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INTRODUCTION

Certain European nations have banned the use 
of ionophores such as monensin (MON), classifying 
them as antibiotics (European Parliament, Council 
of the European Union, 2003). This has instigated a 
search for replacements for ionophores (Castillo et 
al., 2004; Meyer et al., 2009; Anassori et al., 2011).
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ABSTRACT: The objective of this study was to 
evaluate the effects of replacing monensin (MON) 
with a spray-dried multivalent polyclonal antibody 
preparation (PAP) against several ruminal microorgan-
isms on feedlot performance, carcass characteristics, 
feeding behavior, blood gas profile, and the rumenitis 
incidence of Brangus and Nellore yearling bulls. The 
study was designed as a completely randomized design 
with a 2 × 2 factorial arrangement, replicated 6 times (4 
bulls per pen and a total of 24 pens), in which bulls (n = 
48) of each biotype were fed diets containing either 
MON fed at 300 mg/d or PAP fed at 3 g/d. No sig-
nificant feed additive main effects were observed for 
ADG (P = 0.27), G:F (P = 0.28), HCW (P = 0.99), or 
dressing percentage (P = 0.80). However, bulls receiv-
ing PAP had greater DMI (P = 0.02) and larger (P = 
0.02) final LM area as well as greater (P < 0.01) blood 
concentrations of bicarbonate and base excess in the 
extracellular fluid than bulls receiving MON. Brangus 
bulls had greater (P < 0.01) ADG and DMI expressed 

in kilograms, final BW, heavier HCW, and larger ini-
tial and final LM area than Nellore bulls. However, 
Nellore bulls had greater daily DMI fluctuation (P < 
0.01), expressed as a percentage, and greater incidence 
of rumenitis (P = 0.05) than Brangus bulls. In addition, 
Brangus bulls had greater (P < 0.01) DMI per meal 
and also presented lower (P < 0.01) DM and NDF 
rumination rates when compared with Nellore bulls. 
Significant interactions (P < 0.05) between biotype 
and feed additive were observed for SFA, unsaturated 
fatty acids (UFA), MUFA, and PUFA concentrations in 
adipose tissues. When Nellore bulls were fed PAP, fat 
had greater (P < 0.05) SFA and PUFA contents but less 
(P < 0.01) UFA and MUFA than Nellore bulls receiv-
ing MON. For Brangus bulls, MON led to greater (P < 
0.05) SFA and PUFA and less (P < 0.05) UFA and 
MUFA than Brangus bulls fed PAP. Feeding a spray-
dried PAP led to similar feedlot performance compared 
with that when feeding MON. Spray-dried PAP might 
provide a new technology alternative to ionophores.
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One alternative to ionophores that has been 
evaluated in vivo recently is passive immuniza-
tion (DiLorenzo et al., 2008; Blanch et al., 2009). 
Vaccination and oral doses of antibodies against lac-
tate-producing ruminal bacteria have led to a reduc-
tion in concentration of rumen lactate (Shu et al., 
1999), greater ruminal pH (DiLorenzo et al., 2006), 
and greater DMI (Gill et al., 2000; Shu et al., 2000). 
In addition, feeding a multivalent polyclonal antibody 
preparation (PAP) against several ruminal microor-
ganisms led to feedlot performance of yearling bulls 
similar to that of bulls receiving MON (Pacheco et 
al., 2012). Furthermore, rumenitis scores of bulls re-
ceiving a multivalent PAP were lower than for bulls 
receiving MON. Marino et al. (2011) reported that 
feeding multivalent PAP was as effective as MON at 
increasing ruminal pH 2, 4, and 6 h after feeding.

The PAP trials described above used oral doses 
of a liquid PAP product that was top-dressed onto the 
diet. Use of liquid supplements involves higher freight 
costs and a reduced shelf life. Use of a powder form 
of PAP should facilitate the feeding management, as it 
could increase shelf life and allow inclusion in mineral 
supplements. The objective of this study was to evalu-
ate performance response to replacing MON with a 
spray-dried multivalent PAP against several ruminal 
microorganisms and immunogens. Carcass charac-
teristics, feeding behavior, blood gas profiles, and 
rumenitis of Brangus and Nellore yearling bulls fed 
high-concentrate diets were monitored. Because inter-
nal and external fat depots may differ in composition 
(Waldman et al., 1968), their interactions with differ-
ent breeds and feed additives were evaluated as well.

MATERIALS AND METHODS

Animals care procedures followed guidelines es-
tablished by the São Paulo State University Ethical 
Committee for Animal Research (CONCEA, 2013) .

Polyclonal Antibody Preparations

Procedures for preparation of PAP followed those 
described by DiLorenzo et al. (2006) except that a multi-
valent PAP was tested (Pacheco et al., 2012) instead of a 
preparation containing only a single antibody. In addition, 
the liquid product containing the polyclonal antibodies 
was spray dried with hot air to form a powder. Polyclonal 
antibodies (RMT Optimize) were produced by CAMAS 
Inc. (Le Center, MN). The commercial product contains 
immunoglobulins with approximately 26% of antibod-
ies being active against Streptococcus bovis (ATCC 
9809), 12% against Fusobacterium necrophorum (ATCC 
27852), and 48% against proteolytic bacteria Clostridium 

sticklandii (ATCC 12662), Clostridium aminophilum 
(ATCC 49906), or Peptostreptococcus anaerobius 
(ATCC 49031). The remaining antibodies (14%) had ac-
tivities against Escherichia coli O157:H7 (ATCC 43895). 
Streptococcus bovis is a primary lactic acid–producing 
bacteria of ruminants and Fusobacterium necrophorum 
is involved with the development of liver abscesses in 
acidotic cattle. Clostridium sticklandii, Clostridium ami-
nophilum, and Peptostreptococcus anaerobius are hyper-
ammonia-producing bacteria. Escherichia coli O157:H7 
is a foodborne pathogen that dwells in the rumen and ter-
minal rectum of bovine species.

Animals and Management Description

The study was performed at the São Paulo State 
University feedlot, Botucatu campus, Brazil, with 96 
7-mo-old yearling bulls (48 Nellore and 48 Brangus 
[five-eighths Red Angus × three-eighths Nellore]) 
housed in 24 pens (5 by 5.35 m; n = 4 bulls per pen). 
Mean initial BW was 257.8 ± 14.7 and 310.9 ± 13.5 kg 
for the Nellore and Brangus bulls, respectively. All 
bulls came from the same ranch and pastures, and all 
had the same nutritional background.

At arrival, bulls were dewormed, vaccinated 
(tetanus, bovine viral diarrhea virus, and 7-way 
Clostridium spp.; Cattlemaster and Bovishield; Pfizer 
Animal Health, New York, NY) and subsequently 
adapted to pens and diets during a 4-wk period, when 
a 55% concentrate diet was fed (Table 1), before di-
etary additives were applied.

