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The effect of supplemental pig milk replacer on carbohydrate metabolism — a review
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SUMMARY

The aim of this review is to examine the effect of milk supplementation on pigs’ carbohydrate metabolism. These parameters regulate the

growth of piglets, the nutrient intake and the period of pre-weaning. Due to the increased litter size, the sow milk yield reaches an individual

maximum. The individual maximum has not increased proportionally with the number of piglets born alive. The use of liquid milk

supplementation may give the opportunity to keep these large litters. The examined hormones are insulin, insulin-like growth factor, growth

hormone, growth hormone releasing hormone, ghrelin and leptin. This review seeks to find these hormones’ interactions.
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INTRODUCTION

The increased litter size was the goal in pig
production which results a highly-prolific sow lines
with a large number of piglets born alive (Sandge et
al. 2012). Growing litter numbers cause concern in
health and animal welfare, and these increased litters
are challengeable for farmers. Although milk
production increases with the demand of the piglets,
sow milk yield wusually reaches an individual
maximum (Algers et al. 1985, King 2000). This
individual maximum has not increased proportionally
with the number of piglets born alive over the recent
decades. The actual milk volume per piglet was
decreased (King 2000). Reduced colostrum and milk
intake were negative effects on piglets, for example
raising pre-weaning mortality (Vasdal et al. 2011) and
decreasing the average pre-weaning weight gain
(Auldist et al. 1998). The use of nurse sows, artificial
rearing systems, or milk supplements can provide the
opportunity to keep these large litters. The addition of
liquid milk supplementation may increase the piglet’s
nutrient intake and increase weight gain (Ha et al.
2011). Weaning weight is related to birth weight
(Wolter and Ellis 2001) and to the amount of sow’s
milk which was consumed by piglets during lactation
(Lewis et al. 1978) It is known that the weaning
weight of suckling pigs is correlated with post —
weaning growth rate (McConnell et al. 1987, Mahan
and Lepine 1991, Mahan et al. 1998, Klindt 2003), the
weaning weight can be increased by providing a
supplemental milk replacer (Azain et al. 1996, King et
al. 1998, Dunshea et al. 1999, Wolter et al. 2002). The
developed liquid milk supplementary has positive
effects on the rate of growth; on the balance of the
stock and on the weaning weight (Azain et al. 1996).
The carbohydrate metabolism is determining process
on the piglet’s growth rate.

The aim of this review is to overview the hormonal
factors which have role on the regulation of feed
intake. These parameters regulate the nutrient intake
and the growth of piglets at the pre-weaning period.
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The anabolic and catabolic processes of the
carbohydrate metabolism are regulated by insulin,
insulin-like growth factor 1 (IGF-1), and growth
hormone (GH) growth hormone releasing hormone,
leptin, ghrelin. In this review we illustrate these
hormones individual and combined roles. We also
investigate the effect of liquid milk supplementation
on growth and the how the hormone regulating system
is changed.

ROLES OF INSULIN, IGF-1, GH, GHRH, LEPTIN
GHRELIN

Insulin

The insulin belongs to the family of insulin-like
growth facorts (IGFs). The all known vertebrate
insulin analogs have a classical structure with three
100% conserved disulfide bonds that are essential for
structural stability and thus the function of insulin
(Tine et al. 2012). The classical insulin which is
shared by members of the insulin super-family
includes three a-helices, two in the A chain and one in
the B-chain, and a hydrophobic core of non-polar
residues which are important for folding and
maintaining the structure (Baker et al. 1988, WHO
1999). Insulin regulates the storage of nutrients as
anabolic hormone; reduce the breakdown of stored
nutrients. Insulin determines how high the glucose is
and the free fatty acid levels of the blood. Insulin
inhibits the production of hepatic glucose, increases
glucose uptake in fat and muscle so the insulin is the
primary regulator of the glucose concentration of
blood. Insulin stimulates cell growth and cell
differentiations, furthermore stimulates the synthesis
of protein and glycogen, lipogenesis, and inhibits the
breakdown of protein, glycogenolysis and lipolysis
(Saltiel and Kahn 2001). The genetic and
environmental/epidemical  factors influence the
synthesis and secretion of insulin (Kaiyala et al.
2000).
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IGF-1

