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ABSTRACT

We investigated the prediction of live weight (LW) of dairy cattle in low- to medium-input systems in
Senegal, based on measurements of heart girth (HG) and height at the withers (HW). A total of 459
female dairy cattle, mainly comprising indigenous Zebu and their crosses with Guzerat or Bos Taurus,
were weighed (kg), and their HG (cm) and HW (cm) determined. Farmers were asked to provide their
own weight estimates for each animal. The single explanatory variable that explained the most
variation in LW was HG. The best model to predict LW from HG for the overall data was
LW = 4.81 HG — 437.52 with an adjusted R® of 0.85 and a root mean square error of 34.25 kg
corresponding to 11.10% of the mean LW. This model predicted the LW of 91-100% of cows and 64—
100% of heifers within 20% of their true-live weight, in the weight range of about 100-500 kg. In
comparison, farmers could only estimate the LW of about a quarter of their animals within 20% of their
true LW. This weight prediction equation, when translated into a weigh band, could provide a simple
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and reliable method for cattle keepers to estimate the weight of studied cattle breed types.

1. Introduction

The accurate estimation of body weight of livestock is impor-
tant in deciding the slaughter weight, feeding level and what
treatment dose to use (Ulutas et al. 2002; Machila et al. 2008).
Among the many methods used for its determination, a weigh-
ing scale is considered the gold standard if the scales used are
well calibrated (Machila et al. 2008). In most rural areas of Africa,
cattle are rarely weighed as weighing instruments are costly to
obtain, need technical maintenance and are difficult to trans-
port to livestock farms, especially in pastoral and agro-pastoral
systems (Machila et al. 2008). Farmers and cattle traders often
rely on visual judgement to determine the live weight (LW) of
animals, which is a subjective method whose accuracy
depends on users’ experience.

Body weight is closely related to body measurements, with
HG generally accepted as the most satisfactory single predictor
of LW in cattle (Fall et al. 1982; Dodo et al. 2001; Yan et al. 2009;
Isik et al. 2009; Lesosky et al. 2012; Lukuyu et al. 2016). The
method is cheap, accurate and consistent; thus, many predic-
tive regression equations are based on this parameter alone
or in combination with others. Whilst such studies have been
carried out in Senegal - the focal country of this study — in
the past (Chollou et al. 1978; Fall et al. 1982; Buldgen et al.
1984), they are more than 30 years old and may not be valid
for the new cross and pure cattle breed types that are emerging
in Senegal, primarily through the use of exotic breed types via
artificial insemination.

The objectives of this paper were (1) to develop a prediction
equation for body weight estimation from body measurements
across different cattle breeds and cross-breeds currently
present in selected low-input cattle systems in Senegal, which
could later be translated into a weigh band for use by farmers
and (2) to assess the accuracy with which farmers in these
systems estimate the weight of their cattle.

2. Materials and methods
2.1. Project

This study was part of the Senegal Dairy Genetics project,
whose aim is to improve dairy production and productivity in
Senegal through the use of the most appropriate breed types. It
is part of the larger Food Africa programme aimed at improving
food security in West and East Africa (see https://portal.mtt.fi/
portal/page/portal/mtt_en/projects/foodafrica).

2.2, Study sites

Thiés and Diourbel regions of Senegal had been chosen for the
larger project because of the diversity of cattle breed types in
these regions. The climate in both regions is of the Sahelian
type characterized by a short wet season that spans from July
to October. Annual rainfall varies, with an average of
662.9 mm (Fall et al. 2006). The livestock production system is
mainly agro-pastoral. Cattle are mainly grazed on natural
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pastures and occasionally receive crop residues at the end of
the harvesting period as well as feed concentrates during the
dry season.

