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Abstract: The aim of study was to investigate the effect of yeast cell wall derived mannan oligosaccharides
(MOS) and Humate (HU) supplemented to broiler diet on antibody response against Newcastle disease virus
(NDv). The investigations were carried out in completely randomized experimental design. Chicks were divided
into 8 treatment groups, with 4 replicates per treatment and 10 chicks per replicate. Treatments were: 1) negative
control group, neither vaccinated against Newcastle disease virus nor given additives; 2) positive control or
broilers were vaccinated against Newcastle disease virus + 0 additives; 3,4 and 5) positive control plus diet
supplemented with 0.1, 0.2 and 0.3% humate, respectively; 6, 7 and 8) positive control plus diet supplemented
with 0.1, 0.2 and 0.3% mannan oligosaccharides, respectively. Broiler was fed corn-soybean meal based diets.
For antibody analyses, blood samples were collected by wing veins and the titers of antibody against
Newcastle disease virus were determined using haemagglutination-inhibition test. Compared to the positive
control, the antibody titers against NDv were determined significantly lower in negative control group from 35
to 42 days of age. This study demonstrated an increase in the antibody titers in broilers fed diets containing
HU and also indicate that inclusion of MOS resulted in increased antibody titers against NDv in the third, fifth
and sixth weeks of age. Thus immune function could be modified with dietary mannan oligosaccharides and
humate supplementation.
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INTRODUCTION transgalactooligosaccharide and mannan oligosaccharide

The worldwide increase in the use of antibiotics as an yeast and its evaluation in diets for breeders is of
integral part of the poultry and livestock production particular interest because it not only shifts
industry to treat and prevent infectious bacterial diseases gastrointestinal microflora balance toward beneficial
and as growth promoters at subtherapeutic levels in feeds organisms [1] but also has immunomodulatory properties
has led to the problem of the development of bacterial [2]. Saccharomyces cerevisiae and Saccharomyces
antibiotic resistance during the past years. Alternative boulardii are the examples of yeast also used in
solutions to the use of antibiotics have been sought and preparation. The yeast cell wall has powerful antigenic
there are now available a number of direct-fed  microbial stimulating properties and  it  is  well  established  that
or probiotic products which help to maintain the balance this property is a characteristic of the mannan chain [3].
of the intestinal microflora in a range of food animal Supplementation of poultry diets with MOS results in
species. Several approaches are to use Probiotics, improved  production  in  terms  of  body  weight  gain
prebiotics, organic acids and enzymes/microbial to and feed conversion [4], partly due to its hypothesized
competitively exclude  pathogenic  bacteria  from  the  GI nutrient sparing  effect but primarily due to its influence
tract  of livestock; using well-defined agents that tackle on nutrient utilization in the gastrointestinal tract [5]. In
both endemic disease and food borne zoonoses.  Prebiotic addition, previous reports suggest that MOS
includes fructooligosaccharide, galactoligosaccharide, supplementation  resulted  in  significant  improvement  in

