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Simple Summary: This study reports the results of two studies aiming to determine, under com-
mercial farm conditions, the effects of electronic sow feeders on the production and economic yields
of lactating sows. The results indicate remarkable technical and economic outputs compared with
traditional feeders due to the weaning of heavier piglets with a lower amount of feed per kg of
weaned piglet.

Abstract: Adequate nutritional management in maternities is one of the most challenging aspects
of swine production. This study reports the results of two studies aiming to determine, under
commercial farm conditions, the effects of precision feeding (electronic sow feeders, ESFs) on the
production and economic yields of lactating sows and possible nutritional and metabolic differences
when compared to a control group fed with traditional feeders. The first trial showed that sows fed
with ESFs weaned heavier piglets than sows fed with traditional feeders. Feed intake during the
lactation period was similar in the sows of both groups; consequently, the amount of feed per kg of
weaned piglet was lower in the sows fed with ESFs, which is a remarkable economic output. The
second trial confirmed these findings and showed that, despite similar feed intakes, the sows fed with
ESFs had lower bodyweight losses during the lactation period, but there were no major differences in
milk composition or metabolic traits of sows and piglets.

Keywords: lactation; nutrition; precision feeding; sustainability; swine

1. Introduction

Sustainability is currently one of the main keywords in swine production. In the
current situation, the original concept of environmental sustainability has been reinforced
by the concepts of social and economic sustainability (profitability). Hence, producers
are dealing with new challenges and developing new strategies to improve sustainability
without prejudicing efficiency by reducing costs and impact while increasing benefits.

One of the main factors affecting efficiency is numerical productivity (average number
and weight of piglets weaned per productive sow and year), which directly affects produc-
tion costs and profitability [1]. Improvement of production efficiency has been afforded by
increasing the number of piglets per sow and year by both diminishing non-productive
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periods and increasing litter size. An increase in litter size has been afforded by the selection
of hyperprolific strains with large litters. Consequently, modern sows commonly wean
33–35 piglets per year, and some herds may even wean more than 40 piglets per year per
sow [2]. However, hyperprolificacy was early related to the appearance of low-birth-weight
(LBW) offspring and, consequently, decreases in postnatal survival and development of
the offspring. LBW offspring have a subsequent impact on productivity because of their
predisposition to disease and reduced growth potential, with a longer period for achieving
market weight than their littermates and poor meat quality [3–5].

A concomitant factor with a major influence on profitability is nutrition, through both
feed cost (which accounts for up to 75% of total swine production cost [6]) and effects on pig
performance. Specifically, maternal nutrition and feed intake during the suckling period
may support adequate growth of piglets reared in large litters during this nursing phase [7].
Careful management of sow feeding during lactation can markedly optimize feed intake,
facilitating greater milk yields and maximizing the number and weight of weaned piglets,
including LBW piglets, for improving output and profitability at the farm level [8].

These factors affect farm profitability and economic sustainability, making clear the
strong need for useful strategies. Precision livestock farming (PLF) has emerged as one of
the most representative improvements. The objective of PLF is to provide farmers with tools
for online and continuous monitoring of the status of the animals and their environment [9],
allowing for a continuous and easy assessment of the health, behavior and welfare of the
animals [10,11].

The adequate management of maternities and hyperprolific sows, mainly the feeding
strategy, is one of the most challenging points in swine production. Feed intake and feed
intake behavior are arising as critical aspects of the productive efficiency during lactation
due to the metabolic needs of the sow. The metabolic demand of lactation is one of the
most critical points for breeding sows because it may even triple the metabolic demand
of pregnancy [12,13]. Farmers and nutritionists are responsible for addressing nutritional
requirements and the proper management of sows during different periods of their repro-
ductive cycle [14]. However, at times, sows may be either underfed, inducing body reserve
mobilization, or overfed, increasing nutrient excretion [15]. In this scenario, precision
feeding (PF) could help to simplify the adaptation of adequate feeding strategies according
to the body condition of the sows. PF is a technique that improves the utilization of feed
and nutrients and thus reduces feeding costs, nutrient excretion and environmental impacts
by providing an adequate amount of nutrients at the right time to each animal [16,17]. PF is
based on nutritional models used to predict nutrient requirements, sensors used to control
animal performance and electronic sow feeders (ESFs) so that the quantity and quality of
the diet can be individualized [15].

