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Introduction

Ionophores  – antibiotics used in animal feed-
ing – inhibit gram-positive bacterial growth, provide 
changes in produced ratio of volatile fatty acids, i.e. 
increase propionate and decrease methane levels, 
and enhance energy efficiency of ruminal fermenta-
tion (Soltan et al., 2018). However, synthetic antimi-
crobial agents used as growth promoters in animals 
can be transferred to the meat consumed by humans 
and can be a cause of many health risks. Therefore, 

in 2006 the European Union banned the use of such 
substances in animal feed (Torres et al., 2010), and so 
the search for alternative natural compounds is neces-
sary.

Propolis has bacteriostatic activity against gram-
positive and some gram-negative bacteria (Mirzo-
eva et  al., 1997). It can be an alternative to iono-
phores used in ruminants (Ítavo et al., 2011a; 2011b) 
due to the presence of compounds like flavonoids, 
phenolic acids, esters, phenolic aldehydes and ke-
tones (Funari and Ferro, 2006). The action of propo-
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balanced supply of flavonoids from the crude or ethanol extract of brown propo-
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lis is likely related to changes in the energetic status 
of the bacterial membrane, which inhibits bacte-
rial motility. However, the chemical composition 
of propolis depends on the environment and area in 
which bees are working (Choi et al., 2006). In Brazil, 
propolis can be classified into three different types: 
brown, green and red, with brown being interesting 
for animal nutrition due to the low cost and confirmed 
in some previous studies satisfactory results (Ítavo 
et al., 2011a; 2011b).

Some positive results have been observed using 
the ethanolic extract of propolis in in vitro (Stradiotti 
Jr. et al., 2004) and in vivo (Ítavo et al., 2011a; 2011b) 
experiments on ruminants. According to Morsy et al. 
(2015), the composition of some compounds of 
propolis collected from different areas (Brazilian red 
propolis vs Egyptian brown propolis) differed greatly. 
The ruminal degradation of nutrients in response to 
both types of propolis was however similar. It could 
be stated that propolis, independently of the type or 
site of collection, exerts positive effect on ruminants 
(Morsy et al., 2015). However, variability of results 
reported in other studies might be related with meth-
odological differences in animal feeding and lack 
of proper characterization of propolis (Stelzer et al., 
2009), further studies are still needed. 

Previously, we have evaluated different forms of 
propolis (brown or green in crude form, solid resi-
due and alcoholic solution) as an additive to ruminant 
feed and noted the effect of propolis on the digest-
ibility, feed conversion ratio and performance of ru-
minants. Ítavo et al. (2011a) concluded that propolis 
into extract can be potentially used as feed supple-
ment instead of monensin sodium in the diets of feed-
lot lambs. Ítavo et al. (2011b) found that inclusion of 
either sodic monensin or brown propolis extract into 
the diet of feedlot lambs can improve feed efficiency. 
Although, the inclusion of residues produced during 
alcoholic extraction of propolis, as a source of flavo-
noids and phenolic acids with antimicrobial activity, 
into ruminant diets is feasible (Heimbach et al., 2014; 
2016; Gomes et  al., 2016), more studies should be 
carried out to confirm its positive influence on rumi-
nants. 

Gomes et  al. (2017) evaluated in vitro fermen-
tation characteristics of ruminant diets with ethanol 
extract of brown propolis as a  nutritional additive 
and found that the degradation and fermentation of 
diet can be successfully improved by 13 ml/DM kg 
of ethanol extract of propolis containing 14 mg/ml of 
flavonoids. Ítavo et al. (2009) found that dietary addi-
tion of brown propolis extract does not affect carcass 
characteristics of feedlot lambs. Likewise, Silva et al. 

(2014) tested brown propolis in crude or extract forms 
as feed supplement for feedlot lambs and observed 
the same effect on feed intake and digestibility. The 
results were also comparable to the use of monensin.

We have already compared propolis (alcohol ex-
tract, extract residue and even crude form) with mo-
nensin as it is a recognized nutritional additive with 
proven efficacy results for ruminants (Ítavo et  al., 
2009; 2011a; 2011b; Silva et  al., 2014; Heimbach 
et  al., 2014; 2016; Gomes et  al., 2016). We have 
noted that regardless of the form, propolis exerted 
a positive effect on intake. However, it is understood 
that the availability and action of the principles can be 
potentiated by the solubilisation in alcohol (Gomes 
et al., 2016). Alcohol could be harmful to rumen mi-
croorganisms, since it could affect the life of the mi-
crobiota (Matthews et al., 2018).

In our previous in vivo and in vitro experiments 
we have noted positive effects of propolis alcoholic 
extract, therefore we believe that the use of crude 
propolis could be also beneficial for animals. There-
fore, it was hypothesized that solid crude propolis or 
alcoholic extract of brown propolis has the potential 
to replace the sodium monensin as nutritional ad-
ditive, in association with a  high quality diet com-
posed of 500:500 (w/w) roughage:concentrate ratio 
for feedlot lamb diets. In the study the effects of di-
etary addition of brown propolis, as crude propolis or 
ethanol extract, or monensin (positive control) on the 
behaviour, production performance, carcass and meat 
characteristics of lambs in feedlot were evaluated.

