Journal of Animal and Veterinary Advances 9 (20): 2647-2654, 2010

ISSN: 1680-5593
© Medwell Journals, 2010

Effects of Vitamin E, Vitamin C and M annanoligosaccharide (Bio-M 0s®)
Supplements on Performance and | mmune System in Broiler Chicks

'H. Ozpinar, ?M. Erhard, ?F. Ahrens, *C. Kutay and “H. Eseceli
'Department of Food Engineering, Istanbul Aydin University, Istanbul, Turkey
Chair of Animal Welfare, Ethology, Animal Hygiene and Animal Housing,
Department of Veterinary Science, Faculty of Veterinary Medicine, Munich, Germany
*Department of Animal Nutrition, Istanbul University, Istanbul, Turkey
“Bandirma Vocational School of Higher Education, Turkey

Abstract: Maintaining gut health isimportant for the production of high quality and profitable poultry. The goal
of this study was to examine the effects of supplemental mannan oligosaccharide (Bio-MOS®), Vitamin E (VE)
and C (VC) on the growth performance and immune response of broilers given a corn based diet over a 6 weeks
experimental period. About 1 day old male broilers (n = 300) were randomly distributed to 4 groups (75 birdsin
each group and 15 hirds in each subgroup for repetation 5 times) and reared under similar conditions. Standard
husbandry and good management practices were followed that met or exceeded industry guideline. At each
feeding, the following treatments were administered: control (no Bio-MOS®, VE and VC), 1.5 g kgG' Bio-MOS®,
500 pg kgG* VE and 500 pg kgG* VC. Body Weights (BW), Feed Intake (FI) and Feed Conversion Ratio (FCR)
were measured on day 1, 21 and 42. Blood samples were taken from vena ulnaris every 7 days and were analyzed
on IgG concentration. The results showed that there was no significant difference in BW, FI and FCR among
the treatment groups. During the 6 weeks of trial period considering plasma IgG levels significant differences
were only found as following: compared to control group it was significantly lower in VE group at week 1 and
2, higher in VC and Bio-MOS" groups at week 2 and lower in Bio-MOS® group at week 6. Additionally, at 4 week
lowest (0.90+£0.06 mg, n = 15) and at 5 week highest (2.85+0.18 mg, n = 15) plasma lgG level was found after
applying the dietary treatment in Bio-Mos® group. Consequently, this data suggest that supplementation of
Bio-MOS®, VE or VC may not improve either broiler performance or immune response in healthy braoilers.
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INTRODUCTION

Dietary composition has an impact on immune
function of the broiler chicken. Nutritional immunology is
becoming popular. Clearly, commercial poultry producers
do not have the luxury of focusing on specific disciplines
when field problems occur. Hence, in practice interaction
exists among nutrition, genetics, management and
diseases (Kidd, 2004). Nutrition has some effects on both
innate and cellular immunities if the feed is severely
restricted (Hangalapura et al., 2005). Antibody responses,
blood lymphocyte proliferative responses and production
of Reactive Oxygen Intermediates (ROI) in chickens on
different levels of feed restirictions results in lower spleen
weight a marked reduction in natural antibodies binding
lipoteichoic acid. The recent European Union’s ban on the
prophylactic use of in-feed antibiotics has escalated
the search for aternatives in poultry industry
(Janardhanaet al., 2009). Given the current interest in the

use of safe alternatives, natural antioxidants including the
mannan oligosaccharides and vitamins E and C are
important to animal health. Enhancing the immune
response and resistance to pathogens of birds through
nutrients is considered to be both practical and efficient
in terms of improving performance in modern poultry
production. Antimicrobials have traditionally been used
as a supplement in the poultry industry to improve health
and performance of birds. Nowadays, antibiotics are
removed from animal feed because of increasing
percentage of antibiotic-resistant bacteria.