Feed ingredients were mixed in a truck-mounted 
mixer. Bulls were fed for ad libitum intake twice daily 
throughout the study with fresh feed added at 0800 (40% 
of total ration) and 1500 h (60% of total ration). The ra-
tion was delivered to a feed bunk (5 m, with 1.25 m 
per bull for each pen). The amount of fresh feed added 
was adjusted daily based on the amount of feed refusals 
remaining before the morning feed delivery (at 0700 h). 
Refused feed was discarded daily. Bulls had free-choice 
access to water troughs (0.89 by 1.00 by 1.00 m).

Treatments and Diets

The study was a completely randomized design with 
a 2 × 2 factorial arrangement of treatments, replicated 6 
times (4 bulls per pen, total of 24 pens), in which 48 bulls 
of each biotype were fed diets supplemented with either 
MON (Rumensin; Elanco Animal Health, Indianapolis, 
IN) fed at 300 mg/d or PAP (RMT Optimize; CAMAS 
Inc.) fed at 3 g/d, both via a feed-mixed supplement. A 
new batch of supplement containing either PAP or MON 
was prepared daily just before the morning feed deliv-
ery to reach the target levels described. The study was 
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designed to evaluate the effects of replacing MON with 
PAP, so a negative control group was not used.

Cattle were moved through a total of 3 feeding 
periods for this study: adaptation, growing, and fin-
ishing. Longissimus muscle area and rib fat thickness 
were measured via ultrasound in the beginning and at 
the end of the growing and finishing periods following 
a method described by Perkins et al. (1992). A single 
trained technician collected and read all images, which 
were collected using an Aloka SSD-1100 Flexus real-
time ultrasound unit (Aloka Co. Ltd., Tokyo, Japan) 
with a 17.2-cm 3.5-MHz probe. Diets fed in the ad-
aptation, growing, and finishing periods contained 55, 
70, and 85% concentrate, respectively, and were com-
posed of coast cross hay (Cynodon dactylon), sugar-
cane bagasse, high-moisture rolled corn grain, cracked 
corn grain, pelleted citrus pulp, soybean meal, and a 
mineral supplement (Table 1). Diets were formulated 
to match nutrient requirements specified by the NRC 
(2000) for ADG of 1.4 kg.

A 55% concentrate diet was fed the first 28-d period 
to adapt bulls to their subsequent diets. At the conclu-
sion of adaptation, bulls were switched to the growing 
(70% concentrate) period. Criteria to shift to finishing 
diet (85% concentrate) were based on ultrasound-de-
rived 12th-rib fat thickness measurements. When bulls 
reached a minimum threshold of 3 mm of 12th-rib fat 
thickness, based on the average across all treatment 
groups, cattle were switched from the growing to the 
finishing period. Daily DMI was recorded by weighing 
feed offered (0800 h) and refused (0700 h the following 
morning) within each pen and expressed in kilograms 
and as a percentage of mean BW during the growing 
and finishing periods. Cattle were weighed at the begin-
ning and end of growing and finishing periods, during 
which feedlot performance, feeding behavior, blood gas 
profile, blood lipoproteins profile, and ultrasound mea-
sures were collected. Feed was withheld 16 h before 
each BW assessment. Bulls were harvested (n = 96; 
4 bulls per pen) when 12th-rib fat thickness of 4 mm 
was achieved based on the average across all treatment 
groups, as assessed by ultrasound, to achieve minimum 
fat cover for Brazilian market requirements. Final BW 
was obtained before transporting bulls for 64 km to the 
commercial abattoir (approximately 2 h), where HCW 
was obtained after KPH fat removal. Dressing percent-
age was calculated by dividing HCW by final BW.

Diets were sampled weekly with samples analyzed 
immediately for DM and CP (methods 930.15 and 
990.02, respectively; AOAC, 1997) and for NDF and 
ADF as described by Pacheco et al. (2012). Moreover, 
samples of diets and feed refusals collected during the 
24-h feeding behavior measurements were analyzed 
for DM and NDF as described.

Dry Matter Intake Fluctuations

Daily DMI fluctuation was calculated for each pen as 
the difference in intake between consecutive days within 
each period (Bevans et al., 2005). Daily DMI fluctuation 
was expressed in kilograms and as variation according 
to the following formula: DMI fluctuation in kilograms/
DMI of the previous day in kilograms × 100. The final 
data from each pen represented the average daily DMI 
fluctuation for each feeding period: growing and finishing.

Feeding Behavior

Data collection of behavior was made visually twice 
during the study, 20 d after the beginning of the grow-
ing and finishing feeding periods, according to Robles 
et al. (2007). Feeding behavior data were recorded ev-
ery 5 min during 24-h period for each animal as fol-
lows: time spent eating (EAT), time spent ruminating 

Table 1. Feed ingredients and chemical composition 
of high-concentrate diets fed to yearling beef bulls

 
Item

Period
Adaptation Growing Finishing

Days fed 28 56 56
Ingredient, % of DM

Coast cross hay 16.4 3.3 5.7
Sugarcane bagasse 28.4 26.7 9.4
High-moisture corn grain (72% DM) 16.4 19.6 31.9
Corn grain cracked1 10.4 15.6 8.4
Citrus pulp pellets 9.0 15.0 32.4
Soybean meal (44% CP) 17.9 18.3 10.5
Loose, dry supplement2 1.5 1.5 1.7

Nutrient content, % of DM
DM, % 74.0 73.0 71.0
TDN 69.0 72.0 78.0
NEg, Mcal/kg of DM3 0.99 1.08 1.24
Total nonfiber carbohydrate3 42.2 47.0 58.6
CP 16.8 15.6 13.2
RDP3 12.1 11.7 10.0
Ether extract4 3.3 3.6 3.8
NDF 36.4 30.2 20.4
Ca4 0.46 0.54 0.89
P4 0.34 0.35 0.32

1Geometric mean diameter = 3.6 mm.
2Supplement contained 30% urea as a N source as well as 26.7% Ca, 

5.3% P, 10.9% Na, 1.5% S, 2,600 mg/kg Zn, 1,300 mg/kg Mn, 1,032 mg/
kg Cu, 45.0 mg/kg I, 15.0 mg/kg Se, 154 mg/kg Co, and 2,500 mg/kg 
Fe. Monensin and polyclonal antibody preparation were included into the 
supplement only during the growing and finishing periods.

3Estimated from book values for ingredients (NRC, 2000).
4Ether extract was determined gravimetrically after extraction using 

petroleum ether in a Soxhlet extractor (method 920.85; AOAC, 1990). 
Calcium and P were determined according to methods 968.08 (AOAC, 
1995) and 965.17 (AOAC, 1990), respectively.
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(RUM), and time spent resting, expressed in minutes, 
and number of meals per day. Also, DMI and NDF in-
take for each pen were measured on the day data were 
collected. Meal length in minutes was calculated by di-
viding EAT by number of meals per day. Dry matter 
intake per meal in kilograms was calculated by dividing 
DMI by number of meals per pen each day. Also, EAT 
and RUM data were used to calculate DM consump-
tion rate (DMCR; EAT/DMI) and DM rumination rate 
(RUM/DMI) expressed in minutes per kilogram of DM 
as well as NDF consumption rate (NDFCR; EAT/NDF 
intake) and NDF rumination rate (RUM/NDF intake) 
expressed in minutes per kilogram of NDF.

