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SUMMARY

Measuring individual daily feed intake (DMI) is difficult and expensive due fo the facilities, equip-
ment and labor. Thus, many researchers have been looking for alternative fraits, cheaper and easier, fo
replace feed intake mensuration. The objective of this study was to evaluate the relationships between
dry matter intake and body measures, morphometric indices, testicular measurements, carcass traits by
ultrasound and performance traits in sheep. Thirty4wo lambs with 3 months of age, males and females,
Santa Ines purebred and crossbreed Dorper with Santa Ines, were used. The food was provided in
automated feed stations and productive performance traits, body and testicular measures, morphome-
tric indices and carcass traits were measured. Correlation coefficients between DMI and dll fraits were
calculated (p<0.05). The results showed correlation between DMI and morphometric measures/indices
(0.36<r<0.58), tesficular measures (0.44<r<0.47), carcass fraits (0.45<r<0.56) and performance traits
(0.48<r<0.70). The DMI was positively correlated with live weight, weight gain, muscle accumulation
in the carcass, apfitude for meat, compaciness, and sfronger growth in sheep. Therefore, the increase in

DM can increase the yield of the carcass in sheep..

»Se puede reemplazar lo consumo diario individual de materia seca por rasgos morfolégicos o
de rendimiento en las ovejas®

RESUMEN

PALABRAS CLAVE

medidas corporales.
canal.

ingesta de alimento.
indices.
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INFORMATION

(ronologia del articulo.

Medir la ingesta diaria de alimento individual (DMI) es dificil y costoso debido el fipo de ins-
talaciones, equipos y la mano de obra necesdrios. Por lo tanto, muchos investigadores han estado
buscando caracteristicas alternativas, mds baratas y féciles de medir, para reemplazar la medicién de
la ingesta de alimento. El objetivo de este estudio fue evaluar las relaciones entre la ingesta de materia
seca y las medidas corporales, indices morfométricos, medidas testficulares, rasgos de la canal por
ultrasonido y rasgos de rendimiento en ovinos. Se ufilizaron 32 corderos de 3 meses de edad, machos
y hembras, de la raza Santa Inés y cruza dos Dorper con Santa Inés. El alimento se proporciond
en estaciones de alimentacién automatizadas y se midieron los rasgos de desempefio productivo,
medidas corporales y testiculares, indices morfométricos y rasgos de la canal. Se calcularon los
coeficientes de correlacién entre DMI y todas las caracteristicas (p<0.05). Los resultados mostraron
correlacién entre DMIy medidas / indices morfométricos (0,36 <r <0,58), medidas tesficulares (0,44
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Aceptado/Accepted: 10.04.2022 <r <0,47), rasgos de la canal (0,45 <r <0,56) y rasgos de rendimiento (0,48 <r <0,70). El DM se
Ondine: 15.04.2022 correlaciond positivamente con el peso vivo, el aumento de peso, la acumulacién de misculo en la
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rldcosta@sp.gov.br el aumento de DMI puede incrementar el rendimiento de la canal en ovinos.

INTRODUCTION 85). Determining the feed efficiency of animals allows

identifying and selecting animals with better ability to
Livestock feed costs have risen rapidly over the yhe & Y

last decade, impacting profitability of livestock pro- o
ducers and whetting the interest by breeders and ~ (De Paula et al., 2013, pp 806). Traditionally several
researchers in feed efficiency (Meyer et al., 2015, pp  feed efficiency measures (equations) have been used.

convert feed into animal product, decreasing feed costs
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Many of them consider the feed intake of animals in re-
lation to the efficiency, so the feed intake must be transformed
into daily dry matter intake (DMI), which is all food without
the water (Gomes et al., 2012, pp 35).

Measuring individual daily feed intake under commercial
conditions is usually impractical, because it is expensive due
to modifications in the facilities. In addition, handling sheep in
individual pens requires extra work (weighing the amount of
food offered and the leftover) and can be negative for feeding
behavior of sheep (Nowak and Boivin, 2015, pp 15). Whereas
domestic sheep form large gregarious groups and spend long
periods in close proximity with each other (Tamioso et al., 2017,
pp 28), collective pens with automated feed stations are a great
alternative to remedy the problems with labor and with sheep
behavior during the measurements of daily feed intake.

Many researchers have been looking for cheaper and easier
traits to replace the measure of daily feed intake, mainly per-
formance, reproductive and carcass traits. So far, however, no
manuscript measured body traits and morphometric indices
for that purpose. Therefore, the objective of this study was to
evaluate the relationships between dry matter intake and body
measures, morphometric indices, feed efficiency traits (consi-
dering or not DMI in the equations), testicular measurements
and carcass traits by ultrasound in sheep, trying to replace the
individual feed intake measure with a simpler and cheaper
measure. If any alternative trait is identified, indirect selection
to improve feed efficiency would be more practical.

