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Effect of mannanoligosaccharides and/or enzymes on antibody titers against infectious
bursal and Newcastle disease viruses
[Efeito do mananoligossacarídeo e/ou enzimas sobre títulos de anticorpos contra os vírus
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ABSTRACT
The effect of including mannanoligosaccharides (MOS) and/or enzymes in broiler diets on antibody titers
against infectious bursal disease virus (IBDV) and Newcastle disease virus (NDV) was evaluated. A total
of 750 broilers were distributed into a completely randomized experimental design in a factorial
arrangement 2 x 2 + 1 with two levels of MOS (0 and 0.1% until 21 days and 0.05% from 22 to 42 days
of age), two levels of enzymes (0 and 0.05%) and a positive control diet containing antibiotic, totaling
five treatments with five replicates each. For antibody analyses, blood samples were weekly collected by
jugular vein puncture in the same two birds per replicate. The first and last collections were done at 7 and
42 days of age, respectively. The inclusion of MOS resulted in increased antibody titers against IBDV in
the fourth (P<0.03) and fifth (P<0.02) weeks, and against NDV in the third (P<0.01), fourth (P<0.03) and
fifth (P<0.03) weeks of age. MOS was effective in stimulating the humoral immune responses against
IBDV and NDV vaccine viruses.
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RESUMO
O efeito da inclusão de mananoligossacarídeo (MOS) e/ou enzimas em dietas de frangos sobre os títulos
de anticorpos contra os vírus das doenças de Gumboro (VDG) e de Newcastle (VDN). Setecentos e
cinqüenta aves foram distribuídas em um delineamento experimental inteiramente ao acaso, em arranjo
fatorial 2 x 2 + 1, com dois níveis de MOS (0 e 0,1% até 21 dias e 0,05% de 22 até 42 dias de idade),
dois níveis de enzimas (0 e 0,05%) e uma dieta-controle-positivo contendo antibióticos, totalizando cinco
tratamentos com cinco repetições. Para análise dos anticorpos, amostras de sangue foram colhidas
semanalmente por punção da veia jugular em duas aves de cada repetição. A primeira e a última colheita
foram realizadas aos sete e 42 dias de idade, respectivamente. A inclusão de MOS resultou em aumento
dos títulos contra VDG na quarta (P<0,03) e quinta (P<0,02) semanas, e contra VDN na terceira
(P<0,01), quarta (P<0,03) e quinta (P<0,03) semanas de idade. O MOS foi efetivo em estimular a
resposta imune humoral contra VDG e VDN vacinais.
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INTRODUCTION
Mannanoligosaccharides are derived from the
yeast cell wall (Saccharomyces cerevisiae) and
they not only promote the microflora balance but
also have immunomodulation properties.
Inflammatory immune responses are associated
with nutrient mobilization during growing phase
and lower feed intake. Thus, dietary
immunomodulators that increase humoral
immunity and decrease the immunological stress
will affect broiler performance (Ferket, 2004).
The immunomodulating mechanism of MOS
remains unknown. Defense cells in the liver
detect some molecules known as pathogens
associated molecular pattern that are specific of
each microorganism. These molecules include
yeast
cell
wall,
peptoglycans,
lipopolysaccharides,
and
glycolipids
(Shashidhara and Devegowda, 2003). MOS also
reduces pathogen colonization by acting as an
analogous receptor to type I fimbriae and by
decreasing the number of binding sites in the
intestine (Patterson and Burkholder, 2003).
Maize has approximately 0.9% of soluble and
6% of insoluble non-starch polysaccharides
(NSP), while soybean meal has approximately
6% of soluble and 18-20% of insoluble NSP
(Kocher et al., 2003). Another dietary
carbohydrate – starch - is partially digested in the
small intestine. The remaining fraction (resistant
starch) is digested in the terminal ileum and is
used as bacterial substrate (Iji et al., 2003)
promoting the proliferation inside the intestine.
The use of enzymes in broiler diets has been
associated with better nutrient utilization which
resulted from the lower pathogen colonization
(Mathlouthi et al., 2002).
Newcastle disease is a contagious and fatal viral
infection affecting all species of birds and is
caused by the virus Paramyxovirus type 1 (Ali et
al., 2004). Maternal antibodies protect birds
during the first week of age and can interfere
with the development of humoral immunity;
however, they can not avoid the rapid
establishment of the vaccine protection
(Kouwenhoven, 1993).
The infectious disease of the bursa, named
Gumboro, is a viral infectious-contagious poultry
disease that affects the Bursa of Fabricius, an
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important organ for the immune system
development of young chicken (Kneipp, 2000).
Vaccinating breeding hens with live attenuated
or inactivated virus vaccine has more effectively
controlled the disease. Induced antibodies are
transferred to the young chicks via the egg yolk
(Alam et al., 2002). According to Skeeles et al.
(1979), the levels of maternal antibodies against
Gumboro in chicks lasted three to five days.
This trial aimed to evaluate the effects of
including MOS and/or enzymes in broiler diets
on antibody titers against Gumboro and
Newcastle disease.
MATERIAL AND METHODS
A total of 750 one-day-old Cobb male chicks
with initial weight 41.51±0.59g were used in the
trial. The birds were distributed into a completely
randomized experimental design in a factorial
arrangement 2 x 2 + 1, with two levels of MOS1
(0 and 0.1% until 21 days and 0.05% from 22 to
42 days of age), two levels of enzymes2 (0 and
0.05%) and a positive control diet with 125ppm
of colistin sulfate and 10ppm of virginiamycin as
growth promoters and 51ppm of salinomycin as
anticoccidial, totaling five treatments and five
replicates. The diet without no antibiotics, MOS
or enzymes was considered as a negative control.
Phytase3 with minimum activity of 250U/g was
included in all the diets and the concentration of
non-phytate
phosphorus
was
0.38%,
corresponding to 85% of reduction in birds
requirements. Enzymes (liquid form) were
composed of cellulase, protease, and α-amylase
and were premixed to 500g of soybean meal
before mixture.
The experimental diets were isonutritional and
formulated according to Rostagno et al. (2000),
except for metabolizable energy and crude
protein that corresponded to 98% of the
nutritional levels described by the same authors.
Feed and water were supplied ad libitum during
the experimental period.
Chickens were originated from breeder batches
vaccinated against Gumboro disease at 14, 25,
1,2
Bio-Mos and Allzyme Vegpro Liquid – Alltech do Brasil
Agroindustrial Ltda. - Araucária, Brazil.
3
Allzyme Phytase 2X – Alltech Inc. - Nicholasville, USA.
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and 36 days and 10, 15, and 22 weeks of age, and
against Newcastle disease at 14 and 36 days and
10, 15, and 22 weeks of age. All the vaccines
contained live virus, except for those applied in
the 22nd week. The progeny chickens were
vaccinated against IBDV at seven (attenuated
live virus, Lukert strain) and 21 days of age (live
virus, low attenuation sample, strain V877) and
against Newcastle disease (live virus, type B1,
strain B1) at 14 days of age, both by drinking
water. Chickens were submitted to water fasting
during two hours before vaccination.
For serum analysis, blood samples were weekly
collected by jugular vein puncture in the same
two chickens per replicate, from the first up to
the 6th week of age. Blood samples were
centrifuged and serum was analyzed for antibody
titers by ELISA carried out according to the
manufacturer1. Optical density of each sample
was obtained by Labsystems Genesis (version
3.03) program and used for antibody titers
determination.
The results obtained of MOS x enzyme factorial
were submitted to the analysis of variance using
the SAEG software (Sistema…, 2001) and the
means were compared by Fisher test at 5% of
probability.

