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Abstract: The aim of this study was to analyze the effects of genetic group and sex 
on residual feed intake, performance, testicular size, carcass and morphometric traits 
in Santa Ines purebred and Dorper ´ Santa Ines crossbred lambs. A total of 32 lambs, 
with initial body weight of 18±3.7 kg were used. Analysis of variance, considering the 
interaction between sex and genetic group of all the traits were performed. Crossbred 
females (-0.018±0.06) and purebred males (-0.018±0.05) were more effi cient (p<0.001) in 
residual feed intake than crossbred males (0.018±0.04) or purebred females (0.018±0.04). 
The most effi cient animal in residual feed intake consumed 37.9% less feed (1.179 kg/day) 
than the least effi cient animal (1.899 kg/day). Crossbred, when compared to purebred, 
showed higher values for body weight, average daily gain, testicle size, carcass traits; 
had greater muscle accumulation, were more compact and with more aptitude to beef. 
Purebred were taller, but with lower body length and thoracic perimeter than crossbred. 
Males had greater muscle accumulation, were more compact and with more aptitude 
to meat. Crossing of native (Santa Ines) with exotic breed (Dorper) is an alternative to 
align effi ciency in feed use, testicular size, compactness, aptitude for meat and ability 
for muscle accumulation. 
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INTRODUCTION

At the heart of livestock-based feed production 
is the ability of animals to receive complex 
plant constituents and convert them into 
protein form that are palatable and readily 
digested by the human gastrointestinal tract. 
The role of producers is to design, maintain, and 
monitor systems that maximize the effi ciency 
of this process of nutrient intake, uptake, and 
conversion so that economic input costs and 
output returns are optimized. 

To initiate a breeding program for genetic 
improvement of sheep productivity, information 

is needed about breeding objectives of sheep 
breeds (Tabbaa et al. 2019). Several native 
breeds, such as the Santa Ines, with specific 
adapted characteristics are found in Brazil, 
however, the productive performances of 
these breeds are usually low when compared 
to exotic breeds, as the Dorper. Thus, the 
crossing of native with exotic breeds is an 
alternative to align productivity and hardiness 
(Figueiredo et al. 2019). Dorper is a sheep breed 
suitable for many countries throughout the 
world due to its hardiness, adaptability, fast-
growth for meat production and early weaning 
(Norhayati et al. 2018). Since the highest cost 
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of an animal production is related to feed 
(Arthur & Herd 2008), the selection of sheep 
for characteristics related to feed efficiency 
has shown to be a good option to reduce 
feeding costs, increase productivity (Cockrum 
et al. 2013) and reduce environmental impact 
(Paula et al. 2013). Residual feed intake (RFI) 
is the difference between the expected intake 
of the animal and what it actually consumes, 
based on its metabolic weight and average daily 
gain. This parameter has been widely used in 
animal production because no alterations are 
observed in the adult size or growth of animals 
selected for it (Sobrinho et al. 2011). For RFI to 
be an appropriate measure of feed efficiency in 
the sheep industry, it must not be unfavorably 
correlated with growth, reproduction and carcass 
traits, so it is necessary to fully investigate the 
potential impacts associated with these traits 
(Cockrum et al. 2013).

During the course of growth, the animal’s 
different body parts change in proportion. 
So, body dimensions or linear measurements 
have been used in conformation appraisal for 
many livestock species as a supplement to 
body weights when measuring the productivity 
(Zhang et al. 2018). The evaluations of growth, 
carcass characteristics, feed efficiency, and body 
morphometrics make possible to find early 
maturing and more efficient animals, reducing 
production time and increasing profitability 
(Figueiredo et al. 2019). Moreover, the body 
linear measures are easily obtained and provide 
assistance to evaluate qualities and weaknesses 
of the animals (Souza et al. 2015). 

The objective of this study was to 
investigate the effects of genetic group and sex 
on RFI, performance, testicular measurements 
(right testicular diameter and length; scrotal 
circumference), carcass traits and morphometric 
indices in Santa Ines purebred (Pu) and Dorper ´ 
Santa Ines crossbred (Cr) lambs, in Brazil. 

MATERIALS AND METHODS
Animal care
This study was approved by the Ethics Committee 
on Animal Use of the Instituto de Zootecnia 
(CEUA-IZ), approval number 224-16.

