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Improvement in the utilization of feed in livestock is an important target of breeding and
nutritional programs. Recent evidence indicates a potential association between feed
efficiency and fecal cortisol metabolites, which could eventually be used as an indirect
assessment of this trait. This evidence is more comprehensively evaluated in here with
samples for plasma cortisol (PC; ng/ml) and fecal cortisol metabolites (FCM; ng/ml)
collected more often during the entire finishing phase in beef steers. Individual daily feed
intake of 112 steers fed a high-moisture corn-based and haylage diet was measured over
168 d. Body weight, blood and fecal samples were collected every 14 d and ultrasound
measures of backfat thickness and longissimus muscle area were taken every 28 d. Four
productive performance traits were calculated: daily dry matter intake (DMI), average
daily gain (ADG), feed to gain ratio (F:G) and residual feed intake (RFI). At the end of the
feedlot phase, steers were ranked according to RFI and samples were analyzed for PC and
FCM from the 32 steers with greatest and 32 steers with lowest feed efficiency. In
addition, a sub-group of 12 steers from each of these two groups with divergent feed
efficiency were subjected to hourly blood sampling for 24 h. Less efficient steers had
greater DMI, F:G and consumed 1.5 kg/d more DMI (Po0.05) than steers with improved
feed efficiency. No differences (P40.10) in PC over the 12 biweekly sampling periods
between steers with divergent feed efficiency were observed. However, a trend toward
significance between 19:00 and 02:00 h over the hourly sampling evaluation was noticed,
with the sub-group of more feed efficient steers presenting higher levels of PC in this
period of the day (P¼0.08). On the other hand, FCM levels displayed a distinct pattern
between RFI groups over the biweekly sampling period, with more efficient cattle
presenting greater levels of these metabolites (Po0.05). This study reinforces the positive
association between improved feed efficiency and FCM levels over the finishing phase;
and the lack of association between feed efficiency and PC when single samples are
collected every two weeks through a single jugular venipuncture performed after
handling the cattle for sampling. Further studies to develop sampling protocols for
assessing FCM as an indicator trait for feed efficiency are warranted, as well as, studies to
understand the role of endogenous glucocorticoids in the performance of the bovine.
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1. Introduction

The cost to feed beef cattle is a producer's single
greatest investment, representing the main fraction of
the total variable costs in intensive beef cattle production
systems (Miller et al., 2001). Furthermore, there is a
moderate to high heritability in feed efficiency (Herd
et al., 2003; Schenkel et al., 2004), suggesting the possi-
bility of genetic improvement. However, the high costs and
intensive labor associated with the direct assessment of
feed efficiency in beef cattle are limiting factors for more
effectively selecting feed efficient cattle (Herd and Arthur,
2009), suggesting the need of alternatives for assessing
feed efficiency. Additionally, new phenotypes for assessing
feed efficiency could facilitate the spread of genomic
selection for this trait (Snelling et al., 2011), through the
identification of target metabolic phenomena to be
genotyped.

Several studies have been conducted aiming to identify
reliable indicators for feed efficiency such as feeding and
social behavior (Golden et al., 2008; Montanholi et al., 2010)
infrared thermography imaging (Montanholi et al., 2009),
hormones and metabolites (Richardson et al., 2004), mito-
chondria function (Kolath et al., 2006) and genomics
(Sherman et al., 2010). Results from these studies suggest a
few approaches that could be used for screening beef cattle
for feed efficiency. In particular, the associations between
glucocorticoids (fecal cortisol metabolites) and feed effi-
ciency discovered by Montanholi et al. (2010) deserves
additional study due to the ability of discriminating high-
and low-feed efficient groups of cattle and the possibility of
relatively easy implementation by the beef industry.

