
2645
Semina: Ciências Agrárias, Londrina, v. 39, n. 6, p. 2645-2658, nov./dez. 2018

DOI: 10.5433/1679-0359.2018v39n6p2645

Received: Nov. 04, 2017 - Approved: June 19, 2018

Performance, carcass traits, and non-carcass components of feedlot 
finished lambs from different residual feed intake classes

 
Desempenho, características de carcaça e componentes não-carcaça 
de cordeiros confinados de diferentes classes de consumo alimentar 

residual

Raizza Fátima Abadia Tulux Rocha1; Andréa Roberto Duarte Lopes Souza2*;
Maria da Graça Morais3; Mayara Mitiko Yoshihara Carneiro1*;

Henrique Jorge Fernandes4; Gelson Luís Dias Feijó5;
Bruna Biava de Menezes1; Catherine Cecília Walker1

Abstract

This study aimed to assess the performance, carcass traits, and non-carcass components of feedlot 
finished Texel crossbred lambs from different residual feed intake classes (RFI). Forty-seven uncastrated 
male Texel crossbred lambs (¾ Texel + ¼ Pantaneira) tested here were 4-month-old with an initial 
weight of 29.9 ± 5.5 kg. The lambs were confined for 70 days for individual dry matter intake (DMI) 
and average daily gain (ADG) assessment. The diet containing corn silage was provided as roughage, 
while the concentrate consisted of corn grain, soybean meal, urea, and mineral mixture with a 40:60 
roughage to concentrate ratio and 76.34% total digestible nutrients (TDN). After confinement for 70 
days, the lambs were slaughtered to assess carcass traits and non-carcass components. Based on the RFI, 
lambs were divided into three classes according to the standard deviation (sd): Positive RFI (inefficient, 
0.5 above the mean), Negative RFI (efficient, 0.5 below the mean), and Medium RFI (intermediate). 
Classes with Negative (efficient) and Positive RFI (inefficient) showed no differences in ADG (0.321 vs 
0.306 kg; P > 0.05). Dry matter intake (g d-1), and percentage of body weight (BW) differed significantly 
between the RFI classes (P < 0.05). Compared to lambs in the inefficient class, those in the efficient 
class (Negative RFI) showed a 9% reduction in DMI and had the same ADG. The lambs in either 
Positive or Negative RFI classes showed no weight differences between non-carcass components (P > 
0.05). The RFI classes showed no differences in shrunk body weight, hot carcass weight, hot dressing, 
and weight of commercial cuts (P > 0.05). They showed no differences in neck, shoulder + shank, loin, 
rack, flank steak, rack cap off, and leg weights (P > 0.05). Our results indicate that improvement in feed 
efficiency, as a function of the RFI index, does not compromise performance and carcass traits of Texel 
crossbred lambs. 
Key words: Commercial cuts. Fat deposits. Feed efficiency. Feedlot. Sheep.
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Resumo

Objetivou-se avaliar o desempenho, as características de carcaça e os componentes não-carcaça de 
cordeiros mestiços Texel confinados de diferentes classes de consumo alimentar residual (CAR). 
Foram confinados individualmente 47 cordeiros mestiços Texel (¾ Texel + ¼ Pantaneira), machos, não 
castrados, com peso médio inicial de 29,9 ± 5,5 kg e idade de aproximadamente 4 meses. O consumo 
de matéria seca e ganho médio diário foram avaliados durante 70 dias. A dieta continha silagem de 
milho como volumoso e o concentrado consistia em milho grão, farelo de soja, ureia e mistura mineral, 
com relação volumoso: concentrado 60:40 e 72,35% de nutrientes digestíveis totais. Após 70 dias de 
confinamento os cordeiros foram abatidos para avaliação das carcaça e componentes não-carcaças. 
Baseado no consumo alimentar residual (CAR) calculado, os cordeiros foram divididos em três classes 
de acordo com o desvio padrão: CAR Positivo (ineficientes, acima de 0,5 desvio padrão), CAR Negativo 
(eficientes, abaixo de 0,5 desvio padrão) e CAR Médio (intermediários). As classes com CAR Negativo 
(eficientes) e CAR Positivo (ineficientes) não apresentaram diferenças entre as médias de GMD (0,321 
vs 0,306 kg; P > 0,05). O consumo de matéria seca, expresso em g d-1 e em percentagem do peso vivo 
diferiram entre as classes (P < 0,05). Os cordeiros eficientes (CAR Negativo) apresentaram redução de 
9% no CMS e o mesmo GMD em relação aos cordeiros ineficientes (CAR Positivo). Os cordeiros das 
classes de CAR Positivo e Negativo não apresentaram diferenças entre os pesos dos componentes não-
carcaça (P > 0,05). Não foram observadas alterações entre as classes de CAR quanto ao peso corporal 
em jejum, peso e rendimento de carcaça quente e pesos dos cortes comerciais (P > 0,05). A melhoria 
na eficiência alimentar pelo CAR não compromete o desempenho e as características de carcaça de 
cordeiros mestiços Texel.
Palavras-chave: Confinamento. Depósitos de gordura. Eficiência alimentar. Cortes cárneos. Ovinos.