Thus, efficient systems to manage feed intake during lactation have been the focus
of intense research [13,18,19]. It is currently widely accepted that the best option to feed
lactating sows is to establish a basic or prefixed curve which, managed by the farmer,
would avoid sudden drops or excess of feed intake. The best way to implement this
curve would be ad libitum access to feed using modern systems, such as the ESF tested
in our trials, which allows both the sows and the farmer to individually adjust the basic
curve and the ration to the feed intake of the sow, with the final aim of providing the
adequate feed amount for controlling and minimizing body tissue mobilization but also for
avoiding feed excess and hence indigestion causing sudden drops in intake and metabolic
disruptions [20].

In this way, ESFs are good tools for incorporating PF into farm strategies and improve
economic and environmental sustainability by minimizing the impact of pig production
through improving the efficiency of feed and nutrient use. PF also improves economic
sustainability by increasing profitability through reducing feed costs and increasing the
performance of animals. PF may also improve social sustainability by increasing the use
of technology of farms, which may be more attractive to younger farming staff and may
increase the equality of opportunities and social inclusion.
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However, there are significant factors to be mastered for translating research into farm
strategies and, consequently, for guaranteeing the best balance between advantages and
investments. Hence, this study reports the results of two successive studies. The first trial
aimed to determine, under commercial farm conditions, the effects of PF on productive
and economic yields of lactating sows. The second trial aimed to determine possible
events related to maternal metabolic traits, milk quality and postnatal development and
metabolism of the offspring which may be involved in the improvements in the productive
yields obtained in the first trial.

2. Materials and Methods
2.1. First Trial: Effects on Productive and Economic Yields of Lactating Sows

The first trial was designed as a multicenter study, which was carried out from June
to November 2023 on six commercial farms located in Central Spain. No ethical approval
of the animal trial was necessary since only data on sow intake and piglet weight were
obtained. A total of 368 sows (Large White × Landrace; between 36 and 112 sows per farm),
from parity 1 to 7 and inseminated by Piétrain boars, were used.

The management of sows and their offspring followed standard commercial farm
practices, which involved housing them indoors under controlled temperatures. Sows
in all the farms were classified according to their parity, condition score and historical
productive data to ensure that females with similar features were used in each treatment.
The treatments were established from one week before delivery to the day of weaning,
when half of the sows were restrained in farrowing stalls equipped with electronic sow
feeders giving six rations per day (Group ESF; Gestal SOLO, Jyga Technologies Inc., Quebec,
Canada; n = 178; feed given at 5 AM, 8 AM, 11 AM, 14 PM, 17 PM and 20 PM), while the
remaining sows were restrained in farrowing stalls equipped with traditional feeders (sow
bowls) providing feed in two daily rations (Group Control or CON; SB, Rotecna, Agramunt,
Spain; n = 190; feed given at 8 AM and 14 PM). However, the final portion, the bowl feeder,
was the same in all the crates for both groups.

All sows, independently of the farm and experimental group, were fed with standard
soy grain-based diets [21] (Supplementary Table S1). The sows in both the CON and
ESF groups followed a reference basic feed intake curve, increasing the amount of feed
offered to the sow from the day of farrowing until day 11 post-farrowing and establishing
afterwards a plateau until the day of weaning, after 24 days of lactation. However, the
amount of feed served in Group CON could be adjusted manually by the staff of the farm
depending on the previous day’s feed intake, while the amount of feed in Group ESF was
automatically adjusted using the device, giving the sow the opportunity to eat 20% more
feed each time. Feed intake and refusal by sows were also individually and daily recorded
(manually in the case of Group CON and automatically in the case of Group ESF) from the
day of farrowing to that of weaning; therefore, the total feed intake during the lactation
period and the amount of feed per kg of weaned piglet were determined.

