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Young sows mobilise body reserves to support milk production during lactation, resulting in a negative
energy balance (NEB). This NEB affects the development of follicles and oocytes that give rise to the next
litter. Decreased IGF1 levels due to a NEB are thought to play a role in this process. As this has hardly been
studied in multiparous sows, the current study focused on relations between lactation BW loss (%), meta-
bolic hormones, and follicle development in multiparous sows at Day 0 and Day 4 after weaning. A total
of 31 sows of parity 4.7 ± 2.5 were killed at either Day 0 or Day 4 after weaning. Average BW loss during
lactation was 3.3 ± 4.5%, while average backfat loss was 4.1 ± 0.3 mm. The metabolic profile confirmed the
metabolic impact of lactation as both non-esterified fatty acid (NEFA), and creatinine levels were higher
at Day 0 than that at Day 4. Conversely, serum levels of IGF1 and growth differentiation factor 15 levels
were lower on Day 0 than on Day 4. A higher BW loss (%) was related to higher NEFA levels on Day 0, but
not on Day 4. IGF1 concentrations in serum and follicle fluid were similar at Day 0 and Day 4 and were not
related to follicle size on these days. In conclusion, although lactation affected postweaning metabolic
profiles in these multiparous sows, follicle size was not related to these profiles, probably due to the rel-
atively mild BW loss of these sows. IGF1 concentrations were less affected by lactation and did not seem
to limit follicle development, as it does in sows experiencing high weight loss.
� 2024 The Author(s). Published by Elsevier B.V. on behalf of The Animal Consortium. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Implications

In primiparous sows, the lactation period results in a severe
negative energy balance, which strongly impacts the development
of the follicles and even the next litter. This study investigated if
the less severe negative energy balance in multiparous sows also
impacts subsequent follicular development. Lactation induced a
mild body condition loss and impacted the metabolic blood profile,
but did not affect follicle size. Follicle size was not related to body
condition loss or to the metabolic profile. Insulin-like growth fac-
tor1 levels in follicular fluid were not affected by lactation and
therefore cannot serve as a marker for follicle development in mul-
tiparous sows.

Introduction

It is generally acknowledged that the metabolic state of a
female has a profound influence on reproductive performance in
domestic animals, especially pigs (reviewed by Costermans et al.,
2022). Especially young sows enter a major negative energy bal-
ance (NEB) during week 3 to week 4 of the lactation period, due
to the high energy requirements for milk production (Gessner
et al., 2015). When the energy demand exceeds dietary energy
intake, the sows’ body reserves, consisting of adipose tissue and
muscle proteins, are catabolised and mobilised to supply nutrients
for milk production.

It is well documented that these lactation BW losses may
impact fertility in primiparous sows (Lucia et al., 2000; Thaker
and Bilkei, 2005). Quesnel et al. (1985, 1998) found that a high
BW loss in primiparous sows results in a lower average follicle size
after weaning. Zak et al. (1997) observed that a higher BW loss in
the last week of lactation results in a lower percentage of matured
oocytes after in vitro maturation. Our previous study confirms
these observations: in primiparous sows experiencing a high BW
loss during lactation (19.6 ± 1.4% compared to this study)
(Hoving et al., 2011; Thaker and Bilkei, 2005), the average size of
the 15 largest follicles was significantly reduced, while cumulus–
oocyte complexes showed less expansion after 22 h in vitro matu-
ration (Costermans et al., 2020a). Generally, a lactation weight loss
of more than 10–12% of the initial weight at farrowing is found to
affect subsequent reproductive performance (Thaker and Bilkei,
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2005; Schenkel et al., 2010). Primiparous sows lose relatively more
BW during lactation than multiparous sows, mostly due to a lower
feed intake capacity in the young sows (Eissen et al., 2000). Multi-
parous sows usually have more body reserves, a higher feed intake
capacity, and hardly experience such a high lactation weight loss.
The information available about the relation between the meta-
bolic profile and postweaning follicle development in multiparous
sows is, however, limited.

