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Abstract: With increasing amounts of data showing significant immunostimulating effects of glucan, it is not surprising
that attention is also focused on commercially farmed animals. Despite marked progress, development of more efficient
uses of glucan in pig farming still needs substantial additional research.
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INTRODUCTION

Carbohydrate structures generally play critical roles in
potentiation of immunity, and they are predicted to provide a
wide area for discovery of new kinds of safe and well-
tolerable immune adjuvants. Among numerous carbohy-
drates, the most promising are the glucans (B-D-glucans,
hereafter referred to as “glucans”). These compounds
represent basic structural units of cell walls of higher plant,
algae, fungi, yeast, and several other bacterial species. They
are composed of repeating D-glucose units joined together
by glycosidic bonds in various conformations. Glucans exert
adjuvant activities through their capability to bind to specific
surface carbohydrate receptors, such as CR-3 and Dectin-1,
expressed on the monocyte-macrophage cell lineage and
other antigen-presenting immunocompetent cells, i. e.
dendritic cells. The attachment of glucan molecules to these
receptors results in the activation of a cascade of pathways
that subsequently increase the production of proinflam-
matory cytokines and chemokines inducing antigen
presentation and cellular co-stimulation, which leads to
enhancing of both humoral and cellular immunity. On the
other hand, the main aim in search of new safe adjuvants
with no exerting damaging side effects such as excessive
inflammation is to utilize natural compounds such as
glucans, or to construct new substances that give rise to cell
activation by other pathways than through NF-«B. Many
studies conducted in recent years suggest that glucans
represent promising and the most convenient candidates for
such safe immunostimulants.

The innate immune system is fairly well conserved
among vertebrates due to its roots in evolutionary history. It
is estimated that the innate system goes as far back as early
metazoan [1]. This retention through time of the innate
system explains the effects of glucans throughout the animal
species where no animal resistant to glucans effects was
found.
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WHY GLUCAN IN PIGS?

The ban on growth and immunity promoting antibiotics
in animal feed in Denmark in 1995 and in the European
Union in 1997 and on further remaining antibiotics in 1999,
caused increased economic losses due to increased morbidity
and mortality of breeding animals. Consequently, it
increased the need for exploration of new options on how to
utilize safe compounds different from antibiotics. This
resulted in acceleration and an intensive search for
substances which could improve the growth and health of
food animals such as pigs [2]. It was repeatedly shown that
the most convenient was the molecules bearing
polysaccharide moieties, particularly the glucans, which
exerted desired properties.

It was previously proven in the studies that in mice fed
orally by glucan obtained from the culture filtrate of the
fungus Sclerotinia sclerotiorum, this supplementation
enhanced the acid phosphatase, phagocytic, and candidacidal
activities, as well as hydrogen peroxide (H,0,) and
interleukin-1 (IL-1) production of peritoneal macrophages
31

Also since the 1990s, it has been reported that glucans
stimulated respiratory burst activity enhanced the non-
specific defense mechanisms that induced resistance against
a wide range of bacteria in any fish species studied [4-9, for
review on the regulation of fish immunity by glucans see
10].

Currently, most studies referring the immunomodulating
properties of glucans have been performed in mice, rats, and
fish. Unfortunately, little is known about their action in
commercially important mammals such as pigs or cattle.
Based on data obtained in other animal species, it could be
expected that glucans influence pig immune parameters,
especially the non-specific branch of immunity in a similar
way as in other animals. Some authors applied glucans
derived from various sources in weaning and finishing pigs
and proved their beneficial effects on both the growth and
the immunity [11-14]. On the other hand, Hiss and
Sauerwein [15] found no substantial effects of dietary
glucans on the pig immunity; as glucan-treated pigs had
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immune parameters tested that were similar to the controls
and only a marginal benefit on growth performance.
However, these negative results might be caused by the
quality of relatively unknown glucans used in this study. In
addition, no further information other than the
Saccharomyces cerevisiae origin was provided. Low effects
of glucan supplementation were also found by the
Amornlertviman’s group. They found little effects on
antibody titers to various infections, but positive changes in
some hematology data, making the whole study rather
inconclusive [16].

The weaning period in pigs is a critical phase for
functional differentiation of immunity and growth. Newly-
weaned piglets met with plenty of challenges of which
infections were the most important. A more rapid rise of
immunocompetence and steady growth in piglets is possible
to achieve by dietary interventions [17].