Productivity data were recorded per sow within 24 h after birth including the to-
tal number of live and stillborn piglets, and weight scales were used for recording both
the weights of individual piglets and the total litter weight. A total of 4852 live piglets
were involved in this study. Productivity data, including the total number of weaned
piglets (2063 in Group ESF and 1996 in Group CON) and individual and litter weights,
were recorded again at weaning. Average Daily Weight Gain (ADWG) was individu-
ally determined for the total lactation period, using the formula ([final weight−initial
weight]/number of days).

2.2. Second Trial: Effects on Metabolic Traits and Milk Quality of Sows and Growth and Metabolic
Traits of Piglets

The second trial was designed, after the results were obtained in the first study, to
understand the possible effects of PF on the metabolic traits and milk quality of sows, and
the growth and metabolic traits of their piglets. Consequently, an experimental procedure
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was carried out on a commercial farm (San Pedro farm, Plasencia de Jalón, Zaragoza, Spain),
according to the European Union Directive and the Spanish Policy for Animal Protection
RD53/2013. The Committee of Ethics in Animal Research of Universidad Complutense de
Madrid (UCM) approved the experiment (CEEAH2788M2). A total of 12 sows (Danbred),
from parity 2 to 7 and inseminated by Piétrain boars, were used.

Six sows were individually restrained in farrowing stalls equipped with electronic
sow feeders (Group ESF; parities: 3, 3, 4, 5, 5, 6), while six sows were housed in crates
equipped with traditional feeders (Group CON; parities: 3, 3, 4, 5, 5, 6) from the week
before parturition to the day of weaning (four weeks after delivery); again, the final portion,
the bowl feeder, was the same in all the crates for both groups. Sows were distributed
across the treatment groups (either ESF or CON) considering their parity but also their
condition score and historical productivity data to ensure that females with similar features
were used in each treatment. Sows in both groups, similarly to the first trial, were fed with
standard soy grain-based diets (Supplementary Table S1) following the basic feed intake
curve and timetable previously described, adjusted manually depending on the previous
day’s feed intake in Group CON and automatically in Group ESF.

At birth, productivity data were recorded per sow, including total numbers of live and
stillborn piglets and the total weight of the litter using a litter scale (MPigData, Mensoft,
Madrid, Spain). A total of 197 live piglets were sexed and weighed to be involved in the
trial after performing individual identification with eartags, within-group cross-fostering
and allocation to mothers at a rate of around 16 piglets/sow. Piglets were weighed again
at weaning, after 24 days of lactation. Average Daily Weight Gain (ADWG) was individ-
ually determined for the total lactation period, using the formula ([final weight—initial
weight]/number of days).

The weight and body condition (back-fat depth) of all the sows were measured at
the beginning (i.e., one week before parturition) and at the end of this study (i.e., day of
weaning, around four weeks after delivery). Back-fat depth was measured at the P2 point,
which lies on the right side of the animal at 4 cm from the midline and transversal to the
head of the last rib, using ultrasound equipment fitted to a multifrequency linear array
probe (ProVetScan SF2 Wireless scanner, NewVetec, León, Spain). The initial bodyweight
and final bodyweight of the sows were used to calculate weight losses during lactation.
The resulting values have the limitation that bodyweight prior to delivery includes the
weight of fetuses, amniotic fluids and afterbirth, but we were constrained by welfare issues
and management procedures in the farm so we could not move the animals immediately
after delivery. Nonetheless, the bodyweight of the sows and the litter size were similar
between groups, so we can assume a similar deviation in both groups.

Samples of milk were taken at 14 days after farrowing to obtain representative data at
mid-lactation. In brief, at mid-morning, the milk was collected from all functional glands
by hand-milking after the piglets were separated from sows and allowed afterwards to
join the mother for stimulating milk letdown, and sows were injected with 20 I.U. oxytocin
(Oxitocina Diana, Super’s Diana S.L, Barcelona, Spain). Immediately, 25 mL of milk was
stored in 50 mL falcon tubes at −80 ◦C until assayed for lactose, protein and fat content,
using an IR spectrophotometer (MilkoScan ™ 7RM, Foss Iberia, Barcelona, Spain).