The consequences of BW losses on follicle development are
mediated by metabolic hormones (Heo et al., 2008). One such hor-
mone is the growth regulatory factor IGF1 (Ford and Howard,
1992; Quesnel et al., 2007). The main site of IGF1 production is
the liver, from where, upon its release, it may stimulate follicular
development indirectly via affecting gonadotropin release (Van
den Brand et al., 2001; Whitley et al., 1995) or directly at the ovar-
ian level (Liu et al., 2000). In first and second parity sows, Han et al.
(2020) found that postweaning plasma IGF1 levels are positively
associated with follicle diameter. In line with these observations,
Costermans et al. (2020a) reported that primiparous sows with
the highest percentage of healthy cumulus–oocyte complexes at
day 2 after weaning, lose less weight during lactation and have
higher plasma IGF1 levels. These observations are further strength-
ened by Edwards et al. (1996) who observed that under in vitro
conditions, follicle fluid IGF1 levels increase with follicle size in
healthy follicles, while the levels are reduced in atretic follicles.
Feed restriction in primiparous sows resulting in a major lactation
weight loss, leads to a clearly reduced average follicular size at day
2 postweaning as compared to sows that are fully fed (Costermans
et al., 2020a). This study further reports that follicular diameter
and follicular fluid IGF1 concentration are correlated. We, there-
fore, hypothesise that a lactational NEB influences follicular devel-
opment via modulating circulating and intraovarian IGF1
concentrations.

Growth differentiation factor 15 (GDF15), a transforming
growth factor-b superfamily member, is closely associated with
energy homeostasis (Wang et al., 2021). Several studies report
the presence of GDF15 in human follicular fluid (e.g., Souček
et al., 2018). We assume that GDF15 may, like IGF1, be associated
with follicular development in sows experiencing a lactational
NEB.

The aim of the current study is therefore to investigate whether
multiparous sows experience lactation BW loss and its possible
consequences on parameters for energy mobilisation (creatinine,
non-esterified fatty acid (NEFA)), and serum and follicle IGF1 and
GDF15 levels at Day 0 and Day 4 after weaning, and to determine
whether these are associated with follicle size. Preliminary results
of these experiments have been published in abstract from Yu
et al., (2023ab).
Material and methods

Animals

In this study, we used 31 multiparous Great Yorkshire � Dutch
Landrace sows (parity 4.7 ± 2.5; range: 2–10) divided over two
batches. Two weeks before farrowing, sows were transported from
a commercial farm to the Wageningen University animal facility
CARUS. One week prior to parturition, sows were transferred to
the farrowing and lactation unit. During farrowing and lactation,
sows were exposed to 16 h of light, a room temperature between
18 and 22 �C, and fed a commercial lactation diet (8.66 MJ NE
(Megajoules of Net Energy/kg, 148 g/kg CP, 7.7 g/kg SID (standard-
ised ileal digestible) lysine; AgruniekRijnvallei, Wageningen, The
Netherlands) at 0800 and 1600 h, in a step-up protocol,
reaching 6.5 kg/day at day 12 of lactation. Sows were weaned after
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26.9 ± 1.8 days of lactation and killed at the animal facility by elec-
trical stunning and exsanguination at either the day of weaning
(Day 0, n = 15) at ca. 1430 h or 4 days later (Day 4, n = 16) at
1030 h. Day groups consisted of sows with similar average parity,
lactational BW loss (%), backfat (BF) loss (mm), and litter weight at
weaning (see Supplementary Table S1). Sows that were killed at
Day 4 remained in their lactation pen after weaning and received
2.5 kg of lactation diet daily.

BW, backfat thickness and blood sampling

All sows were weighed approximately 1 week before parturi-
tion and immediately after weaning. BW loss was calculated by
subtracting BW at weaning from the estimated BW at parturition
according to Bergsma et al. (2009). BF was measured at P2, i.e.
6 cm from the backbone at the position of the last rib bone, both
on the right and left side of the sow, by ultrasonography (Aquilla,
Esaote, Genova, Italy) approximately 1 week before parturition
and immediately after weaning as described by Hoving et al.
(2011). BF loss was calculated by subtracting BF thickness at wean-
ing from BF thickness at 1 week before parturition.

During exsanguination, blood was collected in serum clot acti-
vator tubes (Greiner Bio-One, Monroe, NC, USA). The tubes were
kept on ice for 1 h before centrifuging at 3 000 � g for 10 min at
4 �C. After that, the supernatant was aspirated, transferred to
labelled Eppendorf tubes, and stored at �80 �C until further
analyses.