RESULTS AND DISCUSSION
No significant interactions (P>0.05) of MOS x
enzymes or positive control and MOS x enzymes
factorial on antibody titers against IBDV (Table
1) and NDV (Table 2) were observed. However,
the inclusion of MOS resulted in increased
antibody titers against IBDV in the 4th (P<0.03)
and 5th (P<0.02) weeks, and against NDV in the
3rd (P<0.01), 4th (P<0.03), and 5th (P<0.03)
weeks of age. These results demonstrated the
positive influence of MOS on the response to
vaccination of the chickens immune system.
Vaccination against IBDV occurred at the end of
the first week of age. In the 2nd and 3rd weeks of
age, vaccinal antibodies increased and reached
the production peak. Antibody titers resulting
from the first vaccination were already
decreasing in the 4th week. The second
vaccination occurred at the end of the 3rd week
and the peak of antibodies produced was reached
in the 5th week. Ingestion of diets containing
MOS resulted in more high titers, in comparison
to birds which were fed diets without additives or
only with enzymes, specifically during the weeks
in which titers tended to decrease.

1

Table 1. Antibody titers (log10) specific to infectious bursal disease virus in broilers fed diets with or without
MOS and/or enzymes
Age
(week)

Positive
control

1st
2.75
2nd
2.88
3rd
2.53
4th
1.93
5th
2.71
6th
2.70

MOS
without
with
mean
without
with
mean
without
with
mean
without
with
mean
without
with
mean
without
with
mean

Enzymes (%)
without
with
2.79
2.83
2.76
2.99
2.77
2.91
2.19
2.47
2.43
2.61
2.31
2.54
2.38
2.55
2.51
2.75
2.44
2.65
1.81
2.08
2.45
2.36
2.13
2.22
2.48
2.54
2.67
2.78
2.58
2.66
2.76
2.71
2.57
2.62
2.66
2.66

Mean
2.81
2.88

SEM
0.05

2.33
2.52
0.08
2.47
2.63
0.06
1.94b
2.40a
0.08
2,51b
2.73a
0.04
2.73
2.69
0.04

Means followed by different letters, in the same column, differ by Fisher test (P<0.05).
SEM: standard error of mean.

