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ABSTRACT

This study evaluates the effects of three diets: a control (CON), containing sodium monensin 
(MON) and containing propolis extract (PRO). The performance of 33 feedlot-finished bulls,  
11 for each diet, and carcass characteristics were examined. The 27 months old bulls, with initial 
liveweight 400±2.33 kg, were kept in a feedlot for 84 days, till 484±6.76 kg at slaughter. The roughage 
and concentrate ratio of the diets was 52:48 on DM basis. Maize silage was used as roughage and 
maize, soyabean meal, urea, mineral salt and limestone were used as concentrate. The average final 
weight (501 kg), hot carcass weight (275 kg) and average daily gain (1.17 kg) were higher (P<0.05) 
for bulls fed with PRO than for those on the CON (472, 259 and 0.87 kg, respectively), or MON 
(480, 259 and 0.94 kg, respectively) diets. Dry matter conversion was better (P<0.05) for bulls fed 
with PRO (8.04) than those on the CON (10.9) or MON (9.72) diets. Carcass characteristics such as 
conformation, carcass length, leg length, cushion thickness, Longissimus muscle area, Longissimus 
muscle area/100 kg of liveweight, fat thickness, colour, texture and marbling were not influenced 
(P>0.05) by the treatments. 
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INTRODUCTION

Meat plays an important role in human diet, providing high quality protein 
(Rotta et al., 2009b), essential fatty acids (Maggioni et al., 2009; Rotta et al., 
2009a,b), minerals and B-complex vitamins. However, red meat contains saturat-
ed fatty acids and cholesterol, and the consumption of these substances has been 
associated with a number of health problems, including cardiovascular disease, 
obesity, hypertension and cancer (Aricetti et al., 2008; Prado et al., 2009a,b,c). 
The presence of saturated fatty acids in beef is related to the biohydrogenation 
process that occurs in the rumen.

The livestock industry is continually searching for ways to minimize the feed 
costs involved in cattle production. Feed additives like antibiotics or growth-pro-
moting agents have become an integral part of ruminant production. The iono-
phores (e.g., monensin, lasalocid and sonilomycin) are an especially important 
group of feed additives. The ionophore monensin, a polyether antibiotic, is one of 
the most common additives used to modulate ruminant fermentation. Monensin 
selectively inhibits the growth of gram-positive bacteria; this inhibition reduc-
es lactic acid production and methanogenesis in the rumen, increases the molar 
proportion of propionate and N retention (Goodrich et al., 1984). The positive 
responses of livestock to dietary monensin supplementation have been well-docu-
mented. Monensin improves feed conversion, particularly in high-grain diets.

However, Köhler et al. (2000) reported that certain anti-bacterial agents used as 
growth promoters might increase the horizontal transfer of virulence genes between 
bacteria, although this effect was not observed from monensin in vitro. Concerns 
about the use of in feed antibiotics have focused on the potential for antibiotic residue 
in animal products and the development of antibiotic-resistant pathogenic microbes. 
In Europe, resolution EU 1831/2003 has prohibited the use of sodium monensin since 
January of 2006. It is therefore necessary to develop alternative products that can 
replace antimicrobial feed additives.

Propolis extract has several anti-bacterial bioactivities that are related to fla-
vonoids (Marcucci, 1995). Because propolis can inhibit the growth of gram posi-
tive bacteria, in might be a useful additive for modifying microbial fermentation 
in the rumen (Ozturk et al., 2010). However, we found no reports of studies that 
examined the effects of propolis extract on the quality of cattle meat. This work 
was carried out to study the effects of sodium monensin or propolis extract on the 
performance and carcass characteristics of feedlot-finished Nellore bulls.
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MATERIAL AND METHODS

Animal management and sampling

This study was carried out at the Experimental Farm of the State University of 
Maringá, Paraná (Brazil). It was approved by the Committee for Animal Produc-
tion at the State University of Maringá (CIOMS/OMS, 1985) and followed the 
guiding principles of biomedical research on animals.