In addition to insulin, the plasma contains insulin-
like growth factors which have insulin-like effects.
Moreover these factors have both in vitro (cell culture)
and in vivo growth promoting effects, the structure of
proinsulin, IGF-1, IGF-2 shows significant
similarities. Both IGFs contain homologous details of
proinsulin/insulin A and B chains. Like proinsulin-
despite of insulin- in the IGFs have smaller variant of
C peptide linking A and B chain, with 11 amino acids
in IGF-1 and 8 amino acids in IGF-2. The IGFs is
synthesized in a wide variety of cells. IGF-1 detected
in plasma is derived from hepatocytes and its secretion
regulated by the growth hormone of adenohypophysis.
Local production of IGF-1 plays a major role to the
growth of tissues and due to the overall pattern of IGF
production during development IGF-1 is considered to
be more important for postnatal growth and
development than insulin or IGF-2. IGF-1 might be a
potential mediator of vascular growth response
(Griffeth et al. 2014).

Growth hormone, GHRH

Growth hormone consists of 191-amino acids, it is
single-chain polypeptide which is synthesized, stored,
and secreted by somatotropic cells within the lateral
wings of the anterior pituitary gland (Carter-Su et al.
1996). According to its name one of the most
important regulatory of growth but it is also regulating
several metabolic processes. GH has effect on lots of
tissues such as adipose tissue, liver tissue, and muscle
tissue. GH induces the secretion of IGF-1 in the liver,
increase the secretion of glucagon, and reduce the
sensitivity of insulin on peripherial tissues, in the
adipose tissues synergists to lipolytic hormones thanks
to that increase the plasma free fatty acid
concentration. The growth hormone secretion is
basically controlled by a stimulating (GHRH) (Plotsky
and Vale 1985) and an inhibitory (somatostatin)
hypothalamus hormone, based on metabolism factors,
peripheral stimuli and feedback regimens. GHRH of
the hypothalamus enhances the secretion of GH and
additionally transcription of the GH gene (Lin-Su and
Wajnrajch  2002). The inhibitory  hormone,
somatostatin, has no effect on transcription and
hormone synthesis but determines the timing and
amplitude of secretion episodes (Muller et al. 1999).
Growth hormone has several immediate effects on
tissues that play a role in energy storage. Although
secretion of growth hormone often happens during
sleep, it is also secreted when blood sugar is low. This
may seem counter-intuitive, but it’s because growth
hormone helps induce lipolysis. It induces fat cells to
release fatty acids, stimulates the liver to release
glucose, and triggers muscle cells to take up glucose
and amino acids so as to promote muscle proliferation.
In other words, growth hormone promotes the use of
fat stores to build up muscle (Net1).

GHRH is a 44 amino-acid polypeptide produced in
the arcuate nucleus of the hypothalamus. These
neuronal terminals secrete GHRH to reach the anterior
pituitary somatotrophs via the portal venous system,
which leads to GH transcription and secretion. GHRH
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plays a vital role in the proliferation of somatotrophs
in the anterior pituitary, where the absence of GHRH
has, in fact, lead to anterior pituitary hypoplasia. The
secretion of GHRH is stimulated by several factors
(Gunawardane et al. 2015).

Gherlin

Ghrelin is a peptide hormone, which
proteolytically processed to a 28-amino acid peptide
(3.3 kDa). A post synthetic modification takes place in
which an n-octanoic acid residue is bound to one of
the amino acids; this modification is necessary for
biological activity. Synthesis occurs predominantly in
epithelial cells lining the fundus of the stomach; only
small amounts are produced in the placenta, kidney,
pituitary, and hypothalamus (Meier and Gressner
2004).
Ghrelin has hormonal, cardiovascular, metabolic,
immunological effects and also effects on the
autonomic nervous system and musculoskeletal
system (Higgins et al. 2007). It has adipogenic,
orexigenic and somatotropic properties, increasing
feed intake and body weight. The ghrelin has a role as
a brain-gut peptide and emphasizes the significance of
vagal afferent fibers a major pathway to the brain.