Material and methods
The experiment was carried out at the Faculty of 

Veterinary Medicine and Animal Science (FAMEZ), 
Federal University of Mato Grosso do Sul (UFMS) 
(Brazil). This work has been approved by Ethical 
Committee for use of animal in experiments (proto-
col 218/2009).

Propolis characteristics
Crude brown propolis was collected from 

Apis mellifera hives in an apiary located at the 
farm of FAMEZ-UFMS in Terenos, MS (Brazil; 
20°26’34.31”S, 54°50’27.86”W; 530.7 m altitude). 
According to Gomes et  al. (2017), a  nylon mesh 
screen was placed between the hive body and the 
cover for production of propolis. After 45 days the 
screens were removed, packed, transported and kept 
at −5 °C in the Laboratory of Apiculture of FAMEZ-
UFMS. The propolis was produced from flowering 
plants in the area, mostly Vernonia spp. and Cecropia 
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pachystachya as well as Luehea sp., Piptadenia 
falcata, Tabebuia spp. and Tabebuia caraiba. Crude 
propolis was mixed with concentrate in milled form 
and added to the total diet.

Propolis extract was prepared according to Stra-
diotti Jr. et al. (2004) by infusing 30 g of crude prop-
olis in 100 ml of 70 v/v ethanol solution (prepared 
with grain alcohol, 98 °GL, Ceralcool®, São Paulo, 
Brazil) for 10 days in constant agitation, followed 
by supernatant removal by filtration through a paper 
filter (80 g/m2 with pore size 25 µm). Crude propolis 
and propolis extract were kept cool and protected 
from light.

Crude propolis was milled in a  5-mm mesh 
screen and analysed for dry matter (DM), ash, 
methanol-insoluble residues, wax, dry residues 
(methane-soluble solids), flavonoids and total phe-
nols. Propolis extract was analysed for concentra-
tions of dry residue, flavonoids and phenols content 
(Table 1). 

The dry residue concentration analysis was 
carried out according to Funari and Ferro (2006). 
A 5-ml aliquot of the propolis ethanolic extract, free 
of wax, was transferred to capsule of dry porcelain 
(heated in an oven at 105  °C for 2  h, cooled and 
then weighted) and the assembly taken to the pre-
heated oven at 105 °C, where it remained for 2 h. 
After cooling in desiccator, the set was weighed. 
This analysis was in triplicate and dry residue con-
tent (soluble solids in ethanol) was calculated by the 
ratio of the residue mass deposited in the crucible 
and the initial mass of crude propolis extracted, cor-
responding to the aliquot of 5 ml. 

The flavonoids and total phenols were measured 
by colorimetry with quercetin and gallic acid as stan-

dards, respectively, as described by Funari and Ferro 
(2006). Total content of polyphenols was measured 
colorimetrically in an aqueous extract using the 
Folin-Ciocalteu technique with polyvinylpolypyr-
rolidone for elimination of interfering substances. 
Polyphenols were extracted by mixing 1 g of sample 
(ground through 1-mm screen) with methanol/water 
(90:10, v/v) and the volume was made up to 100 ml. 
The extracts were then filtered on a 0.22-µm PTFE 
membrane filter (Spritzen, Shanghai, China) in  
a tube protected from light. 

Lambs, experimental design, and diets
In total, 24  weaned, castrated Texel crossbred 

lambs (6 month-old, average weight 24.5 ± 2.9 kg) 
were used in the study. For parasite control, all lambs 
received a 2-ml intramuscular injection of antibiot-
ic (Coccifin, Ouro Fino Saúde Animal, Ouro Fino, 
Cravinhos, SP, Brazil) to prevent coccidiosis. Lambs 
received also an anthelmintic treatment (sodic clos-
antel 10 mg/kg BW; HIPRA, S.A., Amer (Girona), 
Spain) upon weaning. Lambs were housed in sheds 
made from clay tiles, with a ceiling height of 2.5 m 
and concrete paving, where they were randomly al-
lotted into individual pens with 3 m2 (1.5 m × 2 m) 
each, with wood slat floor, waterer and feed trough. 

Animals were randomly assigned to four experi-
mental diets: (1) no additive as negative control; (2) 
13 g/kg DM of crude brown propolis in solid form 
(corresponding to 18 mg/kg DM of flavonoids); (3) 
15 ml/kg DM (corresponding to 1.2 g of dry residue 
and 18 mg/kg DM of flavonoids) of brown propo-
lis alcoholic extract; and (4) 0.032 g/kg DM of so-
dic monensin (Rumensin™ Elanco Animal Health, 
Santo Amaro, SP, Brazil) as positive control in the 
total mixed diet according to Ítavo et al. (2011a). 

