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Our investigations were conducted in order to determine the
influence of mannan-oligosaccharide (MOS) based prebiotics and
polysaccharide microelement complexes on the performance and
immune response of Arbor Acre broiler chickens. Total of 186 chickens
was included in the study which lasted 42 days. Birds were fed ad
libitum three different complete food mixtures (from days 1- 21, 21 - 35
and 35-42) according to the standard fattening procedure. Mixtures for
chickens from the first group were supplemented with mannan-
oligosaccharide based prebiotics and for the birds from the second
group with polysaccharide microelement (Fe, Cu, ZN and Mn)
complexes.

Broilers in the control group had daily weight gain of 49.1 g, daily
food consumption of 115.5 g and a feed : gain ratio 2.35. In the group of
broilers feed mixtures supplemented with mannan-oligosaccharides,
the daily weight gain was higher (+ 14.95%), daily food consumption
was lower (- 2.67) and feed : gain ratio was smaller (-15.32%) when
compared to the control group. In the group of broilers fed mixtures
with polysaccharide microelement complexes, the daily weight gain
was also higher (+ 11.43%), daily food consumption was lower (- 4.28)
and feed:gain ratio was smaller (-14.0%) when compared to the control
group.

Following revaccination against NCD, broilers fed MOS based
prebiotics had significantly higher titers of antibodies than observed in
the other two groups. The highest degree of cutaneous hypersensitivity
to PHA was recorded in the group of broilers fed mixtures with
polysaccharide microelement complexes.

Key words: broilers, fattening, mannan-oligosaccharides (MOS),
polysaccharide microelement complexes, immune response

INTRODUCTION

During the second half of the last century, animal production was
characterized by extensive use of antimicrobial drugs in sub-therapeuthical doses
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as growth promoters. This resulted in the occurrence of resistant microorganisms
which became one of the major problems in human medicine. Thus, the use of
antimicrobial drugs in feed mixtures for animals is completely banned in EU,
starting from the beginning of this year. Such, doubtlessly useful decision gave
rise to new problems for breeders, veterinarians and nutritionists: how to ensure,
under new rules, animal health in intensive production along with a satisfactory
cost/benefit ratio? Among others, two possible ways for reaching this goal are the
use of organic microelement forms and prebiotics.

Animals need microelements only in small quantities but they are essential
for health, reproduction and production, being included in all physiological and
biochemical reactions and processes. In intensive production it is necessary to
add microelements in sufficient amounts to meet the enhanced requirements due
to increased demands. It is also very important to estimate their bioavailability,
which is usually defined as the part of a nutrient that can be used within the
animal's body (Forbes and Erdman, 1985). Bioavailability represents the amount
of an element that can be absorbed and is available to the organism for metabolic
reactions or deposition. In everyday practice, the inorganic forms of
microelements are usually used to satisfy the needs of the animals, but some
novel data confirms numerous advantages of so called "organic" or "helate" forms.
In this group, amino-acid helates and peptide helates or their mixtures (bioplexes)
are now extensively used. It is documented that helate forms of microelements are
protected in the gastrointestinal tract (GIT) because they don't have an electric
charge and therefore are not influenced by pH changes (Lyons, 1994). Moreover,
their absorption is enhanced due to their electroneutrality and the possible role of
amino acids as carriers. During the last decade, polysaccharide complexes were
also introduced in animal's production as new organic microelement forms
(Gallaher et al., 1999). While proteinates are formed by chemical procedures,
these forms are being produced by specific hydrothermal procedures that enable
the formation of electrostatic bonds between positively charged metal ions and
negatively charged ions on the polysaccharide molecules derived from sea algae.
This complex protects microelements from the interactions in the upper parts of
GIT, especially the bowel. In the small intestine complexes are being hydrolyzed
under the activity of pancreatic amylase and microelements are gradually
released and absorbed during a prolonged period of time (Salzer et. al.,1997).
Microelements forming polysaccharide complexes do not react with other
minerals. This enables a more efficient absorption and higher bioavailability (from
2.5 to 3.2 times) as compared to sulphate or oxide forms (Ho and Hidiroglou,
1997) and leads to improvement of performance as proved in trials on calves and
piglets (Staem and Geyer, 1988). Same authors stated that reproductive
performance of cows and sows was also improved when they consumed feed
mixtures supplemented with polysaccharide forms of microelements.