Glucocorticoids are continuously released from the
adrenal gland into the blood stream as a response to the
activation of hypothalamic–pituitary–adrenocortical axis
(Eiler, 2004). These hormones have important roles in the
metabolism by regulating protein, fat and carbohydrate
metabolism, muscle maintenance, the immune system, etc
(Sapolsky, 2002). Cortisol and its metabolites can be
assessed in several matrices (Palme, 2012). Blood plasma
cortisol (PC) and fecal cortisol metabolites (FCM) represent
a relatively stressful sampling and a minimum distress
sampling procedure, respectively (Möstl and Palme, 2002).
Additionally, FCM reflect the long-term response, repre-
senting the cortisol that was released into the blood
stream about 12 h before sampling and PC represents the
immediate response of the adrenal gland (Palme et al.,
1999, 2005). Montanholi et al. (2010) found that high-feed
efficient steers had higher FCM than low-feed efficient
steers and no differences in PC between the two feed
efficiency groups.

Montanholi et al.'s (2010) study was performed with a
relatively small number of animals, with limited pheno-
typic diversity for feed efficiency and small number of
samples over time, thus indicating the need of a more
comprehensive investigation in order to verify the consis-
tency of such association (different, larger population and
longer sampling periods) since levels of cortisol are known
to be influenced by age (González-de-la-Vara et al., 2011),
body composition (Delgiudice et al., 1990) and season of
year (Gwazdauskas, 1985) to name a few. In addition, it is
known that cattle vary in stress responsiveness to hand-
ling and physical restraining (Curley Jr. et al., 2008). These
potential sampling biases on the assessment of baseline of
PC levels can be minimized by getting the animals used to
sampling procedure (Hopster, 1999), as well as, by using
venous catheterization instead of successive venous punc-
tures that cause fluctuations on PC level due to the
considerable distress (Hopster et al., 1999). Particularly in
the case of PC, frequent blood collections represent a more
desirable sampling approach to evaluate the circadian
cycle concentrations due to the great fluctuations, under
physiological conditions, which can be observed for this
hormone over the circadian period (Macadan and
Eberhart, 1972). Therefore, the objectives of this study
were (1) to verify if the relationship between feed
efficiency and FCM holds in a larger population of cattle
with samples collected more often and over longer period
during the finishing phase in beef steers and; (2) to
evaluate the relationship between circadian and biweekly
concentrations of PC with feed efficiency.

2. Material and methods

2.1. Animals, management, experimental design and
sampling

The experiment followed recommendations as outlined
by the Canadian council of animal care guidelines (1993)
and was approved by the University of Guelph animal care
committee. A total of 112 crossbred beef steers were fed
for 168 d at the Elora Beef Research Centre, University of
Guelph, Canada. The average age of the steers at the start
of the experiment was 275725 d (mean7standard devia-
tion) and the initial and final body weights were 338744
and 519751 kg, respectively. The overall breed composi-
tion of the steers was 58.3% Angus, 30.6% Simmental and
11.1% other European breeds (i.e. Hereford, Gelbvieh and
Piedmontese). Steers were originated from Elora Beef
Research Center (University of Guelph), from New Liskeard
Research Station (University Guelph) and from three
commercial herds.

Steers were housed in groups of 16 animals, sorted at the
start of the trial by body weight (pen 1¼29679; pen 2¼
30678; pen 3¼313712; pen 4¼326715; pen 5¼3447
18; pen 6¼362716; and pen 7¼423719), in indoor pens
bedded with wood shavings. Each pen contained four auto-
mated feeding stations (Insentec, B.V., Marknesse, The Nether-
lands). Prior to the start of the testing period, each steer was
fitted on the right ear with a radio frequency transponder
button (Allflex U.S.A. Inc., Dallas–Fort Worth, U.S.A.), which
identified animals to the automated feeding system allowing
for individual feed intake events to be recorded continuously.
These measures were computed to calculate the individual
daily dry matter intake, which was used for calculating feed
efficiency measures.

Steers were allowed to adjust to the facilities, feed and
feeding system for a minimum of 15 d prior to the start of
the trial. In addition, three steers had reduced daily feed
intakes for extended period due to chronic illness and
were excluded from the experiment. Steers were fed a
high moisture corn-based diet (dry matter basis) with 78%



Y.R. Montanholi et al. / Livestock Science 155 (2013) 130–136132
of high moisture corn, 13.5% of haylage, 5% of soybean
meal and 3.5% of a premix containing soybean meal,
monensin, salt and trace minerals premix described in
details by Montanholi et al. (2010). The average chemical
composition of the diet was: 38.5% of moisture; 12.8% of
crude protein; 13.2% of neutral detergent fiber; 6.7% of acid
detergent fiber; 89.8% of total digestible nutrients and;
42.2% of starch. Diet was offered for ad libitum consump-
tion throughout the test period and feeders were filled
daily between 09:00 and 10:00 h.

