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ABSTRACT

The aim of this research is to propose equations to estimate body weight (BW) from body meas-
ures (BMs) in the Cornigliese sheep, an endangered breed reared in Italy for meat purpose. BW
and BMs were submitted to correlation and multiple regression analyses. Two datasets were
used: (i) 303 animals (178 females, 125 males, BW 4.00-117.80kg), on which BW, height at with-
ers (HW), chest circumference (ChC) and body length (BL) were measured; (ii) 156 animals (109
females, 47 males, BW 5.15-117.80kg) out of 303 on which croup height (HCr), chest width
(ChW), chest depth (ChD) and croup width (CrW) were also considered. On each dataset, two
regression models were applied, one containing all variables (models 1 and 3, respectively, for
datasets 1 and 2) and the other one comprising groups of variables, selected by means of the
stepwise procedure (models 2 and 4, respectively, for datasets 1 and 2). BW resulted correlated
with all BMs (from 0.852 for ChW to 0.950 for ChC; p <.001). Models 1 and 3 fitted the data bet-
ter than models 2 and 4, both for all animals and for females and males separately. We con-
cluded that BW could be predicted from BMs also in Cornigliese sheep breed. The best fits were
obtained when the highest number of measures was included in the model (models 1 and 3).
Nevertheless, models 2 and 4 could be used more easily in extensive sheep breeding than mod-
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els 1 and 3, since they require less parameters.

HIGHLIGHTS

e The estimation of body weight is important in a meat type sheep breed for choosing the

optimal slaughter time.

e A reduction of work for farmer is positive, mainly in field conditions of extensive rearing,

where scales are not easily available.

e Body weight could be predicted from body measures in Cornigliese sheep breed with good

precision and accuracy.

Introduction

In sheep meat breeds, it is very important to accur-
ately estimate the weight of the animals for several
reasons: firstly, for choosing the most convenient time
for slaughtering, secondly, for checking the health sta-
tus of animals (Mahmud et al. 2014) and, lastly, for
breeding purposes (Sarti et al. 2003). Benefits are also
expected on animal management, in terms of adher-
ence to the food plan or in case of sudden weight
losses linked to parasitic or chronic diseases. While in
intensive sheep farms the measurement of weight
does not normally represent an issue, due to the
advanced management level and the availability of
basic equipment, on extensive farms it might be prob-
lematic. This is because the weighting scales are nor-
mally not available in field conditions, or either they

are difficult to use outside; moreover, some modern
technologies (automated weighting procedures, image
processing) are not usually widespread in such condi-
tions (Wilson 2014). Nevertheless, a delay in the
weight of slaughter, compared to what is defined as
optimal by studies on the development of the tissues
of animals in relation to sex (Sabbioni et al. 2018,
2019), causes a negative economic impact on the prof-
itability of the farm. For this reasons, several studies
have addressed the problems related to the correct
registration of live weight in extensive sheep breeding,
with reference both to local breeds in rural areas of
developing countries (Topai and Macit 2004; Sowande
and Sobola 2008; Kunene et al. 2009; Yilmaz et al.
2013) and to more selected breeds in Western coun-
tries (Sarti et al. 2003; Petrovi¢ et al. 2012). It is

CONTACT Prof Alberto Sabbioni @ alberto.sabbioni@unipr.it e Dipartimento di Scienze Medico-Veterinarie, University of Parma, Via del Taglio, 10,

Parma, 43126, ltaly

© 2019 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://crossmark.crossref.org/dialog/?doi=10.1080/1828051X.2019.1689189&domain=pdf&date_stamp=2019-11-15
http://orcid.org/0000-0002-2141-6668
http://orcid.org/0000-0001-7605-6797
http://orcid.org/0000-0003-3700-1042
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/1828051X.2019.1689189
http://www.tandfonline.com

26 A. SABBIONI ET AL.

therefore useful in practice to estimate the body
weight (BW) from equations obtained starting from
body measures (BMs) which are easily accessible. In lit-
erature, many equations are available, but they differ
in relation to breed, sex, age, attitude, geographic
context and type of BM of the animals under study.
For example, age could be considered as an important
factor affecting BW estimation (Kunene et al. 2009),
but its use in prediction equations is not always
applicable at practical level with an acceptable preci-
sion, especially in those conditions in which there is a
lack of recordings and the only way to determine the
age is by a dentition check. The same authors
reported different equations in relation to age-gender
interaction: in this way, the usefulness of the equation
is reduced for in-field applications.

