treatment differences on
BW and ADG (Schneider et al., 2009). Differences in
ADG and BW between treatments were also not reflect-
ed by plasma IGF-I concentrations, which is positively
associated with cattle growth rates (Bishop et al., 1989;
Ellenberger et al., 1989; Elsasser et al., 1989). Hence,
the exact reasons why OMN and IPF steers experienced
reduced growth rates compared with CON steers after
d 56 of the experiment cannot be properly elucidated,
particularly because all steers were receiving the same
overall and nutritional management during this period.
In summary, this experimental model fully repre-
sented the stress and health challenges that commercial
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Table 6. Concentrations of plasma cortisol (ng/mL) and IGF-I (ng/mL); serum titers against Mannheimia hae-
molytica (MH), parainfluenza-3 virus (PI3), bovine respiratory syncytial virus (BRSV), bovine viral diarrhea
virus-1 (BVD-1), and bovine herpesvirus-1 (BHV-1); and whole-blood mRNA expression of chemokine ligand
5 (CCLY), cyclooxygenase 2 (COX2), interleukin 8 receptor (ILSR), and L-selectin (SELL) in beef steers during
an 80-d feedlot receiving!+

Plasma variables Serum antibody titers Blood mRNA expression
Day Cortisol IGF-1 MH PI3 BRSV BVD-1 BHV-1 CCL5 COX2 IL8R SELL
0 22.92 113¢ 7.444 5.11° 0.554 3.78dc 0.774 5212 3.59P 5.13b 1.68b
3 21.33 - — — — — — 3.41bc 5.182 7.052 1.962
7 19.4b¢ - — — — — — 2.90¢ 251¢ 3.89P 1.54b
10 18.8° - 8.89¢ 6.38 2.78¢ 5.17° 3.720 3.820 3.64° 493b 1.822b
14 19.9b¢ - - - - - - 3.93b 3.48P 4.15> 1.812b
21 20.1b¢ 1320 11.052 5.83b 5390 6.17° 2.77° - - - -
31 18.9° - 11.282 6.55 6.67% 6.00P 4442 - - - -
2 - 1922 10.22b 6.33% 6.332 6.832 3.33b - - - -
73 - 1967 - - - - - - - - -
SEM 0.97 5 021 0.38 0.30 0.38 0.28 0.52 0.43 0.87 0.12
P-value 001 <0.01 <0.01 <0.03 <0.01 <0.01 <0.01 <0.01 <0.01 0.05 0.05

a-dyjalues within columns with different superscripts differ (P < 0.05).

10n d 0, steers were vaccinated against Clostridium and Mannheimia haemolytica (One Shot Ultra 7; Zoetis Inc., Florham Park, NJ) and infectious
bovine rhinotracheitis, bovine viral diarrhea complex, PI3, and BRSV (Bovi-Shield Gold 5; Zoetis Inc.) and were administered an anthelmintic (Dectomax;
Zoetis Inc.). On d 21, steers were revaccinated against Clostridium (Ultrabac 8; Zoetis Inc.) and infectious bovine rhinotracheitis virus, bovine viral diar-
rhea complex, P13, and BRSV (Bovi-Shield Gold 5; Zoetis Inc.).

2Blood samples were collected on d 0, 3, 7, 10, 14, 21, 31, 42, and 73 and analyzed for cortisol (d 0 to 31), IGF-1 (d 0, 21, 42, and 73), serum antibody
variables (d 0, 10, 21, 31, and 42), and whole-blood mRNA expression (d 0 to 14).
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Figure 4. Whole-blood mRNA expression of interleukin 8 (ILS; panel A) and tumor necrosis-a (TNFa; panel B) in feedlot receiving steers supple-
mented or not (no immunomodulatory ingredient supplementation during feedlot receiving [CON]; n = 6) with 1) 2 oral capsules of Stocker Immune
Primer on d 0 + 15 g/steer daily (as-fed basis) of Stocker Preconditioned Premix (Ramaekers Nutrition, Santa Cruz, CA; n = 6) from d 7 to 30 (IPF) or
2) supplementation with OmniGen-AF (OMN; 22 g/steer daily, as-fed basis, from d 0 to 30; Phibro Animal Health Corp., Teaneck, NJ; n = 6). Blood
samples collected on d 0 were significant covariates (P < 0.04) but did not differ among CON, IPF, and OMN steers (8.1-, 7.3-, and 7.4-fold effect [SEM
1.7], respectively, for interleukin 8 mRNA expression and 3.6-, 3.5-, and 3.3-fold effect [SEM 0.3], respectively, for tumor necrosis-o mRNA expression).
Treatment x day interactions were detected (P < 0.08). Within day, letters indicate the following treatment differences: alPF vs. CON (P = 0.05), bOMN
vs. CON (P £0.05), and cOMN vs. IPF (P <0.01).
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feeder cattle experience during feedlot receiving, result-
ing in elevated BRD incidence and morbidity. However,
neither OMN nor IPF supplementation were capable
of mitigating BRD incidence and improving receiving
performance, despite their impacts on adrenocortical
and inflammatory responses on feedlot entry. As pre-
viously mentioned, published literature investigating
the inclusion of OMN or IPF products into feedlot re-
ceiving diets is extremely limited. Based on the results
from Montgomery et al. (2008), perhaps the transfer
factor contained in the IPF products was extensively
degraded in the rumen, whereas the lactic acid—pro-
ducing bacteria failed to improve immunocompetence
and productive traits of receiving cattle (Krehbiel et al.,
2003). Alternatively, OMN supplementation elicited
immunomodulatory effects in cattle administered lipo-
polysaccharide when offered for 28 d prior to the chal-
lenge (Burdick Sanchez et al., 2014). In fact, research
suggests cattle should be adapted to OMN supplementa-
tion for several weeks prior to the stress or immune in-
sult (Nace et al., 2014; Ryman et al., 2013). Hence, one
can speculate that the OMN supplementation failed to
improve health and performance of receiving cattle due
to the lack of a previous adaption period, such as dur-
ing a preconditioning program (Pritchard and Mendez,
1990). Consequently, additional research is warranted
to further evaluate the use of OMN and IPF products
as well as identify other nonantibiotic feed ingredients
that enhance cattle immunocompetence and productiv-
ity during feedlot receiving.
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