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ABSTRACT

Background: Body condition score is used widely in swine production to ensure adequate nutritional levels in sows during
gestation and lactation. However, body condition score is not a gold standard for the estimation of nutritional requirements
in sows. Post-farrowing sow body weight assessment might serve as a useful approach for the better adjustment of the
nutritional requirements during lactation; however, this approach is time-consuming, requires labor, and might result in
detrimental effects on the sow behavior and welfare. The objective of the present study, therefore, was to formulate predic-
tion equations for the estimation of post-farrowing sow weight.

Materials, Methods & Results: Seven equations were formulated for predicting the post-farrowing sow body weight, by
using the data from three databases, which comprised a total 522 sows (434 gilts and 88 multiparous). The sows were
weighed on Day 112 of gestation and after farrowing within 12 h. The piglets birth weight was recorded within 24 h after
farrowing. The equations were formulated considering all the parity orders. While formulating the equations, the follow-
ing five variables were used: pre-farrowing body weight, piglets born, litter weight, the interval between pre-farrowing
weighing and farrowing (in days), and the total feed intake between pre-farrowing and post-farrowing weighing. The seven
models were compared using the sets of possible predictors through regression with the best subsets procedure (Minitab
for Windows, v. 18). Equations (EQ) 1, 2, and 4 were validated with a database comprising 732 sows (parity orders: 1-5).
The females were weighed on Day 107 of gestation and within 24 h after farrowing. The predicted weights estimated
by EQ 2 and 4 (215.4 + 34.3 kg and 216.7 + 34.4 kg, respectively) did not significantly differ from the observed weight
(216.8 = 34.6 kg) [P > 0.05].

Discussion: Pre-farrowing sow body weight was identified as the main input variable required for the estimation of the
post-farrowing sow body weight. Thus, even EQ 1, which contained only this variable, exhibited a high coefficient of
determination (R? = 0.8707). However, the R? value kept increasing as more input variables were included in the equation.
Equation 2, 4, and 6 included the litter weight variable, and the addition of this variable increased the numerical value of
R*from 0.8707 in EQ 1 to 0.8975 in EQ 2. The EQ 3, 5, and 7 considered the piglets born variable as well, which increased
the R? value from 0.8707 in EQ 1 to 0.9119 in EQ 3. The coefficient of determination did not vary much among the equa-
tions; therefore, the selection of the prediction equations depended on data availability, feed management, facility, and the
reliability of data collection in each farm. Although EQ 1 demonstrated a greater correlation between the predicted and the
observed post-farrowing weight compared to the other equations, the values of error in central tendency and the errors due
to disturbances were numerically higher for EQ 1 in comparison to the other two equations (EQ 2 and 4). Therefore, it is
suggested that EQ 1 should be used as the last choice for the estimation of post-farrowing sow weight as it presented low
trueness and precision, and also because the predicted weight estimated by EQ 1 was statistically lower than the observed
weight (211.67 = 33.33 kg vs. 216.84 + 34.62 kg; P = 0.012). EQ 4 demonstrated higher trueness and precision; however,
it did not differ significantly from EQ 2 and 1. Further analyses are required in order to validate EQ 3, 5, 6, and 7. Among
the equations that were predicted as well as validated, the simplest and the easiest equation with satisfactory results for
trueness and precision was EQ 2, which is as follows:

Post-farrowing sow weight (kg) = 13.03 + (0.93 x pre-farrowing body weight, kg) + (-1.23 x piglets born, n)
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INTRODUCTION

Adequate nutrition programs are essential for
maintaining the body condition of sow throughout
its lifetime to avoid reproductive losses [12]. Math-
ematical modeling approaches have been developed
to predict the nutritional requirements in sows. These
models partition the metabolizable energy into sow
maintenance, products of conception, and maternal
weight gain [6,7]. When the first and second catego-
ries are satisfied, any remaining nutrients may then be
deposited into the maternal tissue [14].

Overfeeding sows during pregnancy increases
the body fat at farrowing, and is known to be associated
with the reduction in the voluntary feed intake during
lactation. Furthermore, the feed intake of the lactat-
ing sows is often low, compromising milk production
as well as the subsequent reproductive cycles [11].
Generally, gilts and sows are fed on the basis of their
body condition score. However, the use of this measure
is not an accurate method on which the sow feeding
programs could be based [15]. Therefore, approaches
for nutritional management during the gestation and
lactation phases of the animals are crucial for sow
performance and development of piglets.

