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Abstract 

Current research studied the replacement of monensin by propolis on performance, feed efficiency and 
carcass characteristic of bulls finished in feedlot. The bulls, kept in feedlot for 70 days, were allocated 
in three diets: Control (CON), Monensin (MON) and Propolis (PRO). They were fed on corn silage, 
cracked corn, soybean meal, urea, limestone and mineral salt. Further, 250 mg monensin and 35 g 
propolis/bulls/day were included respectively in the MON and PRO diets. Animal performance and 
carcass characteristics were similar (P>0.05) among diets. Feed intake was higher (P<0.05) for bulls fed 
on CON (9.17 kg/day) and PRO (9.31 kg/day) diets. Dry, organic matter and carbohydrates digestibility 
was similar (P<0.05) among the three diets. Protein digestibility was lower (P<0.05) for bulls fed on 
CON (55.3%) diet and similar for MON (62.3%) and PRO (59.8%) diets. Ether extract digestibility was 
higher (P<0.05) for bulls fed on PRO (84.6%) diet and lower for bulls fed on CON (73.4%) diet, with 
MON (80.7%) diet as intermediate. The addition of monensin or propolis did not affect (P>0.05) urinary 
excretion, microbial synthesis and carcass characteristics.
Key words: Cattle, carcass quality, ionophores, natural additives

Resumo 

O presente trabalho estudou a substituição da monensina por própolis sobre o desempenho animal, 
eficiência alimentar e características de carcaça de bovinos não castrados terminados em confinamento. 
Os bovinos, mantidos em confinamento durante 70 dias, foram alocados em três dietas: Controle (CON), 
Monensina (MON) e Própolis (PRO). Os bovinos foram alimentados com silagem de milho, milho 
quebrado, farelo de soja, ureia, calcário e sal mineral. Ainda, 250mg monensina e 35g própolis/animal/
dia foram incluídos respectivamente nas dietas MON e PRO. O desempenho animal e características 
de carcaça foram similares (P>0,05) entre as dietas. A ingestão de alimentos foi maior (P<0,05) para os 
bovinos alimentados com as dietas CON (9.17 kg/dia) e PRO (9.31 kg/dia). A digestibilidade da matéria 
seca, matéria orgânica e carboidratos foram similares (P>0,05) entre as três dietas. A digestibilidade da 
proteína foi menor (P<0,05) para os animais alimentados com a dieta CON (55.3%) e similar para as 
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dietas MON (62.3%) e PRO (59.8%). A digestibilidade do extrato etéreo foi maior (P<0,05) para os 
bovinos alimentados com a dieta PRO (84.6%) e menor para os bovinos alimentados com a dieta CON 
(73.4%), sendo a dieta MON (80.7%) intermediária. A adição de monensina e própolis não alteraram 
(P>0,05) a excreção urinária, síntese microbiana e características de carcaça.
Palavras-chave: Bovinos, características de carcaça, ionofóros, ruminantes

Introduction

Feed additives, such as antibiotics or growth-
promoting agents, have become an integral part of 
ruminant production (BERGEN; BATES, 1984). 
The polyether antibiotic monensin is one of the 
most common additives used to modulate ruminant 
fermentation. Monensin’s modes of action rely on 
the selective growth inhibition of gram-positive 
bacteria (BERGEN; BATES, 1984), reducing lactic 
acid production and methanogenesis in the rumen 
(GOODRICH et al., 1984) and increasing the molar 
proportion of propionate (GOODRICH et al., 1984) 
and N retention (PRADO et al., 2010). However, 
in Europe, resolution EU 1831/2003 prohibited the 
use of sodium monensin since January 2006. The 
development of alternative products that replace the 
above feed additive is thus necessary.

Propolis is a resinous substance collected by 
honeybees from the buds and bark of certain trees 
and plants and which they store inside their hives. 
Propolis has been reported to possess several 
biological activities such as antibacterial, antiviral, 
antifungal, anti-inflammatory (MARCUCCI, 
1995), anticancer and antitumoral (BURDOCK, 
1998) properties. Propolis usually contains a 
variety of chemical compounds such as polyphenols 
(flavonoids, phenolic acids and their esters), 
terpenoids, steroids and amino acids (BURDOCK, 
1998). The major components in propolis of Brazilian 
origin are terpenoids and prenylated derivatives of 
p-coumaric acids (MARCUCCI, 1995). Propolis 
is an alternative product that may replace dietary 
antibiotics (VALERO et al., 2011; ZAWADZKI et 
al., 2011a, b; AGUIAR et al., 2012). For instance, 
it has been shown that dietary addition of propolis 

improved the feed efficiency of bulls finished in 
feedlot (ZAWADZKI et al., 2011b; VALERO et 
al., 2014). However, there are few studies on the 
action of propolis on animal performance, microbial 
fermentation and carcass characteristics of bulls 
finished in feedlot. Current investigation evaluates 
animal performance, feed efficiency and carcass 
characteristics of bulls finished in feedlot.

Materials and Methods

Animal management and sampling

The committee of Animal Production at the 
State University of Maringá approved current 
research which was carried out at the Experimental 
Farm of the State University of Maringá, Paraná, 
southern Brazil, and followed the guiding principles 
of biomedical research on animals (CIOMS/
OMS, 1985). Diet analyses were performed at the 
Laboratory of Feed Analyses and Animal Nutrition 
of the State University of Maringá.

Thirty-eight bulls (½ Angus vs. ½ Nellore) were 
used with an initial average age of 20 months and 
initial live weight of 394 ± 24 kg. Bulls were housed 
in individual 2×5 m metabolism stalls, with concrete 
floor, and equipped with trough and water drinker. 
The bulls accessed a diet formulated to meet the 
requirements of fattening beef cattle (NRC, 2000) 
at a gain of 1.50 kg/day (Table 1), whereas water 
was given ad libitum. Concentrate amounts offered 
daily to the animals were adjusted every 14 days 
after the bulls were weighed. The diet was weighed 
before delivery and adjusted daily for leftovers at 
5%, whilst refusals were weighed daily.
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Table 1. Chemical composition of ingredients and diets.

