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To assess the importance of natural variation in colostrum intake on piglet gastrointestinal and reproduc-
tive development, two equally sized female piglets from each of 27 litters were selected, one with low
(average 226 g) and one with high (average 401 g) colostrum intake. At weaning (23 d of age), piglets
were euthanised to perform macromorphological measurements on ileum, colon, cervix and uterus tis-
sues, and to obtain tissue samples from the cervix and uterus for histology. Sections of uterine and cer-
vical preparations were analysed using digital image analysis. Despite being selected for the same birth
weight (average 1.1 kg, standard deviation 0.18 kg), piglets with low colostrum intake weighed 5.91 ± 0.
17 kg and piglets with high colostrum intake weighed 6.96 ± 0.19 kg at weaning (P < 0.05). Most of the
micro- and macroscopic measures such as length and weight of ileum and colon, cervix and uterus, lumi-
nal size of cervix and uterus, number of cervical crypts and uterine glands, were greater in gilts with high
colostrum intake. The histological architecture of the uterus and cervix in gilts with high colostrum
intake showed more complexity, reflecting more advanced development in these piglets. In conclusion,
these data demonstrate that independent of birth weight, natural variation in colostrum intake is related
to the overall development of neonatal piglets, affecting body growth, as well as growth and development
of the gut and reproductive tract.
� 2023 The Author(s). 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

Colostrum intake is important for the survival and development
of the neonatal piglet. A number of studies have shown that piglets
with colostrum intake below 250 g are at increased risk of dying in
the first week of life. The current study adds to the importance of
colostrum in that it demonstrates the effects of low colostrum
intake on the growth of young piglets and on early development
of their organs, such as the reproductive tract. The results suggest
that early life events may have a crucial impact on later life devel-
opment and function.
Introduction

The importance of colostrum intake for survival of the neonate
piglet has been illustrated in observational studies and is evident
from the exponential increase in neonatal mortality when colos-
trum intake drops below 250 g (Ferrari et al., 2014; Devillers
et al., 2011). Since colostrum intake is strongly related to birth
weight (Theil et al., 2014; Devillers et al., 2011), the importance
of colostrum to survival may be confounded with the impact of
birth weight. Nevertheless, it is evident that immunoglobulins
and other proteins in colostrum, as well as lactose and fat, provide
essential support for thermoregulation and passive immunity, and
that the amount of colostrum intake has a lasting effect on circulat-
ing immunoglobulins in the piglet and on growth up to the point of
weaning and beyond (Devillers et al., 2011).

Apart from macro-factors such as fat, lactose, protein and
immunoglobulins, colostrum contains a myriad of growth and
endocrine factors, microminerals, and vitamins, such as IGF-1,
insulin, vitamin D, and lactoferrin (reviewed by Hurley, 2015).
The role of these factors, however, has scarcely been investigated.
For example, neonate piglets are deficient in vitamin D by stan-
dards for mature pigs (Goff et al., 1984; Coffey et al., 2012). The
role of colostrum in supplementing vitamin D remains unclear,
although it may be significant, since the prenatal placental transfer
of vitamin D to the foetus is limited (Matte and Audet, 2020).
Experimental interventions (Camp et al., 2014; Ho et al., 2017),
where female piglets were denied colostrum after birth and fed a
milk replacer instead, have demonstrated that colostrum stimu-
lates glandular development in the luminal epithelium of the
uterus and the cervix in two-week old gilts. Supplementing IGF-1
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in colostrum-deprived piglets seems to compensate some of the
observed effects, and from a review by Bagnella and Bartol
(2019), pro-relaxin is another colostrum-borne factor that plays a
role in early reproductive tissue development.