In Italy, the use of chest girth to estimate live weight
in sheep was proposed by Sarti et al. (2003) for
Appenninica and Merinizzata Italiana breeds, aimed to
performance recording of individuals under selection.
Cornigliese sheep is an Italian local breed raised in
Emilia-Romagna region, used mainly for meat purpose,
with a limited number of animals (approximately 1500),
a late development (Sabbioni et al. 2016a, 2016b) and a
strong difference between sexes at slaughter (Sabbioni
et al. 2018), with reference to fat deposition. Due to its
late development and gender-related differences in fat-
ness, the choice of the optimal moment for slaughtering
is more related to the weight than to the age. Moreover,
due to the wool growth, a visual estimate of BW is not
easy to implement. The Cornigliese sheep breed is not
actually under selection, being considered endangered,
following the FAO (2015) risk-status classification.
Nevertheless, it is important for increasing the value of
the individuals used for meat production and for gaining
carcases with a good profitability for farmers, and a
meat with a good acceptability for consumers, to have
an accurate estimate of live weight. Sabbioni et al.
(2018) showed that carcases from females of Cornigliese
sheep breed slaughtered at high BWs, contain 1.9 times
fat more than males. In a more recent study (Sabbioni
et al. 2019), they found that females from the same BW-
class showed intramuscular fat 1.6 times higher than
males. Since the importance of accurately estimate BW
in the Cornigliese sheep breed, in this study we aimed
to propose equations to determine the BW from BMs
which can in turn be used in practice by farmers.

Materials and methods

The trial was carried out at farm level, under the con-
trol of the public veterinary service and complied with

the Italian laws on animal experimentation and ethics
(LD 04/03/2014, n.26).

The trial involved 303 animals (178 females and 125
males) of the Cornigliese sheep, from one flock located
in the area of origin of the breed (mountain area of the
province of Parma, ltaly), at about 800 m of altitude
(latitude 44°24'50"04 N; longitude 10°7'30"72 E).

The animals, individually ear-tagged, were submitted
to the standard rearing conditions suggested for this
breed (Sabbioni et al. 2016a). The farrowing season was
typically from October to February. The wool shearing
took place twice a year, in spring and in autumn.

During a period of two years, all animals in the
flock, ageing at the beginning of the trial 0-5 years,
were weighted and measured at regular intervals: 1-
month interval from birth to 6-month, 2-month inter-
vals until 12-month and 4-month intervals later.

BW was recorded with the use of a dynamometer
(model CCS-300K, UWE, Taiwan), while BMs were taken
by means of a flexible metre, a Lydtin’s rod and a
measuring compass. The body measurements
recorded on all 303 animals (dataset 1) were

e HW: height at withers, from the top of withers to
the ground;

e ChC: chest circumference, behind the posterior edge
of the shoulders at the point of least perimeter;

e BL: body length, from the anterior edge of shoulder
to the posterior edge of ischium.

On a subsample of 156 animals (109 females and
47 males) out of 303, in addition to the previously
mentioned measures, also the following ones were
recorded (dataset 2):

e HCr: height at croup, from the top of the croup to
the ground;

e ChW: chest width, behind the shoulder;

e ChD: chest depth, from the withers to the sternum;

e CrW: croup width, between the trochanters.

BW and BMs were primarily submitted to descrip-
tive statistics, then to Pearson correlation analysis and,
subsequently, to multiple regression analysis to assess
prediction models for BW estimation.