Animals, diet and feeding 
The experiment was conducted at Instituto 
de Zootecnia, Nova Odessa, São Paulo state, 
Brazil (latitude - 47” 19’ W and longitude - 22” 
47’ S). Thirty-two lambs (Ovis aries) with 90±10 
days of age (soon after weaning) and average 
initial body weight (BW) of 18±3.7 kg were used. 
Sixteen lambs were of the Santa Ines breed 
(8 non-castrated males and 8 females) and 16 
were crossbred 7/8 Dorper ´ Santa Ines (8 non-
castrated males and 8 females).

Lambs were housed in two indoor pens 
(males x females) bedded with sugarcane 
bagasse and were fed with chopped hay 
(Cynodon cv. Tifton 85), commercial concentrate, 
water and mineral salt, ad libitum (Table I). Each 
pen contained four automated feed stations 
(INTERGADO®, Contagem, MG, Brazil), two only 
providing hay and the other two only concentrate 
(to measure the exact consumption of each 
kind of feed). The mineral salt was provided 
separately. The automated feeder recorded daily 
the consumption of concentrate (DCC) and hay 
(DCH), in kg.

The lambs were moved into the indoor 
animal houses 15 days before the start of 
measurements by the equipment, in order to 
allow them to adapt to the facility conditions. 
After the adjustment period, the equipment 
carried out the measurements of feed consume 
during 65 days. 

Samples of feed offered and their residues 
left, were analyzed for proximate and cell wall 
constituents as per AOAC (2005) and Van Soest 
et al. (1991) method. Dry matter, ether extract, 
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mineral matter and crude protein were analyzed 
according to AOAC (2005); neutral detergent fiber, 
acid detergent fiber, hemicellulose, cellulose 
and lignin according to Van Soest et al. (1991); 
total digestible nutrients according to Kearl 
(1982) (Table I).

Measurements
Performance and feed efficiency traits calculated, 
calculated using automated feed stations and 
body measurements informations, were: dry 
matter intake (DMI) = (concentrate consumption 
x dry matter content of concentrate) + (hay 
consumption x dry matter content of hay); 
total dry matter intake (concentrate+hay)/
body weight (DMI/BW); dry matter intake of 
concentrate/body weight (DMIC/BW); average 
body weight (ABW) = mean of body weight 
during the feeding period (Gomes et al. 2012); 
average daily gain (ADG) = (final body weight – 
initial body weight)/days on feed (Yeaman et al. 
2013); mid-trial metabolic body weight (MMBW) 
= [(initial body weight + final body weight)/2]0.75 

(Koch et al. 1963); feed efficiency (FE) = ADG/DMI; 
feed conversion ratio (FCR) = DMI/ADG (Arthur & 
Her 2008) and residual feed intake (RFI) = DMI 
observed – DMI expected (Koch et al. 1963). 

The body weight, body and testicular 
morphometric measurements were obtained 
every 14 days, since day 7 of adaptation period, 
totalizing 6 measurements. The testicular 
measurements were: scrotal circumference (SC), 
in cm; right  testicle length (RTL), in mm; and 
right  testicle diameter (RTD), in mm (Toe et al. 
2000). The linear body measurements (in cm) 
were: withers height (WH); rump height (RH); 
body length (BL); and thoracic perimeter (TP) 
(Costa et al. 2014). Morphometric indices were 
calculated by the ratio between morphometric 
measures and/or body weight: body capacity 
1 (BCin1) = body weight/body length; body 
capacity 2 (BCin2) = body weight/thoracic 
perimeter; body index (Bin) = body length/
thoracic perimeter x 100; body side index 
(BSin) = withers height/body length x 100; 
compactness index (Cin) = body weight/withers 

Table I. Chemical composition of the hay and concentrate in % of dry matter. 