Thirty-three Nellore bulls were included in the study; they had an initial 
average age of 27 months and an initial liveweight of 400±2.33 kg. The bulls were 
kept on pasture (mainly Cynodon spp., cv. Tifton 85) for 27 months. During the 
trial the bulls were kept in individual pens (10 m2 for each animal) and fed twice  
a day. The bulls were weighed at the beginning of the experiment. Thereafter, they 
were weighed every 14 days following a 16-h fast (all feed was removed at 4 p.m. 
on the day prior to weighing). The total experimental period lasted 84 days, during 
which the bulls reached an average final liveweight of 484±6.76 kg. 

The bulls were given access to a diet that was formulated to allow beef cattle 
to gain 1.00 kg/day. The bulls were fed maize silage ad libitum in addition to  
a concentrate composed of cracked maize, soyabean meal, mineral salt, limestone 
and urea (Table 1). Water was given ad libitum. The amounts of concentrate  
offered daily to the animals were adjusted every 14 days after the bulls were 
weighed. The diet was weighed before delivery and adjusted daily to have 
leftovers of 5%. The refusals were weighed daily. Dry matter (DM), crude 
protein (CP), organic matter (OM), ash, ether extract (EE), neutral detergent 
fibre (NDF) and acid detergent fibre (ADF) were determined according to the 
AOAC (1980) methods. Total carbohydrates (TCH) were calculated using 
the equation: TCH = 100 – (CP% + EE% + ash%) by Sniffen et al. (1992).  
Non-fibre carbohydrates (NFC) were determined to be the difference between 
TCH and NDF. Total digestive nutrients (TDN) were calculated by Kearl (1982).

 
Table 1. Chemical composition of diet ingredients (%/DM) and composition of the diet 

Ingredients   DM1 % DM   Diet %CP2 OM3 Ash EE4 NDF5 ADF6 TDN7 NFC8

Maize silage  32.1     8.15 96.5 3.46 2.06 48.4 25.6 86.3 38.0   52.0
Maize  88.9     8.93 99.1 0.95 3.50 17.7     4.40 86.6 68.9   42.9
Soyabean meal  88.6 49.0 93.7 6.26 1.30 13.7     5.97 43.5 29.8   4.30
Mineral salt  99.3   0.32
Limestone  99.3   0.19
Urea  97.5   282   0.32
Diet composition  42.9    11.1 97.1 2.95 2.62 33.3 15.4 83.9 50.6  100
1 dry matter, 2 crude protein, 3 organic matter, 4 ether extract, 5 neutral detergent fibre, 6 acid detergent 
  fibre, 7 total digestive nutrients, 8 non-fibre carbohydrates 
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Three treatments were examined on 11 bulls each: a control diet (CON), a diet 
with sodium monensin (MON) and a diet with propolis extract (PRO). The propolis 
extract LLOS (C1++) chartered by intellectual patrimonial number PI 0605768-3 
was developed by the Pharmacy Laboratory (State University of Maringá). The 
propolis extract was prepared with alcohol according to Franco and Bueno (1999). 
The samples were stored in closed bottles at a temperature of -5ºC, were diluted to 
between 50 to 96º GL with a fixed concentration of propolis extract. The extracts 
were dried by lyophilization for 24 h. To prepare the concentrates, the extract 
was brought to ambient temperature and mixed with soyabean and maize. The 
product LLOSC1++ contains 0.054 mg/g of total flavonoids (chrysin). Monensin 
was produced by Elanco®. The sodium monensin and propolis extract nuclei 
were mixed with the concentrate at the same time. The animals were fed 300 mg/
animal/day of sodium monensin and 35 g/animal/day of propolis extract.