Prebiotics are nondigestable feed components that act beneficially on the
animal's health status by selective stimulation of certain bacteria in the GIT and/or
preventing growth or adherence of pathogenic microorganisms (Gibson and
Roberfroid, 1995). Prebiotcs also exert positive systemic effects following
absorption of the products generated by bacterial fermentation. They are not
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digestible in the upper parts of GIT being used only by beneficiary bacteria, mainly
in the colon. Numerous prebiotics are "non starch" carbohydrates but some
peptides and proteins may also fall into this group (MacFarlane and Cummings,
1991). Two main groups of prebiotics are fructo-oligosaccharides (FOS) and
manan-oligosaccharides (MOS). Oligosaccharides consist of 2-10
monosaccharide units connected by glycosidic bonds between hemiacetal or
hemiketal groups with the hydroxyl group of the next sugar molecule. Fructo-
ologosaccharides are used in human medicine for the control of diarrhea
(Spiegel. et al. 1994), for lowering high blood pressure and normalization of the
glucose and lipid levels in the serum (Yamashita, 1984). They have been used in
veterinary medicine to control salmonella infections (Oyrizabai, 1995). Manan -
oligosaccharides are mannose polymers consist of the main mannose chain (� - 1
� 6 bounds) and several small "branches" (1-3 mannose molecules) connected
by � - (1 � 2) or � - (1 � 3) bonds. They represent up to 30% of the yeast cell walls
(Phaff and Kirtzman, 1984). The main principle of the MOS action is based on their
compatibility with lectins found on the pile and fimbrae of some enteropathogenic
bacteria. As bacteria attach to the mucous intestinal surface by lectins, blocking
these molecules by MOS prevents their pathogenic effects. Many bacterial strains
(66% of E. coli and 53% of Salmonellae) have mannose "sensitive" adhesive
molecules (Sharon and Lis, 1993). Moreover, it is postulated that mannans can
detach already attached E.coli after only 30 min. of exposure to MOS molecules
(Newman, 1994). Broilers fed MOS supplemented feed mixtures had a
significantly lower incidence of infections with Salmonella typhimurium and Dublin
(Newman 1996), Campylobacter jejuni (Shoeni and Wong, 1994) and E. coli
(Spring, 1996). Selectivity of the MOS effects on pathogenic bacteria is based on
the fact that bacteria belonging to Lactobacillus and Bifidobacterium strains have
the enzyme mannase that degradates MOS molecules. MOS can also bind to
some toxins, viruses and eukaryotic cells (Stanley et al., 1993; Devegowda et al.,
1994; Stanley et al., 1998). It is also documented that MOS can exert beneficiary
effects in some cases of other bacterial infections, and even in cases of tumor
occurrence in dogs and cats (Mizuno et al., 1995; Suda et al., 1995; Harris et al.,
1991). Savage et al. (1996) showed that MOS supplementation of turkeys,
enhances Ig G and Ig A production. These findings were later confirmed by Ewing
and Cole (1994), Newman (1994), MacDonald (1995) and Verword (1997).
Newman (1994) postulated that MOS molecules have an adjuvant effect
enhancing antibody production to several antigens. The precise mode of the MOS
action on immune response is not clear but it was documented they it influences
functions of monocites and macrophages (Kokoshis et al., 1978), elevates
arachidonic acid production (Kennedy et al., 1978), elevates the release of
leukotriens (Peterson et al., 1994), interleukines (Adachi et al., 1994; Flory et al.,
1995), interferons (Sakurai et al., 1995) and tumor necrosis factor (TNF) (Joault et
al., 1995; Ohno et al., 1995; Okazaki et al., 1995; Soel et al., 1995).

There is some disagreement in the literature regarding the possible effects
of MOS on the digestibility of other feed components. It is now accepted that
oligosaccharides do not have a significant influence in that prospect (Carre et al.,
1995; Durst, 1996; Trevino et al., 1990). The positive influence of MOS in feed
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mixtures on broilers performance is well documented (Kuprecht et al., 1998;
Roch, 1998; Petersen, 1998; Newman, 1999; Iji and Tivei 1998; Pupavac et al.,
1998). Numerous investigations were set up in order to estimate optimal MOS
concentration fattening of broilers and some new data suggests the following
scheme: 0.2% during the first week, 0.1% during the second week and 0.05% until
the 42nd day (Hooge, 2003).

The aim of this study was to investigate the influence of polysaccharide
bound microelements (Fe, Cu, Mn and Zn) and mannan-oligosaccharides on the
broilers performances and their immune response.

MATERIALS AND METHODS

Animals. Arbor Acre broilers were obtained from a commercial hatchery. The
trial was performed on a total of 186 one day-old chickens with 62 broilers in each
group, housed in wire floor battery brooders. Light-dark cycle, temperature and
moisture were maintained constant throughout the trial.

Diets. All groups of broilers were fed with a feed mixture that consisted of
standard feedstuffs and contained enough nutrients to satisfy the requirements of
this category.