(MOS). The MOS is derived from the outer cell wall of
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antibody responses in broiler and layers [2]. Beneficial Antibody responses have been used as measures of the
effects of yeast products in ruminants are due to humoral immune status of bird. From this perspective; one
increased concentration of total and cellulolytic ruminal of the objectives of our study was to investigate the
bacteria [6], which may increase availability of ME from effects of feeding MOS-supplemented diets to broiler on
diets, thereby increasing production. Some studies have Antibody titers against Newcastle disease virus.
confirmed the effects of yeast culture (YC) in increasing Humate is highly compressed prehistoric compost
concentrations of commensal microbes or suppressing that can be mined from deposits in the ground. Humate is
pathogenic bacteria [7]. In a recent in vitro study [8], the composed of mainly humic acid, carbon and some organic
addition of a soluble fraction of YC showed an matter. Humic substances are widely spread in nature.
antiinflammatory effect in conjunction with activation of They occur mainly in heavily degraded peat but also in all
natural killer cells and B lymphocytes. In addition, others natural envirornnents in which organic materials and
have reported that yeast products affect nutrient microorganisms are, or have been present [14]. The
digestibility [9] and intestinal mucosal development [10]. aromatic structures are ubiquitous in humic substances.
Furthermore, supplementation with oligosaccharides may Special physicochemical property of humic substances is
have a prebiotic effect by increasing production of lactic responsible for some therapeutic reactions occurring in
acid, thus increasing the proliferation of beneficial tissues. The therapeutic properties of humates have been
bacteria and boosting the immune system [2]. Research described as antibacterial, antitoxic, antiulcerogenic,
has indicated that supplementation with MOS results in antiarthritic, antiallergic, immunomodulatory and anti-
an improvement in intestinal morphology and intestinal inflammatory [15]. Dietary humates may also influence
enzyme activity [11]. These workers supplemented a animal performance indirectly by altering the
sorghum/lupin-based diet with four levels (0, 1, 3 and 5 gastrointestinal ecosystem since the microbial factors that
g/kg) of a commercial MOS (Bio-Mos™) and reported a influence competition in the gastrointestinal tract centre
beneficial effect on jejunal villi height and activities of on the respective organisms present and their ability to
maltase, leucine aminopeptidase and alkaline scavenge and grow on available nutrients [16]. Certain
phosphatase.  By  balancing  the  intestinal environment modi?ed forms of humic acid have been shown to possess
and  stimulating  the  immune  response,   MOS   have antiviral activities against herpes simplex and human
been shown to increase growth in broilers [11]. Mannan immunode?ciency viruses [17]. At a concentration of 100
oligosaccharides   also   reduces   pathogen colonization ìg/ml of ammonium humate in vitro have been described
by acting as an analogous receptor to type I fimbriae and resulting in the successful use of this agent as a topical
by decreasing the number of binding sites in  the treatment for herpes virus-induced skin diseases [13].
intestine  [12].   Inflammatory   immune   responses  are Schneider et al. (1996) [18] reported on the anti-HIV
associated with nutrient mobilization during growing activity of synthetic humate analogues derived from
phase and lower feed intake. Thus, dietary hydroquinone. These compounds inhibited HIV-1
immunomodulators that increase humoral immunity and infection of MT-2 cells with an impressively low IC 50 of
decrease the immunological stress will affect broiler 50-300 ng/ml. The infectivity of HIV particles was
performance [13]. There is also some evidence that MOS inhibited by interference with the CD4-induced proteolytic
may have antioxidant properties, possibly leading to cleavage of the V3-loop of virion gp120SU. Humate
improvement in activity of antioxidants such as should inhibit pathogenic bacterial and moulds growth,
glutathione peroxidase (GSH-Px) and superoxide thus decreasing levels of mycotoxin, which should lead to
desmutase (SOD). It is important to take all of these improved gut health [19]. Humic acids have also been
effects of MOS on both microflora populations and the successfully used as anti-inflammatory agents because of
immune system when looking at its effects on disease their local anti-inflammatory, hyperaemic and analgesic
status of birds. In addition, previous reports suggest that properties [20]. 
MOS supplementation resulted in significant improvement In alternative medicine, it is a long time that HU was
in antibody responses in layers [2]. Defense cells in the known to improve the function of the immune system. We
liver detect some molecules known as pathogens therefore investigated the effects of dietary
associated molecular pattern that are specific of each supplementation of a HU and MOS preparation on
microorganism. These molecules include yeast cell wall, antibody production against NDv as an indicator of
peptoglycans, lipopolysaccharides and glycolipids [4]. humoral immunity of birds.
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MATERIALS AND METHODS by haemagglutination-inhibition  (HI)  test.  At   the  age

A total of 384 one-day-old broiler chicks (not sexed) B1  ND  vaccine  by  eye  dropper  and  bivalent  killed
were adapted for a 3-d period before commencement of vaccine (ND plus AI)  by inoculation according to the
the trail. During this period, the birds were submitted to recommendation  of  the  manufacturer.  Blood  samples
conventional broiler chicken management and housed in were   collected    every    week  from    the    wing   veins
floor pens in an environmentally controlled broiler house of  individual  chickens  in  all  groups  and   their  sera
with litter floors. They received a commercial broiler were  separated  and  inactivated  at  56°c  for  30  min  and
starter diet, (similar to  the negative  control  diet  in  the kept at-20°c until analysis for the level of ND antibody
respective experiments, formulated to meet or exceed the [22].
nutritional requirements of broilers, as recommended by The experiment lasted for 42 days. Data are expressed
the National Research Council (NRC), 1994 [21]. Lighting as mean ±SEM and were evaluated with ANOVA for a
was provided for 23 h/d. At 7-d of age, 384 chicks of complete randomized design, using the general linear
similar weights were randomly assigned to  32  pens in models procedure of SAS software [23]. The treatment
the same broiler house used for the adaptation period. means with significant differences were compared by
The birds were assigned to the following treatment using Duncan's new multiple range tests. 
groups (in 3 replicates) of 12 chicks: 1) negative control
(CTL-), neither vaccinated nor given MOS and HU; 2) RESULTS AND DISCUSSION
positive control (CTL+) or broilers were vaccinated
against infectious bursal disease virus, MOS and HU-free Effect of dietary HU and MOS on antibody titers
diet; 3, 4 and 5) CTL+ plus diet supplemented with 0.1, 0.2 against ND virus is shown in Table 1. On the 7 and 14th
and 0.3% HU (HU = Farmagülator DRY™humate), day of the study, there was no difference among antibody
respectively; 6, 7 and 8) CTL+ plus diet supplemented titers of experimental groups. Animals of CTL-groups
with 0.1, 0.2 and 0.3% MOS; respectively. Each kilogram showed reduction (P<0.01) in antibody titers against ND
of humate contained 160 mg polymeric polyhydroxy acid virus as compared to the CTL+ at 21, 35 and 42 days of
(humic, fulvic, ulmic and humatomelanic acids), 663.3 mg age. During days 21 to 35 supplemental HU and MOS
SiO2 and other minerals (Mn, 50 mg; Zn, 60 mg; Fe, 60 mg; improved antibody titers against ND virus. The results
Cu, 5 mg; Co, 0.2 mg; I, 1 mg; Se, 0.5 mg and Al, Na, K, Mg presented in this study demonstrated that the HU dose
and P in trace amounts. dependently potentiated the antibody response against