Body weight, blood and fecal samples were collected
every 14 d during the testing period. In total, 12 biweekly
samples of blood and feces were collected per animal
between 8:00 and 12:00 h, with samples from all the
animals collected in the same morning. Additionally,
ultrasound scanning (backfat thickness and longissimus
muscle area) for assessing body composition was con-
ducted every 28 d over the 168 d of testing, as described in
details by Montanholi et al. (2009). Blood samples were
collected through jugular venipuncture, upon moving the
entire group of steers, housed in the same pen, to the
handling facility and with the animal restrained in a
squeeze chute (Silencers Hydraulic Squeeze Chute; Moly
Manufacturing Inc., Lorraine, U.S.A.), using a 10 ml blood
collection tube (Vacuntainers; BD Inc., Franklin Lakes, U.S.
A.) containing sodium heparin mounted on a 2.5 cm 20 GA
needle. Blood samples were stored in ice until centrifuga-
tion (3000g for 20 min) to separate the blood plasma,
which was stored at −80 1C until further analysis for PC.
Immediately after collecting the blood sample, the fecal
sample was collected through rectal palpation and stored
at −20 1C and processed as described by Palme et al.
(2000) for further analysis for FCM.

After calculating feed efficiency values for the remain-
ing 109 steers (using performance and feed intake data
collected over 168 d of trial), blood samples were collected
from the 12 steers with the greatest and 12 steers with
poorest feed efficiency on an hourly basis over 24 h in
groups of four animals grouped by feed efficiency (2 HE
and 2 LE) and by age (priority to the older steers). This
sampling was carried out over six periods of 24 h. Steers
were adjusted to individual stalls for 2 d. Steers were
considered ready for the circadian blood sampling when
displaying a minimum of 75% of the regular daily DMI,
based on the average intake of the last 15 d prior to the
start of the adaptation. Feed and water were offered for ad
libitum consumption inside of a head chamber (indirect
calorimeter), which was being used for other purpose at
the same time. Steers were loosely tied within each head
chamber and allowed to lie down. A jugular catheter
(14GA 2.1�133 mm, Angiocaths; BD Inc., Franklin Lakes,
U.S.A.) was placed in the right jugular vein of the steers,
between 10:00 and 11:40, after mild sedation with xyla-
zine (0.02 mg/kg; Rompuns, Bayer Inc., Bergkamen,
Germany) and a local ring block anesthesia with lidocaine
2% (2 ml/steer; Lidocaine Hydrochloride Injection USP,
Alveda Pharmaceuticals Inc., Toronto, Canada). The cathe-
ter was fixed in place with two sub-dermal stitches and
protected with gauze and wrap. The tubing attached to the
catheter was attached in between the shoulders of the
steers with tape in order to minimize any distress during
blood sampling. Catheter and tubing were protected from
clogging with heparinized saline (30 USP units/ml,
Heparin Sodium Injection, USP, Pharmaceutical Partners
of Canada Inc., Richmond Hill, Canada; 0.9% NaCl), with
5 ml injected after each blood collection to flush the entire
tubing and catheter. Blood collection started at 12:00 and
concluded at 11:00 in the following day using the same
tubes for storing and processing the samples as described
before. During the 24 h blood collection, luminosity in the
room where the steers were housed individually was
maintained similar to the group pens.

2.2. Productive performance traits

The feed intakes recorded by the automated feeding
system were first summarized by animal to determine the
individual average daily feed intake during the testing
period. The 2% lowest daily records on an individual basis
(6.071.8 kg, group average7SD, of feed intake as fed
basis) and obvious outliers, due to mechanical or software
issues were excluded. These represented 2.6% of all daily
records. The individual average daily dry matter feed
intake (DMI) over the testing period was calculated on
the remaining records.

