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Reduced protein levels in nursery diets have been associated with a lower risk of postweaning diarrhea,
but the interaction with CP levels in maternal diet on the performance of the offspring remains unclear.
The objective of this study was to determine the effect of protein content in sow gestation and piglet
nursery diets on the performance of the piglets until slaughter. This was studied in a 2 � 2 factorial trial
(35 sows, 209 piglets), with higher or lower (H or L) dietary CP in sow diets (168 vs 122 g CP/kg) during
late gestation. A standard lactation feed was provided for all sows (160 g CP/kg). For both sow treatments,
half of the litters received a higher or lower CP in the piglet nursery diet (210 vs 166 g CP/kg). This
resulted in four possible treatment combinations: HH, HL, LH and LL, with sow treatment as first and pig-
let treatment as second letter. For each phase, all diets were iso-energetic and had a similar level of essen-
tial amino acids. Ps*p is the p-value for the interaction effect between sow and piglet treatment. In the
nursery phase (3.5–9 weeks of age), a tendency toward interaction between piglet and sow treatments
with feed efficiency (Ps*p = 0.08) was observed with HH having the highest gain:feed ratio (G:F) (0.74 ±
0.01), LH the lowest (0.70 ± 0.01) and the other two groups intermediate. In the growing-finishing phase,
an interaction was observed between the piglet and sow diets with decreased G:F for LH (Ps*p = 0.04) and
a tendency toward interaction with increased daily feed intake for LH (Ps*p = 0.07). The sow diet showed a
tendency toward a long-lasting effect on the dressing percentage and meat thickness of the offspring,
which was higher for the progeny of H sows (Ps < 0.01 and Ps = 0.02, respectively). At 23 weeks, serum
urea concentrations tended to be lower for the HH and LL groups (Ps*p = 0.07). Fecal consistency scores
were higher at day 10–day 14 after weaning for piglets from L sows (Ps = 0.03 and Ps < 0.01, respectively).
At day 7 after weaning, fecal consistency score was higher for piglets fed the higher protein diet
(Pp < 0.01). At 8 weeks of age, the apparent total tract digestibility of CP (ATTDCP) interacted between pig-
let and sow diet (Ps*p = 0.02), with HH showing the highest digestibility values. In conclusion, the protein
levels in sow late-gestation and piglet nursery diets interacted with feed efficiency, ATTDCP and serum
urea concentrations in the nursery phase.
� 2021 The Authors. Published by Elsevier B.V. on behalf of The Animal Consortium. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Implications Further research must be performed to confirm the results before
We studied the interactions between the late-gestation diet and
the nursery diet with the performance and health status of piglets
until slaughter. The overall results show that sow late-gestation
diet affected the offspring until slaughter. Reducing protein levels
in the maternal late-gestation diet and increasing protein levels
in the nursery piglet diet led to a higher fecal consistency score
and feed intake after weaning without an increase in daily gain.
they can become applicable in practice.

Introduction

Low protein levels in nursery diets have been associated with a
lower risk of postweaning diarrhea (Ball and Aherne, 1987; Heo
et al., 2009; Wan et al., 2020). The main reasons for anti-
diarrheal effects of low CP diets include decreased buffering capac-
ity throughout the gastro-intestinal tract. The lower pH improves
protein digestion and reduces the proliferation of pathogenic
bacteria such as enterotoxigenic Escherichia coli (E. coli)
(Heo et al., 2009; Ma et al., 2017). E. coli is often associated with
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postweaning diarrhea and affects the piglets mostly during the first
14 days after weaning (Amezcua et al., 2002; Fairbrother et al.,
2005). In addition, lower dietary CP levels decrease nitrogen excre-
tion and consequently diminish the negative effects on the envi-
ronment. To avoid negative effects on animal growth
performance, amino acid profiles are commonly balanced using
crystalline amino acids to achieve low protein diets (Kerr et al.,
2003).

Maternal dietary CP during gestation has been shown to affect
the phenotype of offspring until slaughter (Altmann et al., 2012a).
This concept is known as ‘maternal programming’ or ‘metabolic
programming’ and is defined as a nutritional intrauterine and/or
early postnatal stimulus or insult at a critical period of development
with lasting or lifelong significance (Kaske et al., 2010). According
to this concept, providing both sow and fetus with optimal dietary
amino acids during late gestation with optimal dietary amino acids
will positively influence the development of the offspring (Seoane
et al., 2020). However, what is optimal for the sow during gestation
is different than what is optimal for the fetus (Gluckman and
Hanson, 2004). Several studies have been conducted to explore
the effect of late-gestation diets – either in combination or not with
different lactation diets – on the performance of piglets until wean-
ing (Altmann et al., 2012b; Luo et al., 2019; Rooney et al., 2020), but
only few studies have examined the long-term effects of maternal
dietary CP in pigs (Altmann et al., 2012a; Hines et al., 2019).
Hines et al. (2019) supplemented L-arginine during different stages
of gestation and found improved piglet performance until weaning,
but no differences were found in finishers until slaughter. The mis-
match theory states that when the fetal and postnatal environment
do not match (e.g., poor in nutrients during fetal development, but
rich in nutrients during their postnatal life), this may result in
metabolic inefficiencies, suboptimal development and possibly
even disease (van der Waaij et al., 2011; Lesuisse et al., 2018;
Seoane et al., 2020). This trans-generational mismatch could also
influence pig performance until slaughter. This has been addressed
in very few studies with pigs and none in combination with CP
levels. A study on broilers from van der Waaij et al. (2011) showed
that the dietary CP imposed on parents directly affected how the
offspring responded to their metabolized dietary CP levels (van
der Waaij et al., 2011). Lesuisse et al. (2017) performed a multigen-
erational experiment with broiler breeders in which F0 (mother)
and F1 (offspring) received either high or low (balanced) protein/
amino acid diets. These studies showed that the diet imposed on
F0 directly affected F1 until slaughter and seemed to influence
how the offspring metabolized dietary CP levels. These observa-
tions may be similar for pigs; if so, this would suggest that the CP
levels of the sow would need to be considered when formulating
the diet of the piglets.

In the present trial, the objective was to study the interaction
between CP levels in late gestation and nursery diet with the per-
formance of piglets until slaughter. Therefore, we hypothesized
that the CP level in the sow’s diet during late gestation may affect
how the piglets react to nursery diets with a different CP content,
and that this difference may influence the piglet’s health or resili-
ence during the nursery phase and overall performance until
slaughter. Health and resilience, which are related to postweaning
diarrhea, were measured by immunoglobulins in milk and serum,
fecal consistency in the nursery phase and fecal E. coli counts.