GLUCANS IN PIG GROWTH

A mechanism through which glucan supplementation of
pig food formula improves pig growth performance is
unknown. Glucans originally used as broad spectrum
immunopotentiators can also improve gastrointestinal (Gl)
health milieu by increasing mucosal barrier functions and
contributing to the increase of animal growth. Within Gl, the
nutrients are digested and through intestinal mucosa
absorbed into the body. Glucans may have substantial
influence on the composition of intestinal microbiota, which
not only helps digestion but directly and indirectly may
support immune activities of the gut associated lymphoid
tissue (GALT) representing the largest immune organ in
mammals. Unfortunately, there are little studies on the
relationships between glucans and gut microbiota. One of the
few exceptions is the study of Ewaschuk et al. [18], in which
the authors investigated the effects of glucan supplemen-
tation on selected immune and intestinal parameters in
weaning periods in pigs. Addition of glucan to the food
resulted in increased mannitol permeability and conductance
to the ileus, but the rest of the morphological parameters
were not changed. Supplementation particularly influenced
expression of lymphocyte phenotypes and lymphoid cell
proliferation in response to stimulation, and ex vivo of
enterotoxigenic Escherichia coli adhesion to enterocytes.
The proportion of CD4 T cell subpopulations in mesenteric
lymph nodes, Peyer's patches and CD8 T cells in peripheral
blood was greater in pigs fed with glucan. It was concluded
that a greater nutritional intake of glucan resulted in a greater
increase of peripheral blood leukocytes and specifically
increased the counts of naive T cells.

The increased mannitol permeability caused by glucan
was further studied by Virschevskaya, who found no
expected increase of activated T lymphocytes in mesenteric
lymph nodes or Peyer’s patches, suggesting some non-
immunologic mechanisms [19].

It is also known that the indigestible polysaccharides
stimulate activity of the mucosa and tight junctions or both
in the pig intestine [20]. The influence of glucans on the
alteration of gut microbiome composition, its metabolic
activity and subsequently the gut wall permeability could
consequently postpone immune activity of GALT. Immune
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effects after glucan administration are absent in animals kept
in gnotobiologic conditions [21].

A very important component of the porcine gut
microflora represents the methanogens. Methanogens belong
to the Archea, a distinct domain of bacteria that
produces methane in anoxic conditions of hindgut of
monogastric animals, where they reduce carbon dioxide and
formate and acetate to methane. They play a critical role with
regard to efficiency of microbial participation in digestion
within Gl [22]. Luo et al. [23] In their molecular study
investigating the phylogenetic  diversity of these
microorganisms from porcine colonic digesta for the first
time, it confirmed that the addition of glucans significantly
increased methanogens diversity. This action may improve
the microbiota fermentation activities and positively
influence postnatal development of immunity and growth
performance.

GLUCANS IN PIG IMMUNITY

It was shown by Li et al. [24] that diets supplemented
with glucan partially down-regulated the synthesis of
proinflammatory cytokines TNF-o and IL-6 modulating
immunity but also regulating metabolism of nutrients with
damaging effects on growth performance [25]. In addition,
glucan up-regulated anti-inflammatory cytokine 1L-10
inhibiting T cell proliferation and functional differentiation
including secretion of Thl and Th2 cytokines, which
simultaneously exhibits signal transduction pathway of NF-
kB [26]. Li et al. [24] hypothesize that supplementation of
pig diet by glucan may suppress cellular immunity, which
reflects in increased growth performance [18].

Additional studies have found that the addition of
glucans to pig feed increased weight [11,27], reduced peak
net glucose flux [28], decreased Th-related cytokine
production [29] and protected against infection [30]. In a
study focused on evaluation of the effects of glucans on
immune parameters in pigs with experimental ascariosis,
glucan combined with pig immunoglobulin and zinc was
found to significantly elevate the levels of both peripheral
blood T and B cells and stimulate the phagocytic activity of
white blood cells. In addition, this combination offered 65%
protective effects against ascariosis [31]. These effects were
observed as early as in the first days of infection. The
production of the various types of immunoglobulins can be
affected by glucans, with lower doses favoring 1gA [32].
Specific response to immunization was not clear with some
reporting lowering effects of anthropic rhinitis vaccine [33]
and some reporting enhanced effects of immunization with
ovalbumin [24].

