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Fortifying the Animal’s Own Defence
Mechanism by Feeding B-(1,3)-glucan

B-glucans have been known for their immune-
modulating effects and they are added to feed
to enhance animal performance and resistance
to diseases. To date, the most commmon source of
B-glucansis yeast (cellwall). A new and rather unknown
source of B-glucans is a unique alga, called Euglena
gracilis. This alga produces a linear B-(1,3)-glucan as
its energy source, which is stored in the cytoplasm.

The objective of the current research was to test the
immune-modulating capabilities of this new molecule,
and more specifically firstly to check whether this
B-(13)-glucan is readily phagocytosed by antigen-
presenting cells and is consequently inducing a release
of immune-modulating cytokines, and secondly to test
whether those first results could be confirmed during in
vivo broiler trials, resulting in a higher resistance against
disease.

The results of the first phase of the research showed
that the algal B-(1,3)-glucans indeed have immune-
modulating capabilities, as they were readily
phagocytosed by antigen-presenting cells resulting in
a release of immune-modulating cytokines such as
IL-10, IL-6 and IL-18. The second phase showed that
supplementation of feed with B-(1,3)-glucan (Aleta™)
resulted in significantly less intestinal lesions after a
coccidial (Eimeria spp.) challenge due to an increased
intestinal presence and activation of antigen-
presenting cells. In addition, it was shown that 8- 8,3)—
glucan was equally effective as an antibiotic growth
promotor in maintaining animal performance during
nutritional and environmental challenge conditions.
Based on this research, we conclude that B-(13)-
glucans derived from an alga (Euglena gracilis) can
serve as immune-modulating molecules enhancing
the natural defence mechanisms of the animal and
consequently contributing to improved animal health
and performance.

Introduction

In response to the European ban on antibiotic growth
promotors (AGP) in 2006 and the increasing regulatory
and consumer pressure to reduce therapeutic antibiotic
usage in animal production, alternatives such as probiotics,
phytogenic substances and natural immune-modulators
are gaining traction in the industry. f-glucans are known
immune-modaulators, which have been demonstrated to
stimulate specific and non-specific immune responses
(soltanian et al., 2009) and as such increase resistance to
infections and diseases.

Several immune cells in the animal's body, like the
antigen-presenting cells (such as macrophages and
dendritic cells), can recognise B-(1,3)-glucan carbohydrate
structures by specific receptors on their surface (such as the
dectin-1 receptor) (Goodridge et al., 2009; Soltanian et al.,
2009). In response to binding B-(1,3)-glucan, the immune
cells will become more active in engulfing, kiling and
digesting invading pathogens and will initiate a signalling
cascade stimulating the attraction, formation and activation
of other immune cells (Soltanian et al., 2009).
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One organism effectively producing B-(1,3)-glucans is
the alga, Euglena gracilis, as this organism stores the molecule
as a carbohydrate product in its cytoplasm (Krajcovic et al.,
2015). This new algal-derived B-(1,3)-glucan is available as
an in-feed solution for all animal species. The objective of
this research was, firstly, to test whether this p- (1,35 -glucan
is readily phagocytosed by antigen-presenting cells and is
consequently inducing a release of immune-modulating
cytokines. Secondly, the objective was to test whether those
previous results could be confirmed by two in vivo trials in
broilers challenged with several Eimeria strains or in broilers
undergoing a nutritional and environmental challenge.

Materials and Methods

Firstly, two experiments, investigating the mode of action
of B—(l,S)—qucan, were performed. In the first experiment,
mouse macrophages were collected from mouse intestine
and spleen and distributed into chamber slides (5x10° cells/
chamber). Triplicate wells were incubated with fluorescein
isothiocyanate (FITC)-linked B-(1.3)-glucan preparations
(5 pg/mL) for two hours. Unbound particles were washed
away, and cells were incubated for 72 hours longer and then
stained for macrophage marker (CDIIb) and nucleus marker
(4 6-diamidino-2-phenylindole, DAPI). Cells were imaged
using confocal microscopy. For the second experiment, mice
were given FITC-linked B-(1,3)-glucan at 125, 500, 5000 pg
per day by oral gavage, equivalent to 50, 200 and 2000 g per
ton of feed respectively, for seven consecutive days. On day
eight, macrophages were isolated from collagenase digested
small intestine by magnetic sorting, cultured overnight, and
the supernatants were tested for the expression of various
cytokines (IL-6, IL-10 and IL-18) by Luminex multiplex assay.