Material and methods

Experimental design

The study was a 2 � 2 factorial trial (35 sows, 209 piglets), with
higher or lower CP levels in sow diets (168 vs 122 g CP/kg) during
2

the last 5 weeks of gestation and high or low CP levels in piglet
nursery diets (210 vs 166 g CP/kg). This resulted in four treatment
groups: higher protein level in sow and piglet diets (HH), higher
protein level in sow diet and lower protein level in piglet diet
(HL), lower protein level in sow diet and higher protein level in
piglet diet (LH), lower protein level in both piglet and sow diets
(LL). The piglets were studied until slaughter.

All experimental procedures involving animals in this trial were
approved by the Ethics Commission of Flanders Research Institute
for Agriculture, Fisheries and Food (ILVO) (EC:2018/311). The
experiments were performed from February 22nd, 2018 until Octo-
ber 17th, 2018.

Animals and management

The experiment was conducted at ILVO (Melle, Belgium). A total
of 35 hybrid sows (Ra-Se; parity 1–8) were used for this experi-
ment, divided over two batches (n = 18 sows in batch 1, n = 17
in batch 2) with a 3-week interval and an average parity of
3.7 ± 0.5 (batch 1 = 3.8 ± 0.6, batch 2 = 3.5 ± 0.7). All sows were
inseminated with semen from either 1 or 2 Piétrain boars. During
gestation, sows were group-housed in partly slatted concrete floor
compartments of 19.00 m � 4.25 m and the temperature was set at
18 �C. Sows had access to a back-brush, several water drinking
points, and separate compartments with mats. Natural daylight
supplemented with artificial lighting was provided between 0730
and 1530 for the entire experimental period for sows and piglets.

At 107 ± 1 days after insemination and 7 ± 2 days before the
expected farrowing date, sows were relocated from group housing
to farrowing crates. The farrowing house consisted of four com-
partments with ten farrowing crates per compartment and two
compartments per batch. Each farrowing crate consisted of a 1.90
m � 1.70 m PVC slatted floor with 1.75 m � 0.60 m metal slatted
floor. Sows had access to an individual feeding trough and a water
nipple. Two heat lamps per sow were provided for the piglets. The
temperature in the farrowing compartments was kept constant at
approximately 25 �C. At birth, the piglets were weighed and num-
bered with ear tags. All piglets stayed with their mother after birth
(no cross fostering took place). After 1 week, the weak and small
piglets from litters larger than 15 piglets were relocated and
excluded from the experiment, resulting in an average of
12.1 ± 0.4 piglets per litter. As piglet intake of creep feed can vary
and thus confound the experiment, no creep feed was provided.

The piglets used in the experiment were weaned at 3.5 weeks of
age (24 ± 2 days after farrowing). At 28 ± 2 days after farrowing, the
remaining non-experimental piglets were weaned and the sows
were removed from the farrowing pens.

Each nursery pen in the experiment consisted of the six sibling
piglets with the most average BW (three gilts and three barrows,
ntotal = 209, 35 pens). Due to a shortage of female piglets in one lit-
ter, the corresponding pen contained only two gilts and three bar-
rows. Two additional pens contained four barrows and two gilts.
Piglets were kept in pens of 1.8 m2 with a slatted floor covered
with PVC and enriched with a ball fastened to a chain. The feeding
trough was 1 m wide and was located in the front of the pen and
two water nipples on the back wall. The starting temperature
was 26 �C; this was gradually decreased to 22 �C by the end of
the nursery phase. In this phase, one piglet needed antibiotic treat-
ment and was removed from the experiment. At 4.5 weeks of age,
one barrow was removed from each pen (npen = 5) and euthanized
for additional measurements (data not shown) (new ntotal = 174).

After the nursery phase, at 9 weeks of age, the gilts (n = 101)
from each pen were transferred to the fattening stables, housed
per two or three (sisters) depending on the nursery composition
of the pen, in half-slatted pens of 3.70 m2 until slaughter. The feed-
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ing trough, which measured 0.30 m � 0.39 m, was located in the
front of the pen and two water nipples were found on the back
wall. The pen was enriched with a ball on a chain and a chewing
cotton chord. In this phase, one piglet needed antibiotic treatment
and was removed from the experiment.

Diets

Sows were divided into two dietary treatment groups starting
on d79 of gestation. This was 35 days before the expected farrow-
ing date (114 ± 2 days after insemination). The diets contained two
CP levels (122 vs 168 g CP/kg). These amounts are less than and
greater than, respectively, the commercial CP content in feeds typ-
ically given in Belgium (140–160 g CP /kg). All feeds had similar
essential amino acid and energy levels (6.5 g standardized ileal
digestible (SID) lysine (LYS) g/kg, 9.1 MJ/kg net energy). Through-
out the gestation period, before the treatments, all sows were fed
a commercial gestation feed (Leievoeders N.V., Waregem, Belgium)
in a feeding station (Nedap, Nedap Livestock Management,
Groenlo, the Netherlands) set to 2.6 kg per sow per day. Directly
after farrowing, all sows received the same lactation feed (162 g
CP/kg, 8 g SID LYS/kg, 9.4 MJ/kg, Table 1). This was formulated
according to the recommendations for commercial practices in Bel-
gium (160–170 g CP/kg). Portions of sow lactation feed were
increased gradually over 5 days up to 7.50 kg per day. As noted
above, piglets did not receive creep feed during the lactation per-
iod. During the nursery phase, from 3.5 to 9 weeks of age, each
pen was assigned to a lower (166 g/kg) or higher (210 g/kg) CP diet
with similar levels of essential amino acids and energy levels
(10.5 g SID LYS/kg, 9.8 MJ/kg, Table 1). These amounts are less than
and greater than those recommended for commercial practices in
Belgium (170–185 g CP/kg). (National Research Council (NRC),
2012; CVB, 2016). During the fattening period, all pigs received
the same 3-phase diet (9–15 weeks of age, 15–20 weeks of age,
and 20–24 weeks of age; Table 1). The diets contained 9.5, 8.5,
7.8 g SID lysine and 9.6, 9.5, 9.4 MJ/kg net energy for the first, sec-
ond and third phases, respectively. The pigs had ad libitum access
to water and feed. All feeds were pelleted and Acid Insoluble Ash
(SiO2, AIA) was used as a digestibility marker in all experimental
diets.

Measurements and analyses

Performance and carcass measurements
Sow BW and backfat thickness were measured on d78 and d107

of gestation, and again at 28 days after farrowing. Piglets’ BW, daily
feed intake (DFI), daily gain (DG) and gain-over-feed (G:F) were
determined and calculated per phase and from birth until
slaughter.