Therefore, researchers have focused on alternative
feed additives to antibiotics such as pre- and probiotics.
One class of prebiotics is represented by
oligosaccharides. Oligosaccharides have been shown to
increase beneficial bacteria like bifidobacteria or
lactobacilli  in the intestinal tract of broilers
(Patterson et al., 1962). Mannan Oligosaccharides (MOS)
are derived from mannans on yeast cell surfaces. Based
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on the literature, MOS improve antibody response in
broilers and layers (Cotter et al., 2000) modulate the
immune response in chickens (Cotter et al., 2002;
Savage et al., 1996; Shashidhara and Devegowda, 2003)
and increase serum 1gG levels in turkeys (Cetin et al.,
2005) but do not enhance plasma IgG levels in dogs
(Swanson et al., 2002). In addition, beneficial effects of
MOS supplementation on body weight gain in broilers
(Rosen, 2007) and feed conversion ratio in birds
(Waldroup et al., 2003) as well as turkeys (Fritts and
Waldroup, 2003) were observed. Conversely, severd
previous reports did not result in improved performance
in terms of these parametersin broilers (Waldroup et al.,
2003; Stanczuk et al., 2005 and Turkeys
(Yalcinkayal et al., 2008), respectively. However, data
regarding effects of MOS on chicken performance are
limited. As mentioned above, although some information
is available on data regarding effects of MOS, the role of
MOS on performance and immune response on chicken is
not completely understood.

Regarding nutritional supplementation vitamins are of
great interest because vitamins like vitamin E and vitamin
C, possessing potent antioxidant activities are able to
decrease the effects of stress and infection on feed intake
and body weight gain in chicken (Colnago et al., 1984,
McKee and Harrison, 1995). Vitamin E (VE) is necessary
as an antioxidant as aregulator of the transcription and of
the activity of enzymes. Body weight gain and viability
(Colnago et al., 1984) of chicks may improve with VE
supplementation. However, numerous studies have
reported no beneficial effects of VE either on mortality
(Richter et al., 1985), body weight or feed intake
(Nameghi et al., 2007; Niu et al., 2009). Further, many
parameters of the immune system including resistance to
infection, specific antibody production and number of
antibody producing cells are atered by supplementing
diets that are deficient or marginal in VE (Meydani and
Blumberg, 1993). Vitamin E is an essential constituent of
all the cell membranesincluding mitochondrial and nuclear
membranes (Machlin, 1984). Colnago et al. (1984) found
out that immunisation of chicken against coccidiosis was
enhanced by vitamin E supplementation. An injection of
vitamin E into the amnion three days prior to hatch
enhanced antibody and macrophage response in
Turkey and chicken (Gore and Qureshi, 1997).
Abdukalykovaet al. (2008) examined the effets of Arginin
(Arg) and VE on the subpopulations of T Lymphocytesin
peripheral blood in broiler chickens after an infectious
bursal disease virus vaccination. Broiler chickens were fed
diets with both normal and hight levels of Arg and VE.
The results suggested that Arg and VE have
complementary effects on cellular and humoral immune
function and enhance the resistance of broilers to
infectious diseases. A MetaAnalysis procedures were

made on the effects of VE supplementation in feedlot
cattle by Cusack et al. (2009). The health outcome
morbidity, the production outcomes of Average Daily
Gain (ADG) and Gain to Feed ratio (G:F) were analysed. It
was concluded that supplemental dietary VE should be
fed as an injection within Recommendation which is
15-60 IU kgG" of diet DM. The effects of VE were
evaluated on the fatty acids and MDA level in broiler
chicken meat quality. It was concluded that the fatty acid
concentration in broiler meat changes with respect to the
nutrition and dietary composition of liver oil together with
VE and VC increases n-3 fatty acid levelsthat is good for
human health in broiler meat.

Severa researchers have reported beneficial effects
of Vitamin C (VC) supplements given either in diets
and/or in drinking water. Vitamin C may aso play a
role in enhancing the immune system. In generd,
immunoglobulins and complement factors protect against
systemic infections. Studies demonstrate that Vitamin C
is required for the systemic availability of substances
such asimmunoglobulins and interferons (Bendich, 1990).
Furthermore, VC increased in chicken the number of
CD 8 (+) and IgM (+) cells (Wu et al., 2000) increased
bacterial killing by heterophils and lowered plasma
corticosterone (McKee and Harrison, 1995). Furthermore,
beneficial effects of VC supplementation on body weight
gain (Blaha and Kreosna, 1997; Jaffar and Blaha, 1996),
feed intake (Sahin and Kucuk, 2001) and feed conversion
ratio (McKee and Harrison, 1995; Blaha and Kreosna,
1997) were observed in poultry. In contrast, several
studies (Blaha and Kreosna, 1997; Jaffar and Blaha, 1996)
reported that supplementation of VC did not influence
feed intake. VC has been demonstrated to improve
immune responsiveness (Nameghi et al., 2007). Pulmonary
Hypertension Syndrome (PHS, ascites) is a common
metabolic disorder of modern, fast-growing strains of
broilers. Concurrent supplementation of Arg, VC and VE
was conducted to evaluate the effects on
cardiopulmonary performance in broiler chickens under
cold environmental conditions after an acute Epi
chalenge with increased no concentrations and lower
hematocrit concentrations (Ruiz-Feria, 2009).