In order to estimate the weight loss during
lactation, it is necessary to measure the post-farrowing
body weight and the weaning weight of the female.
However, obtaining the post-farrowing body weight is
alaborious and challenging task, as removing the sows
from the farrowing crate might cause pre-weaning mor-
tality [14]. Therefore, the present study was conducted
with an objective of formulating prediction equations
for the estimation of post-farrowing sow body weight.

MATERIALS AND METHODS

The present study was designed with a data set
of 522 sows obtained from three different trials to pre-
dict equations for the estimation of the post-farrowing
maternal body weight. All trials were approved by the
Animal Ethics Committee of the Federal University of
Rio Grande do Sul, under process no. 31653; the trials
are described below.

Database 1

This trial study was conducted in a sow farm
comprising 2,200 females, located in South Region,
Brazil, in the period between December, 2016 and
April, 2017 (average, minimum, and maximum tem-

peratures during this period: 21.0, 11.1, and 35.6°C,
respectively; average relative humidity: 85.3%) which
corresponds to summer and early autumn seasons in
the southern hemisphere. A total of 274 gilts from two
different genetic lines, [(PIC Camborough®)! and (DB
Genética Suina DB®)?], were housed individually (2.10
m x 0.70 m), with ad libitum access to water. In all the
phases of pregnancy, females were fed with corn and
soybean meal [3.2 Mcal ME/kg, 12.4% crude protein
(CP), and 0.60% standardized ileal digestible (SID)
Lysine]. The gilts were weighed individually when
they were moved from the gestation to the farrowing
room (approximately on Day 112 of pregnancy) within
12 h after farrowing, using a scale with a precision
of 0.5 kg (model WT1000-LED, Weightech®)®. Birth
weight of the live-born piglets and stillborn piglets
were recorded within 12 h after birth, using a scale
with a precision of 1 g.

Database 11

This trial was conducted on a farm located
in South Region, Brazil, in the period between Janu-
ary, 2016 and April, 2016 (average, minimum, and
maximum temperatures during this period: 20.8, 15.5,
and 25.7°C; average relative humidity: 85.3%) which
corresponds to summer and early autumn seasons
in the southern hemisphere. A total of 107 sows (19
primiparous and 88 multiparous; PIC Camborough®)
were housed individually (2.20 m x 0.60 m), with ad
libitum access to water. The females were fed on corn
and soybean meal (3.25 Mcal ME/kg, 13% CP, and
0.65% SID Lysine) throughout pregnancy. The sows
were weighed individually when they were moved from
the gestation to the farrowing room (approximately on
Day 112 of pregnancy) within 12 h after farrowing, us-
ing a scale with a precision of 200 g. The birth weight
of the live-born piglets and the stillborn piglets were
recorded within 12 h after farrowing, using a scale with
a precision of 1 g.

Database 111

This trial was conducted in a farm located in
South Region, Brazil, in the period between January,
2017 and February, 2017 (average, minimum, and
maximum temperatures during this period: 21.0, 11.1,
and 35.6°C; average relative humidity: 85.3%). Gilts
(n = 141) from two different genetic lines, PIC Cam-
borough® and DB Genética Suina DB®, were housed
individually (2.10 m x 0.70 m), with ad libitum access
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to water. The females were fed on corn and soybean
meal (3.2 Mcal ME/kg, 12.4% CP, and 0.60% SID
Lysine) throughout pregnancy. The gilts were weighed
individually when they were moved from the gestation
to the farrowing room (approximately on Day 112 of
pregnancy) within 12 h after farrowing, using a scale
with a precision of 0.5 kg (model WT1000-LED,
Weightech®). The birth weight of the live-born piglets
and the stillborn piglets were recorded within 12 h
after farrowing, using a scale with a precision of 5 g.

Validation database

The predicted equations formulated using the
data from Databases I, II, and III were used to estimate
the post-farrowing body weight of sows from another
independent database. On the basis of the variables
in the equations that matched the variables available
in the validation database, only EQ 1, 2, and 4 were
evaluated for validation.

The validation database consisted of data
from a trial conducted in a sow farm comprising 5200
females, located in the state of Mato Grosso, Brazil
(Parallel 14°), in the period between January 2011 and
May 2011. A total of 732 PIC Camborough® females
(parity order: 1-5) were weighed individually when
they were moved from the gestation to the farrowing
room (approximately on Day 107 of pregnancy) within
24 h after farrowing. All the females had ad libitum
access to water. Throughout pregnancy, the sows were
fed on corn and soybean meal based on the NRC
recommendation [6,7]. The number of live-born and
stillborn piglets was recorded prior to cross-fostering.