At 24 weeks of age, one gilt from each pen was euthanized for
additional measurements (data not shown). This was the endpoint
for the data collection on growth performance. The remaining gilt
(s) were slaughtered at 25 weeks of age. Before slaughter, the gilts
(n = 76) were fasted for 20 h and transported for 85 km to a com-
mercial slaughterhouse. Carcass quality parameters (muscle thick-
ness, fat thickness) were measured using the AutoFOM III
(Carometec A/S, Denmark) from all animals. At the slaughterhouse,
15 gilts from batch 1 could not be identified, resulting in 61 ani-
mals with carcass measurements (n = 17 out of 25, 14 out of 27,
12 out of 22, 18 out of 26 resp. for HH, HL, LH, LL). Ham fat thick-
ness = Average fat measurements at the Minimum Fat Thickness
point, 7 cm from the backbone (R4P2). Ham fat max = maximal
value of the ham cut. Dressing percentage was calculated by cold
carcass weight divided by fasted live weight before transport to
slaughter.

Lean meat percentage was calculated by the equation approved
by the regulation 2012/416/EU (European Union (EU), 2012).
3

Muscle growth per day was calculated based on the following
equation:

Muscle growth per day

¼ ðSlaughter weight� LMP at slaughterÞ � ðBW� 0:45Þ
days between start and slaughter

where BW at the end of the nursery period. The value of 0.45 is an
estimate for the percentage of lean meat in pigs of 20 kg as a refer-
ence for the piglets at the end of the nursery phase according to the
measurements of Susenbeth and Keitel (1988).
Euthanasia
The piglets were anesthetized using a Zoletil 100� (Virbac, Lou-

vain la Neuve, Belgium) and Xyl-M� 2% (VMD, Arendonk, Belgium)
intramuscular injection and euthanized using an intracardial injec-
tion of Release� 300 mg/ml (ECUPHAR NV/SA, Oostkamp, Belgium).
Blood analysis
Blood was collected intracardially from pigs that were eutha-

nized for additional measurements (data not shown) at weaning
(3.5 weeks of age, n = 12 (six gilts, and six barrows)), 4.5 weeks
of age (n = 16 barrows), and 9 weeks of age after weaning
(n = 16 barrows). At 13, 18 and 23 weeks of age, blood was sampled
from one gilt per pen by puncturing the jugular vein using a Preci-
sionGlide needle; 9 mL blood was collected in BD VacutainerTM

SSTTM II Advance Tubes (BD Life Sciences, San Antonio, TX, USA).
After sampling, blood was kept on ice for approximately 1–4 h
until serum was obtained by centrifuging at 1500g for 10 min at
4 �C; serum was frozen in Eppendorf tubes (2 ml) at �80 �C until
further analysis. Urea concentrations in serum (mg/dL) were mea-
sured by UREAL v9 protocol by a commercial lab (Centrum voor
Medische Analyse bv, Herentals, Belgium).
Colostrum/milk collection and analysis
Colostrum was collected from the posterior and medial teats

within 3 h after farrowing for determination of CP, crude fat and
concentration of immunoglobulins G and A. Milk was collected
from the same teats 7 days after farrowing (all sows) and 14 days
after farrowing (sows of the second batch). Colostrum and milk
were hand-collected from sows within 20 minutes after adminis-
tration of an intramuscular injection of 2 mL oxytocin to the neck.
Before milking, all nipples were cleaned with ethanol wipes; sterile
gloves were worn. Samples (between 10 and 30 mL) were collected
in 50 mL plastic tubes and stored at �20 �C until further analysis.

Protein and fat content of colostrum and milk were determined
using Fourier-transform infrared spectroscopy on a Standard Lac-
toscope FT-MIR automatic (Delta Instruments, Drachten, The
Netherlands) (Leblois et al., 2017).

Immunoglobulin-G (IgG) and Immunoglobulin-A (IgA) concen-
trations were determined in colostrum and serum of sows by ELISA
using goat-anti-pig antibodies, according to the manufacturer’s
recommendations (Bethyl Laboratories, Montgomery, AL, USA
and R&D Systems, Oxon, UK, respectively) and as described in
(Leblois et al., 2018). Samples in duplicate were quantified by
interpolating their absorbance from the standard curves con-
structed with known concentrations of each pig immunoglobulin
class and corrected for sample dilution according to the manufac-
turer protocols (E101-104): pig IgG ELISA Kit and (E101-102) Pig
IgA ELISA Kit (Bethyl Laboratories, Montgomery, AL, USA and
R&D Systems, Oxon, UK, respectively). The intra-assay coefficient
of variability (%CV) was 3.49%, 4.06%, 3.19% and 4.14% for colos-
trum IgA and IgG and serum IgA and IgG, respectively. The detec-
tion range was 15.6–1 000 and 7.8–500 ng/ml for IgA and IgG
assays, respectively. Colostrum was diluted 1:50 000 for IgA and



Table 1
Ingredient composition (%) and calculated1 (analyzed) nutrient composition (g/kg, unless otherwise mentioned) of the eight feeds used during the experiment for all pig diets.

Sow Piglet

Gestation (last 5 weeks
of gestation)

Postweaning (3.5–
9 weeks of age)

Growing-finishing

Unit Higher CP Lower CP Lactation Higher CP Lower CP Phase 1
(9–14 weeks)

Phase 2
(15–20 weeks)

Phase 3
(21–25 weeks)

Ingredient composition
Corn % 12.3 26.0 20.0 5.85 15.00 25.00 20.0 21.00
Wheat % 19.8 19.8 14.7 26.0 24.58 24.99 25.0 25.00
Beet pulp % 9.40 11.7 7.16 5.00 5.00 6.00
Barley % 10.0 10.0 20.0 24.0 30.0 17.4 25.0 25.0
Wheat middlings % 13.3 9.24 1.47 1.06
Alfalfa meal % 2.50 5.21 2.50 1.19 1.1 3.60
Palm kernels % 2.25 3.94 5.00 2.47 1.62
Beet molasses % 3.00 3.00 3.50 3.00 3.00 3.00 3.00 3.00
Rapeseed meal % 8.00 2.23 4.98 1.81 1.43
Premix2 % 1.10 1.10 1.10 6.00 6.00 1.00 1.00 1.00
Toasted soybeans % 12.32 9.00
Soybean meal (47.2% CP) % 13.0 1.95 14.14 12.0 1.15 13.6 10.8 8.97
Wheat gluten feed (77.6% CP) % 2.26 2.00
Potato protein % 2.00 2.00
Soy oil % 3.00 1.72 2.95 1.73 1.22 2.09 1.98 1.71
Animal fat %
Celite % 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Limestone % 0.95 0.99 1.55 0.69 0.73 1.20 1.30 1.02
Phytase (Ronozyme, 1000 PHYT/g)3 % 0.10 0.10 0.15 0.15 0.15 0.10 0.10 0.10
Sodium bicarbonate % 0.48 0.70 0.29 0.34 0.30
L-Lysine HCL % 0.44 0.22 0.24 0.65 0.52 0.47 0.43
Monocalcium phosphate % 0.05 0.36 0.43 0.39 0.51 0.27 0.10 0.11
Salt % 0.36 0.24 0.43 0.41 0.37 0.33 0.35
L-threonine % 0.01 0.22 0.09 0.06 0.25 0.22 0.19 0.18
Dl-methionine % 0.15 0.05 0.08 0.19 0.18 0.14 0.13
L-Isoleucine % 0.09 0.01 0.05
L-Valine % 0.08 0.08 0.15 0.07 0.05 0.03
L-tryptophan % 0.04 0.02 0.09 0.05 0.03 0.03
L-histidine % 0.04
L-leucine % 0.09