Table 1. Chemical composition of the feed for broilers

Chemical composition
% of mixture

1-21 day 21-35 day 35-42 day

Water 10.96 11.32 11.58

Ash 5.47 5.16 4.79

Proteins 22.38 19.51 17.27

Fat 6.87 6.01 5.50

Celulose 3.14 3.00 3.00

FNE 51.18 55.00 57.86

Ca 1.03 0.94 0.81

P 0.76 0.70 0.60

ME, MJ/kg 13.11 13.17 13.21

Lysine 1.34 1.11 0.92

Methonine + cystine 0.85 0.70 0.50

FNE – free nitrogen extract
ME – metabolizable energy

In the feed for the first experimental group (E I), 0.2% of Bio Mos (Alltech,
USA) was added while for the second (E II), group 30% of microelements (Fe, Cu,
Zn and Mn) was provided from SQM (QUALI TECH, USA) and 70% from usual
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inorganic salts. Control group (C) was fed standard broiler mixtures conteaning
only inorganic forms of the microelements.

Data and sample collection. Performance and health status were monitored
during the whole trial period. Body weight (BW) was measured on days 1, 21, 35
and 42, and feed consumption was recorded every day and calculated for the
same intervals. From the measured data, average daily gain (ADG) and gain:feed
ratio (GFR) were calculated.

Vaccination. All birds were vaccinated with Galivet La Sota (VZ Zemun) on
day 10 and revaccinated on day 17 of the trial. Blood samples were taken on days
10, 30 and 40 by cardiac puncture from 10 animals from each group and thereof
these birds were excluded from the trial. The titers of antibodies were estimated by
HI method (Mannuel OIE, 1996).

CBHR test. The test for cutaneous basophil hypersensitivity to
phytohemagglutinine (CBHR) was performed by intradermal innoculation of
100 mg of PHA (INEP, Zemun) dissolved in 0.1 mL of phosphate buffered saline
(PBS), pH 7.2, between the 3rd and 4th toe of the left foot (Corrier and De Loch,
1990; Miljkovic, 1993). The same amount of PBS was inoculated into the right foot
as a control and 24hrs later, the skin thickness was measured on both legs using an
adapted cutinometer. The difference between the thickness of the left and right
interdigital space was calculated and taken as the CBHR in mm.

Statistical analysis. All data was statistically processed using MS Excel 97
and SPSS 10.0 software by calculating the standard statistical parameters: mean
value, standard deviation, standard error, variation coefficient and interval of
variations. Significance of differences between the mean values was estimated by
Student's t test.

RESULTS AND DISCUSSION

The performance of Arbor Acre broilers differed between control and
experimental groups upon the additive used, as shown in Tables 2,3, and Figures
1 and 2. At the beginning of the trial (day 1), body mass of chickens in all groups
didn't significantly differ. During the trial, the body mass of birds in the control
group was under the technological limits typical for this provenience, age and
breeding conditions. In all phases of the experiment, broilers feed mixtures
supplemented with prebiotic or organic microelemnt forms had higher mean
body mass and these differences were statistically significant (p<0.05) (Table 2).

Average daily weight gain values were, during the trial, under technological
limits for this category and strain (Table 3). Broilers from E - I and E - II groups
achieved significantly higher daily weight gain compared to the control.
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Daily feed consumption (DFC) in broilers was also influenced by
experimental treatment and supplementation with Bio Mos and organic forms of
microelements (SQM) resulted in lower DFC values for 2.68 and 4.28%
respectively.

224 Acta Veterinaria (Beograd), Vol. 57, No. 2-3, 217-229, 2007.
Toki} Vesna et al.: The influence of different feed aditives to

performances and immune response in broiler chicken

116

112

108

104

100
C E-1 E-2

-2.67
-4.28

110.6

111.47

115.55

Feed c , gonsumption

Figure 1. Daily feed consumption in broilers

2.4

2.2

2

1.8
C E-1 E-2

-6.50

-1.90

2.35

1.99

2.02

Feed / gain ratio, kg

Figure 2. Broilers feed:gain ratio (control = 100%)



Feed:gain ratio was also influenced by treatments. Broilers in groups E - I
and E II had feed conversion of 1.99 and 2.02 respectively. This value in the control
group was 2.35. Benefical effects of MOS as a growth promoter were also
documented in turkeys (Sims et al., 2004).

At the beginning of the trial, in all groups, low titers of maternal antibodies to
NCD virus were recorded. Following revaccination (day 17), on day 30, the values
obtained for the E - I group were significantly higher when compared to groups C
and E - II (p<0.01). A similar phenomenon was observed on day 40, although titer
values were lower in all groups (Table 4). Our results are in agreement with those
from Upendra (1999). This enhancement in immune response via a nutritional
route could play an important role in improving bird health.

