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Abstract

Farming faces numerous challenges: 1) emerging new diseases 2) current
efforts to ban growth-promoting antibiotics 3) improve conditions and overall
health of the farmed animals. This situation opens new opportunities for natural,
highly effective and cost affordable immunomodulators. We evaluated the
immunostimulative effects of a novel, yeast-derived mannan supplementation
on health status of calves. Our results showed that 30-day supplementation
resulted in significant improvements and offered two significant benefits: natural
protection and natural growth stimulation.
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Introduction

The immune system in general and innate immune system in
particular, is fairly well conserved among all vertebrates. Neonatal
calves’ intestinal tract develops immune mechanisms via passive
and innate components of immunity. The health status of young
calves is one of the most important factors contributing to their
growth. A major issue is diarrhea, most often caused by Escherichia
coli infection. Early stimulation of innate immunity is an important
method to enable calves to thrive after maternal antibodies have
waned and before their specific immunity is fully developed.

One possibility is the use of natural immunostimulants such
as glucan or mannan.Glucan’s role as an immunomodulator has
been well documented for over 50 years. 3-Glucans show notable
physiological effects; this is their most important quality and the
reason why so much attention has been focused on them. p1,3-
glucans, either particulate or soluble, exhibit immunostimulating
properties, including antibacterial and anti-tumor activities [1,2].
Despite the fact that glucan has been intensively used in farm animals;
the information on its effects in calves is sporadic.An interesting
study showed that glucan addition to the vaccine-increased immune
response [3]. Another study found improvements in milk quality
and changes in cytokine expression after glucan administration [4].
A glucan-ascorbic acid combination modulated immune functions,
particularly lung cell populations [5].

In the yeast cell wall, glucomannans are present in complex
molecules usually linked to a protein moiety. Depending on isolation
and size, the biological and immunological functions can vary
[6]. One of the most studied components is Bio-Mos, a mannan
oligosaccharide [7]. Glucomannan consists of glucose and mannose
units joined by glycosidic linkages (via different positions and in
different ratios). Similar to isolated glucans, glucomannan showed a
broad range of biological activities including radioprotection, anti-
mutagenic properties, anti-oxidative and immunostimulatory effects
[8,9]. Readers seeking more information of immunological activities
of various polysaccharides should seek an excellent review [10].

In this study, we evaluated the effects of a new generation of

yeast wall containing soluble mannan and partial exposure of the
beta-glucan layer into commercial feed of calves. We measured Body
Weight (BW), changes in phagocytic activity, levels of cortisol after
LPS challenge and effects of E. coli infection.

Material and Methods

Animals

At the onset of our study, all animals were evaluated for signs
of any disease and all were considered healthy based on lacking any
relevant abnormalities. Animal care and use was approved by the
IACUC committee. Thirty calves (20 days old; 35+1, 5 kg of BW)
were used for a 30-day experimental period. The animals were kept
in individual pens. Weekly body weight was recorded and treatment
dosages were adjusted accordingly.

The animals were chosen randomly forthe experimental
treatments: Control, without yeast wall; or Mannan, with addition of
100 mg/kg BW yeast wall (Hypergen; BioriginCompany, Brazil) by
gavage (Figure 1). On day 30 of experimentation, five animals in each
group received LPS; fivemore animals in each group were challenged
orally with E coli (see below). Composition of the feed is shown in
Table 1. All animals were grown in conventional conditions.

Materials

Lipopolysaccharides (LPS from Salmonella enteriditis), Wright
stain, and sodium citrate were obtained from Sigma (St. Louis, MO,
USA).
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Figure 1: Scheme of the experimental design.
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Mannose

Biorigin R&D’s refined yeast-based mannan preparation was used
in this study.New generation of yeast wall containing soluble mannan
and partial exposure of the beta-glucan layer(Hypergen product).