Carcass characteristics

The animals were slaughtered at a commercial slaughterhouse, according to the 
Brazilian industrial practices. The carcasses were chilled for 24 h at 4oC. After it 
the right part of each carcass was used to determine the quantitative characteristics. 
After next 24 h, Longissimus muscle (LM) samples were taken by a complete 
crosssection between the 12th and 13th ribs. The fat was discarded and the muscle 
portion was frozen at 20oC for further analysis. The following characteristics of 
carcass were examined:

hot carcass weight (HCW) was determined after the slaughter and before the 
carcass was chilled,

hot carcass dressing (HCD): the percentage of individual animal dressing was 
defined as the hot carcass weight divided by the liveweight 14 h before slaughter,

carcass conformation (COF): Müller’s (1980) point scale was used to determine 
carcass conformation; on this scale, the highest value indicates the best conformation. 
The carcass conformation was reported as superior, very good, good, regular, poor 
or inferior; ratings may also be reported as plus, mid and minus,

carcass length (CAL) was determined by measuring from the border of the 
pubis bone to the anterior side of the first rib; measurements were taken with  
a ribbon or a tape line,

leg length (LEL) was evaluated using a wooden compass with metallic edges 
that measures the distance from the anterior border of the pubis bone to a middle 
point on the tarsus bone,

cushion thickness (CUT) was determined using a wooden compass with 
metallic edges that measure the distance between the lateral face and the median 
at the superior part of the cushion. The cushion is flat muscle (Biceps femoris), 
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fat thickness (FAT) was determined with a caliper averaging three points 
between the 12th and the 13th ribs on the Longissimus muscle (LM),

Longissimus muscle area (LMA) was measured with a tracing made on the 
right side of carcass; a transversal cut between the 12th and 13th  ribs exposed 
the Longissimus muscle. Next, a compensating planimeter, an instrument that 
measures the area of irregularly shaped objects, was used to determine the area,

marbling (MAR): intramuscular fat was measured in the LM between the 12th 
and 13th ribs according to the Müller (1980) scores,

texture (TEX) was determined by the size of the fascicle (muscle “grain”) and 
was evaluated subjectively with a point scale (Müller, 1980),

colour (COL): muscle colour was analysed after the carcass had been chilled 
for 24 h. Coloration was evaluated according to a point scale (Müller, 1980)  
30 min after a transversal section was made on the Longissimus muscle between 
the 12th and 13th ribs,

hydrogen potential (pH) was determinate with a pH meter; the electrode was 
inserted in the muscle between the 12th and 13th ribs after the carcass was chilled 
for 24 h.

To evaluate the post-mortem degradation of muscle proteins, the myofibrillar 
fragmentation index (MFI) was used according to the methods of Hopkins et al. 
(2000); the LM between the 12th and 13th ribs was examined. The homogeniza-
tion was realized before the total protein determination and it was adjusted to the 
common concentration of the protein. A spectrophotometer (Thermo Scientific, 
GENESYS 10S Vis) was used to determine the absorbance and the absorbance 
value was then multiplied by the correction factor (200) according to the follow-
ing equation: MFI = absorbance reading x 200.

Statistical analysis

An one-way analysis of variance and Tukey’s test were used (SAS, 2000).  
A significance was declared at P<0.05. 

RESULTS AND DISCUSSION

Animal performance

The final liveweight (501 kg), hot carcass weight (275 kg) and average daily 
gain (1.17 kg) of the bulls on the PRO diet were greater (P<0.05) than those of 
the bulls on the control diet (472, 259 and 0.87 kg, respectively) or the MON diet 
(472, 259 and 0.87 kg, respectively) (Tables 2 and 3).
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Table 2. Performance of Nellore bulls 