Leptin

Leptin is a 16kDa protohormone named after the
Greek “leptos”, meaning thin (Clement et al. 1996,
Reed et al. 1996). More than 20 amino acid sequence
of leptin from a wide spectrum of species are
available. Predominantly It is produced in adipose
tissue and circulated in serum both as protein-bound
and as free entity, although production has been
demonstrated in other tissues such as the fundus of the
stomach, the skeletal muscle, the liver, and the
placenta. Leptin is a member of growth hormone four-
helical cytokine subfamily. It has role in lot of
biological activities such as angiogenesis, blood
pressure, bone mass, lymphoid organ homeostasis and
T lymphocyte function. Leptin has an integral
signaling mechanism to influence proper physiological
control of biological functions (La Cava et al. 2003,
2004, Yuan et al. 2004). The leptin receptor is
expressed in the central nervous system, as well as
wide spectrum of peripherial tissues The leptin
receptor characterized as a member of the class I
cytokine receptor family (Zhang et al. 2005). Leptin
has shown to have strong influence on several
endocrine axes.

HORMONE INTERACTIONS

GH and IGF-1 relationship

It was thought that IGF was produced only by the
liver and its expression was fully dependent on GH.
Nowadays we know this peptide produced, as it occurs
with GH, practically in all cells and tissues, where it
plays an auto/paracrine role. Moreover, IGF-I
antibodies can block the proliferative effects of GH,
indicating a local IGF-I action dependent on GH
stimulation of local IGF-I production (Jux et al. 1998)
Taken together, these findings indicate that GH acts
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directly on chondrocyte stem cells and also promotes
chondrocyte proliferation via local IGF-I production.
IGF-I then would stimulate clonal expansion of
proliferating cells in an auto/paracrine manner
(Devesa et al. 2016)

,»Glucose loop theory”

In our previous experiment we got the results
shown below (Table [-2). In this study we took
samples from pig group fed with milk replacers and
also from control group. All groups had 22 members.
Growth hormone, thyroid hormones, insulin, IGF and
sex hormones have high role in the growth and
development of pigs. Growth also determined by
genetical background, the quality and quantity of
feeding, and also by the environmental impacts. Our
results were explained by the ,,GLUCOSE LOOP
THEORY” (Figure I).

Figure I:,,The glucose-loop theory”
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In case of direct metabolic effect, GH inhibits
glucose uptake in adipose tissue, skeletal muscles. It
also raises gluconeogenesis and glycogen metabolism
in liver therefore it raises blood sugar level. Beyond
that GH enhances lipolysis, FFA and ketone bodies
concentration in blood plasma (Kuo et al. 2015).
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Direct metabolic effects come to the fore in case of

low calorie ingestion and energy mobilization.
Indirect metabolic effects of GH come to the fore in
case of high protein and lipid contained forage
additive usage. In this case anabolic processes are
highlighted. GH enhances protein uptake in skeletal
muscles and in the liver, therefore the level of amino
acids in blood plasma decreases. It also enhances
protein synthesis, structural protein synthesis in the
skeletal muscles, therefore it leads to positive nitrogen
balance (Spencer 1984).

The explanation of significantly higher insulin and
IGF concentration as well as decreased GHRH level is
the “glucose-loop “theory.

Due to continual nutriment intake, insulin level
permanently high provokes hunger in animal’s
organism. Because of low blood sugar level, GHRH
secretion induced which stimulates somatotrop-
produced GH. GH and IGF-1 speeds up glucose-
glygocen transformation. Insofar as blood sugar level
keeps on rise hyperglycemia induces, therefore GHRH
secretion stops. High blood sugar level stimulates
GHIH secretion which inhibits GH production.
Because of low GH and IGF-1 level glycogen
metabolism decreases, therefore glucose gets into
blood slower. As blood sugar level normalizes, GHIH
secretion stops.