Bacteria

Hemolytic E. coli strain GIS 26 was cultured during 18 hr. in
Tryptone Soya Broth (Gibco). Bacteria were collected by centrifugation
at 2800 mg for 45 min at 40C. Bacteria were re-suspended in PBS and
used at 109/ml [11]. Calves were orally inoculated with bacteria as
described previously [12].

Phagocytosis

Phagocytic activity was evaluated as described earlier [13]
using synthetic polymeric microspheres based on 2-hydroxyethyl
methacrylate. Briefly: 0.1 ml of peripheral blood (with sodium
citrate 1:9) was incubated in vitro with 0.05 ml of particles (diluted
at 5x108/ml). The test tubes were incubated at 37°C for 60 min.,
with intermittent shaking. Smears were stained with Wright stain.
The cells with three or more particles were considered positive. All
experiments were performed in triplicate. At least 300 cells in 60 high
power fields were examined in each experiment.

IL-2
Levels of IL-2 were evaluated in serum (1 ml of blood was
collected) at the end of experimentation using a commercial bovine

IL-2 ELISA kit as recommended by the manufacturer (Thermo Fisher
Scientific, USA).

Evaluation of cortisol

Levels of cortisol were evaluated in serum (1 ml of blood was
collected) at 1, 2 and 3 hrs. After injection of LPS from 30 days after
beginning of feeding with mannan. The level of cortisol was measured
using a commercial ELISA kit (Abnova, Walnut, MA, USA).

Body Weight

Calves were fed with the commercial diet formulated according to
the NRC (2000; Table 1) with or without sample for 30 days. Weights
were determined weekly to calculate Average Daily Gain (ADG) and
Average Daily Feed Intake (ADFI).

Collection of samples

Feces were collected using plastic bags attached around the
anus. Feces used for subsequent analysis of Short-Chain Fatty Acids
(SCFA) were stored at -20°C. Just before testing, feces were finely
ground to pass through a 0.5 mm mesh and analyzed for SCFA by gas
chromatography as described previously [14].

IgA

IgA in the serum was detected by ELISA as described before
[15]. Excretion of F4+ ETEC in feces was measured by dot-blotting
hemolytic colonies after inoculation of 10-fold dilutions of feces on
blood agar plates using F4-specific monoclonal antibody IMMO1 as
shown in [12].

Statistics analysis

Data was subjected to SAS (Version 9.1.3, 2004, SAS Institute Inc.,
Cary, NC), verifying the normality of residuals and homogeneity of
variances by PROC UNIVARIATE. Outliers were removed to achieve
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Figure 2: Average Daily Gain (ADG). Results are given as mean +/- SD.
*Represents significant differences at P< 0.05 level.
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Figure 3: Average daily feed intake. Results are given as mean +/- SD.
*Represents significant differences at P< 0.05 level.

normality of residuals when necessary. Student t-test was used to
statistically analyze the data.

Results

Body weights were recorded every week for the entire duration
of the study. ADGs were calculated for each of the 7-day periods.
From data shown in Figure 2, it is clear that the ADG was positively
influenced by mannan supplementation. Average daily feed intake
showed significant improvements after longer supplementation
(Figure 3).

Mannans are known for their health effects. As phagocytosis is
one of the first defense mechanisms, we decided to evaluate the effects
of diet supplementation on phagocytic activity of blood neutrophils
and monocytes. Using a test employing synthetic microspheres with
minimal false positivity, we found that addition of our sample to the
diet significantly stimulated phagocytic activity of both peripheral
neutrophils and monocytes (Figure 4). Experiments testing the effects
on IL-2 secretion in the blood showed strong stimulation (Figure 5).

The next experiments measured the effects of mannan
supplementation of the body response after a lipopolysaccharide
challenge. By evaluating the levels of the stress hormone cortisol,
we found that mannan supplementation significantly abolished the
effect of stress at 1 and 3 hr. intervals, the situation at 2 hr. was not
statistically different (Figure 6).