Additional study showed that the supplementation
particularly  influenced expression of  lymphocyte
phenotypes, lymphoid cell proliferation in response to
stimulation, and ex vivo of enterotoxigenic Escherichia coli
adhesion to enterocytes. The proportion of CD4 T cell
subpopulations in mesenteric lymph nodes, Peyer's patches
and CD8 T cells in peripheral blood was greater in pigs fed
with glucan. It was concluded that a greater nutritional intake
of glucan resulted in a greater increase of peripheral blood
leukocytes and specifically increased the counts of naive T
cells.
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P—Glucan and Pigs

The immune systems of the newly-weaned pigs faced
strong challenges at the time of weaning. Infections were
common during this period, and dietary interventions may
have influenced immune function [17]. Although some of
the measurements were not influenced by increasing the
glucan content of the diet, many of the intestinal and
peripheral immune measures were changed, some in a dose-
dependent manner. However, the concurrent increase in
intestinal permeability and enterocyte pathogen-binding
warrants further investigation before glucans can be
recommended for supplementing the diet of weanling pigs.

In our study we focused on comparison of the effects of
two different types of insoluble, fungi-derived glucans as
dietary supplement in piglets. Following supplementation,
both glucans stimulated growth, phagocytic activity, and IL-
2 production. In addition, both glucans significantly lowered
the cortisol and TNF-a levels after lipopolysaccharide
challenge [34].

The mechanisms responsible for the growth
improvements were not clear, as the energetic contribution of
the glucans to the feed at dosages used was negligible.
Plausible explanations might be stress reduction, effects on
Gl tract microbiota [35] on gut permeability [18] and
reduction of the negative effects of LPS on feed intake. The
effects of glucan after a lipopolysaccharide challenge were
manifested in reduction of levels of both TNF-o and stress
hormone cortisol, which corresponded to the results found in
similar porcine models of LPS challenge after weaning [36].
In this study, supplements (glucan and vitamin C) were
given in whole milk within 36 h of birth for two weeks; upon
which the animals were challenged with an IV-applied
lipopolysaccharide. Glucan supplementation increased
average daily gain and increased expression of intestinal
TNF-a. In the case of glucan alone, the strong increase of
lung expression of TNF-a was observed. The resistance of
pig neutrophils to respond to glucan challenge by oxidative
burst cannot be currently explained [11,18] as it would be
the first case of species-related resistance. However, the
possibility that in vitro stimulation might not fully reflect the
situation in vivo cannot be overlooked. In addition, some
studies revealed that the response of porcine neutrophils to
the glucan challenge depends on the type of glucan, as
soluble glucans Laminarin and scleroglucan had no effects,
but insoluble glucans showed significant stimulation [37].
The effects of glucan on pig immunity are summarized in
Table 1.

In cattle, the effects of glucan were studied only
marginally. Estrada et al. found that oat beta glucan
administration had no effects in healthy beef steers, but
improved the immunity in immunosuppressed animals [38].
A small scale study suggested that supplementation with
glucan isolated from Aureobsidium pollulans might change
the expression of cytokines in the serum and affect bacterial
flora in the intestine [39]. Additional study found different
effects based on type and purity of glucan used. Both
glucans increased the feed uptake, but differed in modulation
of immune responses [40].

CONCLUSION

Glucans are considered to be biological response
modifiers exerting a variety of biological and immuno-
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Table 1.  Effects of glucan on pig immunity.
Effects Reference
No effects [15]
Little effects on antibody production [16]
Improvement of hematology [16]
Downregulation of IL-6 and TNF-a [24]
Upregulation of IL-10 [26]
Decrease of Th-related cytokines [29]
Protection against infection [30]
Stimulation of phagocytosis [31]
Protection against ascariosis [31]
Increase in IgA production [32]
Stimulation of IL-2 and phagocytosis [34]
Suppression of TNF-a. [34]

pharmacological properties [41,42]. These immunomodu-
lators have the capacity to stimulate both innate and specific
immunity. The current studies suggested that glucan-
supplemented feed might improve both the growth and
overall health of commercially farmed animals including
pigs. However, we have to keep in mind that glucans are
structurally relatively very variable molecules and may
contain a variety of impure compounds. Preferentially, they
are contaminated by cell wall proteins. It is not known to
which extent the structural variation in glucan molecule, its
molecular weight, and quantity of various contaminating
substances modify the glucan effect in promotion of its
growth performance and immune stimulation. The literature
describing effects of glucans on pig immunity offers some
promising studies, but is still too scarce and disparate to
ascertain these effects.

Therefore, the use of beta-glucans for pig food
supplementation with the aim to improve pig growth
performance and immune resistance toward various
bacterial, viral, and fungal illnesses of pigs requires further
investigations.
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