The experimental basic diet (Table  2) was 
formulated to meet the National Research Coun-
cil requirements for finishing lambs (NRC, 2007) 
with an average body weight of 20 kg, a potential 
gain of 200 g/day and an estimated DM intake of 
1  kg/day. The concentrate was formulated to con-
tain: g/kg: maize meal 517; soybean meal 472 and 
mineral premix  1. The mineral premix contained: 
g/kg: Ca 70, P 48, S 0.75, Na 1.0; mg/kg: Co 0.3, 
Cu  3.75, I  0.42, Mn  9.00, Se  0.12, Zn  27.0. The 
same diet was offered with different additives. The 
additives were included and mixed in the concen-
trate just before feeding and propolis extract was 
sprinkled on the concentrate before its mixing with  
total ration. 

The feed was offered twice a  day (8:00 and 
16:00), to allow nearly 50 g/kg of leftovers. Water 

Table 1. Chemical composition of brown propolis in crude or ethanol 
extract forms

Compound Content
Crude propolis

ash, g/kg DM   34.5
DM, g/kg 902.9
insoluble in methanol residue, g/kg DM 585.6
wax, g/kg DM   95.6
dry residue, g/kg DM 307.9
phenols, mg/g dry residue   68.1
flavonoids, mg/g dry residue     4.6

Propolis extract
dry residue, g/l   79.5
phenols, mg/g dry residue 584.9
flavonoids, mg/g dry residue   15.0

DM – dry matter
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was provided ad libitum. Tifton 85 (Cynodon spp.) 
hay was milled to 5 mm length and used as rough-
age feed at roughage:concentrate ratio of 500:500 
(w/w) on a DM basis. The amounts of feed offered 
and refused were weighed daily and registered for 
each pen to determine DM intake. 

The experimental period lasted 67 days and was 
divided into five periods – the first four of 14 days 
and the last one of 11 days, until the animals pre-
sented slaughter weight (mean of 35 kg BW).

Nutrient intake 
The samples of offered diet and leftovers were 

dried in a forced ventilation oven at 55 °C for 96 h and 
milled in the 1-mm mesh screen. The determinations 
of DM, organic matter (OM), crude protein level from 
total nitrogen (CP) and ether extract (EE), of the diets 
and the leftovers were performed according to AOAC 
International (2000), methods 930.15, 942.05, 976.05 
and 920.39, respectively. Heat stable α-amylase (Ter-
mamyl® 120; Sigma-Aldrich, St. Louis, MO, USA) 
was used to determine neutral detergent fibre (NDF) 
(Mertens, 2002) without sodium sulphite and was ex-
pressed inclusive of residual ash. Acid detergent fibre 
(ADF) was determined by Robertson and Van Soest 
(1981) method. Total carbohydrates (TCHO) were 
determined using the equation: 100  − (crude pro-
tein + ether extract + ash). To determine non-fibrous 
carbohydrates (NFC), NDF was subtracted from 
TCHO.

Nutrient intake (offered nutrient  – nutrient of 
leftovers) and feed conversion (DM intake/weight 
gain) were evaluated. DM intake (DMI) and NDF 
intake (NDFI) were evaluated as g/day and body 
weight percentage (g/kg BW).

Ingestive behaviour
The ingestive behaviour was evaluated every 

14 days for a total of four observations. Data collec-
tion was performed in sessions beginning at 8:00, at 
the first daily feeding, and continued for 24 h. The 
collection of quantitative data on basic behavioural 
patterns was based on instantaneous scanning and 
continuous sampling. Therefore, 1-min scans were 
performed at 10-min intervals over the 24 h obser-
vation period. A chronological framework was used 
to record the time the lambs spent feeding, ruminat-
ing, resting and moving.

Feeding rate (FR) and rumination rate (RR) 
of DM and NDF were also obtained in g/min. To 
perform this calculation, DMI and NDFI were di-
vided by ingestion time and total rumination time, 
respectively. Counting the number of chews (NCnb; 
number/bolus) and time spent of chewing per bo-
lus (TCmb; min/bolus) was performed using a digital 
stopwatch. To obtain the average number of chews 
and time spend on chewing each bolus, we observed 
three boli in three distinct periods (10:00 – 12:00, 
14:00 – 16:00 and 18:00 – 20:00). The number of 
daily boli (NDB), the total chewing time (TCT) and 
number of daily chews (NDC) were obtained. 

Productive performance and in vivo body 
measurements

The animals were weighed at the beginning of 
experiment and every 14 days while they were kept in 
the feedlot until reaching slaughter weight. Both of-
fered diet and leftovers were collected by composite 
sampling and analysed. Lambs were weighed at the 
beginning of the study (initial weight) and at the end of 
the experiment after 16 h of fasting (slaughter weight; 
SW). Before slaughter, morphometric measurements 
(cm) of the lambs standing in natural position were 
taken using a measuring tape. Body length (BL; base 
of the tail to the neck), height at withers (HW) and 
height at rump (HR) (vertical distance from the high-
est point of these portions to the ground), width at 
rump (WR), chest girth (CG, behind the shoulders 
and under the armpits) were measured (Osório et al., 
1996a; 1996b). Body compactness (BC) was thereaf-
ter calculated with the relationship SW/BL.