On the same day, day 14 of lactation, when creep feeding was allowed to the piglets,
blood samples were obtained from 96 piglets (48 piglets in each group; 4 females and
4 males in each litter), representative of the mean size of the litter. These same piglets
were sampled again at weaning, when blood samples from their mothers were also drawn.
Blood samples were drawn by puncture of the cranial vena cava (cava cranialis) using
EDTA vacuum tubes (Vacutainer Systems Europe, Meylan-Cedex, France) and immediately
centrifuged at 1500× g for 15 min (Nahita-Blue, Innovagen, Madrid, Spain). Plasma was
immediately separated and stored at −80 ◦C until required for analyses of glucose and lipid
metabolism. Plasma concentrations of glucose (glucose and fructosamine), protein (total
protein content) and lipids (total cholesterol, high- and low-density lipoprotein cholesterol
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(HDL-c and LDL-c, respectively) and triglycerides) were assessed with a clinical analyzer
(Konelab 20i, Thermo Fisher Scientific, Madrid, Spain).

2.3. Statistical Analysis

The analyses assessed the effects of the diet on the weight and metabolic condition
of sows and the developmental traits and metabolic status of their piglets. The sows and
piglets were considered the experimental units. In the first trial, the analysis assessed
effects from diet (CON vs. ESF) plus effects of farm, parity and bodyweight and condition
at farrowing. In the second trial, the analysis assessed effects from diet plus effects of
parity and bodyweight and condition at farrowing. Data were analyzed using SAS (Version
9.4; SAS Inst. Inc., Cary, NC, USA). Verification of normal distribution was completed
using a Kolmogorov–Smirnov test (PROC UNIVARIATE), and afterwards, data were
analyzed using an ANOVA test (PROC GLM) with Tukey adjustment. Changes over
time were assessed using ANOVA for repeated measures with the Greenhouse–Geisser
correction. Variables that did not fit a normal distribution were analyzed using a non-
parametric Kruskal–Wallis test (PROC NPAR1WAY). All data are presented in this article
as mean ± SEM. Statistical significance was accepted from p < 0.05, whereas a trend was
considered when 0.1 > p > 0.05.

3. Results
3.1. First Trial: Effects of ESF on Productive and Economic Yields of Lactating Sows
3.1.1. Productive Data at Birth

The overall analysis of all farms showed no significant differences in the numbers of
total, live and stillborn piglets between sows in Groups ESF and CON. Moreover, there
were no significant differences in the mean birth weights for the individual piglets and the
total litter between Groups ESF and CON, as depicted in Table 1.

Table 1. Trial 1. Number of piglets in each litter and weight of individual piglets and litters (range
and total number are shown within parentheses) which were born from sows fed with electronic sow
feeders (ESFs; 178 sows) and traditional feeders (CON; 190 sows) during the lactation period.

Group Total Piglets Live Piglets Stillbirths Litter Weight (kg) Piglet Weight (kg)

ESF 17.39 ± 0.42
(5–27)

15.19 ± 0.39
(4–23)

2.26 ± 0.27
(0–17)

21.41 ± 0.33
(11.68–34.10)

1.59 ± 0.02
(1.00–2.62)

CON 17.14 ± 0.42
(3–30)

15.36 ± 0.39
(3–27)

1.79 ± 0.27
(0–15)

21.78 ± 0.36
(6.30–42.6)

1.61 ± 0.03
(0.87–3.06)

p-Value 0.686 0.754 0.214 0.456 0.575

3.1.2. Piglet Performance during the Suckling Period

At weaning, four weeks after delivery, the mean bodyweights for the individual
piglets (p = 0.007) and the total litter (p = 0.030) were higher in the ESF than in the CON
group (Table 2). The ADWG was therefore higher in the piglets of the ESF group, being
220.1 ± 2.86 g/day for ESF and 211.6 ± 3.06 g/day for CON (p = 0.040). The number of
weaned piglets per litter was similar between groups.