In recent decades, deficiencies in feed formulation
and management practices have been masked by the
routine Use of Antibiotic Growth Promoters (AGP).
However, the ban of AGP in Europe has driven the
implementation of safe alternatives such as antioxidants
for optimizing health and performance of broilers
(Awad et al., 2008). Antioxidants are molecules which can
safely interact with free radicals and terminate the chain
reaction before vital molecules are damaged. However,
published reports on some natural antioxidantsin broiler
diets are rare and contradictory. Therefore, there is vast
interest in understanding the mechanisms of
immunosuppression and developing strategies to
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enhance immune responsiveness in commercia poultry.
Thus, the aim of this study was to determine the effects of
supplemental dietary MOS, VE and VC on parameters of
performance and immune responses on healthy broilers.
Several micro and macro-nutrients are needed for normal
maintenance of the immune system (Bhaskaram, 2001).
This includes amino acids, essential fatty acids and
severa vitamins and minerals. Numerous investigations
since the early 1900s have shown that marginal and
profound nutrient deficiencies impair the immune
response in animal models as well as in humans, leading
to an increased morbidity and mortality (Grimble, 2001).

Therefore, dependency of the immune system on
adequate nutritional status is unquestionable. More
recent studies, however have looked beyond deficiency
of nutrients and focused on the level of nutrients needed
for optimal immune response. Therefore, the aim of this
study was to investigate the effects of different feed
additives (immunomodulators) such as vitamin E,
vitamin C, Bio-Mos® on broiler performance and immune
system.

The effects of $-mannanase (Hemicell) on growth
performance and immunity in broiler chickc fed the same
basal diet based on corn-soybean meal were examined and
Hemicell was added to the basal diet at 0, 0.025, 0.05 and
0.075%, respectively. The results indicated that hemicell
may improve growth performance and immunity of
broilers. Hemicell supplementation increased most of the
relative immune organ weights and significantly increased
the concentration of serum IgM. Hemicel
supplementation at 0.05% significantly increased T-
lymphocyte proliferation (Zou et al., 2006). Broiler
chickens were fed with dietary treatments of MOS at
50 ppm in the 1st week, 30 ppm in the week 3 and 2 g of
MOS kgG' of diet (Yang et al., 2007). MOS
supplementation did not improve significantly the growth
performance of the broilers. On the other hand, MOS
supplement numerically icreased the villus height and
specific activity of maltase in the jejunum. The inclusion
of MOS did not show a clear positive effect on the
intestinal digestibility of nutrients, morphology or the
mucosal enzyme activities.

MATERIALSAND METHODS

Birds, housing and diets. About 300 of 1 day old male
broiler chicks (Ross) were obtained from alocal hatchery
(Pak Pilic, Istanbul, Turkey). The birds were weighed at
the beginning of the experiment, randomly divided into
four groups (75 male birds/group) which are control (no
Bio-MOS®, VEand VC), 1.5 g kgG* Bio-MOS®, 500 ug kgG*
VE and 500 pg kgG' VC and housed in pens of identical
size (1.75x6 m) in a deep litter system. The study was
repeated 5 times for each of 4 groups. So, there were 15

Table 1: Composition of the starter and grower diets

Ingredients and analysis Starter (%) Grower (%)
Maize 47.55 55.55
Soyamea 45.00 37.00
Vegetable oil 4.00 4.00
Limestone 1.90 1.90
DCP 0.83 0.83
Vitamin-minera premix* 0.30 0.30
Salt 0.20 0.20
Lysine 0.08 0.08
Methionine 0.15 0.15
Dry matter 88.56 88.32
Crude protein 23.00 20.00
Calcium 1.08 1.04
Total phosphorus 0.75 0.77
ME kcal kgG* 3100.00 3200.00