Average daily gain (ADG) was determined by a regression
of body weight on days on test, with 12 observations per
animals at intervals of 14 d. Feed intake to gain (F:G) was
computed using the average DMI and ADG. Residual feed
intake (RFI) was calculated using the original model
described by Koch et al. (1963) and models combining
ultrasound traits, such as described by Montanholi et al.
(2009). The model including total gain during the test period
for backfat thickness and for ribeye area had the highest
values for the regression coefficient (R2¼0.63) and lower for
Bayesian information criteria and was selected for this study
(data of the other models tested is not shown). The regres-
sion equation for predicted feed efficiency was:

DMIpredicted¼2.082+0.012(average body weight; kg)
+1.237(ADG; kg/d)+0.068(total gain backfat thickness;
mm)+0.010(total gain ribeye area; cm2)+RFI

The RFI values were calculated by subtracting observed
DMI from predicted DMI.

2.3. Determination of glucocorticoids

Concentrations of glucocorticoids were measured simi-
larly as outlined by Montanholi et al. (2010). Plasma
cortisol (ng/ml) was measured directly using a commer-
cially available radioimmunoassay kit (Coat-A-Count, Diag-
nostic products Corporation, Los Angeles, U.S.A.). The
intra- and inter-assay coefficients of variation were 4.7%
and 9.4%, respectively. From the total of 109 steers, only
the top 32 efficient and the bottom 32 inefficient steers,
based on RFI values defined above, had their blood
samples analyzed for the testing period (biweekly sam-
ples). The 24 steers subjected to the 24 h hourly sampling
had their blood plasma analyzed over the circadian period
for PC.

The determination of FCM (ng/g) was performed with a
group-specific 11-oxoetiocholanolone enzyme immunoas-
say, measuring 11,17-dioxoandrostanes (Palme and Möstl,



Table 1
Comparisons between productive performance and other characterization data (means+standard error) of high- and low-feed efficient groups (n¼32
in both groups) of steers.

Traits (abbreviation; unit) High feed efficiency Low feed efficiency P value

Dry matter intake (DMI; kg DM/d) 9.12 (70.14) 10.66 (70.20) o0.001
Average daily gain (ADG; kg/d) 1.91 (70.04) 1.92 (70.06) 0.7265
Feed to gain ratio (F:G) 4.83 (70.13) 5.63 (70.17) o0.001
Residual feed intake (RFI; kg DM/d) −0.74 (70.07) 0.76 (70.09) o0.001
Body weight start trial ( kg) 330.7 (77.8) 335.1 (711.0) 0.6906
Body weight end trial (kg) 513.7 (78.4) 520.2 (711.9) 0.5827
Backfat thickness start trial ( mm) 2.89 (70.28) 3.01 (70.40) 0.7757
Backfat thickness end trial ( mm) 12.49 (70.81) 13.07 (70.57) 0.4806
Ribeye area start trial (cm2) 59.11 (71.00) 58.83 (71.40) 0.8417
Ribeye area end trial (cm2) 108.00 (71.39) 108.41 (71.97) 0.8389
Age start trial (d) 257 (73.4) 266 (74.8) 0.6909
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1997). The intra- and inter-assay coefficients of variation
were 10.1% and 11.9%, respectively. This enzyme immu-
noassay has previously been validated in cattle (Palme
et al., 1999) and successfully applied in this species (Palme
et al., 2000; Pesenhofer et al., 2006; Montanholi et al.,
2010). Similarly to the PC determination, the top 32 and
the bottom 32 feed efficient steers, based on RFI, had their
fecal samples analyzed for FCM over the testing period.
2.4. Statistical analysis