Table 2. Trial 1: Number and total weight of piglets in the litter and weight and Average Daily Weight
Gain (ADWG) of individual piglets weaned from sows fed with electronic sow feeders (ESFs) and
traditional feeders (CON) during the lactation period.

Group Weaned Piglets (n) Litter Weight (kg) Piglet Weight (kg) ADWG (kg/day)

ESF 12.02 ± 0.13 88.78 ± 1.18 7.39 ± 0.07 0.220 ± 2.86

CON 11.95 ± 0.14 84.78 ± 1.26 7.11 ± 0.08 0.212 ± 3.06

p-Value 0.738 0.030 0.007 0.040
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3.1.3. Sow Feed Intake and Costs during Lactation

As shown in Table 3, there were no differences in either the average daily feed intake
or the total feed intake per sow during the lactation period between sows in Groups ESF
and CON. Due to the heavier litters previously described, the amount of feed per kg of
weaned piglet was significantly lower in Group ESF than in Group CON (p = 0.002).

Table 3. Trial 1: Average daily and total feed intake in sows fed with electronic sow feeders (ESFs)
and traditional feeders (CON) during a lactation period of 24 days in length.

Group Average Daily Feed Intake (kg) Total Feed Intake (kg) Kg Feed per Kg of
Weaned Piglet

ESF 7.08 ± 0.05 170.79 ± 1.49 2.63 ± 0.06

CON 7.19 ± 0.06 173.40 ± 1.58 2.93 ± 0.07

p-Value 0.148 0.223 0.002

3.2. Second Trial: Effects of ESF on Metabolic Traits and Milk Quality of Sows and Growth
and Metabolic Traits of Piglets
3.2.1. Productive Data at Birth

There were no significant differences in the number of total, live and stillborn piglets
between sows in Groups ESF and CON, as depicted in Table 4. Moreover, there were no
differences in the mean weights for the individual piglets and the total litter between the
two groups.

Table 4. Trial 2: Number of piglets in each litter and weight of individual piglets and litters which
were born from sows fed with electronic sow feeders (ESFs) and traditional feeders (CON) during the
lactation period.

Group Total Piglets Live Piglets Stillbirths Litter Weight (kg) Piglet Weight (kg)

ESF 19.83 ± 2.71
(12–30)

16.33 ± 2.33
(8–24)

3.50 ± 1.59
(0–10)

19.99 ± 2.43
(12.04–27.33)

1.20 ± 0.03
(0.81–1.75)

CON 21.17 ± 1.71
(15–27)

17.83 ± 1.99
(11–24)

3.33 ± 1.38
(1–10)

20.54 ± 2.06
(12.66–25.93)

1.16 ± 0.02
(1.01–1.66)

p-Value 0.681 0.635 0.938 0.868 0.304

3.2.2. Maternal Performance

Mean bodyweight and back-fat depth were similar in sows allocated to the ESF and
CON groups at the beginning of the experimental trial, one week before parturition (Table 5).
The decrease in bodyweight during lactation induced a negative and similar ADWG in
both groups, but a trend was found that sows in the ESF group had a higher bodyweight at
weaning (p = 0.060).

Table 5. Trial 2: Bodyweight (kg) back-fat depth (mm) and Average Daily Weight Gain (ADWG) in
sows fed with electronic sow feeders (ESFs) and traditional feeders (CON) during a lactation period
of 24 days in length.

Group
Prior to Delivery Weaning

ADWG
Bodyweight Back-Fat Depth Bodyweight Back-Fat Depth

ESF 280.17 ± 3.92 10.57 ± 1.04 248.00 ± 4.21 8.30 ± 1.03 −1.42 ± 0.14

CON 274.33 ± 6.40 10.43 ± 1.14 236.50 ± 3.43 7.72 ± 0.74 −1.68 ± 0.30

p-Value 0.455 0.933 0.060 0.656 0.235

3.2.3. Metabolic Traits and Milk Quality

The analysis of milk quality (Table 6) and mean plasma concentrations for the indexes
of glucose, lipids and protein metabolism in both sows (Table 7) and piglets (Table 8)
showed similar values between groups. However, we have to highlight significantly higher
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values of HDL cholesterol and proteins in the piglets of Group CON at 14 days of lactation,
which were not found afterwards.