Introduction

Lamb production through feedlot finishing is 
one of the main procedures to shorten slaughtering 
age and ensure high-quality prime cuts. In addition 
to intensive farming, the use of pure and crossbreed 
Texels has stood out in meat production because of 
these lambs’ rustic nature, high weight gain, and 
early carcass finishing (FURUSHO-GARCIA et al., 
2004). Identification of lambs that efficiently convert 
feed into weight gain is important to reduce feeding 
expenses and avoid food wastage in the feedlot. 

This identification is achieved by determining 
feed efficiency (FE) and feed conversion (FC) – 
indices that show a direct relationship between feed 
intake and weight gain. Although FE and FC allow 
identification of animals with low food demand 
and satisfactory development, these parameters of 
efficiency are also strongly associated with weight 
gain and body weight. As such, their use is limited, 
given that in the long-run, fast-growing animals 
may produce herds with larger adults (ARTHUR et 
al., 2001), which is undesirable from an economic 

perspective because large animals have higher 
food demand and nutritional requirements (NRC, 
2007). Residual feed intake (RFI) index, calculated 
as the difference between observed and estimated 
feed intake (KOCH et al., 1963), is an alternative 
indicator of feed efficiency that has the advantage of 
being independent of growth parameters. 

A negative RFI indicates lower observed 
than estimated feed intake (efficient animals); 
positive RFI corresponds to higher observed than 
estimated feed intake (inefficient animals), and 
intermediate RFI values are classified between 
these two observations (intermediate animals). 
RFI allows identification of individuals that exhibit 
lower feed intake and similar weight gain as that in 
inefficient animals. Despite the benefits of RFI as a 
measurement of feed efficiency that may potentially 
help reduce feed supply, weight gain composition 
can be variable. Efficient animals tend to have lesser 
fat deposits and are finished with low-fat carcasses 
– a condition that may compromise meat quality 
and conservation (GOMES et al., 2012; REDDEN 
et al., 2013; NASCIMENTO et al., 2016). Most 
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results available in this regard are, however, based 
on cattle RFI, and data on sheep are scarce in 
national and international studies.

The present study aimed to assess the 
performance, carcass traits, and non-carcass 
components of feedlot finished Texel crossbred 
lambs from different RFI classes.

Material and Methods

The experiment was conducted at the Animal 
Metabolism Laboratory of the Universidade Federal 
Mato Grosso do Sul (UFMS) at the Faculty of 
Veterinary Medicine and Animal Science in Campo 
Grande, Mato Grosso do Sul state, Brazil, between 
August and December 2015. The experiment was 
carried out after approval by the UFMS Ethics 
Committee on Animal Use (file # 631/2014). The 
care and use of lambs were performed according to 
the standards for animal experiments.

Forty-seven uncastrated male Texel crossbred 
lambs (¾ Texel + ¼ Pantaneira) tested here were 2- to 

4-month-old with a mean initial weight of 29.9 ± 5.5 
kg. They were identified and randomly distributed 
into 2.5 m² individual pens with a suspended trough.  
The lambs were allowed to adapt to the diet and 
environment for 28 days. At the beginning of the 
experiment, the animals were weighed and treated 
against ectoparasites and endoparasites (Closantel®, 
Cidectin®, and Baycox®). During the 28 days of 
adaptation, each animal was provided with corn 
silage along with a gradual increase in the dosage 
of concentrate until the level set for each diet was 
reached. 

The lambs were confined for 70 days for 
individual feed intake assessment. The animals 
were fed twice a day: at 7:30 A.M. and 2:30 P.M. 
(50% of the total feed in the morning and 50% in the 
afternoon). The feed supplied to each animal was 
adjusted daily according to food refusals, which were 
kept at 100 g kg-1, to assure voluntary consumption. 
The diet (40:60 roughage to concentrate ratio) was 
formulated according to the guidelines of NRC 
(2007) for a weight gain of 200 g d-1 (Table 1). 

Table 1. Ingredients and composition of experimental diet.