2.3. Data

This study was implemented between November 2013 and
June 2015 on 484 female cattle from 84 cattle-keeping farms
in Thiés and Diourbel regions of Senegal. Herd were selected
based on their herd composition, to ensure cattle from all exist-
ing breed types were represented. Data were obtained from
each animal: farmer-estimated live-weight in kg; measured LW
in kg; hearth girth (HG) measurement in cm and height at the
withers (HW) in cm. LW was determined using an electronic
cattle scale (Iconix FX1 digital indicator, Sensortronic Ltd, Hamil-
ton, New Zealand). HG was measured by letting the animal to
stand with its head in the normal position and placing an ordin-
ary measuring tape around the animal at the point of the smal-
lest circumference just behind the forelegs and behind the
hump for Zebu cattle. The tape was pulled slightly about the
animal, tight enough to pull down the hairs but not to indent
into the flesh (Branton & Salisbury 1946). HW was measured
using a measuring stick (in cm), as the distance from the
ground to the highest point of the withers. Age of each
animal was estimated in years from visual assessment of erup-
tion and wear of teeth and farmer recall, and a breed group was
assigned to each animal. Measurements were taken in the
morning for animals that were stable-fed, or before animals
were taken to the pastures for those grazed on pastures. All
animals experienced a reasonable pre-weighing fast period
with little variation due to gut-fill at the time of measure. To
ensure a consistent methodology, all measurements were
taken by the same person.

Study cattle were assigned to four main breed groups either
on the basis of farmer recall information or, where available,
genotype information. The breed groups (as specified further
inTable 1) are (1) indigenous Zebu, predominantly the Zebu
Gobra and Zebu Maure breeds; (2) indigenous Zebu crossed
with Guzerat (which will be referred to as indigenous Zebu
by Guzerat abbreviated), where Guzerat is a recently intro-
duced Zebu breed developed in Brazil from the Kankrei
cattle imported from India (Mariante et al. 1999); (3) indigenous

Table 1. Criteria for breed group definition, for animals assigned to a breed group
by either farmer recall information or genotype information.

Criteria for breed group assignment, based on
proportions of AZ, RZ and RT*

Farmer recall

Breed group name information Genotype information

Indigneous Zebu 1.00 AZ 0.88-0.99 AZ

Indigenous Zebu by 0.50-0.75 AZ; 0.25-0.50  0.39-0.86 AZ; 0.13-0.61
Guzerat RZ RZ

Indigneous Zebu by Bos 0.50-0.75 AZ; 0.25-0.50  0.38-0.84 AZ; 0.13-0.61
Taurus RT RT

High Bos Taurus 0.00-0.25 AZ; 0.75-1.00  0-0.36 AZ; 0.63—0.98 RT

RT

Others Other breed types or unknown breed information

*Where AZ refers to ancient (indigenous) Zebu breeds; RZ, recently introduced
Zebu breeds; and RT, recently introduced Bos Taurus breeds. AZ breeds are
mainly Zebu Gobra and Zebu Maure, RZ breeds are mainly Guzerat, and RT
breeds are mainly Holstein Friesians and Montbeliard.

Zebu crosses with recently introduced Bos Taurus (indigenous
Zebu by Bos Taurus), where Bos Taurus animals predominantly
comprise the high milk-yielding breeds (mainly Montbeliard
and Holstein Friesians) and (4) indigenous Zebu crosses with
a higher level of Bos Taurus or pure Bos Taurus (high Bos
Taurus). We asked the farmers to name the breed types of
each of the animal’s grandparents, that is, sire of sire, dam of
sire, sire of dam and dam of dam. The animal’s proportion of
ancient (indigenous) Zebu (AZ), recent Zebu (RZ), ancient
Taurine (AT) and recent Taurine (RT) were then determined,
and based on this the animals were assigned a breed group
according to the criteria in Table 1. Genotyping was performed
on 128 of the measured animals using the Bovine 50 K single
nucleotide polymorphism chip (these animals were selected
on the basis of being a female with lactation records, for the
purpose of determining the milk yield of the different breed
types, which will be reported elsewhere). Admixture (of this
and reference data) was analysed based on predefined cluster-
ing in Bayesian Analysis of Population Structure BAPS v6.0 (Cor-
ander et al. 2008) according to the software instructions. From
here the proportion of AZ, RZ, AT and RT was determined for
each animal, and animals were assigned a breed group as
per the criteria in Table 1.

Data from 25 of the 484 measured cattle were excluded from
further analysis as their body weight was less than 100 kg (for
which no relationship between LW and body measurements
was found). The final dataset included observations from 459
animals (345 cows (3 or more years of age), 114 heifers (22
less than 12 months of age, 42 between 12 months and 23
months of age, and 51 between 24 months and 35 months of
age)). The groups included 270 indigenous Zebu, 58 indigenous
Zebu by Guzerat and 46 indigenous Zebu by Bos Taurus, 36
high Bos Taurus and 49 others (Table 2).