Nutrient composition
DM g/kg 884 (897) 883 (900) 882 (899) 882 (904) 882 (899) 879 (888) 878 (894) 878 (895)
CP g/kg 170 (168) 120 (122) 160 (162) 210 (210) 165 (166) 153 (152) 143 (141) 136 (136)
Crude fat g/kg 54 (51) 43 (41) 54 (51) 58 (58) 48 (49) 43 (44) 40 (40) 36 (39)
Crude ash g/kg 68 (62) 66 (64) 72 (70) 60 (58) 55 (52) 61 (58) 60 (58) 59 (55)
Crude fiber g/kg 71 (65) 75 (67) 65 (59) 37 (36) 34 (31) 45 (39) 45 (40) 50 (47)
Net energy MJ/kg 9.100 9.100 9.400 9.800 9.800 9.600 9.500 9.400
Starch g/kg 259 331 300 302 377 379 389 395
Sugar g/kg 59 45 53 86 74 46 45 44
NSP g/kg 271 274 237 166 161 193 197 204
ADF g/kg 92 (86) 93 (81) 80 (67) 44 (44) 41 (38) 56 (47) 56 (47) 59 (49)
ADL g/kg 17 (18) 17 (14) 15 (12) 9 (6) 9 (6) 9 (7) 9 (6) 10 (6)
NDF g/kg 208 (166) 208 (166) 164 (137) 105 (93) 108 (87) 134 (103) 140 (106) 143 (105)
Kalium g/kg 9.8 7.5 8.7 10.0 7.5 7.7 7.3 7.5
Chlorine g/kg 3.5 3.8 4.4 5.3 3.7 4.3 4.1 4.2
Calcium g/kg 7.5 8.0 10.5 5.5 5.5 7.8 7.8 7.1
Phosphor g/kg 5.0 4.5 4.6 4.8 4.6 3.8 3.5 3.3
SID lysine g/kg 6.5 6.5 8 10.5 10.5 9.5 8.5 7.8
SID M + C g/kg 4.3 4.3 4.6 6.3 6.3 5.7 5.2 4.8
SID methionine g/kg 2.1 2.9 2.5 3.5 4.0 3.7 3.2 3.0
SID threonine g/kg 4.7 4.7 5.6 6.8 6.8 6.3 5.7 5.3
SID tryptophan g/kg 1.7 1.4 1.7 2.3 2.3 1.9 1.6 1.5
SID arginine g/kg 8.8 4.8 8.1 10.8 6.9 7.6 6.8 6.2
SID leucine g/kg 9.7 6.4 9.7 12.9 10.5 9.6 8.7 8.3
SID isoleucine g/kg 5.3 3.8 5.2 7.2 5.4 4.8 4.4 4.1
SID valine g/kg 6.2 4.6 6.8 8.1 7.4 6.3 5.7 5.2
SID histidine g/kg 3.5 2.1 3.1 4.2 3.4 3.1 2.8 2.7
SID phenylalanine g/kg 6.1 3.6 6.0 8.6 6.2 5.9 5.5 5.2

SID = Standardized ileal digestibility; NSP = non-starch polysaccharides; M + C = methionine and cysteine.
1 According to CVB (2007).
2 The sow premix provided the following quantities of vitamins and minerals per kilogram feed: vitamin A, 12 000 IU; vitamin D3, 2 000 IU; vitamin E, 75 mg; vitamin K3,

1 mg; vitamin B1, 1.5 mg; vitamin B2, 18 mg; calcium pantothenate 18 mg; vitamin B6, 4 mg; vitamin B12, 0.03 mg; vitamin PP, 25 mg; folic acid, 3 mg; biotin, 0.3 mg;
choline, 432.5 mg; Ca, 888 mg; P, 54.6 mg; Mg, 165 mg; Na, 3 mg; Cl, 123 mg; K, 76 mg; S, 112 mg; Fe, 150 mg; Cu, 15 mg; Mn, 50 mg; Zn, 100 mg; I, 2 mg; Se, 0.4 mg. The
piglet premix (6%) contained 80% dairy products and 20% vitamin and mineral premix, providing the following quantities of vitamins and minerals per kilogram of feed:
vitamin A, 15 000 IU; vitamin D3, 2 000 IU; vitamin E, 100 mg; vitamin K, 2 mg; vitamin B1, 2.5 mg; vitamin B2, 7.5 mg; vitamin B5, 20 mg; vitamin B6, 5 mg; vitamin B12,
0.04 mg; vitamin C, 100 mg; vitamin PP, 30 mg; choline, 324 mg; folic acid, 3 mg; biotin, 0.15 mg; Ca, 516 mg; P, 419 mg; Mg, 165 mg; Na, 353 mg; Cl, 1 375 mg; K, 1 227 mg;
S, 234 mg; Fe, 100 mg; Cu, 160 mg; Mn, 60 mg; Zn, 100 mg; I, 2 mg; Se, 0.4 mg.

3 Ronozyme Hiphos, the concentration added provided 1–500, 500–1 000 or 1 000–1 500 phytase units/kg.
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1:1 000 000 for IgG. Serum was diluted 1:10 000 for IgA and
1:200 000 for IgG analysis.

Feces collection and analysis of feed and feces
Fresh feces were sampled from the rectum of 35 sows at six and

1 week before and 3 weeks after farrowing, and from piglets at 8,
13, 18, and 23 weeks of age. Fecal sampling was performed once
per day on five consecutive days and samples were stored at
�20 �C. Sow feces were collected and analyzed per sow and piglet
feces were collected once daily for five consecutive days from at
least two piglets and pooled per pen. Feces samples were stored
in the freezer until homogenization, then refrozen until freeze-
drying. For the freeze-drying process, the drying chamber was
set to �20 �C, the compensator to �55 �C and pressure was
0.7 mbar. The samples were dried until the sample temperature
was 20 �C as measured with a probe. The dried samples were
ground to pass through a sieve of 1 mm mesh size for further anal-
ysis of DM (European Commission (EC), 1971), AIA (McCarthy and
Molloy, 1974), CP (ISO 5983–2), crude ash (ISO 5984), crude fat,
crude fiber, acid detergent fiber, neutral detergent fiber, and acid
detergent lignin (Van Soest et al., 1991). Amino acid composition
was analyzed after acid hydrolysis (European Commission (EC),
1998) and tryptophan after alkaline hydrolysis (European
Commission (EC), 2000). Apparent total tract digestibility of CP
(ATTDCP) was calculated using the formula:

ATTDcp ¼ 100� 1� ðNUF � AIADÞ
NUD � AIAFÞ

where ATTDcp = apparent ATTD of CP, AIAD = dietary concentration
of AIA, NUD = nutrient concentration of diet (Table 1), NUF = nutrient
concentration of feces, AIAF = fecal concentrations of AIA (Kong and
Adeola, 2014).