Ingredients (g kg-1) Total Diet
Corn Silage 400,00
Ground corn grain 38,94
Soybean 16,80
Mineral premix 9,00
Urea 3,00
Complements (milk aroma) 3,60
Components (g kg-1) Forage:concetrate ratio (60:40)
Dry matter 55,30
Crude protein  15,40
Ash 5,27
Ether extract 3,08
Neutral detergent fiber corret to protein 24,65
Acid detergent fiber corret to protein 12,04
Non-fibrous carbohydrates1 52,74
Total Digestible Nutrients 76,34

1 Estimated by equation of Hall (2000): NFC = 100 – [(CP- CP derived from urea + urea) + NDFp + EE + ash].



2648
Semina: Ciências Agrárias, Londrina, v. 39, n. 6, p. 2645-2658, nov./dez. 2018

Rocha, R. F. A. T. et al.

Corn silage was used in the form of roughage, 
while the concentrate consisted of corn grain, 
soybean meal, urea, and mineral mixture. Samples 
of the diet and refusals were collected every 14 
days, identified, and frozen for subsequent analysis. 
Chemical analyses of the diets were performed 
at the Laboratory of Animal Nutrition (FAMEZ/
UFMS) according to AOAC protocols (1995) for 
dry matter (967.03), crude protein (981.10), mineral 
matter (942.05), and ether extract (920.29). 

The Van Soest method (1991) was applied 
to determine neutral detergent fiber (NDF), acid 
detergent fiber (ADF), and lignin; values of NDF 
and ADF, after correction for crude protein, were 
also determined (NDFcp and ADFcp, respectively). 
Non-fiber carbohydrates (NFC) were determined 
according to the method of Sniffen et al. (1992), 
using the equation NFC = 100 – (CP + MM + NDFcp 
+ EE). Total digestible nutrient (TDN) levels in the 
silage were estimated using the equation proposed 
by Cappelle et al. (2001), which considers NDF.

The animals were weighed after a 16-h fast at 
the onset and end of the growing phase (70 days of 
feedlot time) to obtain initial and final body weight 
(BWi and BWf). Average daily gain (ADG) was 
calculated from the weight of unfasted lambs that 
was recorded every 14 days. After being confined 
for 70 days, the lambs were weighed to obtain 
shrunk body weight (SBW). Animals were stunned 
with a stun bolt gun, bled by cutting the carotid 
artery and jugular vein, skinned, and eviscerated. 
The amount of blood collected, as well as weight of 
head and legs was recorded along with the weight of 
skin, wool, and other external components (testicles 
and tail). 

After evisceration, non-carcass components, 
including organs (tongue + trachea + esophagus, 
heart, lungs, spleen, liver + gallbladder + diaphragm, 
kidneys, and reproductive + urinary tract), the 
gastrointestinal tract (rumen, omasum, reticulum, 
and abomasum, small and large intestine), and 
deposits of visceral fat (omental, mesenteric, 

perirenal, inguinal, and cardiac) were extracted. The 
gastrointestinal components were weighed when 
full, followed by weighing after being emptied, 
washed, and emptied again to determine weight of 
empty gastrointestinal tract.

Carcasses were divided into two halves, and hot 
carcass weights (HCW) were measured immediately. 
The HCW were used to determine hot dressing (HD 
= HCW/SBW*100). After carcasses had been kept 
in a cold chamber at -4°C for 24 h, the internal 
length of the carcass (from the center of the anterior 
border of the pubic arch to the anterior border of 
the first rib), external length (from the bottom of 
the tail to the bottom of the neck), maximum and 
minimum thoracic depth (maximum and minimum 
distances between carcass sternum and back), leg 
length (from the anterior border of the ischiopubic 
symphysis to the middle portion of the tarsal 
bones), and leg thickness were recorded. A cross-
section between the 12 and 13th ribs was cut out in 
the left-half of the carcass to measure subcutaneous 
fat thickness with a caliper rule. The right-half of 
the carcass was divided into 8 cuts (neck, shoulder 
+ shank, loin, rack, flank steak, rack cap off, leg, 
and HH section) (Hankins and Howe, 1946), which 
were then individually weighed. 

Individual dry matter intake (DMI, in kg d-1) was 
calculated as the difference between DM offered and 
refused. Average daily gain (ADG, in kg d-1) during 
the feed efficiency assessment period and over the 
entire experiment was estimated by performing 
regression analysis between BW and days on feed 
using PROC REG (SAS Institute, 2009), where the 
slope represents the growth rate. The mid-test of 
metabolic body weight (MMBW) was calculated as 
the mean of BWi and BWf.