Parameters Diets SE4 PCON1 MON2 PRO3

No. of animals    11    11 11
Initial liveweight, kg         399  401         402 2.33 NS
Final weight, kg   472b   480b         501a 6.76 0.03
Average daily gain, kg            0.87b            0.94b          1.17a 0.06 0.02
Dry matter intake, kg/day           9.51           9.14         9.41 0.32 NS
Dry matter intake/ liveweight, %           1.99           1.90        1.90 0.06 NS
Dry matter conversion, kg/kg gain        10.9b             9.72ab         8.04a 0.87 0.01
1control, 2sodium monensin, 3propolis extract, 4standard error of the mean, NS - non significant, 
values with different letters in the same line differs significantly (P<0.05)

The higher final liveweight, hot carcass weight and average daily gain of the 
bulls on the PRO diet may be due to several bioactivities of the propolis extract. For 
example, the propolis extract has anti-microbial, anti-inflammatory, anti-oxidant, 
and anti-viral properties (Hegazi et al., 2000). In ruminants propolis has been 
used in the modification of rumen fermentation (Broudiscou et al., 2000; Ozturk 
et al., 2010). Pires do Prado et al. (2010) reported increases in total and intestinal 
digestibility, higher concentration of digestible energy and apparent increase in 
the flow of intestinal protein based diets with forage for buffalo fed with LLOSB3 
LLOSC1 products based on propolis. 

The average daily gain (1.00 kg) could be considered low for feedlot-finished 
bulls on an energy-dense diet (Abrahão et al., 2005; Kazama et al., 2008; Maggioni 
et al., 2009a; Rotta et al., 2009b). However, Nellore animals usually present an 
average daily gain of 0.90 kg to 1.20 kg (D’Olveira et al., 1997).

Propolis extract could be used as an alternative additive that replaces sodium 
monensin and increases an animal’s weight gain. In Brazil, the use of sodium 
monensin is permitted; however, Brazil exports around 25.0% of its production to 
Europe, the United States and Asia, where the use of sodium monensin is regulated 
or banned. Sodium monensin should therefore be replaced with another product 
that does not have the same negative effects. Propolis extract is a natural product 
that may be a safe alternative.

The dry matter intake (kg/day or kg/100 kg of body weight) was similar 
(P>0.05) among animals on the three diets. However, the daily dry matter intake 
was low (9.35 kg/day or 1.93 kg/100 kg body weight) for bulls finished in a feed-
lot. This low intake was influenced by the animal breed. Nellore animals have  
a low average daily gain, and feed intake is also low (D’Oliveira et al., 1997).

Dry matter conversion (kg dry matter/kg average daily gain) was better 
(P<0.05) for animals on the PRO diet (8.40) than for those on the CON (10.9) 
or MON (9.72) diets. The better dry matter conversion for the bulls on the PRO 
diet may be due to the bioactivities of the propolis extract, particularly the anti-
bacterial action that is related to flavonoids (Marcucci, 1995).
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Sodium monensin and propolis extract reduce the gram-positive microorganisms 
responsible for methane production in the rumen. The inclusion of these products 
therefore also reduces methane emissions that have a greenhouse effect (Stradiotti  
et al., 2004). Broudiscou et al. (2000) studied the effects of thirteen dry plant 
extracts with high flavonoid levels on fermentation and methanogenesis in 
cultures of rumen microorganisms and observed that propolis extract increased 
the propionate production (energy source) by 10.3% and reduced the population 
of the microorganisms. These authors observed that propolis extract did not alter 
dry matter intake, pH, ammonia levels, or microbial protein in the rumen liquid 
of cattle fed with roughage. However, propolis extract hindered desamination 
by rumen microorganisms. This finding suggests that ammonia levels may be 
reduced in the rumen of animals on diets that have elevated protein degradable/
fermentation carbohydrates.

Carcass characteristics

The carcass dressing was similar (P>0.05) among treatments; the mean dressing 
percentage was 54.7%. According to Prado et al. (2008 b,c), carcass dressing can 
be influenced by inherent oscillation factors such as genotype, rumen fill, fasting 
period and transportation; it can also be influenced by the slaughter location and 
cleaning process. 