Fecal observations. After weaning, fecal consistency scores were
determined during the nursery phase from 3.5 until 9 weeks of
age. Scores were assigned twice a week per pen by the same person
using a tagged visual analog scale (tVAS) (McCormack et al., 1988)
from 0 to 100 mm (0 = normal, 20 = slightly less firm, 40 = yogurt-
like consistency, 60 = diarrhea laying on the slats; 80 = diarrhea not
laying on the slats; to 100 = watery diarrhea).

E. coli shedding. From each sow, fecal samples were taken from the
rectum at d79 of gestation (before treatment), d107 of gestation,
d108 (after moving into the farrowing crates) and 3 weeks after
farrowing. Fecal samples from piglets were collected from two pig-
lets per pen at 4 and 5 weeks. Fecal samples were diluted 1:10 with
BIO-RADmaximum recovery diluent, homogenized by a Masticator
(IUL Instruments, S.A., Barcelona, Spain) and incubated at 44 �C for
24 h on RAPID’E. coli 2 Medium (Bio-Rad Laboratories, Hercules,
CA, USA). E. coli colony-forming units (CFUs) were counted using
counting grids from Don Whitley Scientific Limited (Whitley Auto-
mated Spiral Plater, 1997).

Statistical analysis
Statistical analysis was performed using R version 3.6.1 (2019-

07-05) – ‘‘Action of the Toes” �2019 The R Foundation for Statisti-
cal Computing; platform i386-w64-mingw32/i386 (32-bit) with
linear mixed-effect models (lme4 package) for single measure-
ments. During the gestation and lactation periods, sow was the
experimental unit. During the nursery and fattening phase, pen
was the experimental unit. For performance parameters and
ATTDcp of sows, the model included sow diet, pig diet and their
interaction as a fixed factor and compartment as a random factor.
For carcass quality measurements, carcass weight was included as
the fixed factor and pen and slaughter date as a random effect. Sow
5

weight and backfat thickness were considered as repeated mea-
sures and sampling date was used as a factor in the repeated mea-
sures ANOVA. Repeated measures ANOVA (lme4 package) was
used to analyze performance parameters (sow and piglets), compo-
sition measures in colostrum and milk, ATTDcp of piglets, fecal con-
sistency score and E. coli shedding. E. coli colony-forming unit per
gram feces were calculated and logarithmically transformed before
statistical analysis. During statistical analysis of E. coli, outliers
were identified with the box plot function and were temporarily
removed within RStudio to confirm that there were no effects on
the results. The outliers were re-inserted. When an interaction
was observed between sow and piglet treatments, a post hoc pair-
wise comparison with a Tukey correction between groups and esti-
mated marginal means (emmeans package) was performed. For
parameters measured during gestation and lactation in sows, the
boar used for insemination was included as fixed factor. Parity of
sows was included as fixed factor in relevant models related to
sow reproduction parameters. For all parameters, differences were
considered significant when P < 0.05 and a tendency was defined
when 0.1 � P-value � 0.05. Throughout the document, Ps*p denotes
the p-value for the interaction between sow and piglet treatment,
Ps for the effect of sow treatment and Pp for the effect of piglet
treatment. All means reported in this paper are raw averaged
numbers.
Results

At 11 days after weaning, one animal was excluded from the
experiment as recommended by a veterinarian due to illness and
antibiotic treatment.

Performance

Sow performance parameters did not differ significantly
between treatments (Table 2). Progeny of sows receiving the H
sow diet tended to have increased BW at birth (Ps = 0.10). At
9 weeks of age, piglets did not show significant differences in
BW, DFI, and DG (Table 3). Sow and piglet diet tended to interact
with feed efficiency (Ps*p = 0.08), with HH having the highest G:F
(0.74 ± 0.01) and LH the lowest (0.70 ± 0.01) and the two other
groups intermediate values. In phase 2 of the fattening period
(15–20 weeks of age), pigs from the H sows tended to have a higher
DG (Ps = 0.06) and higher G:F (Ps = 0.08). This effect was no longer
visible in phase 3 (20–24 weeks of age). Over the total fattening
phase, from 9 to 24 weeks of age, an interaction between sow
and piglet feed was observed for G:F (Ps*p = 0.04) which was higher
for HH and LL with a tendency toward higher DFI for LH compared
to the other three treatment groups (Ps*p = 0.07). An increased
dressing percentage and meat thickness was observed in progeny
of sows that received a higher protein diet compared to those of
L sows (Ps < 0.01 and P = 0.02 respectively, Table 4). No other sig-
nificant differences in carcass composition nor daily muscle
growth were observed.

Colostrum and milk composition

CP levels in colostrum and milk did not differ between treat-
ment groups (Ps = 0.12, Table 5). Crude fat levels in colostrum
did not differ between treatment groups (Ps = 0.98), but the fat con-
tent in milk was higher (Ps < 0.01) at d7 post-partum and tended to
be higher (Ps = 0.06) at d14 post-partum in sows receiving the H
diet.

Sows that received the L diet had higher IgG levels in colostrum
(Ps = 0.05), while IgA levels did not differ. In the serum of sows, no
significant differences in IgA or IgG levels were observed.



Table 2
Effect of CP level in late-gestation diet on reproduction parameters of sows.

Higher protein (H)
(n = 18)

Lower protein (L)
(n = 17)

Parameters Measurement time1 Mean SE Mean SE Psow

Parity 3.6 1 3.8 1 0.87
BW (kg) �6 weeks 235 9 236 11 0.83

�1 week 250 11 261 13 0.40
Weaning 220 10 227 11 0.57

Backfat thickness (mm) �6 weeks 15 1 15 1 0.79
�1 week 15 1 17 1 0.35
Weaning 11 1 12 1 0.44

Number of total piglets born per sow (#) 16.3 1.1 17.0 0.8 0.67
Live born piglets per sow (#) 14.9 0.7 14.8 0.6 0.33
Birth weight (of live-born piglets) (kg) 1.3 0.0 1.4 0.0 0.10
BW piglets at weaning (kg) 7.2 0.1 7.0 0.1 0.47
Number of weaned piglets per sow (#) 12.6 0.7 12.1 0.6 0.81
Feed intake sows during lactation (kg) 190 2 186 5 0.39

1 6 weeks before farrowing (�6 weeks) is just before the sows start receiving the treatment; �1 week = 1 week before farrowing; Weaning is at the time of weaning
(3.5 weeks of age = 24 ± 2 days of age).

