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Abstract  
We evaluated carcass traits from twenty 6-month-old Santa Ines lambs under tropical grazing (Andropogon 
gayanus) receiving condensed tannin from Acacia mearnsii once a week for 13 weeks to control endoparasites. 
Ten animals were treated with tannin (TG) and the remainder (10 animals) received a diet without tannin (CG). 
At slaughter, the following measurements were taken: live weight, carcass weight, half-carcass weight, carcass 
length, fat cover, skin weight and thickness, weight of thoracic and abdominal organs, scrotum and commercial 
cuts. The 12th rib was removed for determination of muscle, fat and bone percentages, as well as their chemical 
analysis. Skin thickness was greater and commercial cuts (loin and rib/belly) were lower in TG. Animals that 
received tannin had a lower percentage of ether extract and higher protein in the 12th rib. Condensed tannin from 
Acacia mearnsii did not impair carcass trait quality but decreased ether extract and increased protein content. 
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1. Introduction 
Consumer markets require high quality lamb, mainly in terms of nutritional composition. Gastrointestinal 
parasites in sheep generally lead to lower weight gain and consequently a low carcass yield. Moreover, they can 
provoke animal death and are related to economic losses for farmers. Therefore, the utilization of anthelminthic 
drugs is necessary, but their residues can reduce meat quality for the consumer (Rahmann & Seip, 2006).  

Alternative measures of control are sought to minimize anthelminthic chemical use and proportionate higher 
food safety (Rahmann & Seip, 2006). These can also turn the production systems more sustainable and 
environmentally friendly.  

Some plants rich in phenolic compounds such as tannins have antihelminthic properties that have been 
successfully utilized for gastrointestinal nematode control (Cenci et al., 2007), although their effects on 
performance and carcass quality are poorly studied. Tannins may improve myoglobin stability due to lower 
oxidation to meta-myoglobin, which results in better coloured meat, leading to longer storage time and quality 
maintenance under exposure to oxygen (Luciano et al., 2011). They also promote a fresher looking meat, which 
provides more appeal to the consumer.  

Tannin-rich diets also may be useful to improve healthy meat properties in terms of better fatty acid composition. 
According to Vasta et al. (2009), they may reduce ruminal hydrogenation, increase polyunsaturated and decrease 
saturated fatty acids. Another important feature is that tannins can complex with proteins (Priolo et al., 2000), 
decreasing their ruminal degradability and consequently increasing protein output to the intestine.  

On the other hand, with prolonged ingestion of these compounds, negative effects on animal performance are 
often observed. These include reduction in voluntary feed intake due to astringency through tannin-salivary 
protein complex formation in the mouth, and reduced digestion or metabolic utilization of products (Miller et al., 
1995; DeMello & Devendra, 1995), caused by inhibition of gut enzyme activity and reduction of gut 
permeability (Walton et al., 2001). Tannins are thus an alternative to reduce drug residues and improve chemical 
properties of meat. Therefore, the evaluation of quantitative and qualitative carcass traits from animals receiving 
condensed tannins is a useful tool for providing a better understanding on the effects of tannin on animal 
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performance.  

This study was carried out to evaluate the carcass traits from lambs that received condensed tannin from Acacia 
mearnsii to control the endoparasites. 

2. Method 
This study was conducted in the Sheep Management Center of Água Limpa farm of Universidade de Brasília 
situated at 15°47′ S e 47°56′ W Gr., in the Federal District, Brazil.  

Twenty entire male 6-month-old Santa Inês lambs were used. They were randomly divided between two 
treatments: tannin group (TG) with initial body weight of 24.6 kg ± 1.6 kg and control group (CG) with initial 
body weight of 23.5 kg ± 0.8 kg, with ten animals in each treatment. The TG received, orally, 18 g of Acacia 
negra (Acacia mearnsii) powder dissolved in water once a week for 13 weeks. The tannin source was the pure 
extract commercially available for the industry: tannery and manufacturing companies. This powder contained 
18% condensed tannin (CT) that was measured using HCL-butanol methods (Makkar, 2003). CG received the 
same management and diet only, without the powder. This protocol (amount and frequency of tannin) was 
elaborated so that protein absorption was not affected. 