Because of the elevated protein intake and
hypocaloric ~ status, growth stimulation effect
predominates of the GH. That is the explanation why
nutriment exploitation is significantly higher in treated
group in spite of lower GHRH (Asbéth et al. 2016).

Ghrelin and leptin

Ghrelin stimulates food intake in mammalian and
appears to act as the functional antagonist of leptin
(Zigman and Elmquist 2003) there is a fine balance
between the two physiologically antagonistic
hormones. Moderate leptin administration prevents the
increase of plasma ghrelin during short-term energy
restriction. In contrast to leptin, plasma levels of
ghrelin fluctuate in relation to food intake. The low
ghrelin levels are associated with low growth hormone
concentration and high leptin levels. On the other
hand, the sleep-week behavior effects on ghrelin and
leptin regulation. Bad quality of sleep is associated
with changed levels of ghrelin and leptin and is in
connection with energy balance disorders leading to
weight-gain (Somogyi et al. 2017).

Insulin has a temporal relationship with
postprandial ghrelin concentrations: insulin levels rise
as ghrelin levels fall. Various studies have been done
to try to determine whether or not there is also a
functional relationship, and whether or not glucose
levels are a factor in this equation. Three of the studies
concluded that insulin does induce the postprandial
fall in ghrelin levels (Saad et al. 2002, Flangan et al.
2003, Murdulo et al. 2003), and one of them showed
that not only is insulin able to induce this fall, but also
that it is in fact a prerequisite for it (Murdolo et al.
2003). One study examined whether it was truly the
change in insulin levels, or merely the associated
change in glucose levels that led to this effect, and
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concluded that changing insulin levels alone were by showing that the control of ghrelin release is
sufficient to cause the postprandial drop, but that mediated by the presence or absence of nutrients
hyperglycaemia may have an additional effect within the gastro intestinal tract and is not affected by
(Flanagan et al. 2003). Other research contradicts this  insulin levels (Higgins et al. 2007).

Table 1
Average weight of piglets
Group Number of piglets (n) Average weight (kg)
1. day 2-14. day 15-28.day 1. day 2-14. day 15-28. day
Control 363 333 321 1.40 4.11° 7.38"
Treated 347 330 318 1.40 4.76° 8.38"

Source: own data. Note: Treated: The piglets got Milk Supplement (MS) in 16.6% weight percentage solution: 2.0 kg dry milk powder was
added to 10 1 water. Control: The piglets in control group were sucking from birth till weaning (day 28), and they got pre-starter feed from
day ad libitum.

Table 2
Milk replacement effect on the concentration of carbohydrate metabolism hormones
G Number of Glucose(mM) GHRH (pg/mL) IGF-1 (ng/mL) Insulin (pg/mL)
rou
P piglets (n) Average SEM Average SEM Average SEM Average SEM
Control 22 7.72 0.57 11.53* 0.46 155.38* 9.05 30.78° 3.11
Treated 22 6.79 0.46 8.74° 0.30 202.54° 14.32 47.02° 4.36
Source: own data
CONCLUSION despite the fact that growth hormone releasing

hormone was higher than the treated group, average

The aim of this review was to overview the weight gain was significantly higher in the treated
hormonal factors which have role on the regulation of  group. This is explained by the so-called “sugar loop”
feed intake. We also interested in how milk principle where the anabolic effect of GH highlighted.
supplementation effect on carbohydrate metabolism. There is a need for further studies on how these
We are going to find that many hormones contribute  processes correlate to ghrelin and leptin.
to nutrition. Characterization of these hormones
reveals that they perform many functions. We would ACKNOWLEDGEMENTS
like to know that what hormone roles are highlighted
when piglets get liquid milk supplementation ad The work/publication is supported by the EFOP-
libitum. From our previous study (Novotni-Danké et  3.6.3-VEKOP-16-2017-00008 project. The project is
al. 2015, Asbé6th et al. 2016), it was found that co-financed by the European Union and the European
supplementation helped to compensate for litter, and  Social Fund.
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