Table 3
Effect of CP levels in gestation and nursery diets on performance results of piglets from 3.5 to 24 weeks of age.

Sow feed: Higher protein (H) Lower protein (L)

Piglet feed: Higher protein (HH)
(n = 9)

Lower protein (HL)
(n = 9)

Higher protein (LH)
(n = 8)

Lower protein (LL)
(n = 9)

n1 Mean Mean Mean Mean SEM Psow Ppiglet Psow*piglet

BW (kg)
9 weeks (gilts and barrows) 174 21.6 21.1 21.2 21.0 0.2 0.87 0.82 NS
9 weeks (gilts)1 101 21.2 21.6 21.0 20.9 0.3 0.69 0.89 NS
15 weeks 100 49 49 49 48 1 0.49 0.75 NS
20 weeks 100 79 78 77 75 1 0.09 0.55 NS
24 weeks 100 111 110 110 107 1 0.18 0.28 NS

Daily feed intake (g/d)
3.5–9 weeks (nursery) 174 509 522 518 515 17 0.66 0.62 NS
9–15 weeks (phase 1) 101 1 275 1 325 1 351 1 212 26 0.82 0.60 NS
15–20 weeks (phase 2) 100 1 984 1 956 1 963 1 892 30 0.62 0.58 NS
20–24 weeks (phase 3) 100 2 533 2 526 2 725a 2 454b 49 0.44 0.09 0.11
9–24 weeks 100 1 884 1 892 1 964a 1 807b 30 0.22 0.04 0.07

Daily gain (g/d)
3.5–9 weeks (nursery) 174 377 370 364 372 7 0.74 0.61 NS
9–15 weeks (phase 1) 100 660 652 660 636 11 0.62 0.49 NS
15–20 weeks (phase 2) 100 847A 829A 787B 781B 14 0.06 0.60 NS
20–24 weeks (phase 3) 100 947 943 984 938 16 0.52 0.34 NS
9–24 weeks 100 807 794 799 773 10 0.30 0.30 NS

Gain:Feed ratio (g/g)
3.5–9 weeks (nursery) 174 0.74 0.71 0.70 0.72 0.01 0.45 0.29 0.08
9–15 weeks (phase 1) 100 0.52A 0.49B 0.49B 0.53A 0.01 0.78 0.97 <0.01
15–20 weeks (phase 2) 100 0.43 0.49 0.40 0.41 0.01 0.08 0.89 NS
20–24 weeks (phase 3) 100 0.30 0.29 0.29 0.30 0.01 0.81 0.46 NS
9–24 weeks 100 0.43 0.42 0.41 0.43 0.01 0.51 0.07 0.04

A,BMean values sharing no common letter indicate a sow effect; a,bMean values sharing no common letter indicate an interaction effect; NS = not significant.
1 At 3.5 weeks of age, three gilt and three barrow siblings (n = 209) entered the nursery pens (n = 35). At 4.5 weeks of age, one barrow was removed from each pen. At

9 weeks of age, all remaining piglets were weighed (n = 174, five per pen). Only the gilts were used in the next phase (n = 101) and were weighed again.
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Apparent total tract digestibility of CP

The ATTDCP in sows was higher for the H sow diet before far-
rowing (Ps < 0.01, Table 6). For the ATTDCP of piglets at 8 weeks
of age, piglet and sow interacted (Ps*p = <0.01, Table 6), with HH
showing the highest (86.3 ± 0.33), HL the lowest (83.9 ± 0.62)
and LH and LL intermediate digestibility values.

Serum urea concentrations in sows and piglets

At weaning, offspring from H diet fed sows had lower urea con-
centrations in serum compared to offspring from L sows (Ps = 0.03,
Table 7). At 4.5 weeks of age, urea concentrations were affected by
6

both sow and piglet treatment, with no interaction between sow
and piglet diet (Ps = 0.02, Pp = <0.01, Table 7). Starting at 9 weeks
of age, the dietary protein level of the sow diet did not affect the
serum urea levels in the piglets. In the fattening phase (at 9, 13,
18 and 23 weeks of age), no sow or piglet effect was observed,
but a tendency toward an interaction (Ps*p = 0.07) was seen at
23 weeks of age, with the lowest serum urea levels in the LL and
HH groups (Ps*p = 0.07).

Fecal consistency and E. coli shedding

All fecal consistency scores were below 25, indicating a low
overall diarrhea score. No interactions were found between sow



Table 4
Effect of CP level in gestation and nursery diets on carcass measurements of pigs at slaughter.

Sow feed: Higher protein (H) Lower protein (L)

Piglet feed: Higher protein (HH)
(n = 17)

Lower protein (HL)
(n = 14)

Higher protein (LH)
(n = 12)

Lower protein (LL)
(n = 18)

Carcass quality measures1 Mean Mean Mean Mean SEM Psow
2 Ppiglet

2

Slaughter weight (kg) 119 117 117 115 1 0.38 0.57
Cold carcass weight (kg) 95 90 89 89 1 0.35 0.86
Dressing percentage (%) 78.9A 78.9A 78.0B 77.6B 0.6 <0.01 0.32
Fat thickness (mm) 8.9 7.9 8.3 8.4 1.0 0.40 0.86
Meat thickness (mm) 66A 64A 64A 60B 1 0.02 0.06
Ham fat thickness (mm) 7.2 6.5 7.2 6.7 0.6 0.40 0.78
Ham fat max (mm) 16.4 16.1 14.7 14.7 0.7 0.43 0.90
Lean Meat (%) 63 64 64 64 0 0.50 0.64
Muscle growth per day (weaning to slaughter) (g) 355 337 333 333 5 0.79 0.91
Muscle growth per day (fattening to slaughter) (g) 414 393 385 386 4 0.46 0.80

A,BMean values without a common letter indicate a sow effect.
1 Carcass quality parameters (muscle thickness, fat thickness) were measured using the AutoFOM III (Carometec A/S, Denmark). Ham fat thickness = Average fat mea-

surements at the Minimum Fat Thickness (MFT) point, 7 cm from the backbone (R4P2); Ham fat max = maximal value of the ham cut. Dressing percentage was calculated by
cold carcass weight divided by fasted live weight before transport to slaughter; Lean meat percentage was calculated by the equation approved by the regulation 2012/416/
EU (European Commission, 2012). Muscle growth per day was calculated based on the equation: Muscle growth per day = ((Slaughter weight � Lean meat percentage at
slaughter) � (W � 0.45))/(days between start and slaughter), where W = weight at the end of the nursery period. The value of 0.45 is an estimate for the percentage of lean
meat in pigs of 20 kg according to the measurements of Susenbeth and Keitel (1988).