Ingredients DM1 %/DM
CP2 OM3 MM4 NDF5 ADF6 EE7 TDN8

Corn silage 32.5 7.55 96.6 3.45 51.0 30.8 3.00 62.0
Cracked corn 90.0 8.86 98.9 1.08 20.3 7.00 3.50 90.0
Soybean meal 90.1 49.8 93.3 6.71 15.5 9.50 0.50 81.0
Urea 99.0 262 0.00 0.00 0.00 0.00 0.00 0.00
Limestone 99.0 - - 35.0 - - - -
Mineral salt 99.0 - - 99.0 - - - -
Sodium monensin 98.0 - - - - - - -
Propolis extract 25.0 - - - - - - -
Diets 47.2 11.5 96.8 3.18 35.1 19.0 3.03 74.3

1Dry matter, 2Crude protein, 3Organic matter, 4Mineral matter, 5Neutral detergent fiber, 6Acid detergent fiber, 7Ether extract, 8Total 
digestive nutrients.
Source: Elaboration of the authors.

Propolis characterization

Propolis extract was obtained from a beekeeping 
company in Maringá PR Brazil. The propolis 
derived from Vernonia polyanthes (popular name 
in Brazil: assa peixe) had an oxidation level similar 
to or lower than 150 g/kg. Propolis contained 199 
g/kg dry matter (m/m) and its flavonoid content 
(m/m) reached 4.5 g/kg, according to Funari and 
Ferro (2006). Propolis extract was prepared and 
developed by the Pharmacy Laboratory of the 
State University of Maringá, following Franco and 
Bueno (1999). Extracts with alcohol were diluted 
between 50 and 96º GL and with a fix concentration 
of propolis extract dried by lyophilization during 
24 hours. Propolis was patented as intellectual 
patrimonial number PI 0605768-3. In practical 
terms, each bull received a daily administration of 
35 mg propolis extract, with dry residual/flavonoid 
at a proportion of 0.9 g/20.2mg in propolis.

Diets

Three treatments were prepared: CON - control 
(14 bulls), MON - Monensin (11 bulls) and 
PRO - Propolis (13 bulls). Monensin, produced 
by Elanco®, and propolis were mixed with 
concentrate, at 300 mg/animal/day of monensin 

and 35 g/animal/day of propolis.

Digestibility trial

Periods consisted of 36 d, comprising 30 d for 
adaptation and 6 d for sample collection. Feed 
refusals were taken from day 30 to day 36 and 
weight of refused feed was subtracted from the 
total feed delivered during the 6-day sampling 
period to estimate DMI. Fecal samples were taken 
from each bull. For the determination of iDM, 
about 5 g of each sample (2 mm) of food leftovers 
and feces were weighed in duplicate and placed in 
nylon bags (10 cm x 10 cm, 50 micron porosity) 
which were sealed and incubated in the rumen 
of two fistulated Holstein cows. The bags were 
removed after 240 h rumen incubation, placed 
in ice, washed with water, dried in an oven at 
55 °C for 72 h, weighed (pre-dried material) and 
subsequently placed on the sample field pre-dried 
oven at 105 °C for analysis.

Chemical analysis

Dry matter (DM), crude protein (CP), organic 
matter (OM), ash, ether extract (EE), neutral 
detergent fiber (NDF) and acid detergent fiber 
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(ADF) were determined according to AOAC (1998) 
methods. Total carbohydrates (TCH) were calculated 
with equation: TCH = 100 - (CP% + EE% + ash%), 
according to Sniffen et al. (1992). Non-fibrous 
carbohydrates (NFC) were the difference between 
TCH and NDF. Total digestive nutrients (TDN) were 
calculated by Kearl (1982) equation. Starch content 
was determined according to Herrera-Saldanha and 
Huber (1989) using a Technicon Autoanalyzer III 
to measure free glucose (GOCHMAN; SCHMITZ, 
1972). NDF was determined by an Ankom 200 
Fiber Analyzer (Ankom Technologies, Macedon 
NY USA) with procedures by Van Soest, Robertson 
and Lewis (1991).

Total fecal output was estimated by iDM as an 
indigestible marker. Diet and fecal samples were 
oven-dried at 55 °C for 2 d, air-equilibrated and 
ground by a Wiley mill to pass a 1-mm screen. 
Approximately 5 g of each dry ground fecal sample 
were pooled within each collection period per 
animal and stored for chemical analysis. Ground 
samples of experimental diets and fecal samples 
were dried at 105 °C for 24 h to determine DM. 
For iDM determination, the samples were milled 
through a 2 mm sieve, packed (20 mg of DM 
cm-2 filter bags (F57) that had been previously 
weighed and incubated for 240 hours in the rumen 
of a crossbred cow fed a mixed diet of equal 
parts forage (corn silage) and concentrate (the 
same concentrate used in the treatments). After 
incubation, the bags were removed, washed with 
water until clean and dried in a ventilated oven at 
55°C for 72 hours. The bags were then removed 
and oven-dried at 105°C. The iDM was estimated 
using the difference in sample weight before and 
after ruminal incubation. Fecal excretion was 
calculated using the following equations: FE = 
iDMI / iDMCF, where: FE = fecal excretion (kg 
day-1 intake (kg day-1 matter concentration in 
faeces (kg day-1), iDMI = indigestible dry matter) 
and iDMCF = indigestible dry) as described by 
Silva et al. (2014).

Allantoin analysis in urine was dosed according 
to methods by Chen and Gomes (1995). Urinary 
volume (expressed in liters/day) was determined 
by dividing the daily excretion of creatinine (mg/kg 
of body weight) by the concentration of creatinine 
(mg/L). Average rate 29.33 mg/kg of body weight, 
as indicated by Rennó et al. (2000), was used 
to estimate the daily excretion of creatinine per 
kg of body weight. The production of microbial 
nitrogen (N) was calculated from the amount 
absorbed purines (X, mmol/day) estimated from 
urinary excretion of purine derivatives (PD) (Y, 
mmol / day), using the equation described by Chen 
and Gomes (1995). The synthesis of nitrogen in 
the rumen microbial (Y g N/day) was calculated 
according to the absorbed purine (X, mmol/day) by 
equation described by Chen and Gomes (1995). The 
microbial protein estimate (MPEmic) was obtained 
by multiplying the microbial synthesis of N by 6.25, 
while the efficiency of microbial protein synthesis 
was determined as: MPSmic (g/100 g) = MPEmic 
(g)/TDNI (100 g), where TDNI = total digestible 
nutrients intake.