Chemical composition (%) Commercial concentrate Hay

Dry matter 88.9 93.0

Crude protein 19.8 13.4

Ether extract 1.9 1.4

ASHa 13.5 6.9

Acid detergent fiber 15.2 36.6

Neutral detergent fiber 37.6 74.3

Hemicellulose 22.4 37.7

Cellulose . 31.3

Lignin . 4.2

Total digestible nutrients (TDN) 67.8 62.6
a Composition of product: calcium 120 g/kg, phosphorus 87 g/kg, sodium 147 g/kg; sulfur 18 g/kg, copper 590 mg/kg; cobalt 40 
mg/kg, chromium 20 mg/kg, iron 1800 mg/kg, iodine 80 mg/kg, manganese 1300 mg/kg, selenium 15 mg/kg, zinc 3800 mg/kg; 
molybdenum 300 mg/kg; and fluorine (max.) 870 mg/kg.
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height x 100; body proportionality index (BPin) 
= compactness index/body index x 100 (Costa 
et al. 2014); proportionality index (Pin) = body 
length/withers height x 100 (Bravo & Sepúlveda 
2010) and anamorphosis index (Ain) =  thoracic 
perimeter2/withers height x 100 (Rezende et al. 
2014). 

On the last day of the experiment, ultrasound 
pictures were obtained between the 12th and 
13th intercostal space (next to last rib) using a 
Chison D600VET (Chison Medical Imaging Co., 
China) coupled to a linear transducer operating 
at 7.5 MHz. The ImageJ® software was used to 
measure, in mm, the height of Longissimus 
dorsi muscle (Hldm); length of Longissimus 
dorsi muscle (Lldm);  ribeye area (RAldm) and 
subcutaneous fat thickness (SFT) (Menezes et 
al. 2013). 

Statistical analysis
Residual feed intake was calculated using the 
MIXED procedure in SAS® (SAS Inst. Inc., Cary, 
NC), as the difference between actual and 
expected dry matter intake. The base model 
used to calculate estimated dry matter intake 
was determined by Koch et al. (1963), but a 
large increase in R2 values (which increases the 
precision of the prediction) and decrease in BIC 
(Bayesian information criterion) was observed 
(Montanholi et al. 2009). By the incorporation of 
sex, genetic group, feed efficiency (FE) and daily 
dry matter intake of concentrate as a function 
of percentage of body weight (DMIC%BW) in the 
base model (Table II). 

Analysis of variance of feed efficiency 
(including RFI), carcass, body and testicular 
morphometric measurements was performed 
using PROC GLM. Means of all the traits measured 
were tested using SNK multi comparison test 
and the model used was:

Yijk = μ + Si + GGj + (S*GG)ij + eijk 

Where: Yijk = dependent variable; μ = 
general mean, associated with the dependent 
variable; Si = effect of sex i; GGj= effect of genetic 
group j; (S*GG) = effect of the interaction of sex 
and genetic group ij; eijk = random residual 
associated with each observation e ~ N (0, I σ2

e). 
The effect of sex, genetic group and 

the interation between these two traits was 
significant and we opened the model and 
performed the analyzes separately.

In this study we compared the means and 
standard deviations (Table III) between the 
genetic groups and sex (male purebred, female 
purebred, male crossbred and female crossbred). 
The double interactions assessed were: female 
crossbred x male crossbred; female crossbred 
x female purebred; male purebred x female 
purebred; male purebred x male crossbred 
(Figures 1 and 2). Results were considered 
statistically significant when P≤0.05.

RESULTS

The original model to define RFI (RFIkock) had 
the lowest R2 (0.6486) and the second highest 
BIC (-10.9). The inclusion of sex, genetic group, 
FE and DMIC%BWincreased R2 (0.9667) and 
decreased BIC (-63.1), so this model was used to 
define RFI in this study. The DMI of concentrate 
in relation to BW was 3.9±1.4% and the DMI of 
hay in relation to BW was 0.37±0.29%.

Crossbred females (-0.018±0.062, P<0.001) 
and purebred males (-0.018±0.05, P<0.001) 
showed negative RFI (more efficient). Crossbred 
males (0.018±0.04, P<0.001) and purebred 
females (0.018±0.04, P<0.001) showed positive 
RFI (less efficient). In view of this, we show 
the results focusing in crossbred females and 
purebred males and their relationship with the 
other genetic group or sex (Figures 1 and 2).
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Table II. Predictive equation models used to estimate feed intake for the calculation of residual feed intake and 
respective fit as indicated by coefficient of determination (R2) and Bayesian information criterion (BIC).