2 Psow*piglet values are all >0.1, thus only the main effects of sow and piglet diet are presented in Table 4.

Table 5
Effect of CP level in sow diet on colostrum, milk and serum immunoglobulins G (IgG) and -A (IgA).

Sow feed

Higher protein (H) Lower protein (L)

Measured Matrix Time n1 Mean SE n1 Mean SE Psow

CP (%) Colostrum Farrowing 16 16.42 0.43 16 17.12 0.43 0.12
Milk First week of lactation 14 5.37 0.06 13 5.49 0.14 0.44
Milk Second week of lactation 9 5.37 0.16 8 5.26 0.06 0.62

Crude fat (%) Colostrum Farrowing 16 7.01 0.40 16 6.91 0.44 0.98
Milk First week of lactation 14 8.56 0.27 13 8.01 0.31 <0.01
Milk Second week of lactation 9 9.03 0.61 8 7.97 0.34 0.06

IgG Colostrum (mg/mL) Farrowing 16 60.12 5.67 16 72.30 3.13 0.04
Serum (lg/mL) Farrowing 16 2.14 0.09 18 2.12 0.09 0.74

IgA Colostrum (mg/mL) Farrowing 16 0.83 0.07 16 0.84 0.1 0.97
Serum (lg/mL) Farrowing 16 13.14 1.41 18 14.53 2.61 0.67

1 From the 35 sows divided in two batches, colostrum was successfully collected from only 32 sows. Milk was only successfully collected from 27 sows in week 1. For batch
2, milk was successfully collected at 2 weeks after farrowing (n = 17 sows).

Table 6
Effect of CP level in maternal and nursery diets on apparent total tract digestibility (ATTD) of CP of sows and their piglets.

Sow feed: Higher protein (H) Lower protein (L)
Mean Mean Psow

ATTDCP SOWS
1 week before farrowing 79.3 74.9 <0.001

Piglet feed: Higher protein(HH)
(n = 9)

Lower protein(HL)
(n = 9)

Higher protein(LH)
(n = 8)

Lower protein(LL)
(n = 9)

Mean Mean Mean Mean SEM Psow Ppiglet Psow*piglet

ATTDCP PIGLETS
8 weeks 86.3a 83.9b 85.1ab 85.3ab 0.28 0.03 0.78 <0.01
14 weeks 79.7 78.6 79.0 78.1 0.40 0.38 0.10 NS
19 weeks 77.8 77.2 77.4 77.5 0.33 0.89 0.61 NS
24 weeks 79.4 78.2 77.9 78.3 0.35 0.25 0.42 NS

a,bValues with no superscript in common are significantly different according to Tukey’s post hoc test; NS = not significant.
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and piglet diets. In the nursery phase (3.5–9 weeks of age), lower
fecal consistency scores were found in piglets from sows receiving
the higher protein diet at d10 and d14 after weaning (P < 0.01). In
addition, lower fecal consistency scores were found on d7 in the
piglets fed a lower protein diet (P < 0.01, Fig. 1). Fecal consistency
7

scores increased in H sow diets compared to the L sow diet on d10
(Ps = 0.03) and d14 (Ps < 0.01).

E. coli shedding from sows was not significantly different
between treatment groups, but did show a difference over time
(P < 0.001, Fig. 2A). E. coli shedding by piglets fed the H diet tended



Table 7
Effect of CP in maternal and nursery diets on serum urea concentrations (mg/dL) in sows and her piglets.

Sow treatment1 Higher protein (H) Lower protein (L)

Mean SE Mean SE Psow

Sows (6 weeks before farrowing) 21.36 0.27 21.34 1.27 0.90
Sows (1 week before farrowing) 24.59 1.27 15.73 0.69 <0.01
Piglets (at weaning)2 6.40 0.64 9.11 1.27 0.03

Piglet treatment1: Higher protein(HH) Lower protein(HL) Higher protein(LH) Lower protein (LL)2

Mean Mean Mean Mean SEM Psow Ppiglet Psow*piglet

4.5 weeks (nursery treatment) 23.91Ax 13.84Ay 20.24Bx 8.84By 1.45 0.002 <0.001 NS
9 weeks (nursery treatment) 21.30B 5.68A 23.95B 4.58A 1.72 0.57 <0.001 NS
Week 13 (phase 1) 8.38 7.52 9.75 7.42 0.44 0.62 0.22 NS
Week 18 (phase 2) 8.86 10.46 9.06 9.75 0.45 0.85 0.38 NS
Week 23 (phase 3) 10.37 12.91 12.92 10.66 0.68 0.91 0.92 0.07

A,BMean values sharing no common letter indicate a sow effect; x, yMean values sharing no common letter indicate a piglet effect; NS = not significant.
1 For sow treatment, the individual sows were the experimental units, thereof ntotal = 35, nH = 18 and nL = 17. For piglets at weaning (3.5 weeks of age), n = 24 (12 per sow

treatment). At 4.5 and 9 weeks, eight samples of serum per treatment were available. For piglet treatment at 13, 18 and 23 weeks of age, the pen was the experimental unit;
and ntotal = 35, nHH = 9, nHL = 9, nLH = 8 and nLL = 9.

2 Weaning is at 3.5 weeks of age.

Fig. 1. Effect of divergent CP in maternal and nursery diets on fecal consistency of piglets during the nursery phase (n = 35, pen). Bar chart with ± SE whiskers. The significant
differences between treatments (P < 0.05) are indicated with different letters within the same measurement day (AB for sow treatment, xy for piglet treatment). The original
scale is from 0 (no diarrhea) to 100 (watery diarrhea). HH = High sow, High piglet dietary CP, HL = High sow, Low piglet dietary CP, LH = Low sow, High piglet dietary CP,
LL = Low sow, Low piglet dietary CP.

Fig. 2. Effect of divergent CP in maternal and nursery diets on E. coli shedding in sows (left) and piglets (right) feces expressed as log colony-forming unit (CFU)/g feces. A)
Sow (n = 35) feces were collected at two time points during gestation (before and at the end of treatment) and at week 3 of the lactation phase. The error bars indicate SEM
and the line within the box the median. No significant differences were observed between treatments, but time had a statistically significant effect between days where d78
of gestation and d21 after farrowing were compared to 1 week before and 1 day in the farrowing crates (P < 0.001). H = high sow dietary CP, L = low sow dietary CP. B) Piglets
feces collected during the nursery phase at 3 days after weaning (d3, n = 26) and 10 days after weaning (d10, n = 32). Piglets receiving the H diet showed a tendency to lower
E. coli shedding on day 3 (Pp = 0.067). HH = High sow, High piglet dietary CP, HL = High sow, Low piglet dietary CP, LH = Low sow, High piglet dietary CP, LL = Low sow, Low
piglet dietary CP.
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to be lower at d3 after weaning (Pp = 0.067, Fig. 2B). From d3 to
d10, a decrease was observed in average E. coli shedding of piglets
(P < 0.001).