MATERIAL AND METHODS

This study was approved by the ethics committee on ani-
mal use of the Instituto de Zootecnia (CEUA-IZ), finding num-
ber 224-16.

The experiment was conducted at Instituto de Zootecnia,
Nova Odessa, Sao Paulo state, Brazil (latitude - 47” 19" 51” W

and longitude - 22”7 47’ 20” S). Thirty-two not castrated lambs
(Ovis aries) with 3 months of age (soon after weaning) and
average initial weight of 18+3.7 kg were used. Sixteen lambs
were of the Santa Ines breed (8 males and 8 females) and 16
were crossbred 7/8 Dorper x Santa Ines sheep (8 males and 8
females).

The animals were allowed to adjust to the facilities and
feeding system for 15 days and were tested for 65 days. They
were housed in two indoor pens (males x females), bedded
with sugar cane bagasse, 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 of them
providing only hay and the other two only concentrate.
There was an electronic scale in each pen linked to the au-
tomatic waterers, where the animals were weighted every
time they drank water.

Each animal was fitted with an electronic identification
device (EID) held by a neck collar. Each time an animal
inserted its head into the feeder, the INTERGADO® device
scanned the EID to record the amount of feed consumed in
relation to its disappearance and feeding behavior events
during each day (24 hours/day). The automated fe-
eder recorded the daily consumption of concentrate
(DCC) and hay (DCH), in kg. These data were trans-
formed into daily dry matter intake (DMI), where DMI
= (roughage intake x dry matter roughage content) +
(concentrate intake x dry matter concentrate intake)
(Gomes et al., 2012, pp 38). We also considered the
dry matter intake of concentrate (DMIC) and the dry
matter intake of hay (DMIH).

Traditionally several productive performance traits
(equations) have been used, many of them considering
the DMI of each animal to relate this with efficiency.
The productive performance traits without DMI in the
equations were: average body weight (ABW) during the
feeding period (Gomes et al., 2012, pp 14); mid-trial meta-
bolic body weight (MMBW) = [(initial body weight + final

Table I. Chemical composition of the hay and concentrate in % of dry matter (Composicién quimica del

heno y concentrado em % de materia seca).

Chemical composition Commercial concentrate Hay
Dry matter (%) 88.9 93.0
Crude protein (%) 19.8 13.4
Ether extract (%) 1.9 1.4
Mineral matter? 13.5 6.9
Nitrogen-free extract (%) 54.0 47.0
Acid detergent fiber (%) 15.2 36.6
Neutral detergent fiber (%) 37.6 74.3
Hemicellulose (%) 224 377
Cellulose (%) 31.3
Lignin (%) . 4.2
Total digestible nutrients (NDT) (%) 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.

Dry matter, ether extract, mineral matter and crude protein according to AOAC (2005); neutral detergent fiber, acid detergent fiber, hemicellulose,
cellulose and lignin according to Goering and Van Soest (1991); NDT according to Kearl (1982).
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body weight/2]0.75 (Koch et al., 1963. pp 488) and ave-
rage daily gain (ADG) = (final weight — initial weight)/
days on feed.

The productive performance traits with DMI in the
equations used in this study were: dry matter intake/
body weight (DMI/BW) and dry matter intake of concen-
trate/body weight (DMIC/BW).

Every 14 days we obtained body and testicular mor-
phometric measurements. The linear body measurements
were (in cm) withers height (WH); body length (BL); and
thoracic perimeter (TP) (Costa et al., 2014, pp 1371). The
testicular measurements were scrotal circumference (SC),
in cm; right testicular length (RTL), in mm; and right tes-
ticular diameter (RTD), in mm (Toe et al., 2000, pp 230).

Morphometric indices were calculated as the ratio bet-
ween morphometric measures and/or body weight (Cos-
ta et al., 2014, pp 1371): body capacity (BCin) = weight/
thoracic perimeter; body side index (BSin) = withers
height/body length x 100; compactness index (Cin) =
weight/withers height x 100; body proportionality index
(BPin) = compactness index/body index x 100. Other
indices used was proportionality index (Pin) = body
length /withers height x 100 (Bravo et al, 2010, pp 1108)

and anamorphosis index (Ain) = thoracic perimeter2/
withers height x 100 (Rezende et al., 2014, pp 552).