Carcass characteristics

The 22-month-old bulls were slaughtered at a 
commercial slaughterhouse 15 km distant from 
the Experimental Farm of the State University 
of Maringá, following the usual practices of the 
Brazilian beef industry. Carcasses were labeled, 
weighted and chilled at 4°C for 24 h. The right 
part of the carcass was then used to determine the 
quantitative characteristics.

Hot carcass weight (HCW) was determined 
soon after slaughter and prior to carcass chilling. 
Hot carcass dressing (HCD) is the percentage 
of individual animal dressing, defined by the 
ratio HCW:live weight. Carcass conformation 
(CONF) was determined after excluding fat 
thickness where the highest rate indicated the best 
conformation. CONF may be superior, very good, 
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good, regular, poor or inferior, coupled to ratings 
plus, average and minus. Carcass length (CAL) 
was measured from the skull board to the pubic 
bone on the anterior side of the first rib. Leg length 
(LEL) was evaluated with a wooden compass with 
metallic edges that measured the distance from the 
anterior border of the pubis bone to a middle point 
on the tarsus bone. Cushion thickness (CUT) was 
determined with a wooden compass with metallic 
edges that measured the distance between the 
lateral face and the median at the superior part of 
the cushion. Fat thickness (FAT) was measured 
by a calliper, between the 12th and 13th ribs on 
Longissimus muscle (LM), with a three points 
measure average. LM area was measured on the 
right side of the carcass, after a cross-section cut 
was made between the 12th and 13th ribs using a 
compensating planimeter. Marbling (MAR) was 
measured in the LM between the 12th and 13th ribs, 
following scores used in Brazilian slaughterhouse 
(18 to 16 - abundant; 15 to 13 - moderate; 12 to 
10, mean; 9 to 7 small; 6 to 4, light; 3 to 1 traces). 
Texture (TEX) was determined by fascicle size 
(muscular “grain” size) and evaluated subjectively 
on a point scale (very fine - 5; fine - 4; slightly - 
3; coarse - 2; very coarse - 1). Color (COL) was 
analyzed after a 24-hour carcass chilling in the 
muscle according to a point scale, 30 minutes after 
a cross-sectional cut on the LM between the 12th 
and 13th ribs (cherry red - 5; red - 4; slightly red - 3; 
dark red - 2; dark - 1).

Muscle, fat and bone were physically separated 
from the LM section, which corresponded to the 
10th, 11th and 12th ribs, and individually weighed, 
according to Hankins and Howe (1946).

Experimental design and statistical analysis

Data were submitted to an analysis of variance 
and the means (when different) were compared by 
Tukey’s test at 5% significance level, with (SAS, 
2004) statistical software, being the variables 
measured following the model: Yij = μ + di + eij, 
where:

Yij = observation on animal j fed with diet i;

μ = mean treatments;

di = effect of diet i; 1, 2, and 3;

and eij = residual error.

Results and Discussion

Animal performance

The final weight and average daily gain (ADG) 
were similar (P>0.05) for bulls fed on control 
(CON), Monensin (MON) and Propolis (PRO) diets 
(Table 2).

Monensin addition in the diets for animals had 
no effect on weight gain (GOODRICH et al., 1984). 
Likewise, some authors have found no effect of 
propolis on animal performance (STRADIOTTI 
JÚNIOR et al., 2004a, b; LANA et al., 2007). 
However, propolis at the highest concentration 
(0.054 mg of total flavonoids chrysin measured in g) 
for Nellore bulls finished in feedlot increased ADG 
(ZAWADZKI et al., 2011b) and the diet provided 
was similar to that used in current experiment (50% 
maize silage and 50% concentrate and 74% TDN). 
Results indicated that propolis concentration in the 
diet interfered on animal performance due to its 
action on ruminal modulation (PRADO et al., 2010; 
AGUIAR et al., 2012).
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Table 2. Animal performance and feed intake of crossbred bulls fed on diets with sodium monensin or propolis extract.

Item
Diets

SE P<F
CON1 MON2 PRO3

Initial weight, kg 393 395 395 7.13 NS
Final weight, kg 495 504 505 10.7 NS
ADG4, kg 1.45 1.55 1.57 0.12 NS
DMI5, kg/day 9.17a 8.40b 9.31a 0.22 0.05
DMI/BW6, % 2.07a 1.87b 2.07a 0.03 0.05
DMC7, kg/ADG 6.29a 5.39b 5.92a 0.56 0.05
CPI8, kg/day 1.05a 0.97b 1.07a 0.02 0.05
OMI9, kg/day 8.88a 8.13b 9.01a 0.17 0.05
NFDI10, kg/day 3.22a 2.95b 3.27a 0.06 0.05
NFDI/BW11, % 0.72a 0.66b 0.73a 0.01 0.05

1Control, 2Sodium monensin, 3Propolis extract, 4Average daily gain, 5Dry matter intake, 6Dry matter intake/body weight, 7Dry 
matter conversion, 8Crude protein intake, 9Organic matter intake, 10Neutral detergent fiber intake, 11Neutral detergent fiber intake/
body weight. Means followed by different letters are different. NS - not significant.
Source: Elaboration of the authors.

The high final weight (501.3 kg) and ADG 
(1.52 kg) were determined by genetic groups (F1 
- ½ Angus vs. ½ Nellore), diet type (energy high - 
74% TDN) and finishing in a short period (70 days 
in feedlot). Experiments by the same researchers 
showed final weight similar to or higher than results 
observed in current research (PRADO et al., 2008a, 
b, c, d; AGUIAR et al., 2012). Thus, crossbred 
bulls finished on diet with high energy density in 
feedlot system may be slaughtered at a lower age 
(24 months) and with high body weight (around 500 
kg).