Carcass and meat characteristics
After 67 days, lambs were fasted for 24 h before 

they were shipped to a commercial slaughterhouse. 
Lambs were slaughtered in a slaughter plant (Strut®) 
in Campo Grande, MS (Brazil). After concussion 
stunning with captive bolt pistol, using electro narco-

Table 2. Chemical composition of the experimental basic diet1 of 
feedlot, g/kg DM (unless otherwise stated)

Chemical composition The experimental  
basic diet

DM, g/kg 910.7
Organic matter 933.4
Crude protein 191.7
Neutral detergent fibre 512.0
Acid detergent fibre 255.4
Ether extract   32.2
Total carbohydrates 709.5
Non-fibre carbohydrates2 197.4
DM  – dry matter; 1  basic diet ingredients: g/kg: maize meal  517, 
soybean meal 472, premix mineral 1 with g/kg: Ca 70, P 48, S 0.75, 
Na 1.0; mg/kg: Co 0.3, Cu 3.75, I 0.42, Mn 9.00, Se 0.12, Zn 27.0; 
2 non-fibrous carbohydrates = 100 − (crude protein + ether extract + 
neutral detergent fibre + ash)
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sis of 220 V for 10 s, the carotid artery and jugular 
veins of the lambs were cut for blood drainage. Then 
carcass skinning and evisceration, decapitation and 
cut of the distal portion of the limbs were carried 
out. At the end of slaughter line, all carcasses were 
weighed to obtain hot carcass weight (HCW), which 
was used to calculate hot dressing (HD  = HCW  / 
SW × 100). After 24 h cooling at 4 °C, all carcasses 
were weighed to obtain cold carcass weight (CCW) 
and cold dressing (CD = CCW / PA × 100). Cooling 
losses were also calculated [CL = (HCW − CCW) / 
HCW × 100].

Cold carcasses were measured to obtain internal 
carcass length (ICL  – maximum distance between 
the inner edge of the pubic bone and anterior edge of 
the medial portion of the first rib), external carcass 
length (ECL – distance between the cervicothoracic 
junction and the first inter-coccygeal joint), rump 
perimeter (RP – perimeter between the two femo-
ral heads) and thorax depth (TD – maximal distance 
from sternum bone to withers), as described by  
Osório et al. (1996a; 1996b). Carcass compactness 
(CC) was calculated from the CCW/ICL relation-
ship.

Following slaughter standard processing, the 
carcasses were cut into leg, shoulder, rib, rack, loin 
and neck. The carcass cuts were weighed and their 
relation to CCW was calculated.

Tracing transverse transparent sections between 
the Longissimus thoracis muscle, between the verte-
brae 11st and 13th, Longissimus muscle area (LMA) 
was calculated using the software AUTOCAD® 
(AUTOCAD® software, Autodesk, Inc., São Rafael, 
CA, USA). Subcutaneous fat thickness (SFT) was 
measured in the same sites with a calliper. The Lon-
gissimus dorsi muscle was dissected and sectioned 
between the lumbar vertebrae 11st and 13th for as-
sessment of the proportion of the different carcass 
tissues (muscle, fat and bone). Muscle samples were 
used to determinate the chemical composition and 
meat fatty acid profile. 

Fatty acid profile of the Longissimus muscle 
Intramuscular fat from muscle samples was ex-

tracted. Freeze-dried samples of meat (4 g) were ho-
mogenized in 25 ml of methanol and 5 ml of chloro-
form using a tissue homogenizer set at 540 g (Model 
Q220 Quimis, Diadema São Paulo, SP, Brazil) for 
30 min. The extracts were evaporated under 55 °C 
and lipids were stored at −80  °C until methylated. 
Sodium methoxide (10 ml), acetic acid (1 ml) and 
heptane (10  ml) were added to the mixture prior 

to a second homogenation carried out for 60 min. 
Samples were allowed to settle and 2 ml of lipids 
were collected from the upper heptane phase. Fatty 
acids were methylated using sodium methoxide in 
methanol (1:25) as an agent of esterification and 
methyl acetate (1 ml) plus heptane (10 ml) to mini-
mize saponification. Fatty acid methyl esters were 
quantified by gas chromatography (model 6890N 
Network 237 GC System, Agilent Technologies, 
Santa Clara, CA, USA) using a HP-88 capillary col-
umn (100 m × 0.25 mm i.d., 0.20 µm film thickness; 
Agilent Technologies, Santa Clara, CA, USA).