Animals were kept on Andropogon gayanus pasture at a stocking rate of five animals per hectare and 
supplemented with mineral salt ad libitum. The grass was sampled monthly using random cuts simulating 
grazing habits of animals. Chemical analyses were carried out to determine dry matter (DM), crude protein (CP), 
ether extract (EE) and ash (A) according to Association of Official Agricultural Chemists (AOAC, 1995) as well 
as neutral (NDF) and acid detergent fiber (ADF) according to Van Soest et al. (1991). The mean and standard 
deviations were 27.7 ± 0.12; 9.4 ± 2.8; 73.5 ± 3.2; 39.5 ± 2.9; 2.6 ± 0.19 and 4.86 ± 0.67 for DM, CP, NDF, ADF, 
EE and A, respectively. 

Animals were slaughtered through stunning and bleeding after a 12-hour fast. The animal skin was removed, 
weighed and skin thickness measured using callipers. Thoracic (trachea, lung and heart) and abdominal organs 
(kidneys and liver) were removed and weighed. Testicles were also weighed.  

The carcass was weighed and separated in two half-carcass and the left half-carcass was weighed. Carcass traits 
were evaluated using procedures adapted from Muller (1987) and Osório et al. (1998). Subcutaneous fat was 
evaluated subjectively for external distribution, receiving scores of 1 (lean) to 5 (high fat). The carcass length 
was measured from last cervical vertebra and first caudal vertebra using a metric tape.  

Transversal cuts at 11th and 13th rib were performed and the samples stored at -20°C. Rib eye area at the 12th rib 
was measured through drawing the muscle on a transparent grid (1cm²/cell) adapted from Cunha et al. (2001). 
After dissection into muscle, fat and bone according to Cuthbertson et al. (1972), the proportions of each 
compound were obtained. Tissues were minced together and chemical analyses were carried out obtaining crude 
protein, ether extract, ash content and dry matter according to Association of Official Analytical Chemists 
(AOAC, 1995).  

Commercial cuts were taken from the right half-carcass adapting the model of Santos et al. (2001), obtaining leg, 
loin, shoulder, back, rib/belly and neck (Figure 1) and weighed.  
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Figure 1. Commercial cuts of sheep half-carcass (adapted from Santos et al., 2001) 

 

Analyses of variance were carried out for all variables. The significant statistical level used was 5% and SAS v. 
9.2® (Cary, North Carolina) procedure (PROC GLM) was used. 

3. Results 
The final live weight did not differ (P > 0.05) between TG and CG (25.8 ± 1.0 and 25.2 ± 0.8 Kg respectively). 

Carcass weight, half-carcass weight and commercial cut weights did not differ (P > 0.05) between groups, except 
loin and rib/belly (Table 1) where TG showed a lower value (0.27 and 0.41 kg) for these cuts respectively 
compared to the value observed in the carcass of animals in the control group (0.41 and 0.49 kg). Similarly the 
proportion of the loin and rib/belly was lower (P < 0.05) in TG (6.07 and 9.09%) compared to CG (8.95 and 
10.8%).  

 

Table 1. Least squares means ± standard error of carcass and commercial cuts weights as well as cuts proportions 
(on half-carcass weight basis) in santa inês lambs receiving tannin from acacia mearnsii (TG) and a control group 
not receiving tannin (CG) 

Traits TG CG P
Carcass Weight (kg) 9.5 ± 0.398 9.2 ± 0.356 0.646 
Carcass Yield (%) 42.5 ± 0.75 42.1 ± 0.66 0.408 
Half-carcass Weight (kg) 4.52 ± 0.218 4.54 ± 0.195 0.959 
Carcass Length (cm) 66.4 ± 0.806 66.7 ± 0.721 0.776 
Cover fat (1 to 5) 2.1 ± 0.191 2.4 ± 0.171 0.322 
Leg (kg) 1.6 ± 0.079 1.5 ± 0.070 0.711 
Leg% 35.4 ± 0.8 34.3 ± 0.7 0.372 
Shoulder (kg) 0.93 ± 0.04 0.98 ± 0.04 0.503 
Shoulder% 20.6 ± 0.4 21.7 ± 0.4 0.117 
Loin (kg) 0.27 ± 0.03 0.41 ± 0.03 0.022 
Loin% 6.07± 0.6 8.95 ± 0.6 0.007 
Back (kg) 0.45 ± 0.02 0.44 ± 0,02 0.774 
Back% 10.0 ± 0.5 9.7 ± 0.4 0.655 
Rib/belly (kg) 0.41 ± 0.02 0.49 ± 0.02 0.032 
Rib/belly% 9.09 ± 0.4 10.8 ± 0.3 0.006 
Neck (kg) 0.46 ± 0.03 0.53 ± 0.02 0.119 
Neck% 10.2 ± 0.3 11.6 ± 0.3 0.105 
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Tannin from Acacia mearnsii did not affect (P > 0.05) carcass yield, carcass length or cover fat (Table 1).  For 
TG values of 42.5, 66.44 and 2.18 were found for these traits, and 42.19, 66.75 and 2.45 for CG, respectively. 