Data were analyzed using SAS software (2003). Pre-
liminary regression analysis conducted using the general
linear model procedure to evaluated effects of breed
composition indicated absence of significant breed effect
(P40.10) on the traits evaluated (data not shown). There-
fore, breed composition were excluded from the analyses
detailed below. The general linear model procedure was
also used to compare means of the feed efficiency groups
(32 steers with high- (HE) and 32 steers with low-feed
efficiency (LE)) and the feed efficiency sub-groups
(12 steers with high- and 12 steers with low-feed effi-
ciency). Correlation analyses, within each feed efficiency
group, were conducted between average circadian PC and
PC considering only samples collected between 8:00 and
12:00 over the circadian cycle, with average PC from the
12 biweekly sampling events and with the last PC
biweekly sample. These analyses were performed using
the correlation procedure. In addition, the repeated mea-
sures over time for FCM and PC during the testing period
and for PC only during the circadian cycle sampling were
analyzed through random regression using the mixed
procedure, according to the following model:

Yijtk ¼ μþ RFIci þ ∑
nf

k ¼ 0
ϕjtkβk þ ∑

nf

k ¼ 0
ϕjtkγjk þ εijtk

where Yijtk is the k-th glucocorticoid level (either PC or
FCM) measured at the t-th time (t¼0–12 biweekly sam-
pling and t¼0–24 hourly sampling for testing period
phase and circadian sampling, respectively) at the j-th
steer from the i-th feed efficiency group (i¼high- and low-
feed efficiency); m is the overall mean for the trait; RFIci is
the fixed effect of the i-th RFI class; ∑nf

k ¼ 0ϕjtkβk are fixed
regression coefficients; ∑nr

k ¼ 0ϕjtkγjk are the k-th random
regression for animal j; ϕjtk is the k-th linear polynomial
for glucocorticoid level of steer j at time t; nf and nr are the
order of the linear polynomial for fixed and animal effects
regressions; and εijtk is the residual random effect asso-
ciated with the t-th measure. Degrees of freedom were
adjusted using the Satterth method. The unstructured
covariance structures used was based upon the compar-
ison of different structures using Bayesian Information
criterion. There was no evidence of pen effect (P40.05);
therefore, pen effect was removed from the models. For all
analysis data were considered statistically significant
when Po0.05.

3. Results

Table 1 presents the comparisons between productive
performance and other characterization traits by feed
efficiency group (HE and LE). The difference in feed intake
between LE and HE groups based on RFI was 1.5 kg/d
(or 252 kg less intake per HE steer over the entire finishing
period) of DMI, while achieving the same body weight and
body composition based on ultrasound assessment, as RFI
was calculated with the inclusion of the total gain in ribeye
area and in backfat thickness during the 168 d of feeding
test. The RFI values of the HE and LE sub-groups, sub-
mitted to the circadian evaluation of PC, were −1.10 and
1.06 kg DM/d, respectively (Po0.001).

Fig. 1 shows PC levels over the 12-biweekly sampling
events by feed efficiency group. The curves for HE and LE
display similar levels over time, and as a result the PC
levels between HE and LE did not differ (HE¼23.9 and LE
22.8 ng/ml; P¼0.54). Conversely, the FCM levels assessed
over the same period (Fig. 2) displayed an overall signifi-
cant difference between the two feed efficiency groups,
with more feed efficient steers having higher levels of FCM
than less feed efficient steers (HE¼32.2 and LE¼19.2 ng/g;
P¼0.02). However, it is important to note that between
the biweekly sampling periods 4 and 7 the difference in
FCM concentrations of the two RFI groups was merely
numeric (P40.10). Furthermore, these two variables
(biweekly PC and FCM) were studied considering only
the 24 steers used in the circadian period study and
comparable results to the original groups of 32 steers
were observed (PC; HE¼25.2 and LE 21.2 ng/ml; P¼0.42
and; FCM; HE¼33.8 and LE¼17.8 ng/g; P¼0.04).



Fig. 1. Plasma cortisol levels over the 12-biweekly sampling events by
feed efficiency group, vertical bars indicate standard error. No difference
between feed efficiency groups for plasma cortisol (P40.05).

Fig. 2. Fecal cortisol metabolites levels over the 12-biweekly sampling
events by feed efficiency group, vertical bars indicate standard error.
Difference between feed efficiency groups for fecal cortisol metabolites
(Po0.05).