Statistical Analysis

The databases from the three trials used for the
formulation of the equations were analyzed using the
Minitab® software (Minitab for Windows, v. 18)*. The
pre-farrowing body weight (kg) and post-farrowing
body weight (kg) variables were analyzed using the
Grubbs’ test to ensure that all the data belonged to a
normally distributed population. No outlier observa-
tion was identified in this analysis, considering the
significance level of 5%. The post-farrowing sow
weight (kg) was considered a dependent variable in
the following steps. The following independent vari-
ables were tested: pre-farrowing body weight (kg),
total piglets born (live-born and stillborn, n), piglet
birth weight (live-born and stillborn, kg), feed intake
between pre-farrowing weighing and post-farrowing

weighing (kg), and the interval between pre-farrowing
weighing and farrowing (days). All possible models
were compared using the sets of possible predictors
through regression with the best subsets procedure.
The independent variables that generated models with
the most suitable data adjustment (criteria: adjusted
coefficient of determination and Mallows’s Cp) were
selected in this step and analyzed using ANOVA with
the mixed-effects model procedure. In this analysis,
weighing day and origin database were used as random
effects, while sow genetic line was considered a fixed
effect. The inclusion sequence of the co-variables in the
models was the same as defined in the last procedure.

In order to perform validation, the observed
sow body weights obtained from the validation data-
base and the predicted sow body weights obtained from
the prediction equations were submitted to General
Linear Model, and the means were compared using
Tukey’s test at a 5% significance level. Pearson’s cor-
relation between the observed and the predicted values
was also analyzed.

The accuracy of each method was evaluated
considering the closeness between the measurements
obtained by the method and the accepted reference
values, and was expressed in terms of trueness and
precision. The trueness of a measurement indicated
the degree of agreement between the expected value
(the predicted weights obtained from the equations
in this case) and the reference value (the observed
weights from the independent validation database);
precision indicated the degree of internal agreement
between the independent measurements obtained
under a specific set of conditions [3]. In the present
study, the accuracy of the equations was analyzed
by following the procedure of Theil [13] adapted by
Pomar & Marcoux [10]. Briefly, the mean square of
the prediction error (MSPE) was calculated by obtain-
ing the sum of squared forecast errors (the difference
between the observed value and the predicted value
obtained from each equation) and dividing it by the
number of experimental observations. The MSPE was
then decomposed into the following: error in central
tendency (ECT), error due to regression (ER), and
error due to disturbances (ED). ECT was the differ-
ence between the average observed weight and the
average predicted weight. ER was the error value
that would have been obtained if the regression of
the post-farrowing predicted weight was in complete
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agreement. ED was the variation in the observed
weights, which is not considered in the regression of
least squares while predicting the weights using the
equations. The greater the sum of ECT and ER, the
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Pre-farrowing body weight, total piglets born
(live-born and stillborn piglets), litter weight (live-
born and stillborn piglets), and the interval between
pre-farrowing weighing and farrowing were significant
(P < 0.001) in all the equations. Pre-farrowing body
weight was identified as the main input variable for the
estimation of the post-farrowing body weight and was
included in all the prediction equations. In EQ 2, 3, 4,
and 5, the constant was significant (P < 0.05). Total sow
feed intake between pre-farrowing and post-farrowing
weighing exhibited no significance (P > 0.05) in EQ
6 and 7. Since litter weight and total piglets born cor-

Table 2. Validation of equations using an independent database'.

related (r = 0.759; P < 0.001), these variables were
used separately in the prediction equations.

In the validation trial (Table 2), the average pre-
farrowing weight (mean + SD) was 233.8 £ 37.6 kg, the
average post-farrowing body weight was 216.8 + 34.6
kg, and the interval between pre-farrowing weighing and
farrowing was of 5.1 £ 0.9 days. The number of total
piglets born (live-born and stillborn) was 11.9 £3.2. The
predicted weight obtained using EQ 1 was lower than
the observed weight (P =0.012); whereas, the predicted
weights obtained by using EQ 2 and 4 did not differ from
the observed weight obtained from the validation trial.