2.4. Analysis approach

Summary statistics of the data are given as means and standard
deviation (Table 2). Comparison of means was determined by a
one-way analysis of variance followed by Tukey's honestly
significant difference. Statistical significance was assessed at
p <.05. LW, HG and HW were approximately normally distribu-
ted (Figure 1).

Stepwise regression with backwards elimination procedure
was used to determine the best model for predicting LW,
based on Akaike’s Information Criterion (which considers
both the fit of the model and model simplicity). The full
model comprised the independent variables HG and HW as
co-variates, and age and breed as categorical variables.
Simple linear regression was also used to predict LW from
HG. The adjusted coefficient of (multiple) determination
(adjusted R?) was also given for the models, as an indicator
of the amount of variance in LW explained by the model.
The root mean square error (RMSE; the same as the standard
deviation of the residuals), and also the RMSE expressed as a
percent of the real LW, was used an indicator of accuracy of
the regression estimates (Yan et al. 2009; Lukuyu et al. 2016).
Ninety-five percent prediction intervals were determined as
the predicted value * twice the RMSE. The fit of the
regression models were also verified by checking the residual
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Table 2. Summary statistics' of the final data set for measured live weight (LW), heart-girth (HG) and height at the withers (HW), for cows and heifers of the different

breed groups.

Indigenous Zebu by

Indigenous Zebu by Bos

Indigenous Zebu Guzerat Taurus High Bos Taurus Other

N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD
LW (kg)
Cow 215 302.74%P 60.87 40  310.68*¢ 6190 32  383.19¢ 12935 16 392.25¢ 11394 42 32636°¢ 78.01
Heifer 55  226.07*P< 7123 18 200.89* 4282 14 24353bdef 8796 20  279.25%9 12594 7 2817199 7893
HG (cm)
Cow 215 153512 1173 40  155.65%¢ 1390 32 167.56¢ 2200 16 171319 1995 42 157.33¢ 13.44
Heifer ~ 55  138.98*¢ 1525 18 134.11%4 1202 14 14564°%f 1750 20  150.70%9 2555 7 150299 151
HW (cm)
Cow 215 117.75°° 671 40  119.00™ 643 32 12262% 1294 16 126007 976 42 11862 7.5
Heifer 55  110.58*P<¢ 770 18  108.89**%9 852 14 11450 940 20  113.55%"d 12,61 7 11600%9% 698

"N = number of records; SD = standard deviation.

Means within a row bearing the same superscript are not statistically different (p > .05).

plots. All analyses were performed in R (R Core Team, 2012),
with step AIC function from the MASS package used for back-
ward stepwise elimination regression, and Im function was
used for simple linear regression.

3. Results and discussion

3.1. Observed body measurements and their
correlations

Summary statistics for LW, HG and HW for adult and heifers for
the various breed groups are given in Table 2. LW, for cows,
ranged from 110 to 618 kg, HG from 110 to 213 cm and HW

from 95 to 161 cm. LW, HG and HW were lower for cows of
the indigenous Zebu and Zebu by Guzerat breed groups, in
comparison to that of the indigenous Zebu by Bos Taurus and
high Bos Taurus breed groups (p <.05). For example, indigen-
ous Zebu cows had a mean LW (mean = SD) of 302.7 (60.9)
kg, whilst that of the high Bos Taurus was 392.2 (113.9) kg.
Similar results were not found for heifer, however, likely due
to the different age profiles of young animals of the different
breed groups.

The LW range for cows of the indigenous Zebu breed group
found in this study is comparable to a previously reported
weight range for adult Zebu Gobra in Senegal of 250-350 kg
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Figure 1. Frequency histograms of LW of live weight (a), hearth girth (b) and height at the withers (c).
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Table 3. Regression equations predicting live weight from different models, for all animals or selected subsets.