The injector and detector temperature was 250 °C. 
Initial column temperature was 120 °C (5 min) and it 
gradually increased (3 °C/min) to 240 °C (15 min). 
The carrier gas was helium with flow rate 1.5 ml/min. 
Hydrogen flow to the detector was 35 ml/min, airflow 
was 450 ml/min, and the flow of N2 make-up gas was 
30 ml/min. Identification of fatty acids was done by 
comparison with the retention times of pure methyl 
ester standards. Chromatographic standard mixture of 
fatty acids (C4–C24 Even Carbon Saturated FAMEs; 
1000  μg/ml each component in hexane; analytical 
standard, cat. No. 49453-U; Sigma-Aldrich, St. 
Louis, MO, USA) was used.

Statistical analysis
All data were submitted to analysis of variance 

(ANOVA) using the GLM procedure of SAS Soft-
ware ver. from 2002 (SAS Institute, Inc., Cary, NC, 
USA) according to a completely randomized design 
with four treatments. Since one negative control 
(treatment without additive) and one positive con-
trol (diet with sodic monensin) were considered, the 
treatments were arranged in completely randomized 
design with six replications each. The statistical 
model used was:

Yij = µ + Ai + εij, 

where: Yij  – jth observation of the additive i,  
µ – overall constant, Ai – additive effect on diet i, 
with i = 1, 2, 3 and 4, and εij – random error for each 
Yij observation. Main source of variation was nutri-
tional treatment (additive). 

Data on carcass measurements were analysed 
using slaughter weight as covariant. Dry matter 
intake and the feed:gain ratio were analysed using 
each lamb as the experimental unit and as well as 
lamb was the experimental unit for data on perfor-
mance and carcass. The mean comparisons were 
accessed using the Tukey’s test. Significance was 
declared at P ≤ 0.05 and a trend at 0.05 < P < 0.10, 
unless otherwise stated.
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Results
Nutrient intake (DMI and NDFI, g/day) of ani-

mals fed diet supplemented with crude propolis was 
higher (P < 0.05) in comparison to animals receiving 
diet with sodic monensin. DMI (g/day and g/kg BW) 
and NDFI (g/day and g/kg BW) were similar for prop-
olis extract treatment and diet without additive (con-
trol). Average daily weight gain and feed conversion 
ratio were not influenced (P > 0.05) by additives, with 
mean values of 163.68 g/day and 6.57, respectively 
(Table 3).

Time spent by feedlot lambs on behavioural ac-
tivities was not influenced by the additives, with 
average of 242, 355, 110 and 733 min/day for feed-
ing, ruminating, moving and resting, respectively  
(Table 4). The feeding rate (FRDM, g  DM/min) was 
higher (P < 0.05) for lambs from the control group 
(5.7 g/min) than for those fed diet with sodic monen-
sin (4.0  g/min). Other variables of ingestive behav-
iour (rumination rate, total chewing time, number of 

daily bolus, number of daily chews, number of chews 
per bolus, chewing time per bolus) were not affected 
(P > 0.05) by the addition of crude brown propolis, 
its ethanol extract or sodic monensin into the diets  
(Table 4).

There were no effect (P  >  0.05) of additives 
on the in vivo morphometric measurements (mean 
values: BL  = 81.14  cm, HW  = 61.67  cm, HR  = 
60.61  cm, WR  = 23.11  cm, CG  = 81.24  cm and  
BC = 0.44 kg/cm) (Table 5). The dietary treatments did 
not affect (P > 0.05) the RP (30.0 cm) and CC (0.3 kg/
cm) whereas ICL was higher (P < 0.05) for lambs fed 
crude propolis than for those receiving control diet 
or diet supplemented with propolis ethanol extract 
(Table 5). The external length (ECL) of the carcass 
in crude propolis group was higher (P < 0.05) than 
in control one, with no difference (P > 0.05) between 
the propolis extract and sodic monensin groups. The 
use of crude propolis and sodic monensin increased 
(P < 0.01) thorax depth (TD) in comparison with the 
lambs fed diet with propolis extract or control one.

Table 3. Effect of diet supplementation with crude brown propolis, propolis ethanol extract and sodic monensin on performance of lambs

Indices
Treatments

SEM P-valuecontrol crude  
propolis

propolis  
extract

sodic  
monensin

Initial body weight, kg     23.9     24.8     24.8   24.0   1.04 0.898
Final body weight, kg     34.5     36.9     35.6   34.4   1.13 0.405
Dry matter intake, g/day 1021.4ab 1185.1a 1063.7ab 943.3b 43.83 0.001
Dry matter intake, g/kg BW     36.3ab     40.2ª     36.9ab   33.7b   1.24 0.001
Neutral detergent fibre intake, g/day   479.0b   567.8a   506.9ab 457.0b 21.79 0.001
Neutral detergent fibre intake, g/kg BW     17.0ab     19.3a     17.6ab   16.3b   0.60 0.021
Average daily gain, g/day   157.6   180.5   161.1 155.6 10.72 0.366
Feed conversion ratio1       6.5       6.6       6.6     6.1   0.35 0.735
BW – body weight; SEM – standard error of the mean; 1 feed conversion ratio = dry matter intake/ weight gain; ab – means with different super-
scripts in the same row are statistically different (Tukey’s test, P < 0.05)