Complete denial of colostrum to neonate piglets may clearly
affect development in experimental studies; however, it is not
clear how normal variation in colostrum intake contributes to vari-
ation in the development of neonate piglets. Moreover, in most
studies, low colostrum intake is confounded with low birth weight
and may well be a reflection of the condition of a piglet at birth,
rather than the reason for compromised development, or even
mortality. This study therefore was designed to assess the effects
of normal variation in colostrum intake on the development of
reproductive tract tissues in gilts with similar birth weight and
condition at farrowing.
Material and methods

Animal procedures

Experimental work and procedures were approved by the Cen-
tral Commission for Animal Experiments, The Hague, The Nether-
lands, (approval number AVD2040020173225) and were in
compliance with EU Directive 2010/63/EU. Piglets used in this
study were born to mixed parity F1 sows (Hypor Libra, Hendrix
Genetics, Boxmeer, The Netherlands). Average number of piglets
born alive was 15.1, and the litter size at weaning was 13.1. The
sows used for this study were allowed to farrow spontaneously
without induction, manual assistance or injections with oxytocin.
Sows were housed in standard commercial farrowing crates with
feeding trough and drinker, on slats. A creep area with heating
lights was provided to the piglets for the first week after farrowing.
Temperature in the farrowing room was kept constant at 23–24 �C.
From seven days prior to farrowing, sows were fed 3.0 kg per day of
a typical commercial lactation diet (2137 kCal/kg, 9.1 g/kg SID Lys).
Sows had ad libitum access to water. Once sows had farrowed (d0),
feed allowance was increased by 0.5 kg/d each day from d1, until
the maximum allowance was reached. Lights were on from
0600 a.m. until 1000 p.m. Piglets did not have access to creep feed.

From 27 litters, pairs of female piglets with similar birth
weights were selected, one with low colostrum intake (<250 g)
and one with high colostrum intake (>300 g). Colostrum intake
per piglet was estimated based on birth weight taken immediately
at birth, and 24 h later, according to the equation developed by
Theil et al. (2014): Colostrum intake (g) = �106 + 2.26WG + 200
BWB + 0.111D – 1414WG/D + 0.0182WG/BWB. WG = weight gain
between birth and 24 h (g), BWB = birth weight (kg), and D = inter-
val between the first weight and the second weight (min). Care was
taken to select pairs with birth weights as close as possible (aver-
age 1.1 kg for both groups, standard deviation 0.2 and 0.1 kg for
low and high colostrum, respectively).
Fig. 1. Description of histomorphometric measures in cervix (A) and uterine horn
sections (B), in tissue samples taken from 23 d old piglets. LE: luminal epithelium,
myo: myometrium, Crypt 1: primary crypt, Crypt 2: secondary crypt. 20�
magnification.
Sample preparation

At weaning (average 23 d of age), the selected pairs of gilts were
weighed and euthanised by intravenous injection of pentobarbital
(Euthasol, AST Farma, Oudewater, Netherlands) into the jugular
vein, and subsequently exsanguinated. The reproductive tract
(uterus and ovaries) was excised and after taking macroscopic
measures, one uterine horn and the cervix were stored in 4.0%
formaldehyde until the preparation of slides for histology. The cer-
vix was defined as running from the bifurcation of the two horns to
the point where the urethra connected to the cervix/vagina and
therefore included half of the uterine body and the cranial vagina.
In addition, the length and weight of ileum and colon were mea-
2

sured. Histology samples were prepared by the National Animal
Health Centre (GD, Deventer, The Netherlands). For the preparation
of histology samples, a 1 cm section of the middle of the cervix and
uterus was dissected and divided into three parts of 3–5 mm thick-
ness and embedded in paraffin wax. From this sample, sections of
2 lmwere mounted on slides and stained with hematoxylin/eosin.
These sections were used for histological measurements on the
morphometric architecture of the uterine and cervical lumen and
glands as described by Camp et al. (2014) and Miller et al.
(2012), and illustrated in Fig. 1. Histomorphometric measurements
on one complete section of the cervix and one complete section of
the uterus per piglet were obtained using an inverted microscope
(Nikon Eclipse Ti2) with a mounted digital camera, using the
NIS-D software.
Statistical analysis

Statistical analyses of the data were carried out in SAS (SAS Stu-
dio, SAS Institute Inc., Cary, NC, USA). Level of significance was set
at P < 0.05, and a tendency was considered at 0.05 � P � 0.10. Nor-
mality of the measures was checked using the UNIVARIATE proce-
dure using the Shapiro-Wilk test. Both the cervical and uterine
surfaces of the lumen were transformed with a square root trans-
formation. All microscopic and macroscopic measures were anal-
ysed with the MIXED procedure. The model included sow as
random factor and piglets nested within sow, colostrum intake
(low and high) as a fixed factor, and BW at dissection as a covariate.
Pearson correlations were used to assess the relationships amongst
various measures.
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Results