On the last day of the experiment, ultrasound pictu-
res were taken at the 12th to 13th intercostal space, using
a Chison D600VET ultrasound system (China) coupled
to a linear transducer rated at 7.5 MHz. The Image]®
software was used to measure, in mm, height of the
Longissimus lumborum muscle (Hldm); ribeye area in
Longissimus lumborum muscle (RAldm) and subcuta-
neous fat thickness (SFT) (Menezes et al., 2013, pp 429).

Correlation coefficients between DMI and all traits
(body morphometric, index measurements, productive
performance traits, testicular parameters and carcass
ultrasound) were calculated using the CORR procedure
(Pearson method). Results were considered statistically
significant when P<0.05.

RESULTS

The descriptive statistics of all traits studied are pre-
sented in Table II.

The dry matter intake was compared with 23 other
traits and there was no significant correlation only with

Table II: Mean, standard deviation, minimum and maximum of body morphometric, index measures, pro-
ductive performance traits, testicular parameters and carcass ultrasound. Final trial (Media, desviacién estandar,
minimo y maximo de morfometria corporal, medidas de indice, rasgos de desempefio productivo, parametros testiculares y ecografia de

la canal. Ensayo final)

Variable Mean Standard Deviation Minimum Maximum
Dry matter intake (kg/day) 1.34 0.44 1.08 4.58
Dry matter intake/body weight (%BW) 4.55 1.21 1.43 8.00
Dry matter intake of concentrate (kg/day) 1.23 0.42 1.06 4.53
Dry matter intake of concentrate/body weight (%BW/day) 3.93 1.42 2.01 4.99
Dry matter intake of hay (kg/day) 0.1 0.09 0.2 1.23
Dry matter intake of hay/body weight (%BW) 0.62 0.29 0.5 4.23
Average body weight (kg) 28.89 4.54 18.75 37.00
Mid-trial metabolic body weight (kg) 12.43 1.49 9.01 15.00
Average daily gain (kg/day) 0.24 0.05 0.14 0.35
Withers height (cm) 59.12 3.88 47.00 71.00
Thoracic perimeter (cm) 74.86 7.19 54.00 90.00
Body length (cm) 66.20 6.46 45.00 79.00
Body capacity 0.36 0.06 0.22 0.51
Proportionality index 112.01 8.86 81.82 135.09
Body side index 89.85 7.25 74.03 122.22
Anamorphosis index 95.60 16.80 59.07 139.66
Compactness index 45.38 8.75 24.00 68.97
Body proportionality index 51.51 10.73 25.87 77.60
Right testicular length (mm) 66.01 20.94 20.50 124.2
Right testicular diameter (mm) 45.19 13.85 10.00 83.00
Scrotal circumference (cm) 22.65 4.44 10.00 30.00
Height of Longissimus lumborum muscle (cm) 2.56 0.38 1.73 3.61
Ribeye area in Longissimus lumborum muscle (cm) 10.18 2.36 6.36 16.63
Subcutaneous fat thickness (mm) 1.57 0.44 0.92 2.77
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subcutaneous fat thickness. Of the 23 traits with signi-
ficant correlation with DMI, 65.2% (15 traits) showed
correlation higher than 0.43 (moderate to strong corre-
lation) (Figure 1).

A very great majority of body morphometric and
index measures, testicular and carcass (except sub-
cutaneous fat thickness) showed moderate to strong
correlations with DMI (0.44 < r < 0.58). Only withers
height (r=0.29), body side index (r=-0.36), proportio-
nality index (r=0.36) and anamorphosis index (r=0.39)
showed weak correlations with DMI.

Considering the productive performance traits that
do not take into account DMI in the equations, we no-
ted strong correlations between DMI and average body
weight (r=0.57) and mid-trial metabolic body weight
(r=0.48). But there was a weak correlation between
DMI and average daily gain (r=0.36).

DISCUSSION

Efficiency traits in sheep are measured using equa-
tions and DMl is used in some of them. Due to the high
costs and the difficulty involved in measuring the DMI,
traits that do not use it are more practical and used fre-
quently for commercial livestock, such as body weight
at different ages and average daily gain. However, se-
lection programs based on these traits can increase the
DMI and, consequently, livestock feed costs (Koch et
al., 1963, pp 493). In addition, little is known about the
variability in body morphometric and index measure-
ments related to production and efficiency in sheep.

The body measurements are very simple and quic-
kly executed. Withers height, body length and thoracic
perimeter are useful to identify superior individuals
for carcass traits (Cezar and Sousa, 2010, pp 42). The
increase in thoracic perimeter is closely linked to the
live weight, weight gain and yield of the carcass (Lima

etal., 2010, pp 2). The genetic improvement of speciali-
zed meat breeds selects animals with a more compact
conformation, that is, with smaller withers height and
body length in relation to their body depth, thus ha-
ving a greater percentage of the trunk in detriment to
body extremities, since the greatest proportion of the
carcass comes from the trunk and not from appendi-
cular regions of the body (Cartaxo et al., 2017, pp 395).