Table 4. Effect of diet supplementation with crude brown propolis, propolis ethanol extract and sodic monensin on ingestive behaviour of lambs

Indices
Treatments

SEM P-valuecontrol crude  
propolis

propolis  
extract

sodic 
monensin

Feeding, min/day 199 262 239 261 17.19 0.065
Ruminating, min/day 360 360 345 354 17.34 0.915
Moving, min/day 103 122 105 105 12.14 0.653
Resting, min/day 778 696 751 720 22.38 0.082
Feeding rate, g DM/min     5.7a     4.9ab     4.9ab     4.0b   0.39 0.041
Rumination rate, g DM/min     2.8     3.3     3.2     2.6   0.27 0.298
Rumination rate, g NDF/min     1.3     1.6     1.5     1.3   0.14 0.325
Total chewing time, min/day 550 608 569 599 21.65 0.233
Number of daily bolus, n/day 489 518 461 440 34 0.423
Number of daily chews, n × 1000/day   32.4   31.0   31.5   29.9   1.74 0.786
Number of chews per bolus, n/bolus   67   61   69   69   4 0.395
Chewing time per bolus, min/bolus     0.7     0.7     0.7     0.8   0.04 0.305
DM – dry matter; NDF – neutral detergent fibre; SEM – standard error of the mean; ab – means with different superscripts in the same row are 
statistically different (Tukey’s test, P < 0.05) 
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Slaughter weight (SW) did not differ (P > 0.05) 
among lambs fed different dietary additives (average 
BW 35.3 kg, Table 6). HD and CD of lambs fed diet 
with crude propolis or alcoholic extract were higher 
than of that receiving diet supplemented with sodic 
monensin. Subcutaneous fat thickness (SFT) was 
higher (P  <  0.05) in animals fed control diet com-
pared to lambs fed diet with crude propolis. Other 
meat traits (HCW = 16.5 kg, CCW = 15.0 kg, CL = 
88.6 g/kg and LMA = 14.2  cm2) were not affected 
(P > 0.05) by the diets (Table 6).

The proportion of dissected carcass tissues 
was also similar (P > 0.05) between the treatments 
(muscle = 0.49, fat = 0.31 and bone = 0.20 g/g fresh 
weight), similarly was the yield of the evaluated 
cuts (leg  = 321.0, shoulder  = 180.4, rib  = 189.0, 
loin = 149.2, rack = 92.2 and neck = 68.2 g/kg of 
carcass) (Table 6).

Regarding the fatty acid profile of the meat, 11 fat-
ty acids were identified (Table 7). Lauric acid (C12:0) 
content was decreased in meat from animals fed diet 
with propolis extract (P < 0.05). So there was a de-
crease effect (P < 0.05) of propolis on saturated fatty 
acid (SFA) content and an increase effect (P < 0.05) 
on unsaturated fatty acid (UFA) content in lamb meat 
in comparison to treatment without additive (Table 7).

Discussion
Sodic monensin had negative effect on DM and 

NDF intake as compared to crude propolis treatment, 
but without the influence on feed conversion ratio. 

Table 6. Effect of diet supplementation with crude brown propolis, 
propolis ethanol extract and sodic monensin on carcass and meat 
traits of lambs

Indices
Treatments

SEM P- 
value

control crude 
propolis

propolis 
extract

sodic 
monensin

Slaughter weight, kg 34.5 36.9 35.6 34.4 1.33 0.402
Hot carcass weight, 
kg 16.6 17.4 16.4 15.4 0.59 0.164

Cold carcass weight, 
kg 15.2 15.9 15.0 14.1 0.55 0.186

Cooling losses, g/kg 87.4 88.6 85.3 84.9 1.6 0.361
Hot dressing, g/kg 482.1a 473.1ab 460.3bc 448.3c 3.7 0.001
Cold dressing, g/kg 440.0ª 431.2ab 421.0bc 410.2c 3.3 0.001
Longissimus muscle 
area, cm² 13.83 14.91 14.51 13.38 0.47 0.133

Subcutaneous fat 
thickness, mm 8.8a 5.4b 6.1ab 6.4ab 0.71 0.021

Leg, g/kg 325.9 318.9 326.2 313.2 5.1 0.241
Shoulder, g/kg 181.6 181.7 180.9 177.4 3.8 0.847
Ribs, g/kg 184.8 187.5 186.2 197.5 4.9 0.285
Loin, g/kg 149.7 149.6 147.6 149.7 3.5 0.963
Rack, g/kg 91.7 90.5 92.9 93.6 3.6 0.935
Neck, g/kg 66.3 71.8 66.2 68.6 1.9 0.165
Muscle, g/g fresh 
weight 0.49 0.49 0.48 0.50 0.03 0.977

Fat, g/g fresh weight 0.27 0.31 0.34 0.32 0.03 0.433
Bone, g/g fresh 
weight 0.24 0.20 0.18 0.18 0.02 0.201