Table 6. Trial 2: Milk components (%) in sows fed with electronic sow feeders (ESFs) and traditional
feeders (CON) during lactation.

Group Dry Matter Protein Fat Lactose

ESF 18.69 ± 0.47 4.77 ± 0.05 6.48 ± 0.16 5.73 ± 0.08

CON 19.26 ± 0.34 4.96 ± 0.21 6.74 ± 0.28 5.60 ± 0.11

p-Value 0.444 0.395 0.369 0.190

Table 7. Trial 2: Plasma concentrations for parameters of glucose, lipids and protein metabolism
at weaning in sows fed with electronic sow feeders (ESFs) and traditional feeders (CON)
during lactation.

Group Glucose (mg/dL) Fructosamine
(µmol/L)

Cholesterol
(mg/dL) HDL-c (mg/dL) LDL-c (mg/dL) Triglycerides

(mg/dL) Proteins (g/dL)

ESF 90.27 ± 7.22 380.98 ± 39.89 110.13 ± 9.06 38.82 ± 7.52 42.88 ± 5.83 58.95 ± 6.23 7.66 ±0.38

CON 86.66 ± 7.64 412.67 ± 31.85 103.48 ± 10.54 39.09 ± 5.28 42.47 ± 4.03 59.70 ± 3.63 7.91 ± 0.20

p-Value 0.739 0.549 0.754 0.403 0.206 0.162 0.577

Table 8. Trial 2: Plasma concentrations for parameters of glucose, lipids and protein metabolism
in piglets from sows fed with electronic sow feeders (ESFs) and traditional feeders (CON)
during lactation.

Group Glucose (mg/dL) Fructosamine
(µmol/L)

Cholesterol
(mg/dL)

HDL-c
(mg/dL) LDL-c (mg/dL) Triglycerides

(mg/dL) Proteins (g/dL)

ESF
14 144.62 ± 3.97 367.38 ± 4.12 144.82 ± 6.05 70.25 ± 2.41 56.12 ± 4.65 124.11 ± 5.35 5.94 ± 0.11

28 142.75 ± 3.16 366.88 ± 3.20 122.69 ± 4.37 52.60 ± 2.52 49.75 ± 1.86 112.03 ± 6.39 5.36 ± 0.09

CON
14 137.38 ± 6.33 372.56 ± 6.74 157.27 ± 7.11 78.47 ± 2.34 51.82 ± 2.80 135.79 ± 6.57 6.36 ± 0.13

28 140.81 ± 3.83 375.16 ± 5.72 125.13 ± 5.17 51.67 ± 2.24 46.31 ± 2.14 122.44 ± 6.75 5.34 ± 0.08

p-Value 14 0.339 0.517 0.186 0.017 0.428 0.173 0.018

28 0.706 0.241 0.728 0.783 0.241 0.275 0.907

3.2.4. Piglet Performance during Lactation

A similar number of weaned piglets were found in both groups with no statistical
differences, but the use of ESF was related to a higher ADWG in the piglets (p < 0.001),
which reached a higher weaning weight than their counterparts in Group CON (p < 0.001).
Consequently, as shown in Table 9, the total litter weight at weaning showed a tendency to
be higher, by about 13.5 kg (+19.0%), in Group ESF than in Group CON (p = 0.090).

Table 9. Trial 2: Number and total weight of piglets in the litter and weight and Average Daily Weight
Gain (ADWG) of individual piglets weaned from sows fed with electronic sow feeders (ESFs) and
traditional feeders (CON) during the lactation period.