Table 4. Mean titer values of antibodies to NCD virus in broilers

Group C E-I E-II

10 days 2.28 ± 0.75 4.00 ± 2.82 4.00 ± 2.82

30 days 34.28 ± 21.52a 118.85 ± 68.41b 36.28 ± 14.39

40 days 16.00 ± 8.00x 68.57 ± 28.79x,y 32.43 ± 2.22y

a,b – p<0.05
x,y – p<0.01

During the trial, values observed for the degree of CBHR were significantly
higher in the experimental groups when compared to the control (Table 5). The
differences between E - I and E - II groups were noticeable only at day 10. The
degree of CBHR in the control group was similar as stated by Rusov et al. (1997).
As CBHR is an indicator of the cellular immune response we may conclude that
the used feed additives up regulated the activity of T cells. We may assume that a
more intensive CBHR might be a consequence of better Zinc supplementation.
Among all microelements, zinc is probably the most important for immune
reactivity (Wellinghausen et al., 1997). Our results concerning the intensity of
CBHR are in agreement with findings of Cotter (1997) who found a higher degree
of wattle swelling 24hrs following PHA application. Interestingly, this author found a
decreased degree of CBHR following repeated PHA application.

Table 5. CBHR (mm) in broilers during trial

10. day 30. day 40. day

C 0.17 ±0.138c 0.14 ± 0.053a 0.15 ± 0.053x

E-I 0.44 ± 0.097a,x 0.44 ± 0.282a 0.45 ± 0.139x

E-II 0.80 ± 0.238b,x 0.60 ± 0.238b 0.61 ± 0.203y

a,b,c – p<0.05
x,y – p<0.01
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There is some evidence that mannans, as a dietary factor, can increase the
activity of phagocytic cells (Sisak 1995, Zennoh 1995), reduce the incidence of
vaccine failure (Korosi and Korosi-Molnar, 2003) and change lymophocyte
proliferative response to PHA in broilers (Cotter and Weiner, 1997). Moroever, Bio
Mos supplemented turkeys had higher serum Ig G and bile Ig A concentrations
(Savage et al 1996). The progeny of broiler breeders fed Bio Mos had higher
maternal antibody titers (Shashidhara and Devegowda, 2003), while in
commercial layers, titers to SRBC and BSA were significanly higher (Cotter et al.
2000). It is still unclear how MOS exerts its effects on the immune system bearing
in mind that practically there is no absorption of these molecules and this
phenomenon deserves further investigations.
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UTICAJ RAZLI^ITIH ADITIVA U ISHRANI BROJLERA NA PROIZVODNE REZULTATE
I IMUNSKI ODGOVOR

TOKI] VESNA, LAZAREVI] M, SINOVEC Z i TOKI] A

SADR@AJ

Cilj ovih istra`ivanja je bio da se ispita uticaj prebiotika na bazi manan-
oligosaharida i polisaharidnih kompleksa mikroelemenata (Fe, Cu, Zn i Mn) na
proizvodne rezultate i imunski odgovor brojlera hibrida "Arbor Acres". Ogled je iz-
veden na 186 pili}a podeljenih u 3 grupe i trajao je 42 dana. Brojleri su bili hranjeni
ad libitum sa tri potpune krmne sme{e za tov (1-21 dan, 21-35 i 35-42) u skladu sa
potrebama soja.

Brojleri hranjeni sme{ama standardnog sirovinskog sastava i uobi~ajene
hranljive vrednosti (kontrolna grupa) ostvarili su prose~an dnevni prirast od 49,1
g, pri dnevnoj konzumaciji hrane od 115,5 g i konverziju hrane od 2,35. Dodavanje
mananoligosaharida potpunim sme{ama za ishranu tovnih pili}a dovodi do
pove}anja prose~nog dnevnog prirasta za 14,95% pri manjoj konzumaciji hrane
za 2,67% i boljoj konverziji hrane za 15,32%. Kori{}enjem sme{a u koje su doda-
vani polisaharidni kompleksi mikroelemenata postignuti su ve}i dnevni prirasti za
11,43%, pri manjoj konzumaciji hrane za 4,28% i boljoj konverziji hrane za 14,0%.

Nakon sprovedenog postupka revakcinacije, brojleri hranjeni sme{om sa
dodatkom manan oligosaharida imali su zna~ajno ve}i titar antitela na virus NCD
u odnosu na kontrolnu grupu i grupu kojoj su dodavani organski vezani mikroele-
menti. Najve}i stepen ko`ne reaktivnosti na PHA, kao indikator celularne imu-
nolo{ke reaktivnosti registrovan je u grupi brojlera hranjenih sme{ama u koje su
dodavani polisaharidni kompleksi mikroelemenata.
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