1

Kit - FlockCheck - IBD/NDV antibody ELISA - Idexx Laboratories, USA.
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Table 2. Antibody titer (log10) against NDV in broilers fed diets with or without MOS and/or enzymes
Age
Positive
Enzymes (%)
(week)
control
MOS
without
with
Mean
SEM
without
3.11
3.13
3.12
1st
with
3.08
3.06
3.07
2.98
mean
3.09
3.10
0.05
without
2.14
2.18
2.16
2nd
with
2.52
2.04
2.28
2.55
mean
2.33
2.11
0.07
without
1.47
1.50
1.49b
3rd
with
1.87
2.20
2.04a
1.93
mean
1.67
1.85
0.09
without
2.47
2.28
2.38b
4th
with
2.69
2.86
2.78a
2.93
mean
2.58
2.57
0.09
without
2.44
2.69
2.51b
5th
with
2.64
2.99
2.81a
2.72
mean
2.54
2.79
0.06
without
2.76
2.87
2.82
6th
with
2.93
3.02
2.97
2.66
mean
2.84
2.94
0.08
Means followed by different letters, in the same column, differ by Fisher test (P<0.05).
SEM: standard error of mean.

Vaccination occurred in the 2nd and 3rd weeks of
age, antibodies was increasing, and reached its
peak in the 4th week, and declined again at the 5th
week. During the whole period of vaccinal
antibodies formation, MOS ingestion resulted in
higher antibody titers and hence, in a better
immunity.
During the period of antibody formation, due to
vaccination, MOS exerted a positive effect on the
immune system as much for vaccination against
IBDV as for vaccination against NDV.
Therefore, it is possible to assume that in a new
stimulus, due to the contact with the infectious
agent, there would be also a greater antibody
production in birds fed the diets containing
MOS.
The first reason for the positive effects of MOS
was that it is a component of microorganisms
considered as a pathogen, like the yeast cells, for
example. Thus, this substance may be considered
as a stranger compound to the host and result in
increased immune response. The immune
response is mediated by macrophages activation
since macrophages have mannans binding
receptors, as demonstrated by McKenzie et al.
(1998).
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MOS also may modulate humoral immunity
against the colonization of specific pathogens,
allowing them to be presented to immune cells as
attenuated antigens due the production of short
chain fatty acid (SCFA) derived from MOS
fermentation that decreases intestinal pH and
reduces the presence of pathogenic bacteria.
Butyrate is one of the SCFA produced and its
deficiency is associated with intestinal atrophy
and functional fails, including decreased immune
response (Brouns et al., 2002). However, an
increased butyrate supply leads to the
development of intestinal epithelium, cell
differentiation, and increased immune response,
probably due to the higher number of T-cells in
the intestine (Peuranen et al., 2004).
In addition, MOS may also serve as an alternate
attachment site in the gut for Gram-negative
pathogenic organisms with mannose-specific
type-1 fimbriae, which adhere to intestinal
epithelial cells to initiate the colonization. These
bacteria bind to MOS present in the intestinal
tract and pass through the gut, instead of
attaching to host epithelial cells.
The ingestion of prebiotics increases the
Lactobacillus and Bifidobacterium colonization
and the immune system may be modulated by
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these bacteria. Lactobacillus is considered as an
immunomodulator due its ability to reduce the
bacterial translocation in animals (Lee et al.,
2000), while Bifidobacterium stimulates the
antibody production (Bornet et al., 2002).
It is also possible that MOS may enhanced the
secretion of plasma serum IgG and intestinal
mucosa IgA, increasing the number of
lymphocytes and/or leukocytes in the gutassociated lymphoid tissue (Field et al., 1999)
and in peripheral blood (Kaufhold et al., 2000).
In the intestine, secretory IgA binds to
pathogenic organisms and provides protection by
preventing their attachment to mucosal cells
(Abbas et al., 2000).
Similar results were obtained by Savage et al.
(1996) with the inclusion of 0.11% MOS in
turkey diets and by O’Carra (1998) with the
inclusion of 0.2% MOS in dog diets. Both
studies demonstrated an increase in the antibody
concentration in animals fed diets containing
MOS. A more recent study has demonstrated an
increase in the antibody titers against IBDV and
NDV after the inclusion of 0.1 to 0.3% MOS in
breeders (Afzali and Devegowda, 1999) and in
their progenies (Raju and Devegowda, 2002).
However, Shafey et al. (2001) did not notice
significant differences between treatments (with
or without MOS) on antibody titers against
IBDV and Newcastle diseases in chickens.
Grieshop et al. (2004) evaluated the effects of
including fructooligosaccharides and/or MOS in
dog diets and the results did not show any
difference on ileal IgA, IgG, and serum IgM
concentrations.
CONCLUSION
Considering the vaccination program used in the
present study, the inclusion of MOS in broiler
diets increased the immune response to
vaccinations against IBDV and NDV.
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