Dry matter intake (DMI) and other nutrients (kg/
day or in ratio - %/BW) were lower (P<0.05) for 
bulls fed on MON diet when compared to those on 
CON and PRO diets (Table 2).

Mean DMI was 2.0% of body weight. In general, 
crossbred cattle finished in feedlot had their DMI 
changed from 2.0 to 2.5% of body weight. Stradiotti 
Júnior et al. (2004a, B) observed that the inclusion 
of monensin or propolis could reduce feed intake. 
Decrease in total DMI of diets with the addition of 
monensin has been demonstrated in other studies 
(OLIVEIRA et al., 2004). According to Goodrich et 

al. (1984), diets with ionophores generally reduced 
the feed intake by approximately 8 to 10%. It has 
been reported that the addition of propolis in the 
diet had no effect on DMI, as recorded for dairy 
cows and dairy goats (LANA et al., 2007).

Dry matter conversion (DMC) was better 
(P<0.05) for bulls fed on monensin in the diet. 
Similarly, previous works demonstrated that 
inclusion of monensin or propolis improved the 
feed efficiency (STRADIOTTI JÚNIOR et al., 
2004a, b; ZAWADZKI et al., 2011b). Monensin 
or propolis reduced gram-positive microorganisms 
which caused methane production in the rumen. 
Thus, the inclusion of these products reduced 
the particles emission to the environment, with 
a decrease in greenhouse effects (STRADIOTTI 
JÚNIOR et al., 2004a, b). Broudiscou, Papon and 
Broudiscou (2000) studied the effect of thirteen 
dry extracts of plants with high flavonoids levels 
on fermentation and methanogens in culture of 
rumen microorganisms and observed that propolis 
increased the propionate production (energy 
source) by 10.3% and reduced the microorganisms 
population. The above authors observed that 
propolis did not alter pH and ammonia levels in the 
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rumen and the microbial protein in the rumen liquid. 
Since propolis hindered desamination by rumen 
microorganisms, the possible reduction in ammonia 
levels in rumen with diets featuring elevated protein 
degradable/fermentation carbohydrates has been 
demonstrated.

Average NDF intake was 0.68% of body weight. 
According to Mertens (1994), the intake of NDF 
should be around 1.20% of body weight per day 
to allow adequate supplementation of concentrate 

and prevent intake by limiting the filling of the 
rumen. Thus, the concentration of fiber in the 
diet (quantitatively the main nutrient) was not the 
limiting factor in feed intake.

Apparent digestibility

Apparent digestibility (AD) of DM, OM and 
carbohydrates fractions (NDF, ADF, NFC and TC) 
were not affected (P>0.05) by the inclusion of 
additives (Table 3).

Table 3. Apparent digestibility coefficient of dry matter and other nutrients of crossbred bulls finished in feedlot.

Item
Diets1

SD P<F
CON MON PRO

Dry matter 62.6 67.2 66.9 1.66 NS
Organic matter 63.7 67.9 67.8 1.55 NS
Crude protein   55.3b   62.3a    59.8ab 2.44  0.02
Neutral detergent fiber 38.9 45.3 43.6 2.48 NS
Non-fibrous carbohydrates 97.1 97.4 97.6 1.55 NS
Total carbohydrates 64.6 68.3 68.3 1.78 NS
Ether extract  73.4c   80.7b  84.6a 1.63  0.01
Total  digestible nutrients2 64.1 68.4 68.4 1.56 NS

1Diets with 50:50% roughage:concentrate without (CON) and with sodium monensin (MON) or propolis extract (PRO). 2TDN = 
digestible crude protein + digestible neutral detergent fiber + digestible non-fibrous carboydrates + (2.25 x Digestible ether extract).
Means followed by different letters are different (P<0.05). NS - not significant.
Source: Elaboration of the authors.

Average AD of NDF (42.6%) was low for 
diets with 50% corn silage and 50% concentrate. 
Normally, the apparent digestibility of 
carbohydrates was low with diets high in forage 
(ZEOULA et al., 2008). Some studies showed 
AD of NDF higher than 50% (ZEOULA et al., 
2008) in diets containing 50% or over of the 
concentrate. However, Resende et al. (2001) 
registered a negative effect on fiber digestibility 
with a high amount of concentrate. The additive 
effect on digestibility in cattle seemed to be in 
some specific nutrient. As an example, monensin 
is mainly related to increase in nitrogen retention 
in animals with less ruminal protein degradability 

(GOODRICH et al., 1984). Similarly, low ammonia 
production in the rumen was also observed when 
propolis was added (STRADIOTTI JÚNIOR et al., 
2004a). Reduction of protozoa in buffalo rumen 
with the addition of propolis in diet was observed 
by Ríspoli et al. (2009). These factors may reduce 
the excretion of ammonia and increase nitrogen 
retention in diets with propolis. The propolis 
action on rumen microbial communities appears 
to be different from monensin´s action. Takaishi-
Kikuni and Schilcher (1994) observed that 
antibacterial activity of propolis is given by the 
inhibition of bacterial RNA polymerase. Van Nevel 
(1991) concluded that ionophore addition had no 
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effect on apparent digestibility of nonstructural 
carbohydrate. Similarly, Lana et al. (2005) also 
found no effect of propolis on AD of NFC. On the 
other hand, AD of NFC was high (97.4%) for all 
diets. The AD of NFC were overestimated when 
compared to those observed by Lana et al. (2005). 
These high rates may be explained by the use of 
internal flow fecal indicator (iDM). The internal 
indicators provided underestimated rates of fecal 
output for its recovery in variable segments of the 
digestive tract of interest, or even feces (FAHEY; 
JUNG, 1983) or by incomplete recovery as a 
function of time incubation (ZEOULA et al., 2002). 
The AD of ether extract (EE) varied with the diet 
and dose of propolis included in the diet (LANA et 
al., 2005; PRADO et al., 2010). In current study, 
DA of EE was higher for propolis diet (85%) when 
compared to that for monensin (81%) and control 
(73%) diets. The DA of EE in diet with propolis 
(85%) was similar to that observed by Lana et al. 
(2005) (85%).

