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ABSTRACT: The objective was to compare ADG, DMI, 
and acute-phase response of steers supplemented or not 
with PUFA for 30 d prior to shipping to the feedyard. 
Seventy-two Angus steers weaned at 7 mo of age (d -55) 
were stratified by BW on d -30 of the study, and randomly 
allocated to 18 drylot pens (4 steers/pen). Pens were 
assigned to receive a grain-based supplement (avg. 1.5 
kg/steer/d) without (CO) or with 0.15 kg/steer/d of a PUFA 
source (PF; Megalac-R®, Church and Dwight, Princeton, 
NJ) or a SFA source (SF; Megalac®, Church and Dwight). 
Treatment intakes were formulated to be iso-caloric, iso-
nitrogenous, and offered daily from d -30 to d 0. Mixed 
alfalfa-grass hay was offered in amounts to ensure ad 
libitum access during the same period. On d 0, steers were 
loaded onto a commercial livestock trailer and transported 
for approximately 350 km over a 6 h period. However, 
steers remained in the truck for a total of 24 h before 
unloaded into a commercial growing lot (d 1), where steers 
were maintained in a single pen, managed similarly, and 
received a diet not containing PF or SF. Forage DMI was 
evaluated daily from d -30 to d -1. Shrunk BW was 
collected on d -33, 1, and 144 for preconditioning and 
growing lot ADG calculation. Blood samples were 
collected on d 0, 1, and 3, and analyzed for plasma 
concentrations of interleukin 1 and 6, tumor necrosis factor 
(TNF)-α, haptoglobin, ceruloplasmin, cortisol, and fatty 
acids. No treatment effects were detected for 
preconditioning ADG (P = 0.54) or G:F (P = 0.56), but 
DMI was often reduced for PF steers compared with CO 
and SF (treatment × day interaction; P < 0.01). 
Concentrations of PUFA were greater in PF steers 
compared to CO and SF prior to and after transportation 
(treatment × day interaction P < 0.01). Following 
transportation, concentration of TNF-α increased for CO, 
did not change for SF, but decreased for PF steers 
(treatment × day interaction, P < 0.01). During the growing 
lot, PF steers tended to have greater ADG compared to CO 
steers (P = 0.06) In conclusion, PUFA supplementation 
during preconditioning had detrimental effects on DMI, but 
reduced plasma concentrations of TNF-α following 
transportation, and improved growing lot ADG. 
 

Introduction 
 

Three of the most stressful events encountered by 
a feeder calf are weaning, transportation, and feedlot entry. 
These events, which may occur together or in a short period 
of time, lead to physiological, nutritional, and 
immunological changes that highly affect subsequent calf 

health and feedlot performance (Loerch and Fluharty, 
1999). One example is the acute-phase response, an 
important component of the innate immune system that can 
be detrimental to growth rates in cattle (Cooke et al., 2009). 
Consequently, management strategies that prevent and/or 
alleviate the acute-phase response have been shown to 
benefit cattle productivity and overall efficiency of beef 
operations (Arthington et al., 2008). 

Supplementation of rumen-protected PUFA to 
feeder heifers prior to and after transportation decreased 
concentrations of acute-phase proteins during the 7 d 
following feedyard entry (Araujo et al., 2009). These results 
indicated that PUFA supplementation might be an 
alternative to alleviate the acute-phase response stimulated 
by transportation and feedlot entry. However, heifers and 
steers supplemented with PUFA experienced, during the 
feedyard phase only, reduced ADG and feed intake (Araujo 
et al., 2008; Araujo et al., 2009) compared to cohorts 
offered iso-caloric and iso-nitrogenous control diets.  

Therefore, one alternative to conciliate the 
beneficial effects of PUFA supplementation on the acute-
phase response without reducing feedlot performance 
would be supplementing PUFA prior to shipping/feedlot 
entry only. We hypothesized that feeder steers 
supplemented with PUFA prior to shipping would 
experience alleviated acute-phase response following 
feedlot entry, resulting in enhanced feedyard performance. 
The objectives of this study were to evaluate plasma 
concentrations of acute-phase proteins, cytokines, and 
cortisol, in addition to health and growth rates of feeder 
steers supplemented or not with a PUFA source for 4 wk 
prior to shipping to the feedlot. 