Model Equation R2 BIC

Model 1* y(EDMI)=βO + β1(ADG) + β2(MMWT) + Ɛ 0.6486 -10.9

Model 2 y(EDMI)=βO + β1(ADG) + β2(MMWT) + β3(SEX) + β4(GG) + Ɛ 0.6626 -5.9

Model 3 y(EDMI)=βO + β1(ADG) + β2(MMWT) + β3(SEX) + β4(GG) + β5(DMIC%BW) + Ɛ 0.9331 -44.4

Model 4 y(EDMI)=βO + β1(ADG) + β2(MMWT) + β3(SEX) + β4(GG) + β6(FE) + Ɛ 0.8733 -33.9

Model 5 y(EDMI)=βO + β1(ADG) + β2(MMWT) + β3(SEX) + β4(GG) + β5(DMIC%BW) + β6(FE) + Ɛ 0.9667 -63.1

*Model described by (Koch et al. 1963). 
EDMI = expected dry matter intake. ADG = average daily gain. MMBW = mid-trial metabolic body weight - [(BWinitial + BWfinal)/2]0.75. 
GG = genetic group. FE = feed efficiency.  DMIC%BW = dry matter intake of concentrate as a function of percentage of body 
weight. Ɛ = residuals (represents the RFI). DMI = dry matter intake. R2 = coefficient of determination (bigger is better). BIC = 
Bayesian information criterion (smaller is better). y = expected dry matter intake. β0 = regression intercept. β1, β2, β3, β4, β5, β6 
are the coefficients of the multiple linear regression of DMI on ADG, MMWT, sex (male or female), genetic group (Santa Ines or 
Dorper x Santa Ines), DMIC%BW and FE, respectively.

Figure 1. Comparison between means of female 
crossbred x male crossbred, female crossbred x female 
purebred. **P < 0.001; *P < 0.05.
ADG = average daily gain; Ain = anamorphosis indice; 
BCin1 = body capacity indice 1; BCin2 = body capacity 
indice 2; Bin = body indice; BL = body length; BPin = 
body proportionality indice; BSin = body side indice; 
BW = body weight; Cin = compactness indice; DMI = 
dry matter intake; DMI/BW = dry matter intake/body 
weight; DMIC/BW = dry matter intake of concentrate/
body weight; FCR = feed conversion ratio; FE = feed 
efficiency; Hldm = height in Longissimus dorsi muscle; 
Lldm = length in Longissimus dorsi muscle; MMBW = 
metabolic body weight; Pin = proportionality indice; 
RAldm = ribeye area in longissimus dorsi muscle; RH 
= rump height; RTD = right testicular diameter; RTL = 
right testicle length; SC = scrotal circumference; SFT = 
subcutaneous fat thickness; TP = thoracic perimeter; 
WH = wither height.
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Table III. Mean and standard deviation of genetic group and sex for efficiency traits, testicular parameters, carcass 
ultrasound, body morphometric and indices measurements.

Trait Purebred  male 
Mean±SD

Purebred female 
Mean±SD

Crossbred male 
Mean±SD 

Crossbred 
female Mean±SD

Residual feed intake (kg) -0.018±0.051 0.018±0.043 0.018±0.045 -0.018±0.062

Dry matter intake (kg/day) 1.3±0.33 1.2±0.41 1.7±0.52 1.2±0.47

Body weight (kg) 29.6±2.36 24.0±3.20 33.5±2.34 28.5±3.85

Metabolic body weight (kg) 12.7±0.87 10.8±1.11 13.9±0.78 12.3±1.34

Average daily gain (kg/day) 0.27±0.044 0.22±0.023 0.29±0.048 0.19±0.047

 Feed efficiency (kg/kg/day) 0.26±0.18 0.23±0.096 0.21±0.074 0.19±0.065

Feed conversion ratio (kg/kg) 4.1±1.19 4.8±1.54 5.1±1.37 5.6±1.66

Dry matter intake/body weight 
(%bw/day) 4.3±1.01 4.7±1.42 5.0±1.01 4.2±1.25

Dry matter intake of concentrate/
body weight (%bw/day) 3.8±1.33 4.1±1.54 4.2±1.48 3.6±1.45

Larger testicle length (mm) 60.8±19.83 . 71.2±20.82 .