The feeding efficiency indexes calculated here 
were feed conversion [FC = DMI (g d-1)/ADG 
(g d-1)], feed efficiency [FE = ADG (g d-1)/DMI 
(g d-1)], and residual feed intake [RFI = (DMIobs 

– DMIest)] according to the method of Koch et al. 
(1963). Observed DMI (DMIobs) corresponded 
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to DM differences between total diet offered and 
refusals. Estimated DMI (DMIest) was obtained 
by performing regression on DMIobs as a function 
of metabolic body weight [MMBW0.75 = (BWi 
+ BWf)/2]0.75 and ADG, where DMIest = β0 + β1 × 
(MMBW0.75) + β2 × (ADG) + ε. Data were analyzed 
using the REG procedure (SAS, 2009). 

Based on the RFI calculated, the lambs were 
divided into three classes according to the standard 
deviation (sd): Positive RFI (inefficient, 0.5 above 
the mean), Negative RFI (efficient, 0.5 below the 
mean), and Medium RFI (intermediate). Data were 
subjected to analysis of variance and the means 

were compared by the Tukey’s test (α = 0.05) using 
the GLM procedure of SAS (SAS, 2009).

Results and Discussion

Among the lambs tested, 23.40% had Negative RFI 
(efficient), 42.55% had average RFI (intermediate), 
and 34.04% had Positive RFI (inefficient). The mean 
RFI recorded here was 0.00 ± 0.084 kg d-1, ranging 
from -0.239 to +0.169. Values of BWi, BWf, mean 
BW, and PCM0.75 did not differ between the three 
RFI classes (Table 2). The classes with Negative RFI 
(efficient) and Positive RFI (inefficient) showed no 
differences in ADG (P > 0.05). 

Table 2. Performance of Texel crossbred lambs from different residual feed intake classes.

Traits
Residual feed intake1

CV (%)2 P-valueNegative
(Efficient)

Medium
(Intermediate)

Positive
(Inefficient)

N 11 20 16 - -
BWi (kg) 28.82 30.25 30.23 18.69 0.763
BWf (kg) 51.16 49.37 51.57 12.97 0.571
MMBW (kg) 40.06 39.82 41.32 15.11 0.748
MBW0.75 (kg) 15.44 15.28 15.56 10.77 0.877
ADG (kg d-1) 0.321a 0.277b 0.306ab 13.93 0.017
DMI (kg d-1) 1.34b 1.35b 1.52a 15.87 0.050
DMI (g kg-1 BW) 33.5b 34.1b 36.8a 7.08 0.001
TDNI (g kg-1 BW) 26.0b 26.4b 28.5a 7.08 0.002
FE 0.24ª 0.21b 0.20b 12.82 0.001
FC 4.18ª 4.90b 5.00b 12.91 0.003
RFI -0.120a 0.002b 0.079c 9.34 <0.001

1Different letters indicate statistical difference between the classes (Tukey, P<0.05). 2CV: coefficient variation 
BWi = initial body weight, BWf = final body weight,MMBW = mid-test metabolic body weight mean body weight, MBW0.75 = 
metabolic body weight, ADG = average weight gain, DMI = dry matter intake; TDNI = total digestible nutrient intake; FE = feed 
efficiency; FC = feed conversion; RFI = residual feed intake.

These results were expected because RFI does 
not depend on MMBW0.75 or ADG (MURO-REYES 
et al., 2011; SOBRINHO et al., 2011; COCKRUM 
et al., 2013), which are the parameters generally 
adopted to predict feed intake (KOCH et al., 1963). 
It has been shown previously that BWf and ADG 
are usually similar between RFI classes (PAULA 

et al., 2013; REDDEN et al., 2013a,b), but DMI 
is lower in more efficient animals. The lack of 
correlation with performance parameters (ADG 
and BW) suggests that RFI allows the identification 
of animals with higher feed conversion efficiency, 
which, interestingly, does not correspond to larger 
adults (REDDEN et al., 2011).
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Here, ADG was lower in intermediate class lambs 
(average RFI) than in their inefficient counterparts 
(Positive RFI) (P < 0.05). Most studies report the 
absence of phenotypic correlations between weight 
gain, live weight, and RFI, that is, weight is usually 
similar between the RFI classes. Data on cattle, 
however, are inconsistent. In a study on calves 
subjected to two feedlot trials, Jensen et al. (1992) 
found a positive genetic correlation followed by a 
negative one between weight gain and RFI (r = 0.32 
in the first and r = -0.24 in the second trial). 