Group Weaned Piglets (n) Litter Weight (kg) Piglet Weight (kg) ADWG (kg/day)

ESF 13.00 ± 0.82 83.48 ± 5.88 6.17 ± 0.03 0.210 ± 0.01

CON 12.83 ± 0.70 70.14 ± 3.98 5.35 ± 0.02 0.179 ± 0.01

p-Value 0.880 0.090 0.0006 0.0008

4. Discussion

The results of this study indicate that, under commercial farm conditions, the use of
ESFs during lactation has a positive impact on the performance of the sows and their litters.
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The data from the first trial showed that when suckling a similar number of piglets with
similar weights at the start of the lactation period, sows fed by ESFs weaned heavier piglets
and therefore heavier litters than sows fed with traditional feeders. Feed intake during
the lactation period was similar in the sows of both groups; consequently, the amount of
feed per kg of weaned piglet was lower in the sows fed with ESFs, which is a remarkable
economic output. The results of the second trial confirmed the higher ADWG and weaning
weights of the piglets from sows fed with ESFs and indicate that, despite similar feed
intakes, sows with ESFs showed lower bodyweight losses during the lactation period.
On the other hand, the milk composition and the metabolic traits of sows and piglets
were similar between groups, excepting lower—but within physiological values—plasma
concentrations of HDL cholesterol and proteins in Group ESF at 14 days of lactation, not
found again at weaning.

Group ESF showed higher ADWG during the suckling period (p = 0.04 and 0.0008 for
the first and second trials, respectively) and therefore higher weaning weight (p = 0.007
and 0.0006 for the first and second trials, respectively), which should be related to a higher
intake of nutrients, due to either higher production or better quality of the milk. Previous
studies have indicated that milk yield is the main factor affecting the growth of suckling
piglets [22], with a strong positive correlation between amount of milk produced and
growth of piglets. Milk production depends primarily on the sow’s genetic potential and
its feed intake, but it is strongly stimulated by litter size and the suckling capacity of
piglets [23]. Milk production was not assessed in the current trial, and it should certainly
be addressed in future trials, but we assessed possible differences in the quality of the milk
between sows in Groups ESF and CON in the second trial. The results showed no significant
differences in the main components of the milk, although the concentration of lactose was
higher in Group ESF, without reaching statistical significance, and the concentrations of
protein and fat were lower. These results should be taken only as data paving the way for
further study with more animals and samples but, indirectly, these data suggest a higher
production of milk in ESF sows since, across species, the concentration of lactose in milk
has a strong positive correlation with overall milk volume [24], while the percentage of fat
is negatively related to the amount of milk produced [25]. Hence, although this finding
needs further research, we can hypothesize a higher volume of milk produced by sows in
Group ESF as the main cause for the higher ADWG found in their piglets. Interestingly,
one of the possible reasons for higher milk production in sows fed with ESFs may be related
to the behavior of the lactating females. Krogh et al. [26] reported that the amount of
milk produced by a sow is related to the amount of time that it spends standing, due to
a diminished mammary blood flow when sows are lying. Hence, in the case of retrained
sows as in this study, sows with ESFs or sows that are stimulated to move and stand by the
farmers produce more milk than sows lying down, as in the sows of Group CON, which
only stood to drink or to eat when the feed was served. On the other hand, the quality of
milk is also affected by intake behavior [27]. The work of Nielsen et al. showed a higher
percentage of lactose in sows fed three times per day with ESF systems at a slow speed
than in traditional feeders allowing three meals but at a high speed [27].