Secondly, two broiler trials were performed to assess the
effect of B—(I,S)—glucan on the bird's disease resistance.
A first broiler trial was performed at Southern Poultry
Research in Georgia, USA. 400 one-day-old COBB 500 male
broiler chickens were divided over eight cages per treatment
(10 birds per cage). The experiment consisted of five
treatments: a non-infected, non-supplemented group (1), an
infected, non-supplemented group (2), and three infected,
supplemented groups (3, 4, 5). The algal-derived B-(1,3)-
glucan product (Aleta™, Kemin Europa NV) was added at
100, 150 and 200 g/T, in groups 3, 4 and 5 respectively, to
a standard starter diet. This ration was fed in mash form
ad libitum for 28 days. On day 14, all birds except those in
group 1 were orally challenged with a coccidial inoculum (1
mL of distilled water mixed with the inoculum) consisting of
mixed cultures of three Eimeria species: E. acervulina (75,000
oocysts/ bird), E. maxima (40,000 oocysts/ bird), and
E. tenella (50,000 oocysts/bird). The non-infected control
birds received an oral dose of 1 mL distilled water. On day 20,
five birds from each cage were humanely euthanised and
the upper, middle, and cecal regions of the intestine were
lesion scored wherein 0 was normal and 1, 2, 3, or 4 indicate
increasing severity of infection (Johnson and Reid, 1970).
On day 28, all remaining broilers were sacrificed and 1 cm
sections of the distal portion of the ileum were taken from
32 birds per treatment (four birds from each replicate
cage) for evaluation by immunohistochemistry to measure
immune cell density, macrophage density and antigen-
presenting cell density. Total antigen-presenting cell (APC)
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frequency was calculated by counting phycoerythrin (PE)-
positive cells in randomly selected, equally sized areas per
section stained with macrophage marker or MHC-II (Major
Histocompatibility Complex) marker, respectively. Average
MHC-II expression levels were determined by measuring
the fluorescence intensity of two randomly selected, equally
sized areas per section under the green and red fluorescent
channels, respectively. All experiments were conducted in
accordance with an approved animal use protocol (IACUC).
A second broiler trial was executed at the University of
Barcelona, Bellaterra, Spain. In this trial, 432 one-day-old
Ross 308 male broiler chickens were randomly assigned to
eight pens per treatment (18 birds per pen). The treatments
consisted of a control treatment with the AGP Zn-bacitracin
(50 mg/kg) and two treatments with an algal-derived
B-(1,3)-glucan product (Aleta™, Kemin Europa NV): 50 g/T
and 100 g/T. Challenge was induced in the trial by feeding
the broilers a diet with a high concentration of protein (31%
soybean meall, 3% fishmeal, 23.5% total protein in starter diet),
a high concentration of fibre (48% wheat and 10% barley in
starter diet) and by re-using litter from a commercial farm
(~ 550 Eimeria oocysts/g litter). Broiler performance durin
starter (0-10d), grower (1-21d) and finisher periods (22-39d
was recorded.

Results

Mode of Action Experiments with p- (1,3)—gluccm

The results of the confocal imaging showed that 8-(1,3)-
lucan was readily phagocytosed by mice macrophages

?Figure 1), as the image shows a clear presence of the FITC-

labelled - (1,3)—g|ucan in the cytoplasm of the macrophage.

Cd11b DAPI

Figure 1. Mouse macrophages stained for surface (CD11b, red) and nucleus

(DAPI, blue) marker, supplemented with FITC-labelled B-(1,3)-glucan (row 1)

and non-supplemented macrophages (row 2). Merged picture (Merged) of

FITC, DAPI and CD11b staining shows the uptake of B-(1,3)-glucan by mouse
macrophages.