Arthur et al. (2001a) observed a negative 
correlation between weight gain and RFI (r = 
-0.10) for Charolais bulls. Archer et al. (1998) 
recorded a negative correlation between weight 
gain and RFI (r = -0.25) for Angus bulls and heifers 
in feedlots as well. However, a positive genetic 
correlation between RFI and live weight (r = 0.32) 
was reported for Charolais bulls (ARTHUR et al., 
2001b). According to these studies, weight gain and 
RFI are not completely genetically independent; 
furthermore, many parameters, other than weight 
and weight gain, can be used to adjust RFI (e.g., 
body composition). 

The diets used here were formulated according 
to the average nutritional needs of precocious and 
non-precocious lambs recommended by the NRC 
(2007). The high-quality of lambs allowed them to 
express their potential ADG, which was higher than 
expected (200 g d-1). The intake of DM and TDN, 
expressed as g d-1 and percentage of BW, respectively, 
differed between the RFI classes (P < 0.05; Table 2). 
Lambs with Negative and Intermediate RFI values 
showed lower DMI and total digestible nutrient 
intake (TDNI) than those with Positive RFI (P < 
0.05). As compared to the class of inefficient lambs, 
the efficient class (negative RFI) showed a 9% 
reduction in DMI, while having the same ADG. 

Redden et al. (2011) found a similar weight 
gain between ewes with Positive and Negative 
RFI values, but the latter (efficient class) showed 
a 20% reduction in FE. Other studies corroborate 

this finding; there has been a report of 15 to 30% 
reduction in DMI in animals classified as efficient 
(MURO-REYES et al., 2011; REDDEN et al., 
2013b). Cockrum et al. (2013) classified 15% 
of the sheep in their sample to have Positive RFI 
and another 15% to have Negative RFI; they also 
observed an FI reduction of approximately 1.2 
kg d-1 in the most efficient individuals. Similar 
ADG between the RFI classes in combination 
with a decline in DMI (% BW) contributed to the 
improvement in FC and FE (P < 0.05). 

The results of the present study corroborate 
previous studies on RFI-based assessment of FE in 
lambs (MURO-REYES et al., 2011; COCKRUM 
et al., 2013; PAULA et al., 2013; REDDEN et al., 
2013b). Lambs with Negative RFI showed higher 
FE and lower FC in relation to other classes (P < 
0.05) that exhibited no differences (P > 0.05). In 
addition, FC in efficient animals (negative RFI) was 
16.4% lower, and FE was 20.0% higher than in the 
lambs with Medium and Positive RFI. 

Variations in DMI and FE between animals from 
different RFI classes have been associated with 
several biological processes and environmental 
factors that regulate feeding and growth. Richardson 
et al. (2004) and Herd and Arthur (2009) reported 
that the main processes underlying variations in 
FE are feeding patterns (2%), digestibility (10%), 
heat increment and fermentation (9%), physical 
activity (10%), protein turnover, tissue metabolism 
and stress (at least 37%), body composition (5%), 
ion transport, and other unknown processes (27%). 
Aspects related to feeding behavior that were not 
evaluated in the present study may have contributed 
to a decrease in FI and an increase in FE in the 
lambs with Negative RFI. According to Sharifabadi 
et al. (2016), efficient animals spend less time 
ingesting and ruminating food. The authors argue 
that the longer an animal performs these activities, 
the higher is its energy expenditure in terms of 
metabolizable energy for maintenance; this might, 
in turn, decrease energy efficiency, and thus, reduce 
the energy available for growth. 
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Differences in the metabolic rates and changes in 
organ and viscera size can affect lamb FE. Although 
the gastrointestinal tract and liver represent a small 
fraction of BW (10 to 13%), they consume 45 to 50% 
of the maintenance energy required for absorbing 
and metabolizing digested nutrients (SEAL; 
REYNOLDS, 1993). As such, size differences 
may contribute significantly to variations in oxygen 

consumption and energy expenditure on animal 
maintenance (REYNOLDS, 2002). In the present 
study, however, Positive and Negative RFI classes 
did not show significant weight differences between 
the non-carcass components (external components 
and organs and empty gastrointestinal tract) (P > 
0.05; Table 3). 

Table 3. Weight of non-carcass components (kg) of crossbred Texel lambs from different residual feed intake classes. 