Blood Gas and Blood Lipoproteins Profiles

Blood samples were collected twice during the study: 
on d 15 of the growing and finishing periods. Blood sam-
ples immediately were placed on ice and analyzed within 
2 h of collection. For blood gas profile, jugular venous 
whole blood was collected in 1-mL syringes containing 
sodium heparin 3 h after the morning feed delivery. The 
following blood parameters were determined with a pH/
blood gas analyzer (BAYER Rapid Lab 865; Siemens 
Healthcare Diagnostics Inc., Deerfield, IL) as described 
by Brossard et al. (2003): pH, bicarbonates (HCO3), total 
CO2 content (TCO2), base excess in whole blood (BEB), 
and base excess in extracellular fluid (BEECF). For 
blood lipoproteins profile, jugular venous whole blood 
was collected in 10-mL vacuum tubes (BD Vacutainer, 
Franklin Lakes, NJ) that contained sodium heparin. 
Cholesterol, high-density lipoprotein (HDL), and tri-
glyceride concentrations were determined by using 
commercial enzymatic kits (Laborlab, Guarulhos, São 
Paulo, Brazil) as described by Allain et al. (1974). The 
concentration of very-low-density lipoprotein (VLDL) 
was calculated by dividing the triglyceride concentration 
by 5. Low-density lipoprotein (LDL) concentration was 
calculated as LDL = cholesterol – (HDL + VLDL).

Meat Cholesterol

After 24 h at 0°C, a 2.54-cm-thick steak sample 
from the LM of each carcass was harvested between 
12th and 13th ribs and vacuum-packaged for meat 
cholesterol analysis as described by Folch et al. (1957) 
and Bohac et al. (1988).

Rumenitis and Liver Abscess Incidences

Rumenitis was assessed after bulls were eviscerat-
ed and entire rumen contents washed. Rumen epitheli-
um was classified according to the incidence of lesions 
(rumenitis) and abnormalities (e.g., papillae clumped) 

as described by Bigham and McManus (1975) using a 
scale of 0 (no lesions and abnormalities noted) to 10 
(severe ulcerative lesions). All rumens were scored by 
2 trained individuals who were blind to the treatments, 
and final data represented the average of the 2 scores. 
Livers were scored for severity of abscesses using the 
system reported by Brink et al. (1990).

Fatty Acids Profile

After 24 h of carcass chill, 3-g adipose tissue sam-
ples from 3 different sites were harvested: 1) subcuta-
neous (s.c.) from LM between 11th and 12th ribs, 2) 
pelvic, and 3) intermuscular (between biceps femoris 
and gluteus medius muscles). After harvest, samples 
were immediately frozen in liquid nitrogen at –196°C 
and transported in a nitrogen tank to the São Paulo 
State University Meat Lab (Botucatu, Brazil) for fatty 
acids profile assays. After thawing, the s.c. adipose tis-
sue samples were reduced to paste with a Robot Coupe 
R301 Ultra food processor (Robot-coupe, Burgundy, 
France). A 400-mg sample, including connective tissue, 
was homogenized in the chloroform–methanol mix 
with an Ultra Turrax (IKA Works Inc., Artur Nogueira, 
Brazil) and filtered (Whatman paper number 4; Sigma-
Aldrich, St. Louis, MO) to remove residual connective 
tissue. Fatty acids were measured as described by Noci 
et al. (2005) and Pacheco et al. (2012).

Statistical Analysis

Rumenitis scores were analyzed as nonparametric 
data by the NPAR1WAY procedure of SAS (SAS Inst., 
Inc., Cary, NC) and the Kruskal–Wallis test was used to 
compare means. Hot carcass weight, dressing percent-
age, and kidney–pelvic fat were analyzed as completely 
randomized design with a 2 × 2 factorial arrangement us-
ing the MIXED procedure of SAS and the Tukey test to 
compare means. The models included the main effects of 
biotypes (Brangus and Nellore), feed additive (PAP and 
MON), and the biotype × feed additive interaction.

Feedlot performance, ultrasound measurements, 
feeding behavior, blood gas profile, and blood lipopro-
teins profile were analyzed as repeated measures using 
the MIXED procedure of SAS and the Tukey test to 
compare means. Period was included as the REPEATED 
option of SAS, with pen as the subject. The model in-
cluded feed additive, biotype, biotype × feed additive, 
period (growing and finishing), period × biotype, pe-
riod × feed additive, and period × biotype × feed addi-
tive. The fatty acid profile was analyzed as described for 
the feedlot performance but replacing period with site 
of fat harvest. Each variable analyzed as repeated mea-
sures was subjected to 8 covariance structures: unstruc-
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tured, compound symmetric, heterogeneous compound 
symmetric, autoregressive of order 1, heterogeneous 
first-order autoregressive, toeplitz, heterogeneous to-
eplitz, and ante-dependence of order 1. The covariance 
structure that yielded the smaller Akaike and Schwarz’s 
Bayesian criterion based on their –2 restricted log-like-
lihood was considered to provide the best fit.

Results were considered significant at P < 0.05. 
Analyses of variance included initial BW as an ini-
tial measurement covariate, which was retained in 
the model only when it was found to be significant 
(P < 0.05). Tests for normality (Shapiro–Wilk and 
Kolmogorov–Smirnov) and heterogeneity of treat-
ment variances (GROUP option of SAS) were per-
formed before analyzing the data. Pen was considered 
the experimental unit in all measurements in this study.

RESULTS

Feedlot Performance and Carcass Characteristics
Feedlot performance and carcass characteristics 

results are presented in Table 2. No feed additive main 

effects were detected for the feedlot performance vari-
ables and carcass characteristics except for daily DMI 
expressed in kilograms (DMIKG) or as a percentage 
of BW (DMIBW), final LM area, and 12th-rib fat dai-
ly gain. Bulls receiving PAP had greater DMIKG (P = 
0.02) and DMIBW (P < 0.01) as well as larger (P = 
0.02) final LM area when compared with bulls receiv-
ing MON. However, bulls fed MON presented greater 
(P < 0.01) 12th-rib fat daily gain than those fed PAP. In 
addition, an interaction between feed additive and pe-
riod was significant (P = 0.001), where no differences 
for initial LM area in the growing period (P = 0.92) 
were detected; however, bulls receiving PAP present-
ed larger (P = 0.03) LM area at the beginning of the 
finishing period (Fig. 1). Moreover, bulls fed PAP had 
greater (P < 0.01) LM area daily gain during the grow-
ing period than bulls fed MON; however, no difference 
was observed (P = 0.98) between bulls receiving PAP 
and MON during the finishing period (Fig. 1).