All selected piglets survived to weaning. Average colostrum
intake in the population where the piglets were selected from
was 380 g, but varied considerably, with a standard deviation of
269 g. In the overall population, 23% of the piglets consumed less
than 250 g of colostrum. Average colostrum intake was
226 ± 45 g in the piglets selected for low intake (L) and
401 ± 77 g in the piglets selected for high intake (H). In the 27
selected pairs of piglets, the average birth weight was 1.09 kg (s-
tandard deviation 0.18 kg). Piglets with low colostrum intake
weighed 1.06 ± 0.22 kg, and piglets with high colostrum intake
weighed 1.13 ± 0.13 kg on average at birth (P < 0.05). The differ-
ence in birth weights between the two piglets within a pair was
always between 0 and 360 g. Birth weight was considered in the
statistical model, but did not affect any of the differences between
low and high colostrum intake piglets (P > 0.10). Birth order (me-
dian 8) was similar for the two groups of piglets.

At weaning, piglets with low colostrum intake weighed 5.91 ± 0.
17 kg and piglets with high colostrum intake weighed 6.96 ± 0.1
9 kg (P < 0.05), the difference being independent of birth weight
(Fig. 2). Macroscopic measures of the gut (length and weight of
ileum and colon) at 25 d of age were 9–15% greater for piglets with
high colostrum intake (Table 1). Similarly, most of the macroscopic
measures on the reproductive tract (uterus and cervix) were
greater or tended to be greater for piglets with high colostrum
intake. Most of the micro- and macroscopic measures such as
length and weight of ileum and colon, cervix and uterus, luminal
size of cervix and uterus, number of cervical crypts and uterine
glands were greater in gilts with high colostrum intake (Table 1).
The complexity of the uterine stroma and luminal epithelium, as
reflected by the number of endometrial glands and the size of
the lumen, was more developed in piglets with high colostrum
intake. The number of glands, for example, tended to be increased
by 25% (P < 0.09) in piglets with high colostrum intake. Similarly,
complexity in the cervical structure was more developed in the
piglets with high colostrum intake. The size of the cervical lumen
was increased by 40% (P < 0.01), and the number of secondary
crypts, which branch off the primary crypts, was increased by
28% (P < 0.05).

When piglet weight at the time of dissection was included as a
covariate in the statistical model, most of the differences in micro-
scopic and macroscopic measures were no longer significant, sug-
gesting that to some extent, the differences between the two
groups were confounded with size of the piglets. There were some
Fig. 2. Weight at 25 d of age for piglets with low (L) or high (H) colostrum intake,
but similar birth weight (around 1.1 kg).
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exceptions to this though. The thickness of the stroma in both
uterus and cervix sections, the luminal surface area, and the length
of the uterine horns were more significant, or remained signifi-
cantly different between the two groups, when weight was
included as a covariate. The various measures presented in Table 1
were correlated with BW. Macroscopic measures of the gut and the
cervix and uterus had a correlation coefficient (r) between 0.4 and
0.7 with BW (P < 0.05). The correlation between microscopic mea-
sures and BW varied between 0.2 and 0.4 (P < 0.05), and for some
measures was not significant.
Discussion

The pairs of gilts selected in this study had similar birth weights
(1.06 and 1.13 kg for low and high colostrum intake) and within
each pair birth weights were within 360 g of each other. In addi-
tion, the birth order was similar for piglets with high colostrum
intake and piglets with low colostrum intake, which suggests that
the condition in terms of impact of the farrowing process and oxy-
genation status was similar. Langendijk et al. (2018) demonstrated
that the later piglets are born in a litter, the higher the risk of
asphyxiation, increased blood lactate, reduced blood pH, and
increased effects on neonatal performance such as colostrum
intake and survival. The effects in this study therefore can be
ascribed to the difference in colostrum intake and not to birth
weight or birth order. Furthermore, the pairs of (high and low
colostrum intake) piglets were selected from the same dam and
not cross-fostered, to ensure a similar maternal environment
throughout the rest of lactation.