Traits
Residual Feed Intake1

CV (%)2 P-valueNegative
(Efficient)

Medium
(Intermediate)

Positive
(Inefficient)

External components
Head 2.44 2.30 2.45 10.84 0.182
Wool and skin 6.22 5.61 5.74 21.57 0.425
Feet 1.12 1.06 1.11 12.17 0.312
Tail 0.32 0.26 0.29 36.81 0.414
Testicles 0.65 0.67 0.67 21.08 0.916
Blood 1.94 1.93 1.96 15.59 0.962
Organs
Tongue, trachea, esophagus 0.62 0.59 0.60 16.05 0.714
Heart 0.18 0.18 0.20 17.33 0.104
Lungs 0.44 0.42 0.47 15.11 0.133
Spleen 0.08 0.08 0.09 19.34 0.320
Liver, gallbladder and diaphragm 0.95ab 0.86b 0.98a 15.25 0.029
Kidneys 0.12 0.11 0.12 17.08 0.142
Reproductive and urinary system 0.13 0.12 0.14 39.63 0.474
Gastrointestinal tract
Stomach 1.37 1.28 1.31 14.56 0.462
Small intestine 0.65a 0.53b 0.64a 17.83 0.002
Large intestine 0.35a 0.30b 0.36a 18.08 0.022

1Different letters indicate statistical difference between the classes (Tukey, P<0.05). 2CV: coefficient variation.

Several studies report that animals from different 
RFI classes do not differ with respect to the weight 
of gastrointestinal tissues and internal organs 
(RICHARDSON et al., 2001; CRUZ et al., 2010; 
BONILHA et al., 2013). In our study, we observed 
the weight of the small and large intestine to be lower 
in the animals with average RFI (intermediate) than 
those from other classes (P < 005); average liver 

weight was also lower in this class than in the lambs 
with positive RFI (P < 0.05; Table 3). 

The lower weight of organs in lambs from the 
intermediate class may be associated with their 
slower growth that is indicated by reduced ADG 
(Table 2). Given that no weight difference was 
found between the non-carcass components of the 
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different classes, the improvement in FE of lambs 
with negative RFI may be related to metabolic 
processes, such as digestion, intestinal absorption, 
levels of circulating hormones and metabolites, 
and oxygen consumption in tissue synthesis and 
degradation, although these parameters were not 
assessed in the present study.

Magnani et al. (2013) investigated diet 
digestibility in Nellore heifers in feedlots and found 
that Negative RFI heifers had higher apparent 
digestibility of DM (49.14% versus 45.38%), NDF 
(56.65% versus 49.88%), ADF (49.96% versus 
45.08%), and cellulose (61.61% versus 56.40%) 
as compared to animals with Positive RFI. Sharma 
et al. (2016) found efficient animals (negative RFI 
calves) to have higher (p < 0.05) levels of growth 
hormones in plasma, insulin-like growth factor-1 
(IGF-1) and triiodothyronine (T3), and a lower 
concentration of thyroxin hormone. According to 

the authors, several genes responsible for decrease 
in blood IGF-I are associated with Negative RFI 
(efficient), which shows heritability (0.40) of this 
hormone. 

Another possible source of FE variation 
may be associated with visceral fat deposition 
(REDDEN et al., 2013b). Animals classified 
as efficient according to their RFI show leaner 
body composition with better muscle deposition 
and lower fat accumulation in the internal organs 
(GOMES et al., 2012; NASCIMENTO et al., 
2016). However, no differences in cardiac, omental, 
mesenteric, perirenal, or inguinal fat deposition 
were detected between the RFI classes (Table 4; P 
> 0.05). These results corroborate findings of other 
studies on the FE of confined cattle, which also 
found no differences in visceral fat between the 
three RFI classes (BAKER et al., 2006; ARTHUR 
et al., 2008; CRUZ et al., 2010).

Table 4. Weight of fat deposits (kg) of crossbred Texel lambs from different residual feed intake classes.

Traits
Residual Feed Intake1

CV (%)2 P-valueNegative
(Efficient)

Medium
(Intermediate)

Positive
(Inefficient)

Cardiac 0.14 0.12 0.13 34.50 0.530
Omental 1.07 0.96 1.14 28.40 0.208
Mesenteric 0.65 0.67 0.72 31.32 0.710
Perirenal 0.80 0.68 0.81 43.61 0.450
Inguinal 0.38 0.44 0.43 36.19 0.610

1Different letters indicate statistical difference between the classes (Tukey, P<0.05). 2CV: coefficient variation.

In the present study, fat deposition corresponded, 
on average, to 5.68 kg/100 kg of SBW, which 
is much higher than the 4.12 kg/100 kg SBW 
observed previously by Ribeiro et al. (2009) in 
Texel crossbred lambs. The similarities between 
the different classes in relation to fat deposition 
likely resulted from the advanced physiological 
conditions of the animals that were slaughtered at 
a BW of 50 kg. In fact, Texel lambs reach maturity 
at nearly 37 kg BW (MALHADO et al., 2008). 