Brangus bulls had greater initial and final BW, 
heavier HCW, increased kidney–pelvic fat in kilograms, 
and larger initial and final LM areas when compared 
with Nellore bulls. On the other hand, Nellore bulls had 

Table 2. Effect of 2 biotypes (Nellore and Brangus [five-eighths Red Angus and three-eighths Nellore]) provided 
monensin (MON) or polyclonal antibody preparation (PAP) on feedlot performance and carcass characteristics of 
yearling beef bulls consuming high-concentrate diets during the growing and finishing periods (n = 24)

 
Variable

Biotype (BT) Feed additive1 (FA) Period2  
SEM

P-value
Brangus Nellore PAP MON GRO FNS BT FA Period

Feedlot performance
Initial BW, kg 310.9a 257.8b 283.8 284.9 281.2b 357.0a 6.80 <0.01 0.88 <0.01
Final BW, kg 470.3a 385.0b 428.0 427.3 357.0b 427.6a 8.52 <0.01 0.93 <0.01
ADG,3 kg 1.42 1.15 1.30 1.27 1.30 1.27 0.022 <0.01 0.27 0.16
Daily DMI,3 kg 8.36 6.49 7.60a 7.24b 6.76 8.08 0.14 <0.01 0.02 <0.01
Daily DMI,3 % of BW 2.14 2.00 2.11a 2.03b 2.10 2.04 0.021 <0.01 <0.01 0.03
G:F, kg/kg 0.172 0.179 0.173 0.178 0.194a 0.157b 0.0034 0.14 0.28 <0.01
Daily DMI fluctuation, kg 0.51 0.53 0.53 0.52 0.54 0.51 0.012 0.34 0.50 0.07
Daily DMI fluctuation, % 7.67b 10.30a 9.00 9.02 10.28a 7.70b 0.23 <0.01 0.87 <0.01
Carcass characteristics
HCW, kg 251.1a 206.1b 228.6 228.6 – – 3.25 <0.01 0.99 –
Dressing percentage 52.8 52.9 52.9 52.8 – – 0.25 0.63 0.80 –
Kidney–pelvic fat, kg 4.23a 3.22b 3.71 3.73 – – 0.38 0.02 0.95 –
Kidney–pelvic fat, % of HCW 1.69 1.54 1.61 1.62 – – 0.16 0.38 0.97 –
Initial LM area,4 cm2 59.3a 48.1b 54.5 52.9 49.4 58.0 1.05 <0.01 0.13 <0.01
Final LM area, cm2 68.8a 57.6b 64.5a 61.8b 58.0b 68.3a 1.08 <0.01 0.02 <0.01
LM area daily gain,4 cm2 0.170 0.165 0.179 0.157 0.151 0.184 0.0071 0.49 <0.01 <0.01
Initial 12th-rib fat,5 mm 2.81 2.68 2.76 2.74 2.29b 3.20a 0.13 0.29 0.87 <0.01
Final 12th-rib fat,3 mm 4.27 3.80 3.94 4.12 3.20 4.86 0.15 <0.01 0.24 <0.01
12th-rib fat daily gain,3 mm 0.026 0.020 0.021b 0.025a 0.016 0.030 0.0013 <0.01 <0.01 <0.01

a,bWithin a row, means without a common superscript letter differ (P < 0.05).
1PAP was fed at 3 g/d and MON was fed at 300 mg/d.
2GRO = growing; FNS = finishing.
3Interaction between biotype and period (P = 0.001).
4Interaction between feed additive and period (P = 0.001).
5Back fat thickness measured on 12th rib.



Millen et al.4392

greater daily DMI fluctuation, expressed as a percentage, 
than Brangus bulls. A significant biotype × period inter-
action was found for ADG (P = 0.01), where Brangus 
bulls maintained ADG that were similar (P = 0.89) be-
tween the growing and finishing periods but ADG was 
lower (P = 0.01) in the finishing period compared with 
the growing period for Nellore bulls (Fig. 2A); DMIKG 
(P < 0.01), in which Brangus bulls presented greater 
(P < 0.01) DMIKG than Nellore bulls during the grow-
ing period (7.48 vs. 6.04 kg) but an even greater dif-
ference existed during the finishing period (9.24 vs. 
6.93 kg; data not shown); DMIBW (P < 0.01), where 
Brangus bulls had greater (P < 0.01) DMIBW only dur-
ing the finishing period (Fig. 2B); final 12th-rib fat (P < 
0.01), where Brangus bulls presented greater (P < 0.01) 
12th-rib fat thickness only at the end of the finishing 
period (Fig. 2C); and 12th-rib fat daily gain (P < 0.01), 
where Brangus bulls had greater (P < 0.01) rate of s.c. 

adipose tissue accretion than Nellore cattle only during 
the finishing period (Fig. 2D).

Feeding Behavior

Feeding behavior results are presented in Table 3. A 
significant biotype × feed additive interaction was ob-
served (P = 0.03) for meals per day, in which Nellore 
bulls fed MON had (P < 0.05) more meals per day (n = 
17.1) than Nellore bulls fed PAP (n = 15.1) or Brangus 
bulls fed either MON (n = 15.6) or PAP (n = 15.6; data 
not shown). No significant feed additive main effects 
were observed for any of the feeding behavior variables 
with the exception of meals per day, meal length, and 
DMI per meal. Bulls receiving PAP had longer meal 
length (P = 0.04) and greater DMI per meal (P = 0.04) 
than bulls receiving MON. An interaction between feed 
additive and period was observed (P = 0.02) for RUM, 
in which bulls fed MON spent more time ruminating 
(P = 0.05) in the finishing period (337 vs. 292 min), but 
no difference was observed (P = 0.97) between bulls re-
ceiving MON and PAP during the growing period (467 
and 460 min, respectively; data not shown).

Brangus bulls had greater DMI, NDF intake, and 
DMI per meal and also consumed both DM and NDF 
faster than Nellore bulls. Significant biotype × period in-
teractions were observed for EAT (P = 0.04), where, com-
pared with Nellore bulls, Brangus bulls spent more time 
eating (P = 0.05) only in the growing period (Fig. 3A); 
meal length (P < 0.01), in which Brangus bulls had (P = 
0.04) more meals per day than Nellore bulls only in the 
growing period (Fig. 3C); and DMCR (P = 0.02) and 
NDFCR (P < 0.01), where, compared with Nellore bulls, 
Brangus bulls consumed both DM and NDF faster (P < 
0.02) in both the growing and the finishing periods, but 
the difference was larger during the finishing than during 
the growing phase (Fig. 3B and 3D).