The basal control diet was formulated and ND virus in broilers.
compounded to meet the nutritional requirements of Compared with the positive control (CTL+),
commercial broilers during the starter period (0 to 3 wk: supplementation with MOS at 0.2 % increased antibody
corn grain, 61.5 kg; soybean meal, 30.5 kg; soybean oil, 3.1 titers, its effect at other inclusion levels (0.1 % or 0.3 %)
kg; oyster shell, 1.2 kg; dicalcium phosphate, 1.95 kg; was lower, thus at day 21 and 35 of age supplementation
mineral mix, 0.25 kg; salt, 0.48 kg; vitamin mix, 0.25 kg; L- with MOS at 0.2 % showed best effect on antibody titers
Lysine, 0.2 kg; DL-Methionine, 0.27 kg to make up 21.9% against ND virus. At day 35 antibody titers against ND
crude protein; 3100 kcal/kg ME; 1.2% Lysine; 0.94% virus in CTL+ group that has any additive, differ
Methionine; 0.9% Calcium; and 0.45% Available significantly with other groups.
phosphorus) and grower period (4 to 6 wk: corn grain, 65.2 No significant differences on antibody titers were
kg; soybean meal, 27.4 kg; soybean oil, 3.5 kg; mineral mix, found between the HU-treated birds and the HU-treated
0.25 kg; vitamin mix, 0.25 kg; salt, 0.4 kg; oyster shell, 1.1 birds in the entire experimental period, but levels of
kg; dicalcium phosphate, 1.6 kg; DL-Methionine, 0.2 kg to additives have various effect. Present study as well as
make up 19.58% crude protein and 3180 kcal/kg ME; previous studies shows that HU and MOS have a revival
1.13% Lysine; 0.75% Methionine; 0.85% Calcium and effect on immune responses. The feeding of mannan
0.42% Available phosphorus). oligosaccharides and humate at a level of 0.2 and 0.3%

Prior to division of chicks (1-d-old) in to various respectively in the ration increased the antibody
groups, a blood sample was taken from each bird and the production against ND virus in broilers from 21 to 35 days
titers  of  maternal  antibody  against  Ndv  were measured of age.

of  10  days,  all  chicks  were   vaccinated   with  Hitcher

1
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Table 1: Effect of mannan oligosaccharides and humate on NDV antibody titers in broiler chicks from 7 to 35 days of age

treatment ND antibody titer

------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------

Vac HU % MOS % 7  day 14  day 21  day 35  day 42  dayth th th th th

- - - 3.67 1.43 0.77 0.00 0.00c d b **

+ - - 3.78 1.53 2.33 1.80 1.60b c a

+ 0.1 - 4.00 1.43 3.33 2.33 2.13 ab b a

+ 0.2 - 3.77 1.89 4.23 3.11 2.46ab ab a

+ 0.3 - 3.89 1.78 4.11 3.57 2.52ab ab a

+ - 0.1 3.78 1.89 3.67 3.10 2.70 ab ab a

+ - 0.2 3.67 1.89 4.87 3.87 2.87a a a

+ - 0.3 3.67 1.67 4.33 3.33 2.45ab ab a

VAC: vaccination; HU: humate; MOS: mannan oligosaccharides.

Means  in a row with no common superscripts differ significantly (P = 0.01).a, b, c

Each value represents the Means of the 12 chicks per treatment.

Values represent the mean with SE in parentheses for each treatment.