Database observed Equation 1 Equation 2 Equation 4
Post-farrowing weight means?, kg 216.84% 211.67° 215.42® 216.70¢
Standard deviation, kg 34.62 33.33 34.33 34.35
Correlation with observed 0.95 0.96 0.96
Error in central tendency 26.81 2.03 0.02
Error due to regression 0.07 1.25 1.28
Error due to disturbances 105.51 95.48 94.91

Data of 732 females were used to validate the equations. *Data submitted to a variance test: P = 0.012; means with the same letter (a-b) did not statically

differ among them by Tukey’s test at 5% level of significance.

DISCUSSION

Prediction equations could serve as an essential
tool in swine industry; however, they are based on input
variables, implying that the equation is valid only until
the databases are reliable. Prediction equations have
been studied and used previously, especially in pork
production for the estimation of lean cuts [1,2] and
net energy [9]. Recently, an equation was formulated
for estimating the post-farrowing sow body weight in
order to determine the products of conception (i.e., the
fetuses, placenta, and fluids) [14]. In this study, litter
weight was not considered as a variable, and parity was
considered a fixed effect. Additionally, an intercept
variable was created, such that a different constant for
each parity had to be introduced into the same equa-
tion. In the present study, seven prediction equations
were formulated instead of one, in order to better fit
the data availability and the demands of each farm.
All the equations could be used for all parity orders,
and litter weight was included as an input variable. In
order to formulate and validate the equations, databases
comprising a significant number of animals were used,
and the data sets representing the farm reality were
carefully collected by the study group.

Among the seven prediction equations formu-
lated in the present study, the first one (EQ 1) was the
simplest and easiest for use as it has just one variable.
Pre-farrowing sow body weight was identified as the
major input variable for estimating the post-farrowing
sow body weight; this variable was used in all the
seven equations. Even when this input variable was
present alone in the equation (EQ 1), the coefficient of
determination (R?) obtained was high (R?=0.8707 for
EQ 1) and close to the R? values obtained for the other
equations that contained other input variables as well.
However, as depicted in Table 2, these multi-variable
equations exhibited a slightly higher R?, which indi-
cated that they were probably more accurate.

In addition to the pre-farrowing body weight,
another variable which was common in EQ 2, 4, and
6 was the total piglets born variable. The addition of
this variable increased the value of R? from 0.8707
in EQ 1 to 0.8975 in EQ 2. The increase in the R?
value might be associated with the contribution of
piglets to total gravid tissues in late gestation. In
early pregnancy, the fetuses correspond for just 8%
of the total gravid uterus; however, as the gestation
advances, the uterine tissue increases its participa-
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tion to 40% at Day 90 of gestation, and to 59% at
Day 110 of gestation [8]. It is possible to obtain the
number of piglets born easily without the require-
ment of qualified labor.

When the interval between pre-farrowing
weighing and the farrowing variable was included
in the equation in addition to the previous variables,
the R? value increased to 0.9015 (EQ 4). In late
gestation, the weight of the fetuses increases cubi-
cally, indicating an acceleration in the weight gain
in the fetuses during this period [5], as well as in
the mammary gland [4] and the female body weight,
especially for gilts, which exhibit quadratic increase
in weight throughout gestation [4]. Therefore, late
gestation is the period of greater weight gain for
the females as well as the fetuses. In the predic-
tion equations formulated by Thomas et al. [14],
sow body weight gain of 3.1 kg was predicted for
each day in the farrowing crate prior to farrowing;
whereas, the model in the present study predicted a
per-day increment of 1.19 kg in the body weight (a
value estimated from the descriptive means of this
variable in EQ 4 and 5). This difference in the per-
day increment in the body weight may be attributed
to the fact that in the present study, females received
the same amount of gestation feed each day during
the interval between pre-farrowing weighing and far-
rowing, and did not have ad libitum access to feed as
in the other study. These results support the increase
in the R? value, and highlight the importance of in-

cluding the interval between pre-farrowing weighing
and farrowing as a variable while formulating the
prediction equations.

In EQ 6, the sow feed intake variable was
included; however, this variable did not contribute
expressively to the increment in the R? value (R? =
0.9016). This could probably be explained by no sig-
nificance of this variable in the equation, as well as by
its constant. Besides, obtaining feed intake data is not a
simple process, as there are several feed systems, and
the process is time-consuming and requires qualified
labor. Therefore, this variable may not be considered
reliable for the prediction of the post-farrowing sow
body weight.