 Larger testicular diameter (mm) 40.4±12.39 . 50.0±13.61 .

 Scrotal circumference (cm) 21.4±4.61 . 23.9±3.95 .
Height in Longissimus dorsi 

muscle (cm) 2.4±0.24 2.4±0.27 2.9±0.36 2.5±0.57
Length in Longissimus dorsi 

muscle (cm) 4.6±0.54 4.6±0.55 5.5±0.23 5.3±0.50

Ribeye area (cm) 8.5±0.95 8.8±1.31 12.2±2.09 11.2±2.72

Subcutaneous fat thickness (mm) 1.6±0.88 1.7±0.52 1.3±0.34 1.6±0.26

Wither height (cm) 62.1±4.17 58.5±3.24 58.6±2.85 57.4±3.67

 Rump height (cm) 63.2±3.78 60.3±3.65 59.8±3.41 58.2±2.90

Thoracic perimeter (cm) 72.6±5.61 70.1±6.97 78.8±4.43 78.0±7.48

Body length (cm) 66.9±5.74 62.7±6.23 69.3±6.65 65.9±5.54

 Body capacity indice 1 0.40±0.055 0.36±0.062 0.44±0.062 0.40±0.063

Body capacity indice 2 0.37±0.056 0.32±0.057 0.38±0.069 0.34±0.045

 Body indice 92.1±4.32 89.7±6.49 87.8±5.94 84.8±4.96

Proportionality indice 107.8±6.59 107.2±7.96 118.1±8.86 114.9± 6.70

Body side indice 93.1±5.76 93.8±7.55 85.1±6.41 87.3±4.96

Anamorphosis indice 85.2±10.20 84.5±14.34 106.3±9.82 106.5±16.23

Compactness indice 43.5±6.47 39.0±7.62 52±8.04 47.1±7.44

Body proportionality indice 47.2±7.11 43.8±9.60 59.2±8.12 55.8±9.90
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Figure 2. Comparison between means of male 
purebred x female purebred, male purebred x male 
crossbred. **P < 0.001; *P < 0.05.
ADG = average daily gain; Ain = anamorphosis indice; 
BCin1 = body capacity indice 1; BCin2 = body capacity 
indice 2; Bin = body indice; BL = body length; BPin = 
body proportionality indice; BSin = body side indice; 
BW = body weight; Cin = compactness indice; DMI = 
dry matter intake; DMI/BW = dry matter intake/body 
weight; DMIC/BW = dry matter intake of concentrate/
body weight; FCR = feed conversion ratio; FE = 
feed efficiency; Hldm = height in Longissimus 
dorsi muscle; Lldm = length in Longissimus dorsi 
muscle; MMBW = metabolic body weight; Pin = 
proportionality indice; RAldm = ribeye area in 
longissimus dorsi muscle; RH = rump height; RTD = 
right testicular diameter; RTL = right testicle length; 
SC = scrotal circumference; SFT = subcutaneous 
fat thickness; TP = thoracic perimeter; WH = wither 
height.

DISCUSSION

The animal is considered more efficient in feed 
use when actual intake is lower than the expected 
intake value upon adjustment for body size and 
body weight gain (negative RFI) (Montanholi et 
al. 2017). The most efficient animal in RFI had 
a DMI average of 1.179 kg/day, while the least 
efficient animal consumed an average of 1.899 
kg/day. This means that the most efficient animal 
consumed an average of 0.720 kg/day less feed 
than the least efficient (37.9% difference). When 
considering animals finished in confinement 
for about 90 days before slaughter consuming 
large amounts of concentrate, the most efficient 
animal could consume 64.8 kg/90days less food 
than the least efficient. As feed is a major cost 
of sheep production, and improved conversion 
of feed into product is one approach to increase 
the profitability of an enterprise (Cammacki et 
al. 2005), this decrease in feed expenses is quite 
significant.