Blood Gas Profiles

Blood gas profile results are presented in Table 4. 
Bulls receiving PAP had greater concentrations of 
HCO3, TCO2, BEB, and BEECF than bulls receiving 
MON. Brangus bulls had greater (P = 0.05) concentra-
tions of HCO3 and TCO2 than Nellore bulls.

Blood Lipoprotein Concentrations  
and Meat Cholesterol

Lipoprotein concentration results are shown in 
Table 5. No significant (P > 0.10) feed additive main ef-
fects or interactions were observed for any of the blood 
lipoprotein concentration variables with the exception 

Figure 1. Interaction of feed additive (monensin [MON] or poly-
clonal antibody preparation [PAP]) with feeding period on initial LM area 
(P = 0.02; panel A), and LM area daily gain (P = 0.04; panel B) of bulls fed 
high-concentrate diets (n = 24; pooled SEM = 0.759 and 0.0083 for panels 
A and B, respectively). a–cMeans without a common superscript letter dif-
fer (P < 0.05). Error bars represent pooled SEM.
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Figure 2. Interaction of biotype (Nellore and Brangus [five-eighths Red Angus and three-eighths Nellore]) during the growing and finishing periods 
on ADG (P = 0.01; panel A), DMI expressed as percent of BW (P = 0.008; panel B), final 12th-rib fat (P < 0.0001; panel C), and 12th-rib fat daily gain (P = 
0.0005; panel D) of bulls fed high-concentrate diets (n = 24; pooled SEM = 0.021, pooled SEM = 0.023, pooled SEM = 0.11, and pooled SEM = 0.0012 for 
panels A, B, C, and D, respectively). a–cMeans without a common superscript letter differ (P < 0.05). Error bars represent pooled SEM.

Table 3. Effect of 2 biotypes (Nellore and Brangus [five-eighths Red Angus and three-eighths Nellore]) provided 
monensin (MON) or polyclonal antibody preparation (PAP) on feeding behavior of yearling beef bulls consum-
ing high-concentrate diets during the growing and finishing periods (n = 24)

 
Variable1

Biotype (BT) Feed additive2 (FA) Period3  
SEM

P-value
Brangus Nellore PAP MON GRO FNS BT FA Period

Time spent eating,4 min/d 216.3 211.5 215.0 212.8 261.0 166.7 4.4 0.44 0.73 <0.01
Time spent ruminating,5 min/d 398.2 380.1 376.3 402.0 463.4 314.9 10.0 0.24 0.11 <0.01
Time spent resting, min/d 830.5 853.4 853.8 830.2 720.4b 963.5a 12.4 0.24 0.23 <0.01
Meals per day,6 no. 15.6 16.1 15.4 16.4 15.6 16.2 0.34 0.26 0.04 0.17
DMI, kg/d 8.73a 6.81b 7.77 7.78 7.76 7.78 0.19 <0.01 0.97 0.90
NDF intake, kg 2.19a 1.74b 1.97 1.96 2.34a 1.59b 0.043 <0.01 0.85 <0.01
Meal length,4 min 14.1 13.2 14.1a 13.2b 17.0 10.4 0.32 0.09 0.04 <0.01
DMI per meal, kg 0.56a 0.43b 0.51a 0.47b 0.51a 0.48a 0.014 <0.01 0.04 <0.01
DMCR,4 min/kg of DM 25.06 31.10 28.29 27.86 33.83 22.32 0.72 <0.01 0.67 <0.01
NDFCR,4 min/kg of NDF 97.32 124.12 112.0 109.45 112.1 109.43 3.40 <0.01 0.61 0.54
DMRR, min/kg of DM 45.78b 55.79a 48.98 52.59 60.31a 41.26b 1.53 <0.01 0.16 <0.01
NDFRR, min/kg of NDF 181.16b 221.84a 194.39 208.61 199.71 203.29 6.33 <0.01 0.17 0.49

a,bWithin a row, means without a common superscript letter differ (P < 0.05).
1DMCR = DM consumption rate; NDFCR = NDF consumption rate; DMRR = DM rumination rate; NDFRR = NDF rumination rate.
2PAP was fed at 3 g/d and MON was fed at 300 mg/d.
3GRO = growing; FNS = finishing.
4Interaction between biotype and period (P < 0.05).
5Interaction between feed additive and period (P = 0.02).
6Interaction between biotype and feed additive (P = 0.03).
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of HDL. Bulls receiving PAP had greater concentra-
tions of HDL (P = 0.04) than bulls receiving MON.

Between biotypes, Nellore bulls had greater (P < 
0.01) concentrations of blood VLDL and triglycer-
ides than Brangus bulls. No main effects of biotype 
were observed for blood concentrations of cholesterol, 
HDL, and LDL.

No effects of feed additive (39.2 mg/dL for PAP 
and 36.5 mg/dL for MON) or of biotype (35.3 mg/
dL for Brangus and 37.3 mg/dL for Nellore) were de-

tected for cholesterol concentrations in the LM muscle 
(data not shown).

Rumenitis and Liver Abscesses

No liver abscesses were found in any bulls in this 
study. There was no interaction (P = 0.95) between bio-
type and feed additive for rumenitis scores. A significant 
biotype main effect (P = 0.05) was observed, where 
Nellore bulls had greater rumenitis scores than Brangus 
bulls (2.60 vs. 1.25). However, no main effect (P = 0.22) 

Table 4. Effect of 2 biotypes (Nellore and Brangus [five-eighths Red Angus and three-eighths Nellore]) provided 
monensin (MON) or polyclonal antibody preparation (PAP) on blood gas profiles of yearling beef bulls consum-
ing high-concentrate diets during the growing and finishing periods (n = 24)

 
Variable1

Biotype (BT) Feed additive2 (FA) Period3  
SEM

P-value
Brangus Nellore PAP MON GRO FNS BT FA Period

Blood pH 7.46 7.46 7.46 7.46 7.48a 7.43b 0.013 0.48 0.75 <0.01
HCO3

–, mmol/L 28.49a 27.59b 28.85a 27.23b 29.17a 26.91b 0.32 0.05 0.01 <0.01
TCO2, mmol/L 29.75a 28.85b 30.17a 28.43b 30.38a 28.22a 0.32 0.05 <0.01 <0.01
BEB, mmol/L 4.49 3.73 4.86a 3.35b 5.74a 2.48b 0.32 0.10 <0.01 <0.01
BEECF, mmol/L 4.37 3.67 4.74a 3.30b 5.36a 2.68b 0.32 0.13 <0.01 <0.01

a,bWithin a row, means without a common superscript letter differ (P < 0.05).
1HCO3– = bicarbonates; TCO2 = total CO2 content; BEB = base excess in whole blood; BEECF = base excess in extracellular fluid.
2PAP was fed at 3 g/d and MON was fed at 300 mg/d.
3GRO = growing; FNS = finishing.