On each of the two datasets, two different regres-
sion models were applied in SAS (2014), one defined
as complete, containing all measured variables (mod-
els 1 and 3, respectively, for datasets 1 and 2) and
one containing fewer independent variables, selected
by means of the stepwise procedure (models 2 and 4,
respectively, for datasets 1 and 2). The goodness of fit



of the four models was assessed by means of R* and
RMSE, as the criterion for choosing the best model
during the stepwise procedure was the Akaike
Information Criterion (AIC) (Judge et al. 1985).

Results and discussion

Descriptive statistics (Table 1) revealed that BW
showed a coefficient of variation at least 2-3 times
greater than BMs; this was expected and already
described by Sabbioni et al. (2016a). The same

Table 1. Descriptive statistics of body weight and body meas-
ures in Cornigliese sheep breed.

No. of
observations

Mean+SD  Minimum Maximum CV, %

Dataset 1
BW, kg
Overall 303 39.30+27.20 4.00 117.80  69.21
Females 178 47.00+£29.30 4.00 117.80 6234
Males 125 28.30+19.40 4.00 108.10  68.55
HW, cm
Overall 303 65.60+1230  35.00 90.00 18.75
Females 178 68.60+12.30  40.00 87.00 17.93
Males 125 61.30+11.00  35.00 90.00 17.94
ChC, cm
Overall 303 7530+21.30  34.00 125.00  28.29
Females 178 81.00+22.30  35.00 125.00 2753
Males 125 67.20+16.60  34.00 120.00 24.70
BL, cm
Overall 303 64.00+14.70  30.00 100.00 2297
Females 178 66.60+14.80  34.00 93.00 2222
Males 125 60.30+13.80  30.00 100.00  22.89
Dataset 2
BW, kg
Overall 156 53.80+27.70 5.20 117.80  51.49
Females 109 60.70 + 26.20 5.70 117.80  43.16
Males 47 37.60+22.70 5.20 108.10  60.37
HW, cm
Overall 156 70.10+12.00  45.00 88.00 17.12
Females 109 73.20+10.70  45.00 87.00 14.62
Males 47 62.90+11.90  45.00 88.00 1892
ChC, cm
Overall 156 86.20+20.40  40.00 125.00  23.67
Females 109 91.80+19.00  40.50 125.00  20.70
Males 47 73.20+17.60  40.00 120.00 24.04
BL, cm
Overall 156 70.70+12.60  33.00 100.00 17.82
Females 109 7240+12.50  35.00 93.00 17.27
Males 47 66.80+12.30  33.00 100.00 18.41
HCr, cm
Overall 156 72.80+12.10  47.50 92.00 16.62
Females 109 75.90+10.80  48.00 91.00 14.23
Males 47 65.70+12.00 47.50 92.00 18.26
ChW, cm
Overall 156 21.80+4.90 10.00 3400 2248
Females 109 23.00+4.60 12.00 34,00 20.00
Males 47 18.90 £ 4.20 10.00 30.00 2222
ChD, cm
Overall 156 29.30+6.50 17.00 40.00 2218
Females 109 31.00+6.10 17.00 40.00 19.68
Males 47 25.10+5.50 17.00 40.00 2191
CrW, cm
Overall 156 24.60+6.30 11.00 38.00 25.61
Females 109 26.20+6.10 11.00 38.00 23.28
Males 47 20.90+5.20 11.00 36.00 24.88