 
Materials and Methods 

 
The experiment was conducted in accordance with 

an approved Oregon State University Animal Care and Use 
Protocol, and was divided into a preconditioning (d -30 to 0) 
and a growing phase (d 1 to 144). The preconditioning phase 
was conducted at the Eastern Oregon Agricultural Research 
Center, Burns. The growing phase was conducted at a 
commercial growing lot (Top Cut; Echo, OR).  

Seventy-two Angus steers weaned at 7 mo of age 
(d -55) were stratified by BW on d -30 of the study, and 
randomly allocated to 18 drylot pens (4 steers/pen). Pens 
were assigned to 1 of 3 treatments (6 pens/treatment): 1) corn 
and soybean meal-based supplement containing 0.15 kg/steer 
of a PUFA source (PF; Megalac-R®; Church and Dwight, 
Princeton, NJ), 2) corn and soybean meal-based supplement 
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containing 0.15 kg/steer of a SFA source (SF; Megalac®; 
Church and Dwight), and 3) corn and soybean meal-based 
supplement containing no fat source (CO). Supplements 
were offered daily, at a rate of approximately 1.5 kg/steer, 
throughout the preconditioning phase (d -30 to 0). 
Supplement intakes were formulated to be iso-caloric and 
iso-nitrogenous, whereas mixed alfalfa-grass hay was 
offered in amounts to ensure ad libitum access during the 
same period. On the morning of d 0, steers were combined 
into 1 group, loaded into a commercial livestock trailer, and 
transported to the growing lot (Top Cut). The travel time was 
approximately 10 h, but steers were maintained in the truck 
for a total of 24 h before being unloaded (d 1) in order to 
simulate the stress challenge of a long-haul. During the 
growing phase (d 1 to 144), all steers were maintained in a 
single pen, managed similarly and received the same diet, 
which did not contain any of the preconditioning treatments. 

Blood samples were collected on d 0 (prior to 
loading), 1 (immediately upon arrival), and 3, via jugular 
venipuncture into commercial blood collection tubes 
(Vacutainer, 10 mL; Becton Dickinson, Franklin Lakes, NJ) 
containing sodium heparin. Steer rectal temperature was 
assessed with a digital thermometer (GLA M750 digital 
thermometer; GLA Agricultural Electronics, San Luis 
Obispo, CA) concurrently with each blood collection. All 
blood samples were harvested for plasma and stored at 
−80°C until assayed for concentrations of cortisol (DPC 
Diagnostic Products Inc., Los Angeles, CA), ceruloplasmin 
(according to Demetriou et al. (1974), haptoglobin 
(according to Makimura and Suzuki, 1982), fatty acid 
composition (according to Kramer et al., 1997), and 
proinflammatory cytokines interleukin (IL)-1, IL-6, and 
tumor necrosis factor(TNF)-α (SearchLight; Aushon 
Biosystems, Inc., Billerica, MA).  

Performance and physiological data were analyzed 
using the PROC MIXED procedure of SAS (SAS Inst., 
Inc., Cary, NC) and Satterthwaite approximation to 
determine the denominator df for the tests of fixed effects. 
The model statement used for plasma measurements and 
DMI contained the effects of treatment, day, and the 
interaction. Data were analyzed using pen(treatment) as the 
random variable. The specified term for the repeated 
statement was day and the covariance structure utilized was 
autoregressive, which provided the best fit for these 
analyses according to the Akaike information criterion. 
Concentrations of plasma cytokines were transformed to 
log to achieve normal distribution, according to Shapiro-
Wilk test from the UNIVARIATE procedure of SAS (W > 
0.90). The model statement used for ADG and G:F analysis 
contained only the effects of treatment, whereas the random 
variable was pen(treatment) Results are reported as least 
square means and separated using PDIFF. Significance was 
set at P ≤ 0.05, and tendencies were determined if P > 0.05 
and ≤ 0.10. Results are reported according to treatment 
effects if no interactions were significant, or according to 
the highest-order interaction detected. 