Merged

Further research demonstrated a dose-responsive
release of immune-modulating cytokines such as IL-10,
IL-6 and IL-18 by macrophages harvested from the smaill
intestine of mice, in response to increased supplementation
with B-(1,3)-glucan (Figure 2).
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Figure 2. IL-6, IL-10, and IL-18 secretion by macrophages harvested from the
small intestine of mice orally fed with different doses of B-(1,3)-glucan for
seven days.
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Broiler Trials with B-(1,3)-glucan

The first trial showed significant effects of B-(1,3)-glucan on
intestinal lesions and immune cell recruitment and activation.
The lesion scores on day 20 of the trial are shown in Table 1.
Compared to the infected but non-supplemented group (2),
all Aleta™-treated groups (3,4,5) had significantly lower
average lesion scores throughout the intestine.

Treatment group E. E. E. Average
acervulina tenell
1. Not challenged, not supplemented 0.00¢ 0.00°¢ 0.00° 0.00¢
2. Challenged, not supplemented 2.50° 1.10% 1.58° 1.73?
3. Challenged, 100 g/T B-(1,3)-glucan 2.31* 0.96® 1.36° 1.54°
4, Challenged, 150 g/T B-(1,3)-glucan 2.06° 1.05° 1.41° 1.50°
5. Challenged, 200 g/T B-(1,3)-glucan 2.27° 0.83° 1.05° 1.38°
SEM 0.070 0.050 0.107 0.059

Table 1. Lesion scores (d 20) in male broilers challenged with different Eimeria
strains and fed increasing levels of B-(1,3)-glucan. Means (eight replicates)
with different superscripts are statistically different (P<0.05).

Results of the analysis of intestinal immune cell density
and activity in the broiler trial are shown in Figure 3. A
significant increase in APC frequency and MHC Il expression
was observed in the B- (1,3) -glucan groups (3,4,5) compared
to both control groups (1,2).
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Figure 3.Immune cellquantification (APC frequency and MHC expression)inthe

distal ileum of broilers at d28 challenged with different Eimeria species (2-5)

and fed different dosages of B-(1,3)-glucan (3: 100g/T, 4: 150 g/T, 5: 200 g/T).

Data are means # standard error (n=8 cages per treatment, with four birds

sampled per cage). Bars with different superscripts are statistically different
(P<0.05).

The second broiler trial showed no significant
performance differences between the birds fed the AGP and
the birds fed the different dosages of dried algae, although
the highest body weight and lowest FCR were obtained with
the supplementation of 100 g/T B-(1,3)-glucan (Figure 4).
The results showed that the dried algae were equally
effective as the AGP in maintaining animal performance
during nutritional and environmental challenge conditions.
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Figure 4. Body weight (blue bars) and feed conversion ratio (red line) (FCR) of
broilers fed diets supplemented with increasing levels of dried algae (d0-28).
Data are means * standard error (n=8).
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Discussion

Anidealimmune-modulating substance needs to helpinduce
an immune response to pathogens entering the animal’s
body. Therefore, the immune response cascade needs to
be respected and the following characteristics are required:
the candidate ingredient must be recognised by antigen-
presenting cells (macrophages) and induce a secretion
of cytokines (responsible for intercell communication),
resulting in recruitment and activation of other immune
cells combatting the pathogen (Medzhitov, 2007; Soltanian
et al, 2009). In the current paper, data are summarised
showing the potential immune-modulating capabilities of
an algal-derived B-(1,3) -glucan. During the first part of the
research, it was demonstrated that this algal B-(1,3)-glucan
is recognised and phagocytosed by antigen-presenting
cells (macrophages) and is consequently inducing a
release of immune-modulating cytokines. The production
of IL-6 (a pro- and anti-inflammatory cytokine), IL-10 (an
anti-inflammatory cytokine), and IL-18 (a pro-inflammatory
cytokine) was shown in this paper. As both pro-inflammatory
and anti-inflammatory cytokines are secreted in response to
this specific B-(1,3) -glucan, we can conclude that the algal-
derived B-glucan triggers a balanced immune response:
activation but no overstimulation of the immune system
(which would result in inflammation).