Hot carcass weight was higher (P<0.05) for animals on the PRO (275 kg) diet 
than those on the CON (259 kg) and MON (259 kg) diets. Animals that received 
the PRO treatment were slaughtered at a higher weight, so the hot carcass weight 
was higher for the animals on the PRO diet.

Characteristics such as carcass conformation, carcass length, leg length, 
cushion thickness, Longissimus muscle area, Longissimus muscle area/100 kg 
liveweight , fat thickness, colour, texture, marbling, pH and fragmentation index 
were not influenced by the diets (Table 3). Carcass conformation is an important 
characteristic in the commercial cattle industry in Brazil. Carcasses were classified 
as very good on the Müller (1980) scale, so these animals did not present any 
problems for commercial beef production.

The carcass length, leg length and cushion thickness varied little among the 
animals on different diets and the values were close to those found by others re-
searchers (Prado et al., 2008a; Rotta et al., 2009b).

The Longissimus muscle area shows carcass muscle development and is there-
fore directly correlated to hot carcass weight. The iso-proteic and iso-energetic 
diet used in this experiment had little influence on this characteristic. The bulls 
presented good muscularity and the muscle area values were close to those found 
by Prado et al. (2008a).



 23ZAWADZKI F. ET AL.

Table 3. Carcass characteristics of Nellore bulls finished in a feedlot

Parameters Treatments
SE4 P<FCON1 MON2 PRO3

N 11 11 11
Hot carcass weight, kg 259b       259b        275a 3.94   0.01
Carcass dressing, %    54.9  53.9    55.0 1.98 NS
Conformation, points    14.1  14.5    14.2 0.40 NS
Carcass length, cm        128       130        129 0.97 NS
Leg length, cm     78.3  77.3    78.2 0.54 NS
Cushion thickness, cm     25.3  25.3    25.3 0.39 NS
Longissimus muscle area, cm2     67.5  68.2    70.4 2.01 NS
Longissimus muscle area5     26.0  26.3    25.6 0.71 NS
Fat thickness, mm         3.59     3.45        2.98 0.32 NS
Colour, points         3.63     3.81        3.54 0.19 NS
Texture, points         3.27     3.54        3.27 0.19 NS
Marbling, points         5.27     5.18        5.18 0.34 NS
pH         5.79     5.81        5.77 0.03 NS
Fragmentation index     81.7  82.3    82.0 0.96 NS
 1 control, 2 sodium monensin, 3 propolis extract, 4 standart errors, 5 100 kg liveweight, NS - non 

significant, different letters in the same line are different (P<0.05)

The Longissimus muscle colour ranged from red to slightly dark red (Müller, 
1980), which is considered to be good. The colour of meat is an important 
commercial characteristic that influences consumer behaviour. Colour can be 
affected by age, gender (Rotta et al., 2009b), nutrition (Prado et al., 2008a) and 
genetic group (Prado et al., 2008b,c, 2009a,b,c; Rotta et al., 2009a). Older animals 
have a higher concentration of myoglobin and therefore darker meat. Bulls can 
also have darker meat because of high pH levels.

Texture is classified by granulation on the Longissimus muscle surface. In this 
study, the Longissimus muscle texture was 3.36 points and could be defined as 
slightly coarse or coarse. The average pH (5.70) after 24 h of chilling reflects a 
meat of good quality; pH values above 6.00 increase water retention and result 
in meat that is dark, firm and dry. The various dietary treatments did not affect 
(P>0.05) the myofibrillar fragmentation index (MFI). The average MFI was 
82.0%. According to Culler et al. (1978) and Hopkins et al. (2000), a value above 
60.0% indicates a soft meat.

CONCLUSIONS

The addition of propolis extract to the diet increased weight gain and improved 
feed conversion. These effects were not observed with sodium monensin. These 
additives did not alter the carcass characteristics. Propolis extract is a natural 
product that does not affect human health, and could be a useful addition to 
ruminant diets.
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