The next part of our study focused on effects of E. coli infection.
This infection induced a rapid increase in the F4-specific IgA

Submit your Manusecript | www.austinpublishinggroup.com

Austin Food Sci 5(2): id1039 (2020) - Page - 02



Vaclav V

Austin Publishing Group

Table 1: Composition of diet.

Ingredient % of diet
Corn silage 33.3
Alfaalfa silage 15.7
Alfaalfa hay 8
Corn, ground 15.5
Soybean meal 5.8
Corn hominy 5.2
Soybean hulls 4.9
Dried corn distillers grain 3.7
Canola meal 1.6
Soybean meal 3.7
Calcium carbonate 0.69
Molasses 0.58
Sodium bicarbonate 0.56
Sodium chloride 0.41
Mineral and vitamin mix 0.32
Monocalcium phosphate 0.032
Magnesium oxide 0.032
Monocalcium phosphate 0.069
Calcium sulfate 0.011
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Figure 4: Effect of feeding on phagocytosis of peripheral blood neutrophils
and monocytes. Results are given as mean +/- SD. *Represents significant
differences at P< 0.05 level.
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Figure 5: Effects of feeding on IL-2 formation. Results are given as mean
+/- SD. *Represents significant differences at P< 0.05 level.
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Figure 6: Effects of feeding on levels of cortisol. Results are given as mean
+/- SD. *Represents significant differences at P< 0.05 level.
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Figure 7: Day-dependent levels of F4-specific IgA antibodies. Results are
given as mean +/- SD. 'Represents significant differences at P< 0.05 level.
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Figure 8: Effects of supplementation on production of acetic, propionic and
butyric short chain fatty acids. Results are given as mean +/- SD. *Represents
significant differences at P< 0.05 level.

antibodies, which was significantly higher in the supplemented group
(Figure 7). When we evaluated the amount of F4+ E. coli in feces, we
found significantly lower amounts in the supplemented group, except
at day 4, where the trend was opposite (Figure 8). Furthermore, mean
excretion in the control group was higher than in the supplemented
group on every day post-infection, except on day 4, which might
influence the results.

In the last part of our study, we concentrated on the possible
effects of mannan-feeding on the production of SCFA. Our results
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found that the supplementation increased the production of acetic,
propionic and butyric short chain fatty acids (Figure 8).

Discussion

Mortality of young calves has been a major problem in dairy
farming with up to 8% of dairy heifers dying prior to weaning an
additional 1.9% dying post-weaning. Most common problemsare
diarrhea, as young calves are highly susceptible to various infections
resulting in the primary damage of the intestine. Management
strategies to improve calf health, performance and immune functions
are needed. The use of antibiotics would cure most of the problems,
particularly neomycin has strong effects. However, most countries
restricted or even prohibited the use of antibiotics in farmed animals,
increasing the need to find an alternative.

Glucans, mannans or glucomannans represent a group of
natural polysaccharides with demonstrated wide ranges of biological
activities [16]. Most work on immune response stimulation in calves
has focused on vaccines to stimulate specific immunity; lately the
interest switched more towards ways to stimulate innate immunity.
Yeast-derived mannans such as Bio-Mos have a long history of
positive effects on farmed animals including chicken, fish and calves,
reaching from improved antibody response to reduced mortality
[17]. One of the primary functions of mannan oligosaccharides
is to provide competitive binding to gram-negativebacteria and
subsequently block them from colonizing the epithelium. Some
studies show these compounds can alter the composition of the
intestinal flora and improve intestinal health of calves [18]. Positive
effects on macrophages and protection against viral infection
were also reported [19,20]. Potential mechanisms of these actions
might involve collections which production can be stimulated by
mannan oligosaccharides [19]. Some studies suggest that mannan
oligosaccharides can replace antibiotics completely [21].