Microbial synthesis

Urine volume was not affected (P>0.05) by the 
addition of monensin or propolis in the diets (Table 
4). The average estimated excreted urine (gathering 
spot) was 11 L animal/day. OLIVEIRA et al. (2001) 
also observed no change in urine output due to 
different levels of non-protein nitrogen in the diet 
of dairy cows, with an average of 13 L animal/day. 
The addition of monensin and propolis in the diets 
did not affect (P>0.05) urinary excretion of allantoin 
and uric acid (Table 4). The average excretion rates 
represented 99% allantoin and 1% uric acid of 
total purines, without taking into consideration the 
participation of xanthine which was low in cattle. 
Chen and Gomes (1995) reported that the proportion 
of the compound (allantoin) in relation to total purine 
was 80-85% in cattle. Rennó et al. (2008) estimated 
microbial protein production by means of urinary 
purine derivatives in steers fed on 50% forage and 
50% concentrate and found that the proportion of 
allantoin in relation to total purine was 91.7.

Table 4. Efficiency and microbial synthesis of crossbred bulls fed on diets with sodium monensin or propolis extract.

Item
Diets1

SD P<F
CON MON PRO

Urinary volume, L 12.8 11.0 9.21 1.46 NS
Allantoin, mmol/d   265.6   300.6   313.2 38.3 NS
Uric acid, mmol/d 3.22 2.25 3.81 0.13 NS
Purines derivatives, mmol/d   268.7   302.8   317.0 37.8 NS
Microbial purines absorbed, mmol/d   267.7   308.1   325.6 46.5 NS
Microbial nitrogenous compounds, g/d   194.6   224.0   236.7 33.9 NS
Microbial protein synthesis, g/d     1216.3     1400.0     1479.5 210 NS
EMSmic, g Pmic/100 g TDN 15.0 18.2 16.6 5.62 NS

1Diets with 50:50% roughage:concentrate without (CON) and with sodium monensin (MON) or propolis extract (PRO). NS - not 
significant.
Source: Elaboration of the authors.

Monensin and propolis affected neither (P>0.05) 
the microbial protein synthesis (g/day) nor the 
efficiency of microbial synthesis (g/100 g TDN) 
(Table 4). The PRO diet produced an average 
microbial efficiency of 16.6 g/100 g TDN, or rather, 

an intermediate value in relation to dietary monensin 
18.2 g/100g TDN and TDN control of 15.0 g/100g. 
According to NRC (2000), the value of 13 g PB/100 
g TDN for EMSmic was a good estimate, although 
it did not apply to all situations. In fact, highly 
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digestible diets (rich in grains) should decrease 
the rumen pH, with a subsequent reduction in the 
renewal microbial rate, which leads to a reduced 
efficiency in the conversion of carbohydrates and 
protein microbial fermentation.

Carcass characteristics

The treatment had no effect (P>0.05) on weight 
and hot carcass dressing and on the carcass´s 
physical characteristics (Table 5). Reported hot 
carcass dressing (50%) may be considered low. 
Generally, the carcass dressing of crossbred cattle 
(F1 - ½ European vs. ½ Zebu) was around 54% 
(ABRAHÃO et al., 2005; PRADO et al., 2008a, 
b, d; MAGGIONI et al., 2009). The low carcass 
dressing observed may be related to the cleaning 
methods practiced on the bovine carcass at the 
Brazilian slaughterhouse.

In general, no difference was reported in the 
physical carcass characteristics of animals finished 
with similar carcass dressing levels (PRADO 

et al., 2008a, b, c, d; MAGGIONI et al., 2009). 
Similarity, carcass characteristics were determined 
principally by genetic groups and slaughter weight 
(WEBBO’NEILL, 2008; ROTTA et al., 2009). The 
animals in this experiment featured similar genetic 
groups, with similar carcass weight and age. The 
low fat thickness observed could be determined by 
the age of the slaughtered animal, as well as by the 
breeds involved in the different diets (ABRAHÃO 
et al., 2005; MAGGIONI et al., 2009; ROTTA et al., 
2009). The marbling score of 4.88 points lay between 
“light minus” and “light”. It is known that marbling 
is related to the meat´s sensory characteristics that 
may be noticed and appreciated by the consumers 
(WEBB O’NEILL, 2008). The texture of LM, 
featuring an average of 4.4 points, corresponded to 
“fine” texture. The color rate presented an average 
score of 3.9 points, equivalent to a score between 
“slightly dark red” and “red”. The pH rate averaging 
5.8 was considered normal for Brazilian market. 
The percentage of muscle, fat and bone featured 
average rates of 64.2, 19.4 and 16.4%, respectively.

Table 5. Carcass characteristics of crossbred bulls fed on diets with sodium monensin or propolis extract.

Item
Diets

SE4 P<F
CON1 MON2 PRO3

Hot carcass weight, kg 247 252 255 6.33 NS
Hot carcass dressing, % 49.9 50.0 50.4 0.67 NS
Carcass conformation, points 3.50 3.63 3.71 0.23 NS
Carcass length, cm 131 135 135 1.35 NS
Leg length, cm 70.8 70.9 72.1 0.79 NS
Cushion thickness, cm 25.8 25.1 25.0 0.54 NS
Fat thickness, mm 2.63 2.88 2.94 0.36 NS
Longissimus muscle, cm2 57.3 59.1 61.0 1.13 NS
Marbling, points 4.63 5.00 4.88 0.67 NS
Texture, points 4.50 4.38 4.38 0.19 NS
Color, points 3.75 4.00 3.88 0.31 NS
pH 5.68 5.67 5.63 0.13 NS
Muscle, % 64.1 63.5 65.0 2.77 NS
Fat, % 19.4 19.7 19.0 2.77 NS
Bone, % 16.5 16.8 16.0 0.37 NS

1Diets with 50:50% roughage:concentrate without (CON) and with sodium monensin (MON) or propolis extract (PRO). NS - not 
significant.
Source: Elaboration of the authors.
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Conclusions

The sodium monensin addition in the diet of 
bulls finished in feedlot with 50% concentrate and 
50% corn silage can be used because reduces feed 
intake and improves feed efficiency. On the other 
hand, propolis extract addition in the diets does 
not produce any changes on animal performance, 
feed intake, microbial synthesis and carcass 
characteristics.