BW: Body weight; HW: Height at withers; ChC: Chest circumference; BL:
Body length; HCr: Height at croup; ChW: Chest width; ChD: Chest depth;
CrW: Croup width; CV: Coefficient of variation.
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relationship between BW and BMs was noted likewise
by Walstra (1980) with reference to allometric coeffi-
cients and explained because of the three-dimensions
of the BW measure compared to BMs, which are
mono dimensional ones. Females revealed a variability
of BW and BMs lower than males, except for ChC. BW
resulted highly correlated with all BMs (from 0.852
with ChW to 0.950 with ChC;, p<.001) (Table 2).
Moreover, BMs were highly correlated among them-
selves (from 0.747 between BL and ChW to 0.985
between HW and HCr; p <.001). No gender effect was
showed in correlation coefficients between BW and
BMs or among BMs. Younas et al. (2013) reported simi-
lar coefficients of correlation between BW and BMs in
Hissardale sheep breed; they also noted that correla-
tions declined with age. Contrarily to our results,
Shirzeyli et al. (2013) found that BL was the most cor-
related linear measure with BW. Petrovi¢ et al. (2012)
found lower phenotypic correlations than those here
reported between BW and BMs in Merinolandschaf
breed of sheep (from 0.183 between CrW and BW at
birth to 0.421 between ChC and BW at weaning).
Moreover, they noted that phenotypic correlations
were lower compared to the genetic correlations, due
to more complex genetic and residual factors. The dif-
ference between Cornigliese and a Merinos-derived

Table 2. Phenotypic correlation coefficients among body
weight and body measures in Cornigliese sheep breed.

HW ChC BL HCr Chw ChD arw

BW
Overall 0.888 0.950 0.859 0908 0852 0926 0.896
Females 0.890 0954 0871 0.870 0.828 0905 0.867
Males 0.872 0920 0.854 0950 0823 0934 0913
HW

Overall - 0905 0889 0985 0797 0.898 0.868

Females - 0.905 0.898 0977 0.754 0.874 0.855

Males - 0885 0863 0991 0786 0.899 0.836
ChC

Overall - 0.859 0917 0873 0920 0914

Females - 0.867 0.886 0.846 0.882 0.890

Males - 0.846 0946 0.858 0961 0.924
BL

Overall - 0836 0747 0838 0.771

Females - 0.826 0722 0.841 0.732

Males - 0866 0.786 0.857  0.860
HCr

Overall - 0.794 0.896  0.865

Females - 0.752 0.870 0.848

Males - 0.782 0901 0.844
Chw

Overall - 0878 0911

Females - 0.842  0.895

Males - 0.890 0.896
ChD

Overall - 0.895

Females - 0.856

Males - 0.938

All coefficients resulted significant with p <.001.

BW: Body weight; HW: Height at withers; ChC: Chest circumference; BL:
Body length; HCr: Height at croup; ChW: Chest width; ChD: Chest depth;
CrW: Croup width.
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Table 3. Multiple regression coefficients for body weight (kg) estimation from body measures (cm) in Cornigliese sheep breed.

Dataset 1 No. of observations Intercept HW ChC BL RMSE R? AlC
Overall 303

Model 1 -61.708 0.184 0.980 0.236 8.211 0.910

Model 2 -58.158 - 1.037 0.301 8.240 0.909 1586
Females 178

Model 1 -64.285 0.130 1.005 0314 8.427 0919

Model 2 -61.611 - 1.042 0.363 8.431 0.918 942
Males 125

Model 1 -53.852 0.290 0.706 0.281 7.053 0.871

Model 2 -48.694 - 0.810 0.373 7.148 0.866 622
Dataset 2 No. of observations Intercept HW ChC BL HCr Chw ChD aw RMSE R AlC
Overall 156