Discussion

It is increasingly recognized that periparturient events may
have long-term effects on offspring (Kennedy et al., 2019; Shang
et al., 2019; Seoane et al., 2020). To our knowledge, few studies
have been performed on possible interactions between the late-
gestation diet and the nursery diet with the performance and
health status of piglets until slaughter. In the present study, we
hypothesized that the response of piglets to a low or high CP nurs-
ery diet may be affected by the maternal diet received during late
gestation.

Differences between groups were generally small, but a few
parameters supported the maternal programming hypothesis.
One such parameter was feed efficiency (G:F), with the highest effi-
ciency for HH animals and the lowest for HL animals. Similarly, the
HH piglets showed higher ATTPCP values than the HL piglets, while
no difference was observed between LL and LH. Thus, when sows
were fed a higher protein and their piglets a lower protein diet
(mismatched), these piglets showed a decrease in the ATTDCP com-
pared to the piglets fed a higher protein diet, supporting our initial
hypothesis. This measured apparent digestibility is the result of
digestion and absorption processes occurring in the small intes-
tine, but an effect of the fermentation processes occurring in the
large intestine cannot be excluded.

The other mismatch group (LH) did not show different ATTDCP

compared to LL. In addition, the LH group had the highest feed
intake between 9 and 24 weeks, but this was not reflected in either
increased DG or G:F and was not visible at other time intervals.
Several studies on the topic of prenatal protein and offspring mis-
matching have been documented, but mainly in rats with a short-
age of dietary amino acids. Brenseke et al. (2013) reviewed many
factors that enable maternal programming as well as ‘environmen-
tal factors’ (Brenseke et al., 2013). These ‘environmental factors’ in
pigs include the gut and feed, thus dietary CP could support piglet
programming. This was also observed in chickens: Lower CP diets
fed to breeders during laying could improve the feed conversion
ratio of the F1, but also had an indirect influence on the N effi-
ciency in the F2 animals (Lesuisse et al., 2018). The programming
was reflected in the serum urea levels at 23 weeks of age, which
tended to be lower in the matched compared to the corresponding
mismatched group (LL vs LH, and HH vs HL), but this must be inter-
preted with caution. The exact reason for the decreased perfor-
mance of mismatched groups is unclear and the experiment
should be repeated to confirm observed effects.

The sow diet had direct effects on certain sow parameters,
which then in turn could affect the piglets. The ATTDCP in sows 1
week before farrowing was higher for the H diet compared to the
L diet. The difference between ATTDCP was unexpected as the SID
of amino acid had a similar formulation between the sow diets.
Fermentation processes in the large intestines according to avail-
able nutrients may explain the difference. In addition, H sows
showed higher serum urea concentrations while they did not have
any difference in performance results; this indicates an excess
amount of protein (Brown and Cline, 1974).

At slaughter, a tendency for a sow-diet effect was noted for the
dressing percentage and meat thickness, i.e., higher values for off-
spring of H fed sows. Similarly, Maresca et al. (2019) observed a
greater dressing percentage in the offspring of Angus cows when
the mothers were fed high levels of CP during late gestation
(Maresca et al., 2019).
9

Interestingly, H sows had lower colostrum IgG levels, which is
the most abundant immunoglobulin in colostrum and milk
(Hurley and Theil, 2013), while protein concentration was unaf-
fected. Protein levels in colostrum and milk are generally assumed
to be stable and independent of protein intake (Dourmad et al.,
1998; Mahan, 1998). Conversely, fat content in colostrum and milk
is considered the most variable fraction. We observed a higher fat
content in milk of H sows at week 1 and week 2. During the suck-
ling phase, the higher protein maternal diet resulted in signifi-
cantly lower serum urea levels in piglets, while the opposite was
found 1 week after weaning. Although we cannot readily explain
this, it does suggest that the maternal diet influenced the nitrogen
metabolism of the progeny. In the nursery phase, offspring of the H
sows had higher serum urea levels compared to offspring of the L
sows, independent of the diet they were given. In addition, these
piglets had lower fecal consistency scores on d10 and d14 after
weaning, while sow diet did not affect E. coli counts.

Piglets fed a lower protein nursery diet showed slightly lower
(better) fecal consistency scores in comparison to piglets fed a nurs-
ery diet richer in protein; this is in agreement with other studies
(Nyachoti et al., 2006; Heo et al., 2009; Opapeju et al., 2009). Despite
the statistical differences observed in fecal consistency, the clinical
relevance is probably low, as most piglets on both diets showed rel-
atively firm feces. The hygiene status on the experimental farmwas
probably better than that of most commercial farms with less strict
biosecurity protocols, where postweaning diarrhea is more fre-
quently reported. Previous studies with enterotoxigenic E. coli chal-
lenges observed good fecal consistency for piglets fed lower protein
diets (Opapeju et al., 2009; Bhandari et al., 2010; Pollock et al., 2019).
Similarly, Heo et al. (2008) found a decreasing incidence of post-
weaningdiarrheaat 8days afterweaning inpiglets fed lowerprotein
diets without a challenge (Heo et al., 2008). We found a tendency
toward higher E. coli counts in feces on d3 after weaning for piglets
receiving the lower protein diet, irrespective of the maternal treat-
ment. Overall, the abundance of E. coli present per gram feces was
low, but was nonetheless higher at 3 vs 10 days after weaning. At
3 days postweaning, piglets had not yet eaten large portions of their
diet, thus the diet may not yet have influenced microbial composi-
tion and excretion (Metz and Gonyou, 1990).

The rather limited effects of the nursery dietmay be explained by
the similar aminoacidprofiles in all piglet diets. It iswell known that
balanced amino acid profiles are more important for performance
than the CP levels (Yue and Qiao, 2008; Millet et al., 2018; Jansman
et al., 2019). Millet et al. (2018) determined the breaking point of
the limiting amino acid lysine at a SID Lys to CP ratio of 0.064. In
the present trial, a ratio of SID LYS:CP of 0.060 (higher protein piglet
diet) and 0.064 (lower protein piglet diet) was used for the nursing
diets. In the present experiment, only average piglets were used,
thus it cannot be excluded that results would have differed when
including the smallest or the largest piglets.

Conclusion

This study showed that the protein level in sow late-gestation
and piglet nursery diets interacted with feed efficiency, ATTDCP

and urea levels in the nursery phase. Independent of the pig diet,
the maternal dietary protein level in late gestation affected serum
urea level, fecal consistency scores and performance of pigs up
until slaughter.
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