Follicle size and follicular fluid collection

The left and right ovaries were separately placed on millimeter
scale paper and photographed from three different angles. The
diameter of the 15 largest visible follicles on the photographs of
each ovary’s surface was measured by ImageJ (version 1.51f,
National Institutes of Health, USA), divided into three tertiles,
and classified as Large (1–5), Medium (6–10) or Small (11–15). Fol-
licular fluid was aspirated from the 15 largest follicles on the right
ovary using a 21Gx 5/8 needle (0.8 � 16 mm) and 1�ml syringe
(TerumoTMAganiTM, Amsterdam, The Netherlands). The follicular
fluid samples were pooled per 5 follicles, i.e. Large (1–5), Medium
(6–10) and Small (11–15) follicles. The samples were centrifuged
at 1 600 � g at 4 �C for 10 min, and the supernatant was collected.
The total follicular fluid volume of each pool was assessed by
reverse pipetting. Follicular fluidwas subsequently stored at�80 �C
until ELISA analysis.

Blood serum and follicular fluid measurements

Serum and follicular fluid IGF1 concentrations were measured
using a commercial porcine IGF1 ELISA Kit (#SEA050Po, cloud-
Clone Corp, Wuhan, China). Serum GDF15 concentrations were
measured using a commercial porcine GDF15 ELISA Kit
(#SEC034Hu, BlueGene Biotech, Shanghai, China), and serum leptin
concentrations were measured using a commercial porcine Leptin
ELISA Kit (#CSB-E06815p, Cusabio Life Science Inc., Wuhan, China).
All assay procedures were performed according to the manufac-
turer’s instructions. For the measurement of serum creatinine
levels, an enzymatic calorimetric test was used (#117599910021,
Creatinine PAP FS, DiaSys Diagnostic Systems GmbH, Holzheim,
Germany). A calorimetric detection method was also used to mea-
sure serum NEFA concentrations (#993-35191, NEFA-HR (2) kit;
Wako Chemicals, Neuss, Germany) according to the manufacturer’s
instructions with slight modifications. Briefly, 5 ll of serum was
added to a 96-well plate, followed by the addition of 100 ll of
reagent 1, after which the plate was incubated for 10 min
at 37 �C. Subsequently, 50 ll of reagent 2 was added to the plate,



Q. Yu, K.J. Teerds, J. Keijer et al. Animal 18 (2024) 101339
followed by another incubation step of 10 min at 37 �C. Detailed
information is shown in Supplementary Material S1.

Statistical analyses

ANOVA was applied to continuous data by using the mixed
model procedure of SAS 9.1 (SAS Inst. Inc., Cary, NC, USA). Distribu-
tions of the means and residuals were examined to verify model
assumptions of normality and homogeneity of variance. Statistical
models to evaluate influences on metabolic and follicular parame-
ters, always included sampling day (Day 0, n = 15 and Day 4,
n = 16), either parity (2–10) or BW loss (%) (�3.98–11.2%) or BF loss
(mm) (0.5–12) (Supplementary Table S1) or metabolic or follicular
parameter as a covariate, and their interaction with Day. Batch
(n = 2) was set as a random factor. Interactions between day and
parity or BW loss (%) were omitted from the model if not signifi-
cant. The detailed information on the analyses is shown in Supple-
mentary Material S1. Data are presented as means ± SEM. The P-
value < 0.05 is considered statistically significant, while the P-
value < 0.10 is considered to show a trend.
Results

Body condition and litter weight

During lactation, the average BW loss was 8.4 ± 11.3 kg
(3.3 ± 4.5% of BW) and BF loss was 4.1 ± 0.3 mm. As expected,
BW loss (%) was related to BF loss (mm) (bt = -0.33; P-value = 0.022)
and also to the number of piglets at weaning (bt = 0.21;
P-value = 0.027). Parity was related to BW at weaning (bt = 7.7;
P-value = 0.0001), and parity was not related to BF at weaning
(P-value = 0.85), but it was related to BF loss during lactation
(mm) (bt = �0.33; P-value = 0.046) (Supplementary Table S2).