Litter weight was another variable that was
common among EQ 3, 5, and 7. All these equations
exhibited greater R? than EQ 2, 4, and 6. However,
the impact of total piglets born and litter weight on
the prediction equations was reasonably similar. The
number of piglets born implicated a decrease of 1.19 kg
per piglet on the post-farrowing body weight (a value
estimated from the descriptive means of this variable
in EQ 2, 4, and 6); while litter weight implicated a
decrease of 1.33 kg per piglet on the post-farrowing
body weight (a value estimated from the descriptive
means of this variable in EQ 3, 5, and 7). The coef-
ficients of determination and constants did not vary
widely among the equations with the inclusion of the
number of piglets born and litter weight variables. This
was expected as these two variables were correlated.

Equation 4

250

200

3% Equation 1 o 2% Equation 2
E" B
= 280 4 280
& .
z £ - .
3 . .
S 20 . 200
2 -~ .
=]

B
120 L ] 120
120 200 280 360 120 200

Predicted weight (kg)

280 a0 120 200 280 i60

Figure 1. The relationship between observed values from an independent database and values predicted by the equations to the sows post-farrowing

body weight. Equations are presented and identified in Table 1.
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Asobserved in Figure 1, which depicts the valida-
tion results, EQ 1, 2, and 4 presented a great correlation
between the predicted and observed post-farrowing sow
body weights (0.95,0.96, and 0.96, respectively). Besides,
ECT and ED decreased with the increase in the number
of variables included in the equations. Therefore, EQ1 ex-
hibited higher ECT and ED values compared to EQ2 and
EQ4. In other words, EQ 1 exhibited lower trueness (ECT
+ ER) and precision compared to the other equations.
This information corroborated the fact that the predicted
weight estimated by EQ1 was lower than the observed
weight. Thomas et al. [4] demonstrated that the differ-
ence of - 1.5 kg between the observed and the predicted
post-farrowing sow body weight did not appear to exhibit
biological significance, as it corresponds to a difference of
only 32 kcal on the daily sow maintenance requirements,
and 0.01 kg on the expected maternal gain. However, EQ1
exhibited a difference of 5 kg when a comparison with
the observed weight was performed. Therefore, EQ 1 is
suggested to be used as the last choice for the estimation
of post-farrowing sow body weight, because of its low
trueness and precision, and also because the predicted
weight estimated by EQ 1 was statistically lower than
the observed weight.

Equations 2 and 4 exhibited the same cor-
relation value and a reasonably similar MSPE; thus,
both of them could be used for the estimation of post-
farrowing sow body weight. As mentioned earlier, the
interval between pre-farrowing weighing and farrow-
ing is important for the development of the sow and
its conceptus, and then, contributes to increase the R?
value of the equation. In the validation analysis, EQ4
exhibited numerically lower MSPE compared to EQ 1
and 2, indicating the higher accuracy of EQ 4. There-
fore, if a farm records data for the interval between
pre-farrowing weighing and farrowing, it would be
possible to calculate the post-farrowing sow weight
using EQ4, and thus, obtain a result with greater cor-
relation. However, among all the formulated prediction
equations, EQ 2 was the simplest and easiest for use,
with satisfactory results for trueness and precision;
therefore, it might be the most suitable choice to in-
troduce this equation to the farms, as the data required
for this equation would be easy to collect.

It is important to note that the validation trial
was conducted in conditions similar to that in which
the trials for the formulation of the prediction equations
were conducted, which explains the high correlation
between the predicted and observed post-farrowing

body weights. However, feed management among
farms varies, and this might have been one of the
reasons for the high values of ED in all the validated
equations. Besides, the equations were validated us-
ing just one genetic line. Further studies are required
to investigate the interactions of the equations with
other genetic lines, and whether the high correlation
will persist and the ED would decrease with the use of
other genetic lines for validation despite the variations
in feed management.

CONCLUSION

In conclusion, prediction equations based on
reliable data could serve as a useful tool for the estima-
tion of post-farrowing sow body weight, eliminating
the requirement for removing the female from the
farrowing crate and consequently avoiding the piglet
mortality. In addition, this tool allows the determination
of energy partitioning between the maternal and fetal
tissues, thereby allowing the adjustment of the sow
nutritional requirements during the subsequent cycle
using this information. It is possible that the prediction
equations become highly useful in the swine industry,
provided that the accuracy of the input variables, which
is essential for the adoption of this tool, is ensured.

Further validation analyses are required to
validate EQ 3, 5, 6, and 7. Finally, among the predicted
as well as validated equations, the simplest and easi-
est equation with satisfactory results for trueness and
precision was EQ 2, which is given below:

Post-farrowing sow weight (kg) = 13.03 +
(0.93 x pre-farrowing body weight, kg) + (-1.23 X
piglets born, n)
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