Figure 3. Interaction of biotype (Nellore and Brangus [five-eighths Red Angus and three-eighths Nellore]) during the growing and finishing periods 
on time spent eating (P = 0.04; panel A), DM consumption rate (P = 0.02; panel B), meal length (P = 0.004; panel C), and NDF consumption rate (P = 
0.008; panel D) of bulls fed high-concentrate diets (n = 24; pooled SEM = 6.2, pooled SEM = 1.02, pooled SEM = 0.43, and pooled SEM = 3.88 for panels 
A, B, C, and D, respectively). a–dMeans without a common superscript letter differ (P < 0.05). Error bars represent pooled SEM.
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of feed additive was found for rumenitis scores (1.49 for 
PAP vs. 2.37 for MON [pooled SEM 0.47]).

Fatty Acid Profile

The fatty acid compositions of s.c., pelvic, and in-
termuscular adipose tissues are presented in Table  6. 
Significant interactions (P < 0.05) between biotype and 
feed additive were observed for myristic acid (14:0), 
palmitic acid (16:0), oleic acid (18:1), SFA, unsaturat-

ed fatty acids (UFA), MUFA, PUFA, and MUFA:SFA 
ratio. When PAP was fed to Nellore bulls, fat had a 
higher (P < 0.01) proportion of myristic acid (5.39 vs. 
4.38 g/100 g [SEM 0.16] and palmitic acid (28.01 vs. 
25.15 g/100 g [SEM 0.40] but less oleic acid (35.98 
vs. 39.75 g/100 g [SEM 0.42] and a lower MUFA:SFA 
ratio (0.75 vs. 0.88 [SEM 0.02] than Nellore bulls fed 
MON. However, no differences between feed additives 
were detected for Brangus bulls for myristic, palmitic, 
and oleic acids or for the MUFA:SFA ratio. For Nellore 

Table 5. Effect of 2 biotypes (Nellore and Brangus [five-eighths Red Angus and three-eighths Nellore]) provided 
monensin (MON) or polyclonal antibody preparation (PAP) on blood lipoproteins concentration of yearling beef 
bulls consuming high-concentrate diets during the growing and finishing periods (n = 24)

 
Variable1

Biotype (BT) Feed additive2 (FA) Period3  
SEM

P-value
Brangus Nellore PAP MON GRO FNS BT FA Period

Cholesterol, mg/dL 125.5 139.2 134.2 130.5 140.5a 124.3b 8.80 0.13 0.68 <0.01
HDL, mg/dL 56.9 57.0 59.9a 54.0b 56.9 57.0 2.92 0.98 0.04 0.99
LDL, mg/dL 65.2 73.0 68.3 69.8 76.6a 61.5a 6.48 0.37 0.87 <0.01
VLDL, mg/dL 3.37b 4.58a 4.09 3.86 4.16 3.79 0.42 0.01 0.48 0.66
Triglycerides, mg/dL 16.8b 22.9a 20.4 19.3 20.8 19.0 1.52 0.01 0.46 0.66

a,bWithin a row, means without a common superscript letter differ (P < 0.05).
1HDL = high-density lipoprotein; LDL = low-density lipoprotein; VLDL = very-low-density lipoprotein.
2PAP was fed at 3 g/d and MON was fed at 300 mg/d.
3GRO = growing; FNS = finishing.

Table 6. Effect of 2 biotypes (Nellore and Brangus [five-eighths Red Angus and three-eighths Nellore]) provided 
monensin (MON) or polyclonal antibody preparation (PAP) on fatty acid content (g/100 g) from 3 different adi-
pose sites of yearling beef bulls consuming high-concentrate diets (n = 24)

 
Fatty acid, g/100 g

Biotype (BT) Feed additive1 (FA) Adipose sites2 (AS) SEM3 P-value
Brangus Nellore PAP MON s.c. PELVIC IM BT FA AS

C14:04 5.09 4.88 5.22 4.75 4.37b 5.31a 5.29a 0.10 0.16 0.01 0.01
C14:1 cis-9 1.08a 0.85b 1.01a 0.91b 1.46a 0.50c 0.93b 0.044 <0.01 0.04 <0.01
C15:0 1.25a 1.19b 1.29a 1.18b 1.03b 1.31a 1.32b 0.021 0.04 0.02 <0.01
C16:04 27.38 26.58 27.44 26.51 26.08b 26.62b 28.24a 0.30 0.07 0.03 <0.01
C16:1 trans-9 4.19a 3.64b 3.84 3.98 5.50a 2.48c 3.76b 0.082 <0.01 0.27 <0.01
C17:0 1.77 1.76 1.77 1.76 1.52b 1.89a 1.88a 0.032 0.85 0.79 <0.01
C17:1 0.80 0.79 0.77b 0.81a 0.99a 0.59c 0.80b 0.014 0.47 0.03 <0.01
C18:0 17.63b 19.99a 18.60 19.01 12.59c 25.99a 17.85b 0.37 <0.01 0.44 <0.01
C18:14 38.07 37.87 37.32 38.61 43.34a 32.93c 37.63b 0.37 0.71 0.02 <0.01
C18:2 1.57 1.54 1.58 1.53 1.70a 1.50b 1.46b 0.042 0.72 0.37 <0.01
CLA cis-9 trans-11 0.65a 0.53b 0.60 0.58 0.70a 0.42b 0.64a 0.021 <0.01 0.37 <0.01
C18:3 0.161b 0.170a 0.162b 0.170a 0.118c 0.222a 0.156b 0.013 <0.01 0.02 <0.01
SFA4 53.38 54.43 54.40 53.42 45.79c 61.40a 54.52b 0.56 0.20 0.23 <0.01
UFA4,5 45.89 44.96 44.85 46.01 53.19a 38.18c 44.92b 0.53 0.23 0.14 <0.01
MUFA4 44.14 43.26 43.08 44.32 51.33a 36.49c 43.27b 0.45 0.18 0.06 <0.01
PUFA4 1.73 1.72 1.75 1.71 1.83a 1.73b 1.63c 0.043 0.86 0.53 <0.01
MUFA:SFA4 0.86 0.82 0.82 0.86 1.14a 0.60c 0.79b 0.024 0.07 0.14 <0.01
PUFA:SFA 0.03 0.03 0.03 0.03 0.04a 0.03b 0.03b 0.012 0.49 0.86 <0.01
Unidentified fatty acids 0.73 0.65 0.80a 0.58b 1.02a 0.48b 0.57b 0.053 0.45 <0.01 <0.01

a–cWithin a row, means without a common superscript letter differ (P < 0.05).
1PAP was fed at 3 g/d and MON was fed at 300 mg/d.
2s.c. = subcutaneous (from LM between 11th and 12th ribs); IM = intermuscular (between biceps femoris and gluteus medius muscles).
3The SEM matches biotype and feed additive means.
4Interaction between biotype and feed additive (P < 0.05).
5UFA = unsaturated fatty acids.
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bulls, a higher (P  < 0.05) proportion of fat was SFA 
and PUFA when bulls were fed PAP instead of MON, 
whereas feeding MON led to greater (P < 0.05) SFA 
and PUFA in fat from Brangus bulls (Fig. 4). Also, fat 
from Nellore bulls fed PAP had less (P < 0.01) UFA 
and MUFA than Nellore bulls fed MON, whereas fat 
from Brangus bulls receiving PAP had a greater (P < 
0.05) content of UFA and MUFA (Fig. 4). Furthermore, 
bulls fed PAP had greater concentrations of myristoleic 
acid (14:1 cis-9; P = 0.02), pentadecyclic acid (15:0; P = 
0.04), and unidentified fatty acids (P < 0.01) but lower 
concentrations of heptadecenoic (17:1; P = 0.03) and 
linolenic acid (18:3; P = 0.02) than bulls fed MON.