Serum metabolic parameters

Interactions between Day and Parity never affected serum con-
centrations of NEFA, leptin, creatinine, IGF1, and GDF15, and nei-
ther did the interaction between Day and BF loss. However, for
Table 1
Effects1 of sow parity, BW loss (%) and BF loss (%) during lactation on metabolic paramete

Parity

Parameters bt P-value

Serum metabolic parameters
NEFA (nmol/l) 5.85 0.72
Leptin (ng/ml) 0.45 0.64
Creatinine (mg/dl) 0.11 0.002
IGF1 (ng/ml) �9.63 0.01
GDF15 (ng/ml) 0.04 0.57

Follicular parameters
Number of visible follicles 1.11 0.29
Follicle size (mm)2 0.14 0.01
Large3 0.15 0.02
Medium3 0.17 0.004
Small3 0.11 0.03

Follicle fluid IGF1 (ng/ml)
Large4 �13.0 0.003
Small4 �11.0 0.010

Abbreviations: BF = backfat, bt = regression coefficient for Day 0 and Day 4 together, NE
1 After correction for Day effect (Day 0 vs Day 4). Interactions between Day and Parity,

(%) on NEFA levels.
2 Average follicle size of 30 follicles, being the 15 largest follicles on both the Left and
3 Average follicle size of the 10 Large, 10 Medium and 10 Small follicles of the 30 larg
4 Measured in the 5 Large and 5 Small follicles of the 15 largest follicles on one ovary
5 b0 at Day 0 is 47.5 and P-value < 0.0001; b4 at Day 4 is �0.86, P-value = 0.92.
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NEFA levels, an interaction was found between Day and BW loss
(%) (Table 1).

Both serum NEFA and creatinine levels were significantly higher
at Day 0 than that at Day 4. In contrast, serum IGF1 and GDF15
levels were significantly lower at Day 0 than that at Day 4
(Table 2).

Creatinine and serum IGF1 concentrations were significantly
affected by parity (Table 1, Fig. 1A and 1B). BW loss was only sig-
nificantly related to NEFA levels at Day 0 (Fig. 1C), and not related
to the other hormones, like GDF15 (Table 1). BF loss was signifi-
cantly related to NEFA levels (Fig. 1D).

Follicular parameters

The total number of follicles visible on the ovarian surface sig-
nificantly decreased from Day 0 to 4 postweaning (Table 2). The
combined average follicle size of the 15 largest follicles of the
two ovaries, the 2 � 15 largest follicles being the presumptive ovu-
latory follicle pool, increased, not surprisingly, significantly from
Day 0 to 4 (Table 2). Unexpectedly, follicular fluid IGF1 levels did
not differ between Day 0 and Day 4, neither for the Large tertile
(1–5) nor for the Small tertile (11–15) of the largest 15 follicles
(Table 2). Follicular fluid IGF1 levels in the Large follicles were
not related to IGF1 levels in the Small follicles (P-value = 0.14;
Fig. 2A). Furthermore, there was no relation between follicular
fluid levels and follicular size.

Parity as a covariate was positively related to the average folli-
cle size of the 15 largest follicles of each ovary (Table 1, Fig. 2B). In
addition, parity was negatively related to follicular fluid IGF1 levels
in Large follicles (Table 1; Fig. 2C) and Small follicles (Table 1;
Fig. 2D). No significant relations were found between follicular
fluid IGF1 levels and follicle size in either Large or Small follicles,
neither for Day 0 nor Day 4, respectively. BW loss (%) tended to
be positively related to follicular fluid IGF1 levels in the Large ter-
tile (1–5) of the largest 15 follicles on the ovary and BF loss tended
to be negatively related to the size of the Smallest tertile (11–15) of
the 15 largest follicles on the ovary (Table 1).

None of the metabolic parameters (e.g. NEFA, creatinine, GDF15,
serum IGF1, and leptin) were related to follicle size parameters at
either Day 0 or Day 4 (data not shown).
rs and follicular parameters in sows.

BW loss (%) BF loss (mm)

bt P-value bt P-value

5 5 39.68 0.03
�0.30 0.56 �0.11 0.92
�0.014 0.51 �0.019 0.67
3.14 0.15 4.18 0.39
�0.041 0.28 �0.0042 0.96

0.39 0.49 0.59 0.63
�0.019 0.54 �0.10 0.12
�0.013 0.72 �0.13 0.096
�0.022 0.51 �0.097 0.17
�0.021 0.48 �0.083 0.18

4.2 0.097 2.3 0.77
3.7 0.12 12 0.08

FAs = non-esterified fatty acids, GDF15 = growth differentiation factor 15.
BW loss (%) and BF loss (mm) were never significant, except for the effect of BW loss

the Right ovary.
est follicles.
.



Table 2
Effects of Day after weaning (Day 0, n = 15; Day 4, n = 16) on metabolic parameters
and follicular parameters in sows.