Intake behavior also affects feed consumption, which is composed of feed intake and
feed wastage. In commercial farms, it is well known that food wastage is one of the main
critical problems for economic efficiency, and ESFs are seen as a possible solution. In our
trials, the total amounts of offered feed were the same for the CON and ESF groups but
ESF sows may waste less feed than CON sows (there is a smaller amount of food each time,
so there are fewer opportunities for wastage). In agreement with this finding, in the first
trial of this study, the feed consumption in Group CON was numerically higher than in
Group ESF, and, consequently, the feed consumed per kg of weaned piglet was significantly
higher than in the ESF group (p = 0.002). A higher maternal consumption of feed with a
lower weaning weight of the piglets, as found in the study of Gorr et al. [28], can only be
explained by a wrong self-regulation of the feed demand by the sow and, therefore, a higher
wastage of feed in traditional systems. The estimation of feed costs, based on the current
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price of lactation feed on the Spanish market (0.302 EUR/kg), shows that the average daily
and total feed costs were similar between the ESF (EUR 2.14 and 51.58, respectively) and
CON (EUR 2.17 and 52.37, respectively) groups. The estimation for the cost of producing
1 kg of weaned piglet was EUR 0.79 in Group ESF and EUR 0.88 in Group CON, which with
weaning weights of 7.39 and 7.11 kg means EUR 5.8 and 6.3 per weaned piglet, respectively.
The difference of EUR 0.5 per weaned piglet, in the case of large farms like the one used in
this study, producing over 100,000 piglets per year, means there is a financial benefit of EUR
50,000 per year. Our results support previous studies [13,28] that, comparing traditional
management and ad libitum systems (like our Group ESF), showed a higher consumption
in the traditional system concomitant to a higher [13] or lower [28] weaning weight of
the piglets.

Despite a lower feed consumption (or wastage) and a higher weaning weight of their
litters, the sows in Group ESF showed a similar or even better (p = 0.06) bodyweight
and back-fat depth at weaning than sows in Group CON. These results confirm better
self-regulation of the feed intake with ESF systems, avoiding wastage of feed as in the case
of traditional feeders. A possible explanation may be related to the fact that ESF sows have
feed availability more times per day but in a lower amount, which diminishes refusal and
wastage of food and allows better digestibility of diets, as described by Nielsen et al. [27].
These details may be of importance for the lifetime production of the sows because a
better body condition at weaning is related to better weaning-to-estrus intervals, fertility,
prolificacy and longevity [29–31]. On the other hand, there were no significant differences
in blood metabolism indexes between sows in Groups ESF and CON; this is an expected
finding since there were no sows affected by any pathology and the sows received the
same diet. Similar results were found in piglets, excepting lower—but within physiological
values [32]—plasma concentrations of HDL cholesterol and proteins in Group ESF at
14 days of lactation. These specific differences in the values of proteins and lipids may
be related to the differences in the content of protein and fat of the milk at that moment,
since they are primarily affected by the nutritional value of the feed [32,33]. Afterwards,
at weaning, the metabolic parameters were again similar between groups, which may be
related to the assignment of the same creep feeding to all the piglets from 14 days onwards;
hence, the nutritional value of the feed is more similar between groups and creep feeding
drives this value.

Overall, our results indicate an important economic impact of ESF systems when
compared to traditional systems: firstly, directly, with heavier litters and sows in better body
condition with lower feed intake, which means a financial benefit of EUR 0.5 per weaned
piglet; secondly, indirectly, because of the developmental trajectory of the piglets produced.
It is well known that producing heavier piglets and litters at weaning has provided benefits
in the subsequent phases because large piglets have a higher feed intake and growth
competence than smaller piglets during the nursery and growing phases [34]. Furthermore,
heavier piglets require simpler diets in nutritional terms (lower content of milk powder,
cooked/extruded cereals, lower percentage of soy concentrates and lower proportion of
available amino acids), so the costs associated with early-age feeding, involving complex
components and high protein and amino acid levels during longer periods, decrease [35,36].
Moreover, smaller weaned piglets have higher mortality during the nursery and growing
periods [35], with differences reaching even 54% when compared to larger piglets [37].
Finally, heavier piglets not only have higher ADWG during the nursery and growing
phases but also have fewer days-to-slaughterhouse and better carcass quality [34].

5. Conclusions

The results of this study indicate that, under farm conditions, the use of precision live-
stock farming systems and, specifically, electronic sow feeders offers remarkable technical
and economic outputs compared with traditional feeders due to the weaning of heavier
piglets with a lower amount of feed per kg of weaned piglet, which means a financial
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benefit of EUR 0.5 per weaned piglet. These findings show the importance of sows’ intake
and pave the way for future research.

Supplementary Materials: The following is available online at https://www.mdpi.com/article/10.3
390/ani14192863/s1: Table S1: Composition and calculated analysis of the diets used in both trials.
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