References
ABRAHÃO, J. J. S.; PRADO, I. N.; PEROTTO, D.; 
MOLETTA, J. L. Características de carcaças e da carne 
de tourinhos submetidos a dietas com diferentes níveis 
de substituição do milho por resíduo úmido da extração 
da fécula de mandioca. Revista Brasileira de Zootecnia, 
Viçosa, MG, v. 34, n. 5, p. 1640-1650, 2005. 

AGUIAR, S. C.; ZEOULA, L. M.; MOURA, L. P. P.; 
PRADO, I. N.; PAULA, E. M.; SAMENSARI, R. B. 
Performance, digestibility, microbial production and 
carcass characteristics of feedlot young bulls fed diets 
containing propolis. Acta Scientiarum Animal Sciences, 
Maringá, v. 34, n. 4, p. 393-400, 2012. 

ASSOCIATION OF OFFICIAL ANALYTICAL 
CHEMISTS - AOAC. Inc., Arlington, VA, Association 
of Official Analytical Chemists Inc., 1998.

BERGEN, W. G.; BATES, D. B. Ionophores: their effect 
on production efficiency and mode of action. Journal of 
Animal Science, Champaign, v. 58, n. 6, p. 1465-1483, 
1984. 

BROUDISCOU, L. P.; PAPON, Y.; BROUDISCOU, 
A. F. Effects of dry plant extracts on fermentation and 
methanogenesis in continuous culture of rumen microbes. 
Animal Feed Science and Technology, Amsterdan, v. 87, 
n. 3, p. 263-277, 2000. 

BURDOCK, G. A. Review of the biological properties 
and toxicity of bee propolis (propolis). Food and 
Chemical Toxicology, Amsterdam, v. 36, n. 4, p. 347-363, 
1998. 

CHEN, X. B.; GOMES, M. J. Estimation of microbial 
protein supply to sheep and cattle based on urinary 
excretion of purine derivatives-an overview of the 
technical details. International Feed Resources Unit, 
Aberdeen, v. 1, p. 1-21, 1995.  

COUNCIL FOR INTERNATIONAL ORGANIZATIONS 
OF MEDICAL SERVICES - CIOMS/OMS. International 

Guiding Principles for Biomedical Research Involving 
Animals. Geneva: ERIC Clearinghouse, 1985. 

FAHEY, G. C.; JUNG, H. G. Lignin as a marker in 
digestion studies: a review. Journal of Animal Science, 
Champaign, v. 57, n. 1, p. 220-225, 1983. 

FRANCO, S. L.; BUENO, J. H. F. Otimização de 
processo extrativo de própolis. Infarma, Brasília, v. 11, 
n. 1, p. 48-51, 1999. 

FUNARI, C. S.; FERRO, V. O. Análise de própolis. 
Ciência e Tecnologia de Alimentos, Campinas, v. 26, n. 
1, p. 171-178, 2006. 

GOCHMAN, N.; SCHMITZ, J. M. Application of a new 
peroxide indicator reaction to the specific, automated 
determination of glucose with glucose oxidase. Clinical 
Chemistry, Boston, v. 18, n. 9, p. 943-950, 1972. 

GOODRICH, R. D.; GARRETT, J. E.; GAST, D. 
R.; KIRICK, M. A.; LARSON, D. A.; MEISKE, J. C. 
Influence of monensin on the performance of cattle. 
Journal of Animal Science, Champaign, v. 58, n. 6, p. 
1484-1498, jun. 1984. 

HANKINS, O. G.; HOWE, P. E. Estimation of the 
composition of beef carcasses and cuts. Technical 
Bulletin, US Dept. of Agriculture, Illinois, n. 926, p. 
1-20, 1946.

HERRERA-SALDANA, R.; HUBER, J. T. Influence of 
varying protein and starch degradabilities on performance 
of lactating cows. Journal of Dairy Science, Champaign, 
v. 72, n. 6, p. 1477-1483, 1989. 

KEARL, L. C. Nutrient Requirements of ruminants in 
developing countries. Utah, UT: International Feedstuffs 
Institute, Utah Agricultural Experiment Station, Utah 
State University, 1982. 382 p. 

LANA, R. P.; CAMARDELLI, M. M. L.; QUEIROZ, A. 
C.; RODRIGUES, M. T.; EIFERT, E. C.; MIRANDA, 
E. N.; ALMEIDA, I. C. C. Óleo de soja e própolis na 
alimentação de cabras leiteiras. Revista Brasileira de 
Zootecnia, Viçosa, MG, v. 34, n. 2, p. 650-658, 2005. 

LANA, R. P.; CAMARDELLI, M. M. L.; RODRIGUES, 
M. T.; EIFERT, E. C.; OLIVEIRA, M. V. M.; 
STRADIOTTI JÚNIOR, D.; OLIVEIRA, J. S. Óleo 
de soja e própolis na alimentação de cabras leiteiras: 
consumo de matéria seca e de nutrientes e parâmetros 
de fermentação ruminal. Revista Brasileira de Zootecnia, 
Viçosa, MG, v. 36, n. 1, p. 191-197, 2007. 

MAGGIONI, D.; MARQUES, J. A.; PEROTTO, D.; 
ROTTA, P. P.; DUCATTI, T.; MATSUSHITA, M.; SILVA, 
R. R.; PRADO, I. N. Bermuda grass hay or sorghum 
silage with or without yeast addition on performance and 
carcass characteristics of crossbred young bulls finished 



1077
Semina: Ciências Agrárias, Londrina, v. 36, n. 2, p. 1067-1078, mar./abr. 2015

Propolis extract in the diet of crossbred (½ Angus vs. ½ Nellore) bulls finished in feedlot: animal performance, feed ...

in feedlot. Asian-Australasian Journal of Animal Science, 
Seoul, v. 22, n. 2, p. 206-215, 2009. 