The long adaptation period (28 days) needed for 
helminth control and feeding adjustments, in 
conjunction with the 70 days required for accurate 
RFI assessment (ARCHER; BERGH, 2000; WANG 
et al., 2006; CASTILHOS et al., 2011), contributed 
to the heaviness and maturity of lambs at the time 
of slaughter. 

Similar to the present study (Table 3), Sanches 
et al. (2006) found no differences between RFI 
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classes in terms of backfat, as well as intramuscular 
and visceral fat, but they observed that animals 
with negative RFI (efficient) showed higher levels 
of leptin in plasma. According to these authors, 
the high leptin levels inhibited appetite of efficient 
animals, thereby decreasing their food intake. 
Richardson et al. (2001) attribute differences in 
energy efficiency between classes to reductions in 
oxygen uptake in the tissues, given that this index is 
strongly associated with feed intake. 

The RFI classes showed no differences in SBW, 
HCW, and HD (Table 5). Mean SBW (49.35 kg) and 

HCW (24.14 kg) were satisfactory for uncastrated 
male lambs (¾ Texel + ¼ Pantaneira) that were 
slaughtered when they were 200-day-old. The 
values obtained for these parameters are higher than 
those reported by Carvalho et al. (2007) for castrated 
male Texel lambs slaughtered at the 144th day and 
had reached SBW of 33.9 kg and HCW of 15.1 
kg. In an assessment of the carcass traits of Dorper 
lambs, Grobe et al. (2014) also report no differences 
between negative and positive RFI animals in terms 
of SBW, carcass weight, and HD.

Table 5. Carcass traits and morphometric measurements of crossbred Texel lambs from different residual feed intake 
classes.

Traits
Residual Feed Intake1

CV (%)2 P-valueNegative
(Efficient)

Medium
(Intermediate)

Positive
(Inefficient)

BWS, kg 50.39 47.73 49.94 12.49 0.416
HCW, kg 24.64 23.81 23.98 14.08 0.803
HD, kg 100-1 48.85 49.79 48.03 27.93 0.062
ILC, cm 66.77 65.25 65.75 5.11 0.489
ELC, cm 86.27 84.52 86.12 5.15 0.446
TDmax, cm 22.09 21.88 22.23 5.78 0.711
TDmin, cm 18.95 18.58 18.81 5.87 0.629
LL, cm 37.36 36.48 37.16 5.76 0.467
LT, cm 10.64 10.75 10.65 9.63 0.944
SFT, mm 4.89 4.59 4.76 27.04 0.819

1Different letters indicate statistical difference between the classes (Tukey, P<0.05). 2CV: coefficient variation
BWS = body weight at slaughter (kg); HCW = hot carcass weight (kg); HD = hot dressing (kg 100 kg); ILC= internal length of 
the carcass (cm); ELC = external length of the carcass (cm); TDmax = maximum thoracic depth (cm); PTmin = minimum thoracic 
depth (cm); LL = leg lenght (cm); LT = leg thickness (cm); SFT = subcutaneous fat thickness (mm).

In the present study, HD was higher than 
that reported in other studies on Texel crossbred 
lambs, which achieved an average of 40 kg/100 
kg (LANDIM et al., 2007; VILLARROEL et al., 
2006). The average HD observed here (49.4%) is 
within the range of 40 to 50%, which is considered 
satisfactory for breeds, such as Texel, that are 
farmed specifically for meat production. Although 
normal, the results obtained for Texel crossbred 

lambs are slightly lower than those observed for 
other breeds, such as Santa Inês, a non-wool breed. 
Carcass yield is an important parameter since it 
represents the profitability of the edible portion of 
the animal (PASCOAL et al., 2010). 

Average SFT was similar between the RFI classes 
(P > 0.05), i.e., carcass finishing was not affected by 
the higher efficiency of the animals. These results 
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corroborate earlier studies that found no differences 
in the SFT of animals from different RFI-based 
efficiency classes (PAULA et al., 2013; REDDEN 
et al., 2013a,b). The animals showed an average of 
4.75 mm SFT, which is within the range expected 
for average SBW (50 kg) and is sufficient to ensure 
carcass filling and protection against chilling losses 
and muscle fiber shortening in the cold chamber. 
Redden et al. (2013b) observed similar SFT, from 
4.4 to 4.8 mm, in lambs weighing approximately 57 
kg, which is within the limits for adequate finishing 
(3 to 5 mm).