Group of animals Regression equation Adjusted R? RMSE® RMSE as % real LW
Prediction via best model (for that specific group of animals)

All LW =4.08 HG + 1.61 HW + 1.42 Age-520.90 0.8585 32.81 11.02
Cow LW =1.42 HG + 4.32 HW + 1.19 Age-536.06 0.8165 33.51 10.54
Heifer LW =3.42 HG + 2.30 HW-504.55 0.8820 29.27 1233
Indigenous Zebu LW =3.41 HG + 1.42 HW + 1.63 Age-461.27 0.7860 32.31 11.25
Indigenous Zebu by Guzerat LW =3.34 HG + 1.24 HW + 4.56 Age-384.53 0.8276 30.63 11.07
Indigenous Zebu by Bos Taurus LW =4.70 HG + 1.70 HW-624.06 0.9370 31.58 9.36
High Bos Taurus LW =5.00 HG-470.17 0.9064 39.24 1191
Prediction via HG only

All LW =4.81 HG-437.52 0.8465 34.25 11.05
Cow LW = 4.87 HG-444.07 0.8059 34.41 10.82
Heifer LW =4.39 HG-384.48 0.8611 31.82 1343
Indigenous Zebu LW =4.45 HG-384.11 0.7685 33.66 11.72
Indigenous Zebu by Guzerat LW = 4.25 HG-357.56 0.8018 3331 12.04
Indigenous Zebu by Bos Taurus LW =5.47 HG-543.33 0.9301 33.64 9.96
High Bos Taurus LW =5.00 HG-470.17 0.9064 39.24 1191

“Root mean square error.

(Missohou et al. 1997). The average LW, HG and HW measures
for cows of high Bos Taurus found in this study were generally
lower compared to 419-781 kg, 176-223 cm and 125-150 cm
reported for Holstein Friesians cows in a developed country
context (Yan et al. 2009), likely due to the lower feeding level
of animals in this study in comparison to that in the developed
world, and because the high Bos Taurus group in this study
were not always pure-bred (see Table 1). A study on dairy
cattle in Kenya (Lukuyu et al. 2016) where animals mainly com-
prised the Small East African Zebu (SEAZ) crossed at different
levels to exotic breeds generally gave lower LW, HG and HW
than that reported here, reflecting the different statures of
the main Zebu types in the two studies.

The high standard deviations observed for LW, HG and HW
within a particular breed group are also in line with previous
studies (Fall et al. 1982; Dodo et al. 2001; Yan et al. 2009), and
would largely reflect the diversity of cattle management prac-
tices within our study sites.

For all animals, the correlation (r) between LW and HG was
high at r=0.92, and the correlation between LW and HW and
between HW and HG was moderate at r=0.78 and at r=0.77,
respectively. The correlations reported above are similar to
other studies that found a correlation between LW and HW of
0.88-0.97 , and a correlation between LW and HW or HG of
0.65-0.92 in West Africa (Chollou et al. 1978; Fall et al. 1982;
Dodo et al. 2001).

3.2. Prediction of LW

Prediction equations of LW for different models, for the
entire dataset as well as selected subsets of animals (sex
and breed groups), are given in Table 3. For the entire
dataset, the best model to predict LW was LW = 4.08 HG +
1.61 HW + 1.42 (Age) — 520.90, yielding an adjusted R? of
0.86 and a RMSE of 32.81 corresponding to 11.02% of the
mean LW. The best models for various subsets of data (which
varied according to the data subset) had an adjusted R?
ranging from 0.79 to 0.94 and a RMSE ranging from 29.27 to
39.24 kg (9.36%-12.33% of the mean LW).

As the aim of this project was to develop an easy-to-use tool
to predict LW of animals (within a known prediction interval)
from body measurements - such as a body measurement to

weight conversion table or weigh band - we were interested
in a model with a single explanatory variable and that could
be used across the range of cattle types present in the
study sites. The single explanatory variable that explained
the most variation was HG, consistent with previous studies
(Dodo et al. 2001; Yan et al. 2009; Lesosky et al. 2012;
Lukuyu et al. 2016). Predicting LW from HG alone, the
model for the overall data was LW =4.81 HG-437.52, which
had an adjusted R® of 0.85, and a RMSE of 34.25 kg corre-
sponding to 11.10% of the mean LW. Thus, basing a tool on
this equation would enable farmers to predict the LW of
female animals of 100 kg to at least 500 kg, to within
34.25 kg of the real LW in 68% of the cases. Figure 2 shows
a plot of this model in relation to our data.