MARCUCCI, M. C. Propolis: chemical composition, 
biological properties and therapeutic activity. Apidologie, 
Clermond Ferrant, v. 26, n. 2, p. 83-99, 1995. 

MERTENS, D. R. Regulation of Forage Intake. In: 
FAHEY, J. R. (Ed.). Forage quality, evaluation, and 
utilization. Madison, WI: Amer Society of Agronomy, 
1994. p. 450-493. 

NUTRIENT REQUIREMENTS OF BEEF CATTLE - 
NRC. 7th ed. Washington, DC: Natl. Acad. Press, 2000. 
276 p. 

OLIVEIRA, A. S.; VALADARES, R. F. D.; 
VALADARES FILHO, S. C.; CECON, P. R.; RENNÓ, 
L. N.; QUEIROZ, A. C.; CHIZZOTTI, M. L. Produção 
de proteína microbiana e estimativas das excreções 
de derivados de purinas e de uréia em vacas lactantes 
alimentadas com rações isoprotéicas contendo diferentes 
níveis de compostos nitrogenados não-protéicos. Revista 
Brasileira de Zootecnia, Viçosa, MG, v. 30, n. 5, p. 1621-
1629, 2001. 

OLIVEIRA, J. S.; LANA, R. P.; BORGES, A. C.; 
QUEIROZ, A. C.; ALMEIDA, I. C. C. Efeito da 
monensina e extrato de própolis sobre a produção de 
amônia e degradabilidade in vitro da proteína bruta de 
diferentes fontes de nitrogênio. Revista Brasileira de 
Zootecnia, Viçosa, MG, v. 33, n. 2, p. 504-510, 2004. 

PRADO, I. N.; ARICETTI, J. A.; ROTTA, P. P.; 
PRADO, R. M.; PEROTTO, D.; VISENTAINER, J. V.; 
MATSUSHITA, M. Carcass characteristics, chemical 
composition and fatty acid profile of the Longissimus 
muscle of bulls (Bos taurus indicus vs. Bos taurus 
taurus) finished in pasture systems. Asian-Australasian 
Journal of Animal Science, Seoul, v. 21, n. 10, p. 1449-
1457, 2008a. 

PRADO, I. N.; ITO, R. H.; PRADO, J. M.; PRADO, I. 
M.; ROTTA, P. P.; MATSUSHITA, M.; VISENTAINER, 
J. V.; SILVA, R. R. The influence of dietary soyabean 
and linseed on the chemical composition and fatty acid 
profile of the Longissimus muscle of feedlot-finished 
bulls. Journal of Animal and Feed Science, Jablona, v. 
17, p. 307-317, 2008b. 

PRADO, I. N.; PRADO, R. M.; ROTTA, P. P.; 
VISENTAINER, J. V.; MOLETTA, J. L.; PEROTTO, 
D. Carcass characteristics and chemical composition of 
the Longissimus muscle of crossbred bulls (Bos taurus 
indicus vs Bos taurus taurus) finished in feedlot. Journal 
of Animal and Feed Sciences, Jablona, v. 17, p. 295-306, 
2008c. 

PRADO, I. N.; ROTTA, P. P.; PRADO, R. M.; 
VISANTAINER, J. V.; MOLETTA, J. L.; PEROTTO, 
D. Carcass characteristics and chemical composition of 
the Longissimus muscle of Purunã and 1/2 Purunã vs. 1/2 
Canchin bulls meat quality of bulls. Asian-Australasian 
Journal of Animal Sciences, Seoul, v. 21, n. 9, p. 1296-
1302, 2008d.

PRADO, O. P. P.; ZEOULA, L. M.; MOURA, L. P. 
P.; FRANCO, S. L.; PRADO, I. N.; GOMES, H. C. C. 
Digestibilidade e parâmetros ruminais de dietas à base 
de forragem com adição de própolis e monensina sódica 
para bovinos. Revista Brasileira de Zootecnia, Viçosa, 
MG, v. 39, n. 6, p. 1336-1345, 2010. 

RENNÓ, L. N.; VALADARES FILHO, S. C.; PAULINO, 
M. F.; LEÃO, M. I.; VALADARES, R. F. D.; RENNÓ, F. 
P.; PAIXÃO, M. L. Níveis de uréia na ração de novilhos 
de quatro grupos genéticos: parâmetros ruminais, uréia 
plasmática e excreções de uréia e creatinina. Revista 
Brasileira de Zootecnia, Viçosa, MG, v. 37, n. 3, p. 556-
562, 2008. 

RENNÓ, L. N.; VALADARES, R. F. D.; LEÃO, M. I.; 
VALADARES FILHO, S. C. Estimativa da produção de 
proteína microbiana pelos derivados de purinas na urina 
em novilhos. Revista Brasileira de Zootecnia, Viçosa, 
MG, v. 29, n. 4, p. 1223-1234, 2000. 

RESENDE, F. D.; QUEIROZ, A. C.; OLIVEIRA, J. V.; 
PEREIRA, J. C.; MÂNCIO, A. B. Bovinos mestiços 
alimentados com diferentes proporções de volumoso: 
concentrado. 2. Efeito sobre a ingestão de nutrientes. 
Revista Brasileira de Zootecnia, Viçosa, MG, v. 30, n. 1, 
p. 270-279, 2001. 

RÍSPOLI, T. B.; RODRIGUES, I. L.; MARTINS NETO, 
R. G.; KAZAMA, R.; PRADO, O. P. P.; ZEOULA, 
L. M.; ARCURI, P. B. Protozoários ciliados do rúmen 
de bovinos e bubalinos alimentados com dietas 
suplementadas com monensina ou própolis. Pesquisa 
Agropecuária Brasileira, Brasília, v. 44, n. 1, p. 92-97, 
2009. 

ROTTA, P. P.; PRADO, R. M.; PRADO, I. N.; VALERO, 
M. V.; VISENTAINER, J. V.; SILVA, R. R. The effects 
of genetic groups, nutrition, finishing systems and 
gender of Brazilian cattle on carcass characteristics 
and beef composition and appearance: a review. Asian-
Australasian Journal of Animal Science, Seoul, v. 22, n. 
12, p. 1718-1734, 2009. 