SEM – standard error of the mean; ab – means with different super-
scripts in the same row are statistically different (Tukey’s test, P < 0.05)

Table 7. Effect of diet supplementation with crude brown propolis, 
propolis ethanol extract and sodic monensin on fatty acid profile  
g/kg of fatty acid methyl esters) in Longissimus dorsi muscle of lambs

Indices
Treatments

SEM P- 
valuecontrol crude 

propolis
propolis 
extract

sodic 
monensin

C10:0 2.1 2.0 1.4 1.4 0.30 0.249
C12:0 2.1a 1.2ab 1.1b 1.6ab 0,24 0.045
C14:0 36.1 27.7 28.2 35.4 2.78 0.095
C15:0 4.0 2.9 3.3 4.4 0.43 0.112
C16:0 316.7 298.8 292.0 302.2 11.23 0.436
C16:1 20.8 19.3 16.4 17.8 2.20 0.531
C17:0 10.7 9.3 9.9 11.2 0.81 0.469
C17:1 5.1 4.8 4.3 5.3 0.29 0.120
C18:0 186.9 180.6 190.0 184.6 8.68 0.929
C18:1 cis-9 395.1 431.0 432.0 415.2 12.73 0.211
C18:2 n-6 20.4 22.3 21.6 20.8 1.45 0.789
SFA 537.2a 503.9b 506.1b 518.4ab 3.50 0.033
UFA 441.4b 477.4a 474.3a 459.1ab 5.07 0.028
SEM  – standard error of the mean; SFA  – saturated fatty acids;  
UFA – unsaturated fatty acids; ab – means with different superscripts  in 
the same row are statistically different (Tukey’s test, P < 0.05)

Table 5. Effect of diet supplementation with crude brown propolis, 
propolis ethanol extract and sodic monensin on morphometric mea-
surements of lambs

Indices
Treatments

SEM P-
valuecontrol crude 

propolis
propolis 
extract

sodic 
monensin

Body length, cm 80.0 81.6 81.7 81.3 3.24 0.981
Height at withers, cm 66.1 62.2 59.4 59.1 1.91 0.065
Height at rump, cm 58.7 63.2 59.0 61.5 1.62 0.202
Width at rump, cm 23.1 22.5 22.7 24.1 0.69 0.398
Chest girth, cm 82.7 78.9 83.0 80.4 1.97 0.425
Body compactness, 
kg/cm

  0.4   0.4   0.4   0.4 0.01 0.533

Internal carcass 
length, cm

56.7c 61.7a 58.6bc 59.6ab 0.72 0.001

External carcass 
length, cm

75.5b 83.0a 79.4ab 77.1ab 1.19 0.001

Rump perimeter, cm 30.0 31.1 29.9 29.0 0.70 0.232
Thorax depth, cm 20.5b 21.8a 20.0b 21.2a 0.25 0.001
Carcass compact-
ness, kg/cm

  0.3   0.3   0.3   0.3 0.01 0.112

SEM – standard error of the mean; ab – means with different super-
scripts in the same row are statistically different (Tukey’s test, P < 0.05)
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However, animals fed crude propolis treatment in-
take more (568 g NDF/day and 1185 g DM/day) than 
those fed sodic monensin. According to Oliveira et al. 
(2007) and Gonzalez-Momita et al. (2009) the sup-
ply of monensin to the finishing lamb diet promoted 
a decrease in nutrient intake, but did not alter the di-
gestibility. 

The reduction in DM intake when brown propolis 
alcoholic extract was added into the lamb diet was not 
observed. However, Ítavo et al. (2011b) showed that 
brown propolis alcoholic extract reduced DM intake 
in finishing lambs. Lambs fed diet with crude and al-
coholic extract propolis showed high DM and NDF 
intakes. It may be related to phenol and flavonoid 
contents in this additives. The flavonoid content in 
propolis extract, which displays bactericidal activity 
on the ruminal microorganisms (Aguiar et al., 2013), 
is the possible cause of increased feed intake. Ac-
cording to de Paula et al. (2016) phenolic compounds 
intra-ruminally dosed at 16.9 and 33.9 mg/d increased 
ruminal acetate molar proportion in buffaloes averag-
ing 543.97 ± 32.19 kg of body weight fitted with ru-
men cannulas, and also reduced ruminal Entodinium 
population. Phenolic compounds present in propolis 
extract may improve ruminal fermentation conse-
quently influencing nutrient intake (de Paula et  al., 
2016).

Feed conversion ratio was not influenced by 
treatments. Improvement in feed conversion ratio was 
however observed by Ítavo et  al. (2011b) in lambs 
fed brown propolis alcoholic extract, and by Heydari 
et al. (2008) using monensin (30 mg/kg DM) in the 
diet. The likely difference between the results can be 
related to the different phenol and flavonoids contents 
in additives.