The adipose tissues of Brangus bulls had greater 
(P < 0.05) concentrations of myristoleic acid (14:1 cis-
9), pentadecyclic acid (15:0), palmitoleic acid (16:1 
trans-9), and CLA but lower (P < 0.01) concentration 
of stearic acid (18:0) and linolenic acid (18:3) when 
compared with the adipose tissues of Nellore bulls.

No interactions between adipose sites and feed addi-
tive and between adipose sites and biotype were observed 
(P > 0.10) for any of the fatty acid concentrations evalu-
ated. In general, pelvic fat contained higher concentra-
tions of SFA but lower concentrations of UFA and MUFA 
when compared with s.c. and intermuscular fat depots.

DISCUSSION

Feed Additives
Bulls receiving a spray-dried PAP had feedlot perfor-

mance that was not different from bulls receiving MON 
when fed high-concentrate diets. However, LM area dai-
ly gain by bulls receiving PAP during the growing period 
(Fig. 1) was greater than for those fed MON. Considering 
that 48% of PAP was active against proteolytic bacte-
ria Clostridium sticklandii (ATCC 12662), Clostridium 
aminophilum (ATCC 49906), and Peptostreptococcus 
anaerobius (ATCC 49031), rumen proteolysis may have 
been reduced when PAP was fed, which would have in-
creased RUP outflow to the small intestine. An increase 
in supply of postruminal protein during growing, when 
the RUP requirement is greatest (NRC, 2000), might ex-
plain this response. This could explain the larger final LM 
area of bulls fed PAP and, conversely, the greater 12th-
rib fat daily gain of bulls receiving MON (Table 2). Bulls 
fed MON also consumed less DM per meal and spent 
less time eating per meal, which may have collaborated 
to increase the number of meals per day in Nellore bulls. 
The effect of MON on reducing DMI and meal length in 
cattle fed high-concentrate diets previously has been re-

Figure 4. Interaction biotype (Nellore and Brangus [five-eighths Red Angus and three-eighths Nellore]) and feed additive (monensin [MON] or polyclonal 
antibody preparation [PAP]) on SFA (P = 0.01; panel A), unsaturated fatty acids (UFA; P = 0.008; panel B), MUFA (P = 0.0005; panel C), and PUFA (P < 0.0001; 
panel D) from 3 different adipose sites of bulls fed high-concentrate diets (n = 24; pooled SEM = 0.57, pooled SEM = 0.53, pooled SEM = 0.46, and pooled SEM 
= 0.042 for panels A, B, C, and D, respectively). a–cMeans without a common superscript letter differ (P < 0.05). Error bars represent pooled SEM.
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ported (Galyean et al., 1992; Erickson et al., 2003; Xu et 
al., 2014); but, with respect to DMI fluctuations, Pereira 
et al. (2015) did not observe a significant effect when in-
creasing dose of MON, from 0 to 36 mg/kg, which is in 
agreement with this study. Pacheco et al. (2012) reported 
that feedlot performance of bulls was similar for those 
fed MON or a liquid PAP. Also, DiLorenzo et al. (2008) 
and Pacheco et al. (2012) reported that dressing percent-
age was decreased when a liquid PAP was fed, but no 
feed additive effects on either HCW or dressing percent-
age was detected in this study. Dressing percentage was 
less in this study when compared with trials conducted 
in United States, because Brazilian packing plants do not 
consider kidney and pelvic fat as carcass components 
and also require less back fat on the carcasses.

Regarding the blood gas profile, bulls receiving PAP 
had greater blood buffering capacity than those bulls fed 
MON, due to increased blood concentrations of HCO3, 
TCO2, BEB, and BEECF. Owens et al. (1998) reported 
that in cattle well adapted to high-concentrate diets, the 
risk of acidosis and consequent alterations in blood con-
centration of bicarbonates and blood pH is low. The ab-
sence of significant feed additive effect on blood pH may 
be attributed to the fact that bulls fed MON spent more 
time ruminating in the finishing period, which would 
have increased rumen-buffering capacity. However, all 
values related to the blood gas profile reported in this 
study fall in the range of normal blood status as reported 
by Carlson (1997). As a result, no significant feed addi-
tive main effect was observed for rumenitis score. This 
indicates that alterations on rumen epithelium were in-
consistent when MON was replaced with PAP. Pacheco 
et al. (2012) previously reported that the rumenitis score 
of bulls receiving a liquid PAP was less than for bulls 
receiving MON. Marino et al. (2011), in a study with 9 
cannulated Holstein cows, reported that rumen pH at 4 
h after feeding was not different for cows fed MON or a 
liquid PAP. The spray-dried PAP is a feed additive with 
greater specificity when compared with MON. This may 
explain the numerical reduction in the rumenitis scores 
and the greater blood buffering capacity shown by bulls 
fed PAP, which contains 26% of antibodies being active 
against Streptococcus bovis (ATCC 9809), which is a pri-
mary lactic acid–producing bacteria of ruminants.

The greater concentration of PUFA in adipose tis-
sues of Nellore bulls receiving PAP may be related 
to the greater blood HDL observed for bulls fed PAP 
in this study. The HDL are known to transport PUFA 
from small intestines into bloodstream (Bauchart, 1993; 
Della Donna et al., 2012), but the effect of spray-dried 
PAP on blood HDL concentration is still unclear. In 
general, MON reduces rumen biohydrogenation. Van 
Nevel and Demeyer (1995) reported that feeding MON 
inhibited hydrolysis of triacylglycerol and biohydro-

genation of UFA in the rumen. As a result, feeding of 
MON will increase the concentrations of UFA in fat de-
pots (Fellner et al., 1997). Also, the greater incidence of 
rumen lesions observed in this study for Nellore bulls 
may have caused an additional negative effect on ru-
men biohydrogenation (Pacheco et al., 2012) in those 
animals. Jenkins et al. (2008) reported that rates of li-
polysis were reduced when rumen fluid pH declined 
below 6.0. This could negatively impact the growth 
of structural carbohydrate bacteria, which are very pH 
sensitive and include some species that act during the 
biohydrogenation process (Sniffen et al., 1992). On 
the other hand, as Brangus bulls had lower rumenitis 
scores, no significant feed additive effect was observed 
for concentrations of myristic acid (14:0), palmitic acid 
(16:0), oleic acid (18:1), and MUFA:SFA ratio in adi-
pose tissues of these animals; and besides that, feeding 
of MON to Brangus bulls led to greater concentrations 
of SFA and PUFA and lower concentrations of UFA and 
MUFA when compared with Nellore bulls fed MON.