Fig. 3. Plasma cortisol levels over the circadian period by feed efficiency
group, vertical bars indicate standard error. No difference between feed
efficiency groups for plasma cortisol over the circadian period (P40.05)
and trend toward significance between 19:00 and 02:00 (P¼0.08).
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The circadian evaluation of PC concentrations is repre-
sented in Fig. 3. Both feed efficiency groups had similar
patterns over the 24 h sampling and the overall PC con-
centration did not differ between the two groups
(HE¼12.7 and LE¼11.9 ng/ml; P¼0.71). However,
between 19:00 and 2:00 h a trend toward significance
was observed with the more feed efficient steers display-
ing higher PC levels than less feed efficient steers
(HE¼22.1 ng/ml and LE¼14.1 ng/ml; P¼0.08). This trend
occurred about 12 h prior to the usual time of fecal
sampling conducted during the biweekly sampling period.

In addition, for the 12-biweekly sampling events, the
average PC was in general obviousously higher than the PC
average over the circadian period for the 24 steers sub-
mitted to both sampling approaches. The average PC levels
were 110% (range: 12–385%) higher for the biweekly
sampling in comparison to the circadian average. A com-
parisons between average PC considering only samples
collected between 8:00 and 12:00 and the last PC biweekly
sample indicated that PC levels from the biweekly
sampling were also of greater magnitude 121% (range:
41–454%). No significant correlations, within each feed
efficiency group, (P40.10) were observed between PC
assessed biweekly and circadian levels of PC as described
above. Additionally, a comparison between the averages of
the first three and last three biweekly samples indicated
greater concentrations of PC for the former (29.95 vs.
17.17 ng/ml; Po0.001).

4. Discussion

The similar patterns of PC over the 12-biweekly sampling
events by feed efficiency group (Fig. 1) suggest that steers
with distinct feed efficiency have indistinguishable cortisol
responses to handling, restraining and blood collection dis-
tress. Previous results from our group, in feedlot steers
(Montanholi et al., 2010) also observed a similar lack of
association between PC and performance traits. In contrast,
Richardson et al. (2004) reported correlations (Po0.05) of
−0.58 and −0.40 between PC and DMI and RFI, respectively,
based on a single PC determination during the feedlot phase.
Plasma cortisol levels are subject to sudden and great
changes within minutes (von Holst, 1998). According to
Hopster et al. (1999) cortisol baseline levels may be assessed
in cattle only if blood collection occurs within 1 min of first
approaching the cow, which is unpractical in commercial
operations. These authors (Hopster et al., 1999) also observed
that jugular puncture may induce an increase in cortisol
concentration, which seems to depend on the handling
experience of the animals and on individual differences. It
seems that this observation also applies to the current study,
it is notorious on Fig. 1 that levels of PC were lower for both
group of steers (HE and LE) at the end of the biweekly
sampling, after being handled several times, in comparison to
the start of the trial.

On the other hand, the FCM results indicated higher
concentrations of these metabolites over the 12-biweekly
sampling events in HE in comparison to LE steers (Fig. 2).
These results are in line with the findings of Montanholi
et al. (2010), where only two fecal samples harvested 56 d
apart per steer were analyzed for FCM and found to be
associated with feed efficiency. It is also important to note
that all measured FCM values were within the range for
the bovine and thus did not indicate the occurrence of
acute stress prior to sampling (Palme et al., 1999; 2000;
Pesenhofer et al., 2006; Rouha-Mülleder et al., 2010),
while a negative relationship could be expected between
improved performance and levels of glucocorticoids, due
to the well known associations between cortisol reactivity
and the associated deleterious effects on productive



Y.R. Montanholi et al. / Livestock Science 155 (2013) 130–136 135
performance (Purchas et al., 1980). It is important the
highlight that FCM levels are indicating the baseline levels
of glucocorticoids (Palme, 2012) and not the cortisol
reactivity in the way that the current experiment was
conducted.