The weights and proportions of non-carcass compounds did not differ (P > 0.05) between groups, with the 
exception of skin thickness (Table 2), where TG showed a higher value (0.26 mm). 

 

Table 2. Least squares means ± standard error of weights and proportions (on carcass weight basis) of 
non-carcass components of lambs receiving tannin from Acacia mearnsii (TG) and control group not receiving 
tannin (CG) 

Variables TG CG P

Skin (kg) 1.61 ± 0.104 1.61 ± 0.093 0.986 

Skin% 17.0 ± 1.44 17.7 ± 1.28 0.723 

Skin thickness (mm) 0.26 ± 0.01 0.15 ± 0.01 0.003 

Thoracic organs (kg) 0.57 ± 0.02 0.55 ± 0.01 0.402 

Thoracic organs% 6.07 ± 0.28 6.03 ± 0.25 0.921 

Abdominal organs (kg) 0.51 ± 0.01 0.49 ± 0.01 0.343 

Abdominal organs% 5.40 ± 0.13 5.33 ± 0.12 0.722 

Testicles (kg) 0.21 ± 0.02 0.28 ± 0.02 0.089 

Testicles% 2.22 ± 0.29 3.04 ± 0.31 0.075 

 

Tannin treatment did not affect (P > 0.05) rib eye area, weights and percentage of muscle, fat or bone of 12th rib. 
The chemical analysis showed that tannin reduced (P < 0.05) EE and increased CP (Table 3). 

 

Table 3. Least squares means ± standard error of physical and chemical analysis of 12th rib from santa inês lambs 
receiving tannin from acacia mearnsii (TG) and a control group not receiving tannin (CG) 

Physical analysis TG CG P

Weight (g) 50.56 ± 4.45 49.20 ± 3.98 0.823 

Muscle (g) 29.81 ± 2.88 28.42 ± 2.58 0.725 

Muscle% 59.12 ± 2.0 57.36 ± 1.79 0.508 

Fat (g) 6.28 ± 1.26 4.19 ± 1.12 0.233 

Fat% 12.42 ± 2.38 8.52 ± 2.13 0.165 

Bone (g) 11.87 ± 1.35 13.67 ± 1.20 0.334 

Bone% 23.47 ± 1.9 27.80 ± 1.7 0.067 

Rib eye area (cm²) 7.75 ± 0.54 6.92 ± 0.48 0.273 

Chemical analysis 

Dry Matter (%) 30.8 ± 1.44 32.7 ± 1.53 0.392 

Crude Protein (%)* 65.89 ± 1.35 60.5 ± 1.21 0.009 

Ether Extract (%)* 5.76 ± 1.28 9.37 ± 1.15 0.050 

Ash (%)* 22.93 ± 0.98 22.52 ± 0.88 0.756 

* On dry matter basis. 

 

4. Discussion 
The mean and standard deviations of the chemical analysis of Andropogon gayanus grass showed the low 
nutritional quality of feed offered to animals during the experiment. The crude protein level (9.4%) offered was 
reflected in low animal performance, assocaited with natural infection by ectoparasites which is inevitable at 
pasture (Cenci et al., 2007). Nevertheless, this composition is sufficient for maintenance of a low-requirement 
sheep breed such as the Santa Inês, which is considered more resistant to endoparasites than wool breeds 
(Bricarello et al., 2005).  

The effect of condensed tannins in ruminant diet depends on their level in the diet and the frequency of their use. 
Tannin concentration above 8% in the diet can decrease animal performance due to low intake, digestibility and 
nitrogen absorption, due to the destructive action of the intestine villi and their functions (Robins & Brooker, 
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2005). Animals receiving 4 to 6% of condensed tannins in total diet demonstrated higher intestinal amino acid 
absorption (methionine and cysteine), as well as higher milk production and ovulation rate (Aerts et al., 1999).  