In the second part of the research, we could observe
an increased resistance of broiler chickens to infectious,
nutritional and environmental challenges. The first trial, where
the birds were challenged with different Eimeria species,
showed an increased APC frequency and MHC Il expression
in all B-(1,3)-glucan supplemented groups. The latter is an
indicator of the activation of APC (Sonck et al., 2011). These
results prove an enhanced recruitment and activation
of antigen-presenting cells in the ileum by the B-(13)-
glucan supplementation, increasing the animal's resistance
to disease. This may explain the significant reduction in
intestinal lesions in response to the Eimeria challenge in the
B-(13) -glucan supplemented groups. Notably, the infected
control had many fewer APCs and less MHC Il expression
compared to all other groups, possibly due to the parasite
using the Th2/ILI0 pathway to suppress immune function
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and preclude attack (Cornelissen et al.,, 2009; Haritova and
Stanilova, 2012). In the second trial, a diet known to induce a
disruption of the gut microbiota and an increased intestinal
inflammation, together with an environmental challenge
(re-used litter) was used and it was shown that p-(1,3)-
glucan was equally effective as the AGP in protecting the
animals from performance losses.

Conclusions
Based on this research, we conclude that B—(l,S)—qucans
can serve as immune-modulating molecules enhancing
the natural defence mechanisms of the animal and
consequently contributing to improved animal health and
performance.

REFERENCES

1. Cornelissen, JB.W.J., Swinkels, W.J.C., Boersma, W.A. and
Rebel, J.M.J. 2009. Host response to simultaneous infections
with Eimeria acervulina, maxima and tenella: A cumulation
of single responses. Vet. Parasitol. 162:58-66

2. Goodridge, H.S., Wolf, A.J., Underhill, D.M. 2009. Beta-glucan
recognition by the innate immune system. Immunological
Reviews 230:38-50.

3. Haritova, AM, and S.A. Stanilova. 2012. Enhanced expression
of IL-10in contrast to IL-12B mRNA in poultry with experimental
coccidiosis. Exp. Parasitol. 132:378—-382.

4. Johnson, J., Reid, W.M. 1970. Anticoccidial drugs: lesion
scoring techniques in battery and floor-pen experiments
with chickens. Experimental Parasitology 28: 30-36.

5. Krajcovic, J., Vesteg, M., Schwartzbach, S.D. 2015. Euglenoid
flagellates: a multifaceted biotechnology platform. Journal
of Biotechnology 202:135-145.

6. Medzhitov, R. 2007. Recognition of microorganisms and
activation of the immune response. Nature 449: 819-825.

7. Soltanian, S., Stuyven, E.,, Cox, E., Sorgeloos, P., Bossier, P. 2009.
Beta-glucans as immunostimulant in vertebrates and
invertebrates. Critical Reviews in Microbiology 35:109-138.

8. Sonck, E, Devriendt, B, Goddeeris, B, Cox, E. 201l. Varying
effects of different beta-glucans on the maturation of
porcine monocyte-derive dentritic cells. Clinical and
Vaccine Immunology 18: 1441-1446.

Natasja Smeets

Associate Scientist at Kemin Europa
NV, responsible for the research
and development of new products
supporting the health of production
animals. Graduated at the University
of Leuven as a Master in Biosciences
and joined Kemin in 2009. Obtained a PhD in Bioscience
Engineering from the University of Leuven in cooperation
with Kemin.

Email: natasja.smeets@kemin.com

Valentine Van Hamme

Product Manager mycotoxins and
immune modulation at Kemin Europa
NV.Graduated atthe University of Ghent
as a Master in Veterinary medicine
‘ ' in 2010 and worked for several years
N 0 in the feed additive industry as a
technical service manager and global product manager
to eventually join Kemin in 2017 as a product manager.

Email: valentine.vanhamme@kemin.com

Volume 5 Issue 4