The time spent by animals on different behav-
ioural activities was not affected by the use of differ-
ent additives. Inclusion of 20.2 mg of flavonoids from 
brown propolis alcoholic extract into the diet, did 
not affect the sheep ingestive behaviour (Ítavo et al., 
2011a), which is consistent with results obtained in 
this study (flavonoids dose was 18.98 mg). However, 
according to Ítavo et al., (2011a) high inclusion of fla-
vonoids reduced rumination time and increased rest 
time of feedlot lambs, which can be a negative effect 
related to the possible toxicity of flavonoids. 

In addition, the amount of alcohol ingested from 
the brown propolis alcoholic extract could also in-
terfere with DMI, since Gomes et  al. (2017) found 
DM degradability of 678.55  g/kg which decreased 
exponentially as a  function of the increase in dose 
(y = 678.55 × dose – 0.271; Table 2), obtaining the 
lowest value (303.61 g/kg) after a pure ethanol dose 
of 20 ml/kg DM. The decrease of FRDM of monensin 

treatment probably is related to lower values of DM 
intake.

The fibre content in the diet and the particle size 
are the main factors that affect rumination time. Diets 
in the present experiment were formulated to have the 
same fibre content and physical form, which explains 
the similarity in rumination efficiency between the 
treatments. Likewise, the total chewing time, number 
of daily bolus, number of ruminating chews and time 
of chewing per bolus were not affected by different 
treatments.

The morphometric measurements (BL, HW, HR, 
WR, and CG) were not affected by the dietary treat-
ments. This equality is probably caused by the simi-
larity in the animal genetic pattern and BW. Accord-
ing to Landim et  al. (2007), BW is associated with 
in vivo morphological measurements such as BL (r² = 
0.42) and CG (r² = 0.72).

In general, in vivo morphological measures, such 
as (BL) and (CG) indicated by Landim et al. (2007), 
were positively correlated with BW of animals. Most 
of the morphometric measurements of the carcasses 
(ICL, ECL, RP and CC) were not affected by the ad-
ditives used. This is probably associated with animal 
homogeneity and SW of the lambs.

Carcass measurements (SW, HCW, CCW, CL and 
LMA) were not affected by the dietary treatments and 
may result from similarities in animal performance in 
feedlot. Ítavo et al. (2009) found that the use of brown 
propolis alcoholic extract reduced SW in lambs. This 
effect was not visible in the present study because of 
the different flavonoid dosage used in each assay.

Our results indicate that good quality carcasses 
were produced in this assay (mean values: HCW = 
16.5 and CCW = 15.1 kg). They are in agreement with 
findings of Moreno et al. (2010) who stated that good 
quality carcasses are characterized by HCW equal or 
greater than 14.3 kg and CCW equal or greater than 
13.8 kg. Hot and cold dressings were lesser in animals 
receiving propolis extract or sodic monensin when 
compared to the control group. Crude propolis did not 
present a negative effect on dresse. Feed additives had 
no effect on yield of cuts. 

Among the identified fatty acids, oleic acid 
(C18:1 cis-9) was the UFA that mostly contributed to 
the composition of the lipid profile. Palmitic (C16:0) 
and stearic (C18:0) fatty acids appeared in the highest 
proportion among SFAs, more than 90% of the chro-
matogram total area. Stands out the presence of mon-
ounsaturated fatty acids in lamb meat when included 
in the human diet can decrease plasma concentration 
of low density lipoproteins (LDL).

The lowest concentration of lauric acid (C12:0) 
after the addition of propolis extract into diet may 
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be related to the effect of the additive on ruminal 
microbial activity. Aguiar et  al. (2013) stated that 
propolis possesses antimicrobial activity against ru-
men bacteria in vitro and in some studies was found 
that propolis can alter rumen microbial fermentation 
in vitro and in vivo. According to Heimbach et  al. 
(2016), green and brown propolis have negative ef-
fects on growth of Gram-positive bacteria, such as 
Butyrivibrio species. The phenolic compounds from 
the propolis may act on these bacterial species during 
the biohydrogenation process. It was also found that 
propolis decreases methane formation in the rumen 
and at the same time enhances the usage of hydrogen 
to produce short-chain fatty acids production (Morsy 
et al., 2015); this also may affect the biohydrogena-
tion process of unsaturated fatty acids in the rumen. 
According to Aguiar et  al. (2014) changes in fatty 
acids composition can be attributed to the rumen fer-
mentation process, and thus, to the lipid metabolism. 

Conclusions
The use of brown propolis, crude or alcoholic 

extract, affected the meat quality, which may be re-
flected in the human health and can confirm the use 
of propolis as nutritional additive for ruminants.

The obtained results showed that propolis ad-
dition into lambs diet can influence morphometric 
measurements of lambs (e.g., carcass length), car-
cass trait (e.g., subcutaneous fat thickness) as well 
as meat quality (fatty acids profile); however there 
are stated differences between different forms of 
brown propolis (crude form vs ethanol extract). 
As the brown propolis supplementation affected 
the meat quality in this study, the use of propolis 
as nutritional additive for ruminants can be sug-
gested, which may be important for the human 
nutrition.
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