As well their nutritional effect, CT can have other effects on endoparasites as seen by por Barry and McNabb 
(1999) who demonstrated that lambs fed on pasture with moderate tannin can reduce infection in two manners. 
One manner is indirect, where the immune response is improved through better nutrition and supply of essential 
amino acids as the condensed tannin can compensate for the loss of proteins by intestine caused by parasitism.  

Another way would be the direct role of CT on worms. In this experiment the concentration of 3.24 g condensed 
tannin and frequency of once a week was pre set to show the direct effect on worms at the expense of nutrition, 
as described by Cenci et al. (2007), where the TG sheep had a total number of worms of 4,227 against 10,003 in 
the CG (P < 0.05). The species of helminths found in descending order for both groups were: Trichostrongylus 
colubriformis, Haemonchus contortus, Oesophagostomum columbianum and Cooperia sp.  

The CT may act at different stages of the life cycle of endoparasites, mainly by binding proteins/enzymes (Hoste 
et al., 2012). In the present experiment, the reduction in the number of parasites of sheep receiving CT may have 
occurred by its action in delaying the exsheathment of the infective larvae (L3) in the rumen (Brunet et al., 
2008b), as well as hindering the larvae penetration in the mucosa of the digestive tract (Brunet et al., 2008a). It 
may also have an effect on the adult worm, which is more resistant than CT larvae (Iqbal et al., 2007).  

In both groups there was a predominance of T. colubriformis, which are located in the small intestine and are 
responsible for the destruction of the mucosa, characterized by atrophy and erosion of the duodenal villous 
epithelium (Cardia et al., 2011), which is the main site of absorption of nutrients. Although to a lesser extent, the 
H. contortus that colonizes the abomasum, appears to be more pathogenic than T. colubriformis, because its 
hematophagous behavior is severe in sheep.  

The low infection in TG group was decisive for the better carcass traits, especially 12th rib, with a lower 
proportion of bone, higher protein content and lower fat content compared to CG. According to Silva and Pires 
(2000), the rib is the cut that best represents the proportion of bones, muscle and fat in the carcass.  

There is an intimate relationship between parasite load and animal performance, the higher performance seen in 
the lowest infection group (Louvandini et al., 2003). In parasitized sheep, increased nutritional requirements in 
general (energy, protein, minerals and vitamins) occur. In particular, the maintenance metabolizable protein, 
which can increase from 20 to 25% in growing lambs, is used to repair tissue damage caused by infection 
(Kyriazakis & Houdijk, 2006). In this sense, not only the higher level of protein in the 12th rib, but also the 
thicker skin found in TG sheep, confirm the increased availability of amino acids for these animals, compared to 
CG. As well as meat, in the hair sheep production system, the skin of these animals is of great commercial 
interest, which produces leather products with high added value.  

Fat deposition in the 12th rib is expected to have similar behavior to protein. However, the fat content was lower 
for TG sheep. For human consumption that this characteristic is desirable (more protein and less fat). The 
reduced fat in the carcass of sheep was also reported by Purchas and Keogh (1984) working with lambs on 
pasture fed with tanniniferous Penduculatus L. forage and Terril et al. (1992) when they offered Coronarium L. 
and Hedysarum coronarium can be explained by the inactivation of proteins in the gut wall caused by condensed 
tannin. Another explanation suggested by Barry et al. (1986) and Mangan (1988) would be a positive correlation 
between the levels of CT in the diet and growth hormone in lambs, which would increase nitrogen retention and 
lipid turnover.  

In the present experiment, sheep were fed exclusively tropical forage (Andropogon gayanus) with low EE (2.6%), 
and high body fat was derived from the unfolding of dietary energy coming from the short-chain fatty acids 
(SCFA) absorbed from the rumen, and the lower proportion of fatty acids absorbed in the intestine. According to 
Doyle et al. (2011) ruminal fermentation of infected sheep may be altered in response to infection and its 
resistance to it, such as increase in fluid outflow and turnover rate and a decrease in propionic acid concentration. 
These aspects should be better monitored in future studies involving CT, grazing and endoparasites, due to the 
complexity of the factors involved.  
5. Conclusion 
The control of endoparasites in sheep at pasture used condensed tannin from the Acacia mearnsii increases 
protein and decrease fat in the 12th rib. 
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