The negative control groups did not contain detectable levels of antibody titers.**

Vertebrates are capable of two types of immune These results demonstrated the positive influence of HU
responses, innate and adaptive. The adaptive (also called and MOS on the response to vaccination of the chicken’s
the specific or acquired) immune response involves immune system. This effect on antibody titers might have
recognition and effector actions that are highly specific to been due to influence of the MOS on immune system;
the precise foreign entity that has triggered the response. improved intestinal absorption of some nutrients, such as
The innate and adaptive immune responses do not Zn, Cu, Se; or both effects. Improved intestinal lumen
operate in isolation and each is dependent on or health was observed in MOS fed male pullets [25] as well
enhanced by elements of the other. Immunization in the as in 1-wk old male broilers fed Saccharomyces cerevisiae
clinical sense is the process of manufacturing immune (SC) cell wall [9]. Ingestion of diets containing MOS
defense, which is, artificially helping the body to defend resulted in higher titers, in comparison to birds which
it using the effectors and mechanisms of the immune were fed diets without MOS, specifically during the weeks
system. In active immunization, which we commonly call in which titers tended to decrease. These findings are in
“vaccination,” a modified form of the natural immunogen agreement with those reported by Shashidhara and
(the vaccine) is administered so that the host develops Devegowda (2003) [4]. In agreement with this study,
specific B and T memory cells that can act against the beneficial effects of yeast cell wall (YCW) on humoral
natural immunogen. Vaccination is an effective means to immunity were also observed in broiler chicks [7]. Much
prevent and/or reduce the adverse effects of specific of the nature of mechanism accountable for
diseases in poultry. Control of viral diseases is dependent immunomodulation associated with the MOS remains to
upon prevention through sanitation and biosecurity and be delineated. One hypothesis is that defense cells in the
by vaccination. The immune response after vaccination is gut-associated lymphoid tissue (GALT) detect the
an elegant tool for studying the effect of diet additive presence of microbes by recognizing molecules unique to
both in human and animal subjects. Antibody titer microorganisms that are not associated with host cells.
responses have been used as measures of humoral These unique molecules are called Pathogen Associated
immune status of birds [24]. In our study, for evaluating Molecular Patterns (PAMP). These include  yeast  cell
the effect of MOS and HU on immune system wall  components  such  as  mannan and glucan along
experimental, chicks were vaccinated with Hitcher B1 ND with other microbial molecules such as peptidoglycan,
vaccine by eye dropper and bivalent killed vaccine (ND lipopolysaccharide and glycolipids [3]. Mannan and
plus AI) by inoculation on day 10. glucan of the yeast cell wall may bind to pattern-

Antibody titer was significantly increased in the HU recognition receptors on a variety of defense cells of the
and MOS group in this trial (Table 1) and suggests that GALT and in turn activate immune defenses such as
HU and MOS may also be influencing systemic immunity. phagocytosis, the alternative complement pathway and
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the lectin pathway. In poultry, reports pertaining to the containing  HU  resulted  in  more high titers, in
effect of MOS inclusion in the breeder diet on maternal comparison to birds which were fed diets without
antibody titers in progeny are sparse. Yeast cell contains additives (MOS or HU) specifically during the weeks in
1,400 units/kg of phytase and Liu et al. (2008) [26] which titers tended to decrease. Present study as well as
reported that application of phytase in nutritionally previous studies show that HA have a revival effect on
marginal diets could enhance lymphocyte numbers and immune responses. Dekker and Melden (2003) [15]
the seral and mucosal antibodies of broilers, suggesting reported that Oxihumate (99% purified HA) increased the
that phytase may have a role in gastrointestinal health proliferative response of phytohemagglutinin (PHA)
and immune competence. Several workers [1] reported that stimulated lymphocytes in a dose-related manner. Also,
SC improved the efficacy of the immune system, improved oxihumate increased the expression of CD25 significantly
intestinal lumen health and increased digestion and on PHA-stimulated cells. Oxihumate caused a statistically
absorption of nutrients, which resulted in better significant increase in IL-2 and IL-4 production by
performance. Supplemental  yeast  cell  (YC)  increased  P stimulated lymphocytes. A slight but not significant
and Ca digestibility. Earlier study [25] also reported increase in IL-6 production by oxihurnate was also
improved utilization of phosphorus or calcium in observed. An increase in IL-2 is necessary for cell-
phosphorus-insufficient or sufficient diets of poultry mediated (TH ) immunity, as well as an increase in IL-4
when YC was supplemented. and IL-6, is necessary for humoral (TH ) immunity,