Day after weaning

Parameters Day 0 Day 4 P-value

Serum metabolic parameters
NEFA (nmol/l) 0.79 ± 0.08 0.24 ± 0.02 <0.0001
Leptin (ng/ml) 3.5 ± 0.3 6.1 ± 0.2 0.50
Creatinine (mg/dl) 2.3 ± 0.1 1.7 ± 0.1 0.003
IGF1 (ng/ml) 242 ± 12 300 ± 11 0.01
GDF15 (ng/ml) 1.4 ± 0.2 2.1 ± 0.3 0.03

Follicular parameters
Number of visible follicles 62 ± 5 41 ± 2 0.0005
Follicle size1, mm (mm)1 2.6 ± 0.21 4.9 ± 0.18 <0.0001
Large2 3.4 ± 0.24 6.2 ± 0.20 <0.0001
Medium2 2.6 ± 0.22 4.7 ± 0.18 <0.0001
Small2 2.0 ± 0.17 3.6 ± 0.18 <0.0001

Follicle fluid IGF1 (ng/ml)
Large3 263 ± 17 308 ± 14 0.13
Small3 254 ± 16 290 ± 23 0.40

All values are presented as mean ± SEM.
Abbreviations: NEFAs = non-esterified fatty acids, GDF15 = Growth differentiation
factor 15.
Interactions between Day and Parity were never significant.

1 Average follicle size of 30 follicles, being the 15 largest follicles on both the Left
and the Right ovary.

2 Average follicle size of the 10 Large, 10 Medium and 10 Small follicles of the 30
largest follicles.

3 Measured in the 5 Large and 5 Small follicles of the 15 largest follicles on one
ovary.
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Discussion

In the underlying study, we investigated in multiparous sows if
and how postweaning follicle development was affected by BW
loss, BF loss, and parity, with a special focus on the relation with
the levels of the metabolic hormones IGF1 and GDF15.
Fig. 1. Plots and regression equations (b) for relations between sow parity and (A) ser
between (C) sow lactation BW loss (%) and serum NEFA levels (nmol/L), and for (D) sow la
dot; Day 4 after weaning: h open square. Interactions with Day were only significant fo

4

The sows in our study lost 3.3 ± 4.5% of their BW and 4.1 ±
0.3 mm of BF during lactation. Not surprisingly, at Day 0 postwean-
ing, this BW loss is strongly associated with an increase in NEFA
levels, a product of BF mobilisation/triglyceride degradation
(Arner, 2003; Mosnier et al., 2010). BW loss was not associated
with the other serum biomarkers for metabolic status, including
creatinine which is a biomarker for muscle catabolism (Belstra
et al., 1998). One reason for the absence of a significant correlation
between creatinine levels and BW loss might be that the BW loss in
these multiparous sows mainly consists of fat tissue loss and to a
lesser extent protein (muscle) loss. In a previous study, using mul-
tiparous sows, Costermans et al. (2019) found that sows that lost
more BF during lactation had lower loin muscle losses. Unfortu-
nately, we were unable to measure loin muscle depth in the cur-
rent study. Nevertheless, our observations suggest that
multiparous sows do enter a lactational NEB and preferably use
BF for energy mobilisation to compensate for this energy deficit.

The serum levels of the biomarkers for metabolic status, NEFA,
creatinine, IGF1, and GDF15 showed significant differences
between Day 0, the day of weaning, and Day 4 postweaning. A
postweaning drop in plasma NEFA concentrations has been previ-
ously reported by Hoving et al. (2012) in primiparous sows. In
addition, in our study, serum IGF1 levels are significantly higher
on Day 4 after weaning compared to Day 0, extending the results
of Wientjes et al. (2013) in multiparous sows and Han et al.
(2020) in parity 1 + 2 sows, who both reported a steady increase
in plasma IGF1 concentration postweaning. IGF1 is a nutrient-
regulated growth factor that mediates many of the anabolic effects
of growth hormone (Caregaro et al., 2001). In line with these obser-
vations, serum GDF15 levels were significantly lower on Day 0,
compared to Day 4 after weaning. Although serum GDF15 levels
are not related to BW losses and BF losses, they are negatively cor-
related to NEFA levels (b0 = �0.0017, P-value = 0.027; data not
shown). This correlation suggests that sow’s fatty acid metabolism
is influenced during lactation (Wang et al., 2021). Souček
and colleagues (2018) showed that there is evidence for local
um creatinine levels (mg/dL) and (B) sow serum IGF1 levels (ng/ll), for relations
ctation BF loss (mm) and serum NEFA levels (nmol/L). Day 0 after weaning: d filled
r C. Abbreviations: BF = backfat, NEFAs = non-esterified fatty acids.