The present study focused on evaluation of possible effects of
insoluble mannan supplementation on various reactions in calves.
We observed significantly improved ADG, which was particularly
pronounced with length of food supplementation. This agrees with
data from a previous study [22]. The exact mechanisms of these
effects are not clear, as the energetic contribution of mannan is
negligible. Stress reduction and/or direct effect on gastrointestinal
tract conditions and microbiota might serve as a possible explanation.

With respect to farm animal immune systems, one must
remember that these animals are naturally and constantly challenged
by LPS during their entire life. During even simpler events such as
changes in feeding or a subclinical disease, higher levels of LPS will be
produced. We found significantly lower levels of the stress hormone
cortisol, which is in agreement with our older study using a pig model
[23].

Polysaccharides are known to be stimulators of immune reactions,
particularly of the cellular branch. For evaluation of phagocytic
activity, we used synthetic polymeric microspheres based on
hydroxyethyl methacrylate, known for no false positive binding to the
cells [13]. Our results showed significant stimulation of phagocytosis
of peripheral blood cells, which is in agreement with previous studies
on mice and pigs [23]. These effects are particularly important as
neutrophils play a key role in initiating an innate immune response;

they are the first cell type at the infection site. In addition to cellular
immunity, we also evaluated the effects of food supplementation on
IL-2 production. The results showed similar effects, suggesting that
our material affects both branches of the immune system.

Post-weaning diarrhea represents a serious problem in farmed
pigs and calves. Based on reports showing that yeast-derived
polysaccharides can prevent this problem, we evaluated the possible
effects of our material on E. coli challenge [24]. The specific anti-E.
coli antibodies, which are the major preventive mechanisms of post-
weaning diarrhea, showed higher titers in supplemented animals.
This concurs with previous studies in piglets and studies showing
that polysaccharides may improve humoral immunity in response
to vaccination or pathogen challenge [11,25,26]. Another positive
influence might be the increase in health promoting bacteria in the
intestine. The correct functional development of the gastrointestinal
tract is of special importance during the weaning phase.

Calve’s intestinal microbiota change in response to dietary
composition, due to the specific substrate preference of bacteria.
Therefore, it can be assumed that addition of specific yeast-derived
mannan to the diet allows manipulation of the composition of the
intestinal microbiota. Particularly the butyrate is an important
metabolite with a strong potential to affect gene expression and
to improve cellular development in enterocytes [27]. Improved
immune response and modulated intestinal microbiota by mannan
oligosaccharides were also reported in carp and chicken [28,29].

Anaerobic gut bacteria in the cecum and large intestine produce
Short Chain Fatty Acids (SCFA) as the end products of fermentation
of mainly nondigestible carbohydrates passing the small intestine
unaffected [30]. These SCFA exert multiple effects both on energy
metabolism and on immunity [31,32]. SCFA influence the immune
system through free fatty acid receptors 2 and 3. FFA2 is expressed
primarily in leukocytes and colonic L-cells, partially in adipocytes
whereas FFA3 is expressed mainly in adipocyte [33]. Various dietary
fibers may interact directly with immunocompetent cells, like mucosal
macrophages and dendritic cells, which exert pattern recognition
receptors with carbohydrate-binding domains and decreases IL-12
and increases in IL-10 production [34]. On the other hand, there may
be other mechanisms by which dietary fibers influence metabolism
and immunity that may not be principally the same; they act as an
SCFA source.

To conclude, the present findings indicated: 1) supplementation
of food with yeast-derived mannan improves daily gains 2)
improvesimmune function 3) reduces stress 4) alters SCFAs
formation and intestinal microbiota. The mechanisms of these effects
are probably a combination of direct effects on immune system and
well known ability to directly affect gut microflora [35]. Our data
supports the hypothesis that our yeast-derived mannan has strong
and positive effect on calves and is able to significantly improve their
biological and immunological conditions. Additionally, with current
ban on antibiotics and societal fear of food chemicals, this product
used as feed additive offers two significant benefits-natural protection
and natural growth stimulation.
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