SILVA, L. G.; TORECILHAS, J. A.; ORNAGHI, M. G.; 
EIRAS, C. E.; PRADO, R. M.; PRADO, I. N.; SILVA et 
al. Glycerin and essential oils in the diet of Nellore bulls 
finished in feedlot: animal performance and apparent 
digestibility. Acta Scientiaruam Animal Science, 
Maringá, v. 36, n. 2, p. 177-184, 2014.



1078
Semina: Ciências Agrárias, Londrina, v. 36, n. 2, p. 1067-1078, mar./abr. 2015

Valero, M. V. et al.

SNIFFEN, C. J.; O’CONNOR, J. D.; VAN SOEST, P. 
J.; FOX, D. G.; RUSSELL, J. B. A net carbohydrate 
and protein system for evaluating cattle diets: II. 
Carbohydrate and protein availability. Journal of Animal 
Science, Champaign, v. 70, n. 11, p. 3562-77, 1992. 

STATISTICAL ANALYSIS SYSTEM INSTITUTE - 
SAS. Institute Inc., SAS/STAT® 9. 1 User’s Guide. SAS, 
Cary, NC., 2004. 

STRADIOTTI JÚNIOR, D.; QUEIROZ, A. C.; LANA, 
R. P.; PACHECO, C. G.; CAMARDELLI, M. M. L.; 
DETMANN, E.; EIFERT, E. C.; NUNES, P. M. M.; 
OLIVEIRA, M. V. M. Ação do extrato de própolis sobre a 
fermentação in vitro de diferentes alimentos pela técnica 
de produção de gases. Revista Brasileira de Zootecnia, 
Viçosa, MG, v. 33, n. 4, p. 1093-1099, 2004a. 

STRADIOTTI JÚNIOR, D.; QUEIROZ, A. C.; LANA, 
R. P.; PACHECO, C. G.; EIFERT, E. C.; NUNES, P. M. 
M. Ação da própolis sobre a desaminação de aminoácidos 
ea fermentação ruminal. Revista Brasileira de Zootecnia, 
Viçosa, MG, v. 33, n. 4, p. 1086-1092, 2004b. 

TAKAISHI-KIKUNI, N. B.; SCHILCHER, H. Electron 
microscopic and microcalorimetric investigation of the 
possible mechanism of the antibacterial action of a defined 
propolis provenance. Planta Medica, Neunkirchen am 
Brand, v. 60, n. 3, p. 222-227, 1994. 

VALERO, M. V.; PRADO, R. M.; ZAWADSSKI, 
F.;EIRAS, C. E.; MADRONA, G. S.; PRADO, I. N. 
Propolis and essential oils additives in the diets improved 
animal performance and feed efficiency of bulls finished 
in feedlot. Acta Scientiarum Animal. Sciences, Maringá, 
v. 32, n. 4, p. 419-426, 2014. 

VALERO, M. V.; ZAWADZKI, F.; FRANÇOZO, 
M. C.; FARIAS, M. S.; ROTTA, P. P.; PRADO, I. 
N.; VISENTAINER, J. V.; ZEOULA, L. M. Sodium 
monensin or propolis extract in the diet of crossbred 
(½ Red Angus vs. ½ Nellore) bulls finished in feedlot: 
chemical composition and fatty acid profile of the 
Longissimus muscle. Semina: Ciências Agrárias, 
Londrina, v. 32, n. 4, p. 1617-1626, 2011. 

VAN NEVEL, C. J. Modification of rumen fermentation 
by the use of additives. In: JOUANY, J. P. Rumen 
microbial metabolism and ruminant digestion. Paris: 
INRA, 1991. p. 263-280. 

VAN SOEST, P. J.; ROBERTSON, J. B.; LEWIS, B. A. 
Methods for dietary fiber, neutral detergent fiber, and 
nonstarch polysaccharides in relation to animal nutrition. 
Journal of Dairy Science, Champaign, v. 74, n. 10, p. 
3583-3597, 1991. 

WEBB, E. C.; O’NEILL, H. A. The animal fat paradox 
and meat quality. Meat Science, Amsterdan, v. 80, n. 1, 
p. 28-36, 2008. 

ZAWADZKI, F.; PRADO, I. N.; MARQUES, J. A.; 
ZEOULA, L. M.; PRADO, R. M.; FUGITA, C. A.; 
VALERO, M. V.; MAGGIONI, D. Sodium monensin 
or propolis extract in the diet of Nellore bulls finished 
in feedlot: chemical composition and fatty acid profile 
of Longissimus muscle. Semina: Ciências Agrárias, 
Londrina, v. 32, n. 4, p. 1627-1636, 2011a.

ZAWADZKI, F.; PRADO, I. N.; MARQUES, J. A.; 
ZEOULA, L. M.; ROTTA, P. P.; SESTARI, B. B.; 
VALERO, M. V.; RIVAROLI, D. C. Sodium monensin 
or propolis extract in the diets of feedlot-finished bulls: 
effects on animal performance and carcass characteristics. 
Journal of Animal and Feed Sciences, Jablona, v. 20, n. 
1, p. 16-25, 2011b.

ZEOULA, L. M.; BELEZE, J. R. F.; GERON, L. J. 
V.; MAEDA, E. M.; PRADO, I. N.; PAULA, M. C. 
Digestibilidade parcial e total de rações com a inclusão 
de ionóforo ou probiótico para bubalinos e bovinos. 
Revista Brasileira de Zootecnia, Viçosa, MG, v. 37, n. 3, 
p. 563-571, 2008. 

ZEOULA, L. M.; PRADO, I. N.; DIAN, P. H. M.; 
GERON, L. J. V.; CALDAS NETO, S. F.; MAEDA, E. 
M.; PERON, P. D. P.; MARQUES, J. A.; FALCÃO, A. J. 
S. Recuperação fecal de indicadores internos avaliados 
em ruminantes. Revista Brasileira de Zootecnia, Viçosa, 
MG, v. 31, n. 4, p. 1865-1874, 2002. 