Crossbred males showed greater testicle 
size than purebreds (right testicular diameter 

and length; scrotal circumference). Scrotal 
circumference and testicle diameter are good 
indicators of rams’ breeding ability (Benôit et al. 
2017) and have a direct relationship with sperm 
production (Elmaz et al. 2008). The differences 
in SC in lambs could be due to the effect of 
genotype or breed (Benôit et al. 2017) and 
nutrition (Lisboa-Neto et al. 2017). In our study, 
crossbred animals were heavier than purebreds 
and increase of BW can lead to increased SC 
(Assis et al. 2008). Body capacity 1 and 2 allows 
estimating or classifying animals as to the 
potential for body development and indicates 
the ability of muscle accumulation in the carcass 
(Araújo Filho et al. 2007). The body side indice 
indicates that animals with lower values are 
closer to rectangular, a predominant shape in 
animals with aptitude for meat (Casanova & Pere-
Miquel 2007). Since the proportionality index 
uses the same variables as body side indice, 
but in reverse order, animals with higher values 
show more aptitude for meat. Animals with high 
values of compactness indice are more compact 
(Costa et al. 2014). The body proportionality 
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indice refers to the animal’s conformation, i.e., 
the extent to which the animals are compact 
or longilineal (Costa et al. 2014). The longilineal 
animals (known as “waders”) have long limbs 
and bodies while the compact ones have short 
limbs and bodies, which is the predominant 
and desirable conformation for animals with 
aptitude for meat (Costa et al. 2014).

Crossbred, when compared to purebred, 
showed higher values for body weight, average 
daily gain, carcass traits (length, ribeye area 
and height of Longissimus dorsi muscle), had 
greater muscle accumulation (body capacity 1 
and 2), were more compact (compactness and 
proportionality indices) and with more aptitude 
to beef (body side and proportionality indices). 
The Dorper breed is considered precocious, with 
high body weight gain, high carcass quality, good 
conformation and fat distribution (Lisboa-Neto 
et al. 2017). The differences observed between 
the genetic groups in this study may be related 
to the absorbent crossing of the Santa Ines 
breed with the Dorper. Crossbred can present, 
when compared to Santa Ines purebred, greater 
quantities of muscle tissue (mainly in rump, 
which is the location of one of the main sheep 
carcass cuts), better distribution of muscularity 
(emphasized by ribeye area) and adiposity, so 
meat has better sensorial quality (Cartaxo et al. 
2017).

Purebred were taller, but with lower body 
length and thoracic perimeter than crossbred. 
Santa Ines animals have proportionally higher 
limbs to facilitate the search of feed, since 
they come from a semi-arid region with feed 
shortages (Cartaxo et al. 2017). The crossbred 
animals were 7/8 Dorper ´ 1/8 Santa Ines, 
and Dorper is a specialized breed for meat 
production and inherit shorter limbs due to the 
more compacted body conformation, resulting 
from genetic improvement seeking higher body 
depth in detriment to the corporal extremities, 

since the greater carcass proportion comes from 
depth (Cartaxo et al. 2017).

Subcutaneous fat thickness values were 
similar between crossbred and purebred. This 
similarity between genetic groups can be a result 
of receiving the same high quality nutrition and 
age (Garcia et al. 2010). The animals may not have 
reached physiological maturation of the carcass 
(after maturation, the adipose tissue starts to 
be deposited in a larger proportion than other 
tissues), so they were not at the optimal point 
for slaughter (Andrade et al. 2017).

Males, when compared to females, were 
higher in the body morphometric measurements, 
had greater muscle accumulation (body capacity 
1 and 2), were more compact (compactness and 
proportionality indices) and with more aptitude 
to beef (proportionality indice). The sex-related 
differences might be partly a function of the 
between-sex differential hormonal effects on 
growth (Jimmy et al. 2010). 

Genetic group (Santa Ines purebred and 
Dorper ´ Santa Ines crossbred) and sex (male or 
female) are important factors to be considered 
when making comparisons between residual feed 
intake, performance, testicular measurements, 
carcass traits, body measurements and 
morphometric indices. Crossing of native (Santa 
Ines) with exotic breed (Dorper) is an alternative 
to align efficiency in feed use, testicular size, 
compactness, aptitude for meat and ability 
for muscle accumulation, or in other words, 
productivity and hardiness. Males sheep were 
more efficient animals to meat production, 
since they had the best growth performance, 
were more compact, showed greater aptitude 
for meat and ability to accumulate muscle than 
the females, so they can reduce production time 
and increase profitability.
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