Model 3 -71.454 0.321 0.744 0319 -0.206 -0.305 0.911 0.448 7.190 0.936

Model 4 -71.102 - 0.831 0.330 - - 1.022 - 7.211 0.934 778
Females 109

Model 3 -66.914 0.138 0.766 0.288 -0.230 -0.296 1.185 0.526 7.870 0.916

Model 4 -70.685 - 0.814 0.258 - - 1.224 - 7.810 0914 563
Males 47

Model 3 -76.207 0.896 0.581 0.320 -0.235 -0.665 -0.044 1.082 4,985 0.965

Model 4 -77.286 0.690 0.552 0314 - -0.639 - 1.061 4.876 0.965 140

Model 1: multiple regression model on dataset 1 with all variables (HW, ChC, and BL); Model 2: multiple regression model on dataset 1 with stepwise
procedure; Model 3: multiple regression model on dataset 2 with all variables (HW, ChC, BL, HCr, ChW, ChD, and CrW); and Model 4: multiple regression
model on dataset 2 with stepwise procedure.
HW: Height at withers; ChC: Chest circumference; BL: Body length; HCr: Height at croup; ChW: Chest width; ChD: Chest depth; CrW: Croup width; RMSE:
Root mean standard error; R%: Coefficient of determination; AIC: Akaike Information Criterion.
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Figure 1. Actual body weight vs. estimated body weight. Model 1: the underlying regression equation is: y = —0.0068x* +
1.5643x — 6.7174; R> = 0.944. Model 2: the underlying regression equation is: y = —-0.0065x* + 1.5373x — 6.3193; R> = 0.940.
Model 3: the underlying regression equation is: y = —0.0058x* + 1.5527x — 8.5986; R> = 0.961. Model 4: the underlying regres-
sion equation is: y = -0.0057x° + 1.5380x - 8.2466; R* = 0.958.

breed,

such as Merinolandschaf, was unexpected,

because of the genetic history of Cornigliese sheep
breed (related to ancient crosses with Spanish Merinos)
and recent results from Ceccobelli et al. (2015). They

compared 5 sheep breeds (Cornigliese, Spanish Merino,
Bergamasca, Appenninica and Palmera) and found
some level of admixture between Cornigliese and
Spanish Merinos at low (2-3) number of clusters, as at



higher number of clusters (5) the two breeds were cor-
rectly separated. Additionally, Yakubu (2012) found
lower correlations (between 0.43 and 0.76) than ours
between BW and BMs. The high correlations reported
in the present study between BW and BMs strength-
ened the hypothesis of estimating the former by means
of the latter and were justified by the wide range of
BW of animals, covering all categories from neonatal
lambs to adults. The prediction equations of BW from
BMs are reported in Table 3. The complete model
applied to all individuals with the highest number of
independent variables (model 3) showed a greater
adaptation than the complete model with fewer inde-
pendent variables (model 1), as shown by the higher
value of R? (0.936 vs. 0.910) and lower values of RMSE
(7.190 vs. 8.211kg). The same finding was shown in
males (R* 0.965 vs. 0.871; RMSE 4.985 vs. 7.053), as in
females the RMSE was lower (7.870 vs. 8.427) but the
R* was quite similar (0.916 vs. 0.919). The complete
models (1 and 3) fitted the data better than the
reduced models (2 and 4), respectively, both for all ani-
mals and for females and males, given the higher R?
and, in most cases, the lower RMSE. Finally, model 4
gave best fits compared to model 2, showing lower AIC
values both for all animals (778 vs. 1586) and for
females (563 vs. 942) and males (140 vs. 622) separ-
ately. Tadesse and Gebremariam (2010) reported
increased accuracy as more BMs were included in the
prediction equations; nevertheless, they consider that
at farm level a simpler equation, with only ChC as inde-
pendent variable for BW estimation, could be still
effectively used. In the case of an in-field application of
the BW estimation equations, a smaller degree of preci-
sion, together with a greater ease of use, would be cer-
tainly preferable.

Regression equations of real vs. estimated BW
obtained for the models 1-4 are reported in Figure 1.
High values of R’ were obtained (0.940-0.961), con-
firming that in Cornigliese sheep the live weight can
be predicted starting from body measurements, as in
other sheep breeds. Therefore, the choice of the
model to use is highly dependent on several factors,
where the most important is the convenience of use,
which is reflected into the number of measur-
able variables.

Conclusion

We concluded that BW could be predicted by means
of linear BMs in Cornigliese sheep breed. The best fits
were obtained when the highest number of BMs was
included in the model. Nevertheless, reduced models

ITALIAN JOURNAL OF ANIMAL SCIENCE . 29

could be used more easily in practice in the extensive
sheep breeding, since they require less parameters to
be measured in the population. Further studies are
ongoing to verify the presence of latent factors which
might impact the weight gain and size of animals. To
this aim, we are considering the application of the
principal component analysis. This ongoing study will
potentially contribute to increase the economic inter-
est in the breed, while aiming at its genetic
preservation.
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