A comparison of predicted LW to real LW, for adults and
heifers of the various breed groups and via the model
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Figure 2. Relationship between live weight (LW) and heart-girth (HG) for the
entire dataset for the equation LW =4.81HG-437.52, and with different
symbols used for different breed groups. The model line is represented by the
thick solid line, and 95% prediction intervals of the model are represented by
dashed lines.
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Table 4. Live-weight predictions for cows and heifers of the different breed groups, using the overall regression equation LW = 4.81 HG-437.52, and other summary

information in relation to this.

Live weight
predictions from

Percentage of animals with a
predicted live-weight within the
indicated percentage of their true

Animal heart-girth (kg) Mean predicted weight live-weight
Breed group age group N Mean SD less mean real live weight 20% 10% 5%
Indigenous Zebu Cow 215 300.85 56.43 —1.89 91.16 62.33 3535
Heifer 55 230.98 73.36 490 85.45 63.64 3455
Indigenous Zebuby Guzerat Cow 40 311.16 57.80 0.48 92.50 67.50 37.50
Heifer 18 207.56 66.84 6.66 77.78 55.56 44.44
Indigenous Zebuby Bos Taurus Cow 32 375.83 98.84 -7.36 93.75 68.75 56.25
Heifer 14 254.80 87.14 11.26 64.29 50.00 2143
High Bos Taurus Cow 16 386.51 95.95 -576 100.00 67.25 50.00
Heifer 20 287.35 122.88 8.10 95.00 60.00 35.00
Other Cow 42 319.25 64.64 -7.10 95.24 59.52 35.71
Heifer 7 285.35 72.61 3.64 100.00 85.71 57.14
500 1
ages of animals and management practices included in our
450 A studies compared to that of the Fall et al. (1982) study.
Estimation of cattle weight to within 20% of their true weight
400 1 is considered as an accuracy range for veterinary drug dosing
2 (Machila et al. 2008; Lesosky et al. 2012). For cows, this was
£ 350 . : ; :
= achieved for 92.73% of the overall cases, whilst for heifers this
5’2" 300 was achieved for 83.48% of the overall cases. Thus, the HG
5] model presented here can be considered as a reasonable way
§ 250 to predict the weight of cows for purposes of drug dosing,
& but for other purposes where more accuracy is required (e.g.
200 selection of cattle on LW), the use of a proper weight scale is
preferred (ILCA/IER 1978; Goe et al. 2001).
150 4
100

144 157 170
Heart girth in cm

131 183 196 209

e . Chollou et al. (1978)
—— Fall et al. (1982)
—&=—Dodo et al.(2001)

e Present study

=== Buldgen et al. (1984)
eeee ILCA\IER (1978)

—@— Buvanendran et al. (1980)

Figure 3. Live weight predictions from heart girth measurements for cattle in West
Africa, from different studies.

LW = 4.81HG — 437.52, showed that, on average, cows of the
indigenous Zebu and indigenous Zebu by Guzerat breed
groups have their weight neither strongly under- or overesti-
mated, whilst cows of indigenous Zebu by Bos Taurus, high Bos
Taurus and other breed groups tended to have their weight
underestimated (by 7.36, 4.76 and 7.10 kg, respectively). Heifers
of all breed groups tended to have their weight overestimated,
by 3.64-11.26 kg depending on the breed group (Table 4).
Across the different breed groups, the percentages of cows
whose weight was predicted within 20%, 10% or 5% of their
true LW was at least 91%, 59% and 35%, respectively. For
heifers, these figures were lower at 77%, 55% and 34% (exclud-
ing the indigenous Zebu by Bos Taurus heifers, which had par-
ticularly low values of 64%, 50% and 21%), partly attributable to
the lower weights of younger females (Table 4). These percen-
tages, and particularly those for heifers, were lower than the
70% of animals within 10%, and 41% within 5%, reported for
LW estimation from HG measures in 24 months old N'dama
cattle raised on a research farm in Senegal (Fall et al. 1982).
This, however, is to be expected given the variety of breeds,