Mean internal carcass length (cm), external 
carcass length (cm), thoracic depth (cm), and leg 
length (cm) were similar between the RFI classes 
(P > 0.05; Table 5). This result was expected given 
that carcass measurements are associated with 
growth traits, such as body weight, that did not 
differ between the RFI classes (Table 2). Similarly, 
Basarab et al. (2003) did not find differences 
between morphometric measurements evaluated 
in the carcasses of beef cattle from different RFI 
classes. 

Morphometric variables are important to 
obtain information about the carcass components 
and support evaluation systems for sheep carcass 
classification introduced by the European Union 
and United States Department of Agriculture – 
USDA. A sheep evaluation system is yet to be 
developed in Brazil, and research in this field is still 

incipient. Ricardo et al. (2016) evaluated the carcass 
morphometry of 252 sheep that were less than 
12-month-old and were commercially slaughtered 
in Brazil after being classified according to the 
European carcass classification model. 

The authors considered the lambs with excellent 
conformation (U grade) to be those with 44.23 
kg SBW, 3.04 BCS, 25.68 cm maximum thoracic 
depth, 39 cm leg length, and 68.08 cm external 
carcass length. Except for the external carcass 
length (cm), similar values were obtained for lambs 
that were evaluated in the present study (49.35 
SBW, 4.2 BCS, 22.06 cm maximum thoracic depth, 
37 cm leg length, and 85.63 cm external carcass 
length). As such, their classification corresponds 
to good conformation according to the European 
system of sheep carcass evaluation. These data 
encouraged us to infer that irrespective of RFI class, 
the Texel crossbred lamb carcasses exhibit superior 
conformation, and thus, add value to the animal for 
exportation purposes.

The RFI classes showed no differences in the 
neck, shoulder + shank, loin, rack, flank steak, 
rack cap off, leg, and HH section weight (P > 0.05, 
Table 6). Accordingly, a number of studies found no 
differences in the weight of beef cut from cattle in 
different RFI classes (GOMES et al., 2012; REIS 
et al., 2015; NASCIMENTO et al., 2016). This 
result was expected because the carcasses from the 
three efficiency classes exhibited similar weight and 
morphometric measures (Table 4). 

Table 6. Weight commercial cuts (kg) of crossbred Texel lambs from different residual feed intake classes.

Traits
Residual Feed Intake1

CV (%)2 P-valueNegative
(Efficient)

Medium
(Intermediate)

Positive
(Inefficient)

Shoulder+shank 2.22 2.07 2.21 14.61 0.308
Leg 3.64 3.53 3.58 12.89 0.814
Loin 1.45 1.34 1.42 15.20 0.282
Rack 1.73 1.85 1.85 19.37 0.616

continue
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Flank steak 0.55 0.57 0.56 30.61 0.938
Rack cap off 1.13 0.96 1.04 20.65 0.106
Neck 0.89 0.88 0.96 20.65 0.449
HH section 0.38 0.36 0.38 18.15 0.744

1Different letters indicate statistical difference between the classes (Tukey, P<0.05). 2CV: coefficient variation.

continuation

Other studies show moderate to high correlations 
between biometric measurements and carcass 
characteristics, indicating association between 
body weight, carcass yield, and commercial sheep 
cuts (LANDIM et al., 2007; PINHEIRO; JORGE, 
2010). The present work found an average neck 
weight of 0.91 kg, shoulder + shank weight of 2.16 
kg, loin weight of 1.4 kg, rack weight of 1.81 kg, 
flank steak weight of 0.56 kg, rack cap off weight 
of 1.04 kg, leg weight of 3.58 kg, and HH section 
weight of 0.37 kg. Ricardo et al. (2016) recorded a 
weight of 3.37 kg for the leg, 1.41 kg for the loin, 
and 0.75 kg for loin chop, which is similar to that 
obtained in an present experiment. Furusho-Garcia 
et al. (2003) evaluated Texel crossbred lambs and 
recorded a leg weight of 3.30 kg, rack weight of 1.98 
kg, and shoulder + shank weight of 1.99 kg. As such, 
improvements in feed efficiency as a function of RFI 
do not compromise the weight of lamb meat cuts.

Improvement in feed efficiency as a function 
of the residual feed intake (RFI) index does not 
compromise performance and carcass traits in 
Texel crossbred lambs. Thus, RFI is an indicator 
of feeding efficiency that can support informed 
decisions to reduce feed inputs for lambs farmed on 
feedlots, thereby enhancing lamb meat production 
profits. 
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