The broiler premix provided the following per kilogram of diet: vitamin A,
1204 pg; cholecalciferol, 25 pg; vitamin E, 4.5 mg; riboflavin, 2.25 mg;
niacin, 15.0 mg; d-pantothenic acid, 4.0 mg; folic acid, 0.25 mg; vitamin
Bi,, 5 Mg; choline cloride, 200 mg; thiamine, 0.5 mg; biotin, 25 ug;
ethoxiquin, 12.5 mg; menadione sodium bisulfite, 1.25 mg; pridoxine, 0.50
mg; manganese, 24.9 mg; zinc, 22 mg; iodine, 0.2 ug; iron, 13.6 mg and
copper, 1.6 mg. The treatment groups were fed with the basal diet with
additional 1.5 g kgG* Bio-MOS® (Alltech, Izmir, Turkey), 500 ug kgG*VE
and 500 pg kgG* VC (Roche Vitamins, Inc. Istanbul, Turkey). The chicks
were fed with the starter diets from days 1-21 and grower feed from
day 21-42 (Table 1). The birds had free access to water and feed. The
experimental procedures were approved by the ingtitutional animal care
committee

birds in each subgroup actualy. Wood shavings were
used as the litter material. The climatic conditions and
lighting program were computer-operated and followed
the commercial recommendations. The chicks were raised
using standard temperature regimes that gradually
decreased from 35-21°C and under a 23L:1D cycle
throughout the studies. The control group was fed with
starter and grower diets based on corn, soya, vegetable
oil and a premix with vitamins, minerals, amino acids
(lysine, methionine) and salt (Table 1).

Performance of broiler chicks: Chicks were weighed
individually at the beginning of the experiment (initial
body weight) as well as at week 3 and at the end of
feeding period (at week 6). The feed consumption was
measured weekly during the 6 weeks experiment.
Cumulative weights gain (BW); Feed Intake (FI) and food
conversion ratio (food intake/weight gain, FCR) were
calculated. The mortality rate and liveability rate at the
end of the feeding period were determined. The European
Production Efficiency Factor (EPEF) was calculated
according to the following equation:

é (liveweight, kgxliveability%6) QX100

EPEF = & s : a
&(feed conversion ratioxage, days) (j

Blood sampling and analysis: All the chicks were bled by
puncture of the ulnar vein by using a 0.5-heparinized
insulin syringe with a 28-gauge needle (Becton Dickinson
and Co., Istanbul,Turkey). At the beginning of the study
al male chicks in the control group were bled
and 1-heparinized syringe with a 25-gauge needle
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(Becton, Dickinson and Co) on day 14, 21, 28, 35 and 42.
The heparinized blood samples were centrifuged at 700xg
for 15 min at 4°C. Subsequently, plasma samples
were stored at -20°C until analysis for 1gG. In each
of the four groups, the concentrations of specific
chicken 1gG in plasmawas measured with Enzyme-Linked
Immunosorbent Assay (ELISA) as described by
Erhard et al. (1992).

Statistical analysis:. The Statistica Package for the
Social Sciences (SPSS version 14.0) was employed to
perform statistical analysis. The experimental design was
completely randomized with dietary treatment as the main
effect.

Statistically significant differences between group
means were determined by Analysis of Variance
(ANOVA). When the differences were significant,
Duncan’s multiple range test was performed. Probability
values p<0.05 were considered significant. Data are
expressed as mean valuestSEM.

RESULTSAND DISCUSSION

Feed intakeand body weight: The supplementation of VE,
VC or Bio-MOS" to the diets did not improve the general
BW of broilers (Table 2). The cumulative feed intake of
broilers for control group and VE, VC and Bio-MOS®
groups at week 3 were 1100, 1150, 1160, 1080 g at week 6
they were 3810, 3800, 3850, 3750 g, respectively.

The food conversion ratio at week 3 was lower for

6 time points (week 1-6). Three of male chicks in each
group were randomly selected from each group and this
selection was repeated 5 times for every subgroup. So,
number of 15 was obtained in thisway. Plasma lgG value
of control group (n = 15) was highest on day 1
(3.41+0.36 mg) and lowest on week 2 (1.53£0.11 mg) during
the 6 weeks study period. Considering plasma I1gG level,
at week 1 after the dietary treatment was applied, no
statistically significant differences were observed
between the control group and VC group and between the
control and Bio-Mos® group while at 2 week the control
group was significantly lower than the VC and Bio-Mos”
group (p<0.05). Both at the 1st and 2nd week of the study
plasma IgG levels in VE group was significantly lower
than those in the other three groups (p<0.05). At 3rd week
of the dietary treatment, no statistically significant
differences were observed between the groups.