3.3. Comparison to existing models for LW prediction of
West African cattle

LW predictions from HG measurements for cattle in West Africa,
from six prior studies in addition to our study, are shown in
Figure 3, with the regression equations and country and
breed of animal included (where known) of these prior
studies given in Table 5. The predicted weight from our study
tended be higher in comparison to that in other studies,
except at lower HGs. Results of our study were close to that
of a prior study on Zebu Gobra in Senegal (Chollou et al.
1978), which makes sense given that the majority of animals
in our study were Zebu Gobra or their crosses. The relationship
between LW and other body measurements including HG has
been shown to be influenced by sex, breed and age (Buldgen
et al. 1984; Sow et al. 1991; Ozkaya & Bozkurt 2009), providing
an explanation for the different models resulting from the
different studies.

3.4. Farmers’ ability to estimate weight

An additional component of this study was to compare farmers’
estimate of the weight of the animal to the measured LW. The
correlation between these two variables was low at 0.53 for the
entire dataset. As shown in Figure 4, farmers tended to under-
estimate the weight of their animals. On average, and for cows,
the indigenous Zebu, Zebu by Guzerat, Zebu by Bos Taurus and
high Bos Taurus breed groups were underestimated by 115.60
(92.46), 109.10 (83.56), 94.05 (99.47), 149.65(109.18) and 173.81
(118.32) kg, respectively (means, and standard deviations in



92 (&) S.F.TEBUGETAL.

Table 5. Model equations for predicting live weight from heart-girth measurements for cattle in West Africa, from different studies.

Cattle breed Cattle age range (years)  Cattle sex*  Country Equation® R? Reference
Various, but predominantly indigenous Zebu 1-18 F Senegal LW=4.81HG-437.52  0.85° Present study
Zebu Gobra 025-5 M, F Senegal LW =0.02 HG* + 2.54 - Chollou et al. (1978)
HG + 83.32
Djakore (cross between Zebu Gobra and N'dama) <4 F Senegal LW =3.13 HG-215.32 - Buldgen et al. (1984)
Ndama 1-25 M, F Senegal LW =3.43 HG-278.83 - Fall et al. (1982)
Zebu Peul and Maure 0-2 Mali LW =3.43 HG-278.82 - ILCA/IER (1978)
Zebu Azawak - M, F LW =0.002 HG? +1.31  0.92 Dodo et al. (2001)
HG-24.12
Gudali - M, F Nigeria LW =0.002 HG*-4.88 - Buvanendran et al. (1980)
HG-438
M = Male; F = Female.
BLW is live weight in kg and HG is heart girth measurement in cm.
“Adjusted R%.
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Figure 4. Scatterplot of farmer-estimated live weight versus real live weight for the whole dataset (a) and various breed groups: (b) indigenous Zebu; (c) indigenous Zebu
by Guzerat; (d) indigenous Zebu by Bos Taurus; (e) high Bos Taurus and (f) others.

brackets). Only 25.5% of animals had a farmer-estimated weight
within 20% of their true weight, and only 7.0% of animals had a
farmer-estimated weight within 5% of their true weight. The

underestimation of cattle weight by farmers agreed with the
findings of Machila et al. (2008) in Kenya, where 85.7% of
cattle had their body weights underestimated by their



owners. The high underestimation of LW by farmers raises con-
cerns of widespread under-dosing of cattle with veterinary
drugs, a major route to drug resistance (Dijk et al. 2015),
especially in sub-Saharan Africa where animal owners and
animal health providers with limited training are often respon-
sible for the administration of drugs to livestock (Cheneau et al.
2004).

4, Conclusion

The aim of this study was to provide farmers with a simple and
reliable tool for estimating the LW in cattle. The model devel-
oped predicted the LW of 91-100% of cow and 64-100% of
heifer cattle within 20% of their true LW, dependent on the
breed group, in the weight range of about 100-500 kg. This
model, in the future, can be translated into an easy-to-use
tool such as weigh band for farmers, who only correctly esti-
mated the LW of about a quarter of their animals within 20%
of their true LW. Most models developed in different regions
in Senegal and West Africa underestimated the weight of
animals in this study, which suggests a need to validate the
equation on further cattle breeds, age and sex groups in
order to achieve a wider application of the model.
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