  
Results & Discussion 

 
During the preconditioning phase, a treatment × 

day interaction was detected (P < 0.01) for DMI (Figure 1) 

because PF steers often had reduced DMI compared to the 
other treatments. However, no treatment effects were 
detected on preconditioning ADG and G:F (Table 1). These 
results support previous efforts indicating that PUFA 
supplementation reduced DMI in cattle (Simas et al., 1995; 
Bateman et al., 1996; Araujo et al., 2008), but did not affect 
ADG or feed efficiency measures (Araujo et al., 2009). 

 

 
 
Figure 1. Daily DMI, as a percentage of BW, of steers offered diets 
without (CO) or with the inclusion of a rumen-protected SFA or PUFA 
(PF) source during the preconditioning phase. A treatment × day 
interaction was detected (P < 0.01). Days with letter designation indicates 
the following treatment differences (P < 0.05): a = SF vs. PF, b = SF vs. 
CO, and c = CO vs. PF. 

 
 No treatment effects were detected for rectal 
temperatures and plasma concentrations of haptoglobin, 
ceruloplasmin, and cortisol (Table 1). These results indicate 
that PUFA supplementation did not decrease plasma 
concentrations of acute-phase proteins, as previously 
reported by Araujo et al. (2009). Further, similar cortisol 
concentrations suggest that steers from all treatments 
experienced a similar stress challenge due to transport and 
feedyard entry (Crookshank et al., 1979; Sapolsky et al., 
2000).  
 
Table 1. Preconditioning ADG and G:F, and rectal temperatures, plasma 
concentrations of acute-phase proteins, cytokines, and cortisol of steers 
offered diets without (CO) or with the inclusion of a rumen-protected SFA 
(SF) or PUFA (PF) source during a 30-d preconditioning phase. 

 Treatments   

Item1,2 CO SF PF SEM P = 

    
ADG, kg/d 0.83 0.87 0.78 0.06 0.54 

G:F, kg/kg 0.141 0.147 0.137 0.009 0.70 

Rectal temperature. oC 39.64 39.66 39.72 0.05 0.49 

Haptoglobin, 450 nm 3.99 4.43 5.41 0.96 0.58 

Ceruloplasmin, mg/dL 26.2 26.2 27.1 0.88 0.68 

Cortisol, ng/mL 36.7 36.7 28.7 4.0 0.29 

IL-6, pg/mL (log) 0.88 0.56 0.79 0.26 0.67 

IL1,  pg/mL (log) 1.51 1.12 1.46 0.14 0.16 
1 Blood samples and rectal temperatures were collected on d 0 (before 
truck loading), 1 (immediately following unloading), and 3 (2 d following 
feedyard entry).  
2 ADG was calculating using shrunk values obtained on d -30 and d 1 of 
the study. Total DMI and BW gain from d -28 to d 1 were utilized to 
calculate G:F.  
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A treatment × day interaction was detected (P < 
0.01) for plasma TNF-α. Following transportation, 
concentration of TNF-α increased for CO, did not change 
for SF, but decreased for PF steers (Table 2). No treatment 
effects were detected for plasma concentrations of IL-1 and 
IL-6 (Table 1). But when plasma concentrations of all 
cytokines are summed and analyzed jointly, given that their 
proinflammatory activities are redundant and synergistic 
(Whiteside, 2007), a treatment × day interaction was 
detected (P = 0.05), given that following transportation, 
cytokine concentrations increased for CO, did not change 
for SF, but decreased for PF steers (Table 2). 
 
Table 2. Plasma concentrations of TNF-α and combined proinflammatory 
cytokines (TNF-α, IL-1, and IL-6) of steers offered diets without (CO) or 
with the inclusion of a rumen-protected SFA (SF) or PUFA (PF) source 
during a 30-d preconditioning phase. 