The lowest 1gG level after applying the dietary
treatment was found in Bio-M OS® group (0.90+0.06 mg) at
4th week and it was significantly lower than that in the
other three groups (p<0.01). The highest 1gG level after
applying the dietary treatment was also observed in
Bio-Mos® group (2.85+0.18 mg) at week 5 (p<0.05). At the
6th week of the dietary treatment, no significant
differences were observed between the control and VE
group and aso between the control and VC group while
plasma |gG values of these three groups were statistically
higher than that of Bio-MOS® group (p<0.05) (Table 3).

Table 2: Effects of vitamin E, vitamin C and Bio-Mos® on growth
performance of broilers

control group (1.56) than VVC group (1.65) but it was higher Parameters Control Vitamin E___ VitaminC __ Bio-Mos
for control group than VE (1.50) and Bio-MOS® group god)é weight (g) 41043 402042 41045 tos0.47
. . ay +0. +0. +0. +0.
(1.47) at week 6 FCR was higher for control birds 0., 705:145  720£156  700£14.6  730+153
(1.74) than Bio-MOS"® group (1.68), VC group (1.67) and  pay 0-42 2190+285  2300:29.5  2200£30.2  2230+206
VE group (1.63). Eeedointake (@)
. ope . . ay - - - -
The lllveapmty wa:s.100% in al groups during .the Day 0-21 1100 1150 1160 1080
6 week trial period. Additionally, the European Production Day 0-42 3810 3800 3850 3750
Efficiency Factor (EPEF) was higher for VE, VC or ECRO
Bio-MOS” supplemented groups (VE = 335,96, VC = 313,65 Dg 021 156 150 165 1.47
and BM = 316,04, respectively) than for the control group  Day 0-42 174 163 1.67 1.68
(Control Group = 299,67). ga(;jga"ty SO ) ) )
) ) . Day 0-21 0 0 0 0
Total igG levelsin the chicks plasma: Thelevels of 1gG Day 0-42 0 0 0 0
in the chicks plasmawere examined on day 1 and thenat ~ EPEF 299,67 335,96 313,65 316,04
Table 3: Mean serum IgG concentrationsin broilers of vitamin E, vitamin C and Bio-Mos® and control group
Control Vitamin E Vitamin C Bio-Mos®
Weeks Mean SEM Mean SEM Mean SEM Mean SEM
0 341 0.36 - - - - - -
1 2.08° 0.16 1.50° 0.23 2.23° 0.07 233 0.08
2 153 0.11 1.01° 0.13 2.29° 0.13 2.31° 0.13
3 2.24 0.15 2.05 0.09 2.00 0.15 231 0.21
4 1.88° 0.24 2.13° 0.08 2.13° 0.21 0.90° 0.06
5 1.56° 0.18 272 0.31 1.07° 0.10 2.85° 0.18
6 2.84° 0.20 2.46° 0.07 2.72° 0.15 1.87° 0.16
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This study was conducted to evaluate the efficiency
of natural antioxidants as Bio-Mos®, VE and VC on
performance and immune responses of broiler chickens.

Performance: The results of using MOS as natural
growth promoters in poultry diets are inconsistent. The
current study identified no significant effect on
performance in chicks fed with supplemental 1.5 g kgG*
Bio-MOS® on 21 or day 42. In agreement with the
observations, addition of 1 or 3 g kgG' of MOS did not
influence BW and FCR (Eren et al., 1999) or Fl
(Shafey et al., 2001) whereas 5 g kgG* of MOS led to minor
improvementsin FCR (lji et al., 2001). These results were
contradictory to recent studies reported that the inclusion
of MOSin broiler diets resulted in significant improvement
in BW (Blake et al., 2006; Rosen, 2007) and FCR
(Waldroup et al., 2003). Published report on the effects of
MOS on broiler performance is rare and contradictory.
This may be duein part as the levels of MOS used in this
study were not sufficient to elicit a pronounced response.
This warrants further study with levels of inclusion in the
diet.