The superior feed efficiency associated with increased
levels of glucocorticoids may be explained by the anabolic
effects of these substances and by distinct behavioral
responses. Glucocorticoids in low doses are reported to be
used as growth promoters in cattle (Courtheyn et al., 2002).
Thus, the natural higher baseline of FCM in HE steers may
explain the better productive efficiency of this group of
steers. In the same way, behavioral studies (as reviewed by
Koolhaas et al. (1999)) have revealed higher cortisol baseline
in animals more likely to have higher energetic efficiency due
to differences in coping styles. According to these authors
(Koolhaas et al., 1999), animals considered bold have low
cortisol baselines and when exposed to stress situations
display a sympathetic response (fight and flight response);
conversely, shy animals have high cortisol baselines and
under stress present a parasympathetic response (conserva-
tion-withdrawal response). Therefore, one can suggest that
HE steers are considered shy and LE steers could be
considered bold.

The reasons of why the FCM concentrations of HE and
LE steers were close between periods 4 and 7 (Fig. 2) is not
completely clear; however there are two potential expla-
nations. First, this could be the seasonal effect on cortisol
secretion, given that during those periods (March and
April) the day length increases in a great fashion in the
Northern Hemisphere. There are evidences of seasonal
effects on cortisol secretion in squirrels (Boswell et al.,
1994) and in deer (Ingram et al., 1999) but no evidences
has been found in the bovine. Second, this period also
coincides with the calving season of a herd with 150 cows
at the research station in a facility near (50 m) to the
feedlot where the steers were housed. The increased
vocalization in the cow herd during the calving season
could cause a chronic distress in the steers (as reviewed by
Manteuffel et al. (2004)) affecting the baseline levels of
cortisol during such period.

Evaluation of the cortisol profile over the circadian cycle
revealed that PC, in both groups of steers, is secreted
episodically characterized by irregular, short term fluctua-
tions with high individual variability, which is comparable to
the study conducted by Thun and Eggenberger (1996) also in
steers. A circadian rhythmwith higher levels in the night and
early morning and lower concentrations over the day was
observed. This pattern differs from the results of Thun and
Eggenberger (1996) but was similar to the pattern found by
Fulkerson et al. (1980) in dairy cows. In addition, one could
argue that cortisol levels may have been affected by the mild
sedation with xylazine but apparently this is not the case
(Fayed et al., 1994). It is also interesting to notice that during
the period of raising PC concentration for both groups of
steers a trend for higher PC levels for HE steers was observed.
During this period (19:00 and 2:00) it was observed that
steers have less physical activity in their stall and spend more
time lying and ruminating (observation not quantified by the
researcher). This period also coincides with the time period
12 h before the time that fecal samples were collected during
the 14 biweekly periods. Therefore, this might be providing
further evidences that trend of higher PC is associated with
greater levels of FCM due to lag of about 12 h between PC
and FCM (Palme, 2012).

Despite of the limitations in comparing PC collected
over distinct periods, the comparison of the 2 groups of 12
steers that were both sampled over 12-biweekly events
and over the circadian period revealed that handling and
restraining cattle for blood sampling greatly affects PC.
Curley Jr. et al. (2008) provided evidence that fearfulness
traits (which is experienced by cattle while being handled,
restrained and blood sampled) are directly associated with
PC. The tremendous difference in PC by handling and
restraining cattle in comparison to jugular catheterization
suggests that the first procedure is not recommended for
assessing basal values for PC, which was also elegantly
demonstrated by Carragher et al. (1997).

Thus, these results underline that FCM are better suited
than PC to evaluate baseline adrenocortical activity (Palme
et al., 1999) and provide further evidences to support the
appropriateness of FCM as a biomarker for feed efficiency
in the bovine. Further studies are warranted to evaluate
seasonal patterns, differences among animal types (hei-
fers, cows and bulls), influence of different husbandry
systems and effects of physiological states on FCM.
5. Conclusions

This study reinforces the positive association between
improved feed efficiency and FCM levels over the entire
finishing phase; and the lack of association between feed
efficiency and PC when single samples are collected every
two weeks through a single jugular venipuncture after
handling and restraining the cattle for sampling. Further
studies for developing sampling protocols for assessing the
use of FCM as an indicator trait for feed efficiency and
studies to gain better understanding of the role that
endogenous glucocorticoids may play in regulating pro-
ductive performance of the bovine are warranted.
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