Morphometric indices are used to describe the size
and proportion of an animal, which are the relation-
ship among various linear body measurements or
between these traits and body weight (Khargharia et
al., 2015, pp 1256). Body capacity indicates the muscle
accumulation in the carcass and allows estimating or
classifying animals as to the potential for body deve-
lopment (Aratjo Filho et al., 2007, pp 399). Animals
with higher value of proportionality index show more
aptitude for meat (Casanova and Pere-miquel, 2007,
pp 8). The increase in compactness index means more
compact animals (body weight increase and withers
height decrease) (Costa et al., 2014, pp 1375).

The body proportionality index refers to the
animal’s conformation, i.e., to what extent the animal
is compact or longilineal (Costa et al., 2014, pp 1375).
According to the anamorphosis index, also called
“conformation Index” or “Baron & Crevat measure”,
the greater the index, the more robust the animal
(Chacoén et al., 2011, pp 1673). The body side index
indicates that animals with lower value are closer to
a rectangle, a predominant form in animals with apti-
tude for meat production (Casanova and Pere-miquel,
2007, pp 5).

Our results related to the body and index mea-
surements showed moderate to strong correlations
between DMI and live weight, weight gain, muscle
accumulation in the carcass, aptitude for meat, com-
pactness, and stronger growth. Those results are very

[ Dry Matter Intake
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5 P<0.001; ¥P<0.05.

ABW=average body weight; ADG=average daily gain; Ain=anamorphosis index: Bein= body capacity
index; BSin= body side index: BL= body length; BPin= body proportionality index: Cin= compactness
index; DMI=dry matter intake; DMI/BW= dry matter intake/body weight; DMIC=dry matter intake of
concentrate; DMIC/BW= dry matter intake of concentrate/body weight; Hldm= height of Longissimus
dorsi muscle; MMBW= mid-trial metabolic body weight; Pin= proportionality index; RAldm= ribeye
area in Longissimus dorsi muscle; RTD= right testicular diameter; RTL= right testicular length; SC=

serotal circumference: TP= thoracic nenmeter: WH= withers height.

Figure 1. Signiﬁcative correlations between dry matter intake (DMI) and body morphometric, index measure-
ments, productive performance traits, testicular parameters and carcass ultrasound (correlaciones significativas entre
la ingesta de materia seca (DMI) y la morfometria corporal, las mediciones del indice, los rasgos de desempefio productivo, los parametros

testiculares y la ecografia de la canal).
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interesting, since the increase in DMI can increase the
yield of the carcass.

From an economic viewpoint, this increase in DMI
may or may not be a desirable situation. The direct
selection against DMI was favored for low lamb prices
with high feed costs (Snowder and Van Vleck, 2003, pp
2710). On the other hand, animals with higher growth
velocity and that reach maturity as early as possible are
very interesting for producers of sheep meat, because
it reduces the reproductive age and improves the rate
velocity and that reach maturity as early as possible are
very interesting for producers of sheep meat, because
it reduces the reproductive age and improves the rate
of economic return (Teixeira Neto et al., 2016, pp 32).
Hence, in environments with limited feed resources,
heavier sheep may be undesirable (Snowder and Van
Vleck, 2003, pp 2712), especially in larger and later
breeds (Paula et al., 2013, pp 570).

In our study, the animals with higher DMI showed
higher muscularity. The distribution of muscularity can
be estimated by ultrasound to measure the height and
ribeye area in Longissimus lumborum muscle. These
measures are directly correlated with the muscle:bone
ratio in the most valuable cuts of the carcass (Cezar and
Sousa, 2010, pp 42).

There were strong positive correlations between
DMI, testicular measures (0.44<r<0.47) and body
weight (0.68<r<0.73). The scrotal circumference, age
at puberty and sexual behavior of young lambs can be
influenced by body weight (Lima et al., 2010, pp 2) and
testicular development is greater in heavier animals
than in lighter ones (Fraga et al., 2015, pp 751). Nutri-
tional factors can also act in scrotal circumference, since
it was higher in lambs that consumed a high-energy
feed than a high-fiber feed (Macedo Junior et al., 2014,

pp 393).

CONCLUSIONS

The DMI showed a significant correlation with
body measures, morphometric indices, productive
performance traits, testicular measurements and car-
cass traits by ultrasound in sheep. DMI was positively
correlated with the increase of live weight, weight
gain, muscle accumulation in the carcass, aptitude for
meat, compactness, and stronger growth. Therefore,
the increase in DMI can increase the yield of the carcass
in sheep.
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