Pacheco et al. (2012) indicated that liquid PAP did 
not affect the fatty acid profile of s.c. adipose tissue of 
bulls when compared with feeding of MON. However, 
in this study, feeding spray-dried PAP promoted minor 
changes on the fatty acid profile, such as increasing the 
PUFA concentrations of adipose tissues of Nellore bulls.

Biotypes

Compared with Nellore bulls, Brangus had supe-
rior feedlot performance and carcass traits. These results 
may be explained partially by the greater incidence of 
rumenitis and greater DMI fluctuation of Nellore bulls. 
Brangus and Nellore bulls had similar DMIBW and 
12th-rib fat daily gain in the growing period and a simi-
lar G:F throughout the study. Brangus bulls had lower 
NDFCR in the finishing period than in the growing pe-
riod; however, Nellore bulls took longer to consume 
a kilogram of NDF in the finishing period than in the 
growing period (Fig. 3) and also decreased DMIBW in 
this period (Fig. 2), which might be a result of greater ru-
men acidification due to the 85% concentrate diet fed in 
this period that increased the incidence of rumenitis and 
increased DMI fluctuation (10.30 vs. 7.67%) for Nellore 
bulls throughout the study. Schwartzkopf-Genswein et 
al. (2004) reported that DMI fluctuations greater than 
10% might negatively impact feedlot performance. 
Moreover, Pacheco et al. (2012) fed a finishing diet con-
taining 85% concentrate to various Bos indicus biotype 
bulls, and they reported a greater incidence of rumen-
itis for Nellore bulls than for Canchim (five-eighths 
Charolais and three-eighths Nellore) and a 3-way cross 
(one-half Angus, one-fourth Brangus, and one-fourth 
Nellore). When DMCR and NDFCR of Nellore bulls 
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are impaired due to rumen acidification, blood buffer-
ing capacity is reduced, and this could negatively im-
pact blood concentrations of HCO3 and TCO2. These 
factors may explain the greater ADG and HCW as well 
as the greater 12th-rib fat gain in the finishing period of 
Brangus when compared with Nellore bulls.

When cattle progressed from the growing period 
to the finishing period, Brangus bulls had accelerated 
fat deposition; however, the G:F was not negatively 
altered when compared with Nellore bulls. Nellore 
bulls may have experienced more rumen acidifica-
tion when switched to their finishing diet, and their 
decreased DMI and ADG could have delayed and 
reduced fat deposition, as biotype did not affect LM 
area daily gain. In addition, the improved feedlot per-
formance of Brangus bulls relative to Nellore may 
be explained partially by genetic selection of British 
cattle for greater DMI potential. This could explain 
the greater DMI per meal by Brangus bulls and, conse-
quently, their greater ADG and nutrient requirements 
for maintenance (NRC, 2000). Given the reduced DMI 
by Zebu cattle (6.62 kg for Nellore fed PAP, 6.36 kg 
for Nellore fed MON, 8.58 kg for Brangus fed PAP, 
and 8.13 kg for Brangus fed MON), which may be 
related to a combined effect of increased rumen acidi-
fication and lower nutrient requirements for mainte-
nance, their CP intake may limit growth performance 
(Millen et al., 2009), because ruminal escape of di-
etary protein and efficiency of microbial protein syn-
thesis are reduced when DMI is reduced, but this con-
cept needs further study. Differences in mature BW of 
Brangus and Nellore bulls (Owens et al., 1995) might 
further explain differences in fat deposition among 
biotypes. A greater dressing percentage was expected 
for Nellore than for Brangus bulls because that was 
reported previously (Koch et al., 1982; Sherbeck et al., 
1995; Pacheco et al., 2012). However, because Nellore 
bulls had lower DMI and 12th-rib fat daily gain dur-
ing the finishing period, their carcasses had less 12th-
rib fat than Brangus bulls (4.48 vs. 5.25 mm; Fig. 2), 
which would negatively impact dressing percentage.

With respect to fatty acid profile in adipose tis-
sues, relevant variables were discussed in the previous 
section because of the interactions observed between 
biotype and feed additive. However, it is noteworthy 
to mention that the main effect of biotype with a great-
er concentration of stearic acid (18:0) in the adipose 
tissues of Nellore bulls appears more responsible for 
changes in SFA, MUFA, and UFA concentrations than 
the main effect of biotype on increasing concentra-
tions of myristoleic acid (14:1 cis-9), pentadecyclic 
acid (15:0), palmitoleic acid (16:1 trans-9), and CLA 
in Brangus bulls. Fatty acid Δ9 desaturase is respon-
sible for converting SFA to MUFA in animal tissues, 

and its activity could be genetically controlled (Bartoň 
et al., 2010; Brugiapaglia et al., 2014). This could par-
tially explain the differences in fatty acid profiles be-
tween biotypes in this study. Feeding MON as well as 
the greater incidence of rumen lesions may have re-
duced rumen biohydrogenation by Nellore bulls. The 
effect of biotype on stearic acid (18:0) may be related 
to increased de novo fatty acid synthesis; however, 
that theory needs further study.

Sites of Fat Deposition

Concentrations of SFA were greater in pelvic fat 
samples than in s.c. or intermuscular fat. Waldman et 
al. (1968) reported that the concentration of SFA in-
creased from external to internal fat locations. Also, 
the higher concentrations of SFA and 18:0 suggest that 
rates of de novo fatty acid synthesis were greater in 
pelvic adipose tissue than in other fat depots (Kerth 
et al., 2015). On the other hand, the higher concen-
trations of UFA, MUFA, and PUFA in s.c. adipose 
tissue may be related to its development from brown 
adipose tissue that is rich in MUFA (Chen et al., 2007). 
Differences in the fatty acid profiles observed from 
different fat depots in this study are not easily ex-
plained. Further investigation is needed to determine 
the factors responsible for the differences in fatty acid 
profile among various adipose sites.

Conclusions

Brangus bulls had slightly faster and more efficient 
gains than Nellore bulls when fed feedlot diets. Further 
research is needed to examine the sensitivity of Zebu 
cattle to high-concentrate diets and their greater inci-
dence of rumenitis. The fatty acid profile was affected, 
in general, by the interaction of biotype and feed addi-
tive, which deserves further research as well.

Feeding a spray-dried PAP led to feedlot perfor-
mance of bulls similar to feeding MON. Feeding a 
spray-dried PAP may provide an alternative feed addi-
tive with potential to replace ionophores.
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