Fig. 2. Plots and regression equations (b) for relations between (A) sow follicular fluid IGF1 levels (ng/ll) in Large vs Small follicles, for relations between (B) sow parity and
follicle size1 (mm), and for relations between sow parity and follicular fluid IGF1 levels (ng/ll) in (C) Large follicles2 and (D) Small follicles2. Day 0 after weaning:d filled dot;
Day 4 after weaning: h open square. Interactions with Day were never significant. 1Average follicle size of 30 follicles, being the 15 largest follicles on both the Left and the
Right ovary. 2Measured in the 5 Large and 5 Small follicles of the 15 largest follicles on one ovary.
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production of GDF15 in the ovary, as these investigators identified
GDF15 in follicular fluid and gene expression in granulosa cells and
oocytes, implicating a possible role for GDF15 in follicular develop-
ment. Unfortunately, we were unable to detect GDF15 in follicular
fluid. Taken together, the combined analysis of serum biomarkers
levels between Day 0 and Day 4 postweaning and their correlations
with BW loss reveals that multiparous sows experience a relatively
mild NEB at the time of weaning, which is mostly alleviated by Day
4 postweaning. In other words, after weaning, multiparous sows
are quickly capable of changing from a catabolic to an anabolic
state to compensate for the lactational NEB.

We further observed that the lower parity sows in our study
have higher serum IGF1 levels and lower creatinine levels which
were both not affected by BW loss. These parity effects are inde-
pendent of the day after weaning. One explanation for these effects
may be that lower parity sows (parity 2 and parity 3) have not
reached maturity yet and are therefore more prone to spare pro-
tein for growth. In our study, lower parity sows have smaller folli-
cles; this follicle size is not related to BW loss. Lopes et al. (2020)
also found smaller follicles in a higher percentage of sows of parity
1–3 compared to parity 4 and higher, but in their case, this might
be related to a higher weight loss in younger sows. Interestingly,
sows with higher parity have lower BF losses (bt = �0.33 mm/par
ity) and in sows with higher BF losses, the 10 largest follicles
tended to be smaller (bt = �0.13 mm/mm). This might suggest a
role for fat mobilisation in follicle development in multiparous
sows.

IGF1 is known to play an important role in the follicle and
oocyte development (Costermans et al., 2020a,b), and several stud-
ies have found relations between them. For instance, Han et al.
(2020) report a positive relation between postweaning follicle size
and serum IGF1 levels in first and second-parity sows, while
Quesnel et al. (1998) show a positive relationship between follicu-
5

lar size and follicular fluid IGF1 levels in primiparous sows at Day 2
after weaning, as did also Costermans et al. (2020b). In another
study, Edwards and colleagues (1996) report a positive relation
between follicle size and IGF1 concentrations for follicles isolated
from 5-month-old gilts and cultured for 6 h. Reduced serum IGF1
levels, such as occur in a severe NEB, result in smaller follicles on
Day 2 after weaning (Costermans et al., 2020a,b). These observa-
tions all underscore the importance of IGF1 for follicular growth
in sows. It seems therefore surprising that in multiparous sows,
we do not observe a correlation between either serum or follicle
fluid IGF1 concentrations and follicle size. We further observe sig-
nificant negative correlations between follicular fluid IGF1 levels
and parity for both small and large follicles, implicating that with
increasing parity the role of IGF1 in follicle growth may become
less important. We therefore postulate that in higher parity sows
who have stopped growing and in which metabolic condition is
thus less affected by lactation than in young sows, reduced IGF1
levels are not limiting follicular growth. The underlying regulatory
mechanisms are still poorly understood. Alterations in the sensitiv-
ity of growth factor signalling and the interaction of various
growth factors may play a role, as is seen in the fruit fly (Texada
et al., 2020).
Conclusion

The multiparous sows in this study experience a relatively mild
NEB during lactation which is largely alleviated by Day 4 post-
weaning. This NEB during lactation does not affect the size of the
follicles at Day 0 or Day 4 after weaning. Surprisingly, higher parity
sows have larger follicles but lower serum and follicular fluid IGF1
levels at both Day 0 and Day 4, suggesting that IGF1 is not limiting
follicular growth in mature multiparous sows.
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Supplementary material

Supplementary material to this article can be found online at
https://doi.org/10.1016/j.animal.2024.101339.
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