Mannan oligosaccharides also may modulate humoral indicate that this compound can be an effective
immunity against the colonization of specific pathogens, immunostimulant which may prove suitable for application
allowing them to be presented to immune cells as by patients suffering from viral and bacterial infections.
attenuated antigens due the production of short chain Dekker and Melden (2003) [15] reported that chickens
fatty acid (SCFA) derived from MOS fermentation that treated with 100 mg oxihurnatelkg/day showed a two to
decreases intestinal pH and reduces the presence of four fold increase in titers against Newcastle disease. This
pathogenic bacteria. Butyrate is one of the SCFA result indicates the ability of these compounds to
produced and its deficiency is associated with intestinal stimulate the humoral immune response. Van Rensburg et
atrophy  and  functional  fails,  including  decreased al. (2002) [17] found that this product stimulates
immune response, however, an increased butyrate supply lymphocyte proliferation, important for cell mediated
leads to the development of intestinal epithelium, cell immunity necessary to cope with opportunistic infections,
differentiation and increased immune response, probably by increasing the production of the Interleukin-2 (IL).
due to the higher number of T-cells in the intestine [4]. It Joone et al. (2003) [20] found that oxihumate increased the
was proposed that oligosaccharides in the MOS could in vitro proliferative response of PHA-stimulated human
bind to viruses and work as adjuvants of vaccines to lymphocytes, from a concentration of 20 µg oxihumate/ml
increase the titers of antibody in MOS-treated birds [3]. and upwards.
This implies that MOS may stimulate the humoral immune The effects of HU on antibody titers are due to its
system to produce more antibodies. Spring et al. (2000) [1] antiviral properties, phagocytic activity of leukocytes,
reported that pathogens with the mannose-specific type-1 adhesibility and activation of neutrophils [27], improving
fimbriae, such as E. coli and Salmonella, are attracted to nutritive value of feed [16], ability to block colonization of
the mannans and readily bound with the carbohydrate pathogens in the gastrointestinal tract [13] and improving
instead of attaching to intestinal epithelial cells, Mannan immune functions [27]. The immune response is mediated
oligosaccharides also decreased the colonization by by macrophages activation since macrophages have been
Escherichia coli and increased Lactobacillus in the activated by HU, as demonstrated by Chen et al. (2003)
chicken gut. Antibody titers varied with the levels of [27]. An antiviral property, at a concentration of 100 ìg/ml
MOS supplemented and was best when 2g/kg of MOS of ammonium humate (the ammonium salt of humic acid)
was supplemented under the experimental conditions of in vitro has been described by Thiel et al. (1981) [28]. On
this study although this difference was not significant. In the other hand, the antimicrobial effects of HU have been
summary, the results of the current study indicate that described in the literature [29]. Visser (1985) [14]
MOS improves immune functions of broilers. suggested that humic acids may induce a change in

In this study the inclusion of HU resulted in metabolism, allowing microorganisms to utilize different
increased antibody titers against NDV in the 21th (P<0.01) substrates which could account for our observed shift in
and 35th (P<0.01) days of age. Ingestion of diets E coli populations.

l-type

2-type
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Rath et al. (2006) [30] have shown that the relative 8. Jensen, G.S., K.M. Patterson and I. Yoon, 2008. Yeast
weights   of    the  bursa   of   fabricius   increased   in culture has anti-inflammatory effects and specifically
birds  given  0.25%  HU  suggesting  a possible activates NK cells. Comp. Immunol. Microbiol. Infect.
immunostimulatory   effect   that  has   been   considered Dis., 31: 487-500.
to   be   an   effect   of   HU.   Humate   administration   for 9. Santin,  E.,  A.  Maiorka,  M.  Macari,   M.  Grecco,
8 weeks improved growth performance in the newborn J.C. Sancheez, T.M. Okada and A.M. Myasaka, 2001.
kids and also had an effect at 21 d on skin reaction to Performance and intestinal mucosa development of
phytohemagglutinin, possibly an effect on cell-mediated broiler chickens fed diets containing Saccharomyces
immune response [31]. cerevisiae cell wall. J. Appl. Poult. Res., 10: 236-244.

In conclusion according to founding of present 10. Zhang, A.W., B.D. Lee, S.K. Lee, K.W. Lee, G.H. An,
study, HU and MOS can modulate the antibody response K.B. Song and C.H. Lee, 2005. Effects of yeast
against Newcastle disease vaccine in broiler; however this (Saccharomyces cerevisiae) cell components on
warrants further evaluation of humic substances and growth performance, meat quality and ileal mucosa
mannan oligosaccharides on other vaccines in different development  of  broiler   chicks.   Poultry   Science,
species and evaluation of molecular aspects. 84: 1015-1021.
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