 Day of collection  

Item1,2 0 1 3 SEM 
   

Plasma TNF-α, pg/mL (log)    

   CO 1.74 
a
 1.88 

a
 2.23 

b
 0.21 

   SF 1.91 a 2.10 a 1.95 
a
 0.21 

   PF 1.90
 ab

 2.00
 a

 1.55
 b

 0.21 
     

Combined cytokines, ng/mL (log)    

   CO 1.99
 a

 2.10
 a

 2.45
 b

 0.18 

   SF 2.00
 a

 2.18
 a

 2.08
 a

 0.18 

   PF 2.15
 ab

 2.27
 a

 1.95
 b

 0.18 
1 Blood samples were collected on d 0 (before truck loading), 1 
(immediately following unloading), and 3 (2 d following feedyard entry). 
2 Within rows, values bearing different letters differ (P < 0.05). 

 
 A treatment × day interaction was also detected (P 
= 0.04) for plasma PUFA concentrations. On d 0, PF steers 
tended (P = 0.10) and had greater (P < 0.01) plasma PUFA 
concentrations compared to SF and CO steers, respectively. 
On d 1 and 3, plasma PUFA concentrations were greater in 
PF steers (P < 0.01) compared to both treatments. 
 

 
 
Figure 2. Plasma concentrations of PUFA (mg/g) of steers offered diets 
without (CO) or with the inclusion of a rumen-protected SFA (SF) or 
PUFA (PF) source during the preconditioning phase (d -30 to d 0). On d 0, 
steers were transported to a feedyard, where preconditioning treatments 
were not offered. A treatment × day interaction was detected (P = 0.04). 
Days with letter designation indicates the following treatment differences 
(P < 0.01): a = SF vs. PF, b = SF vs. CO, and c = CO vs. PF. 

 

During the growing lot phase, PF steers tended (P 
= 0.06) to have greater ADG compared to CO steers (1.23 
vs. 1.17 kg/d; SEM = 0.02), but similar (P = 0.43) to SF 
steers (1.20 kg/d). No differences were detected for 
growing lot ADG between PF and SF steers (P = 0.28). 
This increase in ADG between CO and PF steers can be 
attributed, at least in part, to the beneficial effects of PUFA 
supplementation on the acute-phase response following 
transportation and feedlot entry. The acute-phase response 
can be detrimental to performance of feeder calves, 
particularly during the receiving period of the feedlot (Duff 
and Galyean, 2007; Arthington et al., 2008), whereas PUFA 
are believed to modulate the immune system by altering 
inflammatory reactions (Miles and Calder, 1998). Within 
the immunomodulatory effects of PUFA, linolenic acid 
promotes the synthesis of eicosanoids that do not elicit an 
inflammatory response, such as PGE3, and also stimulate 
synthesis of TH2 anti-inflammatory cytokines such as IL-4, 
IL-10, and IL-13. Conversely, linoleic acid promotes the 
synthesis of PGE2, which is a potent stimulator of the acute-
phase protein response, and the TH1 proinflammatory 
cytokines (IL-1, IL-6, and TNF-α) that trigger hepatic 
synthesis of acute-phase proteins (Yaqoob and Calder, 
1993; Carroll and Forsberg, 2007; Schmitz and Ecker, 
2008). According to the manufacturer, the PUFA source 
offered to steers in the present study contained linoleic and 
linolenic acids (28.5 and 3.0 %, respectively; DM basis). 
Although a greater amount of linoleic acid was present in 
the PUFA source offered herein, animal requirements for 
linoleic and linolenic acids are still unknow. Therefore, 
linolenic acid might be required in reduced amounts to 
trigger an anti-inflammatory response and overcome the 
proinflammatory effects of linoleic acid, what would 
explain the results reported in herein. However, further 
research is required to address this matter. 
 

Implications 
 

 Inclusion of a rumen-protected PUFA source into 
preconditioning diets reduced the some aspects of the acute-
phase response triggered by transport and feedyard entry, 
and improved growing lot performance of feeder calves. 
Therefore, PUFA supplementation might be an alternative 
to enhance health parameters and feedlot performance of 
growing cattle. 
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