Colostrum intake is critical to survive the first weeks of life. A
number of studies (Ferrari et al., 2014; Devillers et al., 2011) have
shown that neonatal survival increases with increasing colostrum
intake. The energy requirements for maintenance and thermoreg-
ulation exceed the fat and glycogen reserves at birth, and therefore,
fat and protein in colostrum are essential to prevent hypothermia
and starvation (Le Dividich et al., 2005). Since the neonate piglet is
immunologically immature, colostrum-borne immunoglobulins
provide the first protection against pathogens, and help the piglet
to counteract pathogens that may otherwise cause diarrhoea and
mortality. Interestingly, Devillers et al. (2011) not only demon-
strated the importance of colostrum intake for Immunoglobulin
G (IgG) levels in the neonate pig but also found that IgG levels at
24 h after birth were strongly related to circulating IgG at the time
of weaning. The authors suggested that some of the immunoglob-
ulins at weaning were remnants of those consumed with colos-
trum at birth. However, given the half-life of immunoglobulins,
at least part of the IgG at weaning would have resulted from the
activation of the piglets’ own immune system. Apart from direct
protection of the neonate against pathogens, colostrum-borne
IgG’s may contribute to longer-term effects on development
(Devillers et al., 2011). Although some of these effects are likely
confounded with birth weight, the above observations underline
the importance of colostrum-borne factors for the development
of piglets. The current study confirms the relevance of colostrum
intake for piglet weight gain through lactation, independent of
birth weight, since piglets with high colostrum intake (average
401 vs 226 g) were around 1 kg heavier at weaning (7 vs 6 kg),
despite having similar birth weights (1.13 vs 1.06 kg).

Other than fat, lactose, protein and immunoglobulins, colos-
trum contains a host of factors such as growth factors, cytokines,
vitamins, endocrine factors, and microminerals (Hurley, 2015).
The relevance of these factors has been less well researched. Com-
plete denial of colostrum in the first 24 h of life is clearly detrimen-
tal to piglet growth and development of the gastrointestinal tract
and organs (Widdowson and Crabb, 1976; Widdowson et al.,



Table 1
Morphometric measures of uterine and cervix sections, and of ileum and colon at 25 d of age, in gilts with low or high colostrum intake.

Low colostrum intake (n = 27) High colostrum intake (n = 27) P-value1 P-value with BW as covariate1

Variable Mean ± SE Mean ± SE

Birth weight, kg 1.06 ± 0.04 1.13 ± 0.02 0.05 –
Birth order, n 7.5 ± 0.7 7.9 ± 0.9 0.68 –
BW at weaning (kg) 5.91 ± 0.17 6.96 ± 0.19 <0.001 –
Weaning age, d 22.6 ± 0.3 22.7 ± 0.3 0.16 –
Colostrum intake (g) 226 ± 9 401 ± 15 <0.001 –
Cervix
Length, cm 5.18 ± 0.25 5.53 ± 0.15 0.09 0.58
Weight, g 0.62 ± 0.02 0.68 ± 0.02 0.05 0.66
Diameter lumen, mm 0.99 ± 0.06 1.24 ± 0.06 0.01 0.01
Surface lumen, mm2 0.87 ± 0.07 1.41 ± 0.17 0.01 0.04
Luminal epithelium thickness, lm 24.61 ± 0.71 23.98 ± 0.61 0.48 0.91
# Crypt 1, n 16.74 ± 0.69 18.85 ± 1.17 0.14 0.35
# Crypt 2, n 9.56 ± 1.05 12.22 ± 1.24 0.05 0.13
Total crypt length, mm 7.0 ± 0.54 8.42 ± 0.65 0.10 0.84
Stroma thickness, mm 1.65 ± 0.10 1.82 ± 0.12 0.27 0.11

Uterus
Length (cm) 9.88 ± 0.22 9.95 ± 0.22 0.79 0.06
Weight (g) 0.62 ± 0.03 0.70 ± 0.03 0.02 0.30
Surface lumen, mm2 0.36 ± 0.05 0.50 ± 0.07 0.11 0.37
Circumference lumen, mm 4.74 ± 0.18 5.52 ± 0.23 <0.01 0.15
Luminal epithelium thickness, lm 28.82 ± 0.69 27.38 ± 0.63 0.16 0.37
Stroma thickness, mm 0.65 ± 0.03 0.64 ± 0.02 0.89 0.11
Myometrium thickness, mm 0.21 ± 0.006 0.21 ± 0.01 0.53 0.53
# Glands, n 33.15 ± 4.06 41.74 ± 4.20 0.09 0.90
Total gland surface, mm2 0.020 ± 0.004 0.020 ± 0.003 0.46 0.53

Gut
Length ileum, m 7.5 ± 0.2 8.2 ± 0.2 <0.01 0.17
Weight ileum, g 199 ± 8 219 ± 8 0.06 0.8
Length colon, m 1.33 ± 0.04 1.45 ± 0.03 0.04 0.5
Weight colon, g 46.9 ± 2.1 53.9 ± 1.8 0.03 0.9

1 P-values are given for the difference between piglets with high and low colostrum intake. In the left column are P-values not taking BW into account; in the right column
are P-values when BW at euthanisation was included as a covariate.
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1976; Zhang et al., 1998). Feeding milk replacer instead of colos-
trum does restore most of the growth and development in fasted
piglets (Burrin et al., 1995), indicating that some of this growth
is nutrient dependent. However, colostrum has additional effects
beyond milk replacer, indicating that non-nutritive factors present
in colostrum but not in milk are responsible for stimulating gas-
trointestinal tract development, and the development of muscle
and organs (Burrin et al., 1995; Fiorotto et al., 2000). Insulin-like
growth factor 1 (IGF-1) was indicated to be responsible for some
of these non-nutritive effects of colostrum, since oral supplemen-
tation partially restored the impacts of colostrum deprivation on
gastrointestinal tract development (Burrin et al., 1995). Similar
effects of IGF-1 on the development of reproductive tract tissue
(uterus and cervix) were demonstrated by Camp et al. (2014), indi-
cating that IGF-1 does enter the circulation at least in the first 24 h
of life and has specific roles in systemic development. These are
examples of the few bioactive components that have been studied.
Obviously, there are potentially many other factors such as epider-
mal growth factors, lactoferrin, and exosomes that influence
neonatal development.

The above experimental models were all based on complete
deprivation of colostrum. The current paper explored the signifi-
cance of natural variation in the development of uterine and cervi-
cal morphometric aspects. Our results suggest that poor intake of
colostrum may compromise development of the gastrointestinal
and reproductive tracts. Our results also show that natural varia-
tion in colostrum intake is at least partially related to overall
weight gain. The effects of colostrum on uterine and cervical devel-
opmental aspects were associated with overall BW, and therefore,
the effects may be related to the overall maturation of the piglet.
Which factors in colostrum contribute to the presented effects
remains unclear, but based on previously referenced studies, IGF-
1 is probably-one of the key factors.
4

It is interesting to speculate how the effects of colostrum at this
young age may affect the reproductive performance of gilts later in
life. Although the gilts in the current study were not followed after
weaning, other studies on the effects of gilts’ history on their sub-
sequent reproductive performance in the breeding herd do shed
some light on this aspect. Gilt progeny for example are known to
perform less well in later life than sow progeny in terms of growth,
and this is believed to be related to birth weight of the progeny and
quality of the dam’s colostrum (Miller et al., 2012). Gilt progeny
were also later in achieving puberty, although once selected for
breeding, they did not necessarily have smaller litters than sow
progeny (Craig et al., 2017). In a review on determinants of gilt per-
formance, Flowers (2015) presented data to show that female pig-
lets that were reared in larger litters had lower ovulation rates,
reduced embryo survival, and reduced litter size as a breeding
sow. Piglets reared in larger litters would experience more compe-
tition for colostrum and milk and therefore be reared in less
favourable maternal conditions. More specifically, Vallet et al.
(2015) reported a relationship between colostrum intake, and
age at puberty, and litter size in subsequent parities. The above
examples do suggest that the effects of colostrum intake on the
early development of gilt piglets reported in this paper may have
long-term consequences for reproductive performance as a sow.

Conclusion

In conclusion, this paper demonstrates birth weight-
independent effects of poor colostrum intake on the growth of
neonatal piglets and development of the gastrointestinal and
reproductive tract at 23 d of age. How the effects of low colostrum
impact on later life reproductive performance and longevity need
to be investigated; however, these results clearly emphasise the
need for colostrum-enhancing strategies.
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