In the present study, either inclusion of 500 pg kgG*
VE or VC supplementation to the diet of chicks did not
result in asignificant influence on performance of broilers
that are compatible with previous researches who
reported that inclusion of one of these antioxidants into
the broiler diet did not resulted in a significant
improvement on BW (Coetzee and Hoffman, 2001,
Nameghi et al., 2007), FI (Niu et al., 2009; Blaha and
Kreosna, 1997; Jaffar and Blaha, 1996) or FCR
(Coetzee and Hoffman, 2001). However, these results
disagreed with previous reports indicating that chickens
benefited from a dietary supplementation of VC increased
BW (Blaha and Kreosna, 1997; Jaffar and Blaha, 1996),
improved their Fl (Sahin and Kucuk, 2001) or FCR
(McKee and Harrison, 1995; Blaha and Kreosna, 1997).
The reason for this finding is unclear. However, kidneys
which are the principal organs for chickens to synthesize
ascorbic acid can not synthesize adequate amounts of
ascorbic acid until after 15 days of age (Puls, 1994).
Considering VE, Raza et al. (1997) showed that
supplementary VE had beneficia effects on performance
related parameters. An explanation for performance results
may be attributable to the fact that there was no increase
in protein or energy utilization between dietary VE
treatments, since all dietary treatments were balanced
energy to protein ration.

Immuneresponse: Birds respond to antigenic stimulation
by generating antibodies as well as cellular immunity.
Very young chicks are susceptible to many pathogens

during the first few weeks of age because their immune
system is not fully developed hence, maternal antibodies
are the primary means of antigen-specific protection
(Hamal et al., 2006). In the present study, immune
characteristic measured in blood at 1-6 weeks of age and
IgG levels did not indicate positive changes in systemic
immune capacity as a result of Bio-MOS®, VE or VC
supplementation in broiler chicks at 3 and 6 weeks of age.

Mannan and glucan of the yeast cell wall may bind to
pattern-recognition receptors on a variety of defence
cells of the gut-associated lymphoid tissue and in turn
activate immune defences such as phagocytes, the
aternative complement pathway and the lectin pathway
(Shashidhara and Devegowda, 2003). However, in the
present study, supplementation of Bio-MOS® in the
broilers diet increased the I1gG levels at week 2 and 5
decreased at week 4 and 6 and not influenced at 1 and
week 3 compared to control. In particular agreement with
the observations, Swanson et al. (2002) reported that the
addition of MOS did not significantly influence IgG
concentrations after 2 weeks trial period in dogs.
Cetin et al. (2005) pointed out that the addition of MOS
significantly increased serum IgG levels at the end of the
15 weeks trial period in Turkeys. Savage et al. (1996)
reported that feeding Turkeys with diet with 0.11% MOS
led to significant increases in plasma IgG level. In the
present study the initial decrease in the plasma IgG
levels at week 2 may be due to the catabolism of
maternal 1gG in chicks as the half-life of IgG in the
plasma (Patterson et al., 1962). The role of Bio-MOS® in
modulation of the IgG levels during the initial 6 weeks of
broiler chickensis not completely understood.

Regarding nutritional supplementation vitamins are of
great interest because vitamins like VE and VC,
possessing potent antioxidant activities have recently
been shown to influence immune system. Previous reports
on beneficial effects of VE are asfollows: Erf et al. (1998)
reported that beneficial effects on the development and
function of adaptive immunity in 5-7 weeks old broilers.
Konjufca et al. (2004) suggested that the addition of VE
may have a substantial positive impact with respect to
disease resistance and improved broiler health. In the case
of humoral immune response, the effect of added VE
depended on the nature of the antigen and quantity.
Typicdly, addition of VE in amounts between 25 and
50 1U to the basal diet containing the National Research
Council suggested requirement of 10 IU was the most
immunomodulatory. This emphasize that higher levels of
VE were often less effective (Leshchinsky and Klasing,
2001). This may explain the result obtained in this study
that the supplementation of VE did not indicate enhanced
IgG levels in plasmacompared to control during 6 weeks
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of study period. VC addition only significantly increased
the plasma 1gG concentration at 2 weeks of age
during 6 weeks dietary trial period compared to control in
the present study. In agreement with the observations
Hesta et al. (2009) found that addition of VC did not show
any significant effect on the serum IgG concentration
a 5 weeks of age in healthy dogs. This observation
differs from those of other researchers. Zhao et al. (2002)
reported that the plasmalevels of the IgG showed alinear
increase in pigs with increasing levels of VC
supplementation. Wu et al. (2000) pointed out that 1gG
antibody secreting cells in spleen at 3 weeks of age were
significantly higher in ascorbic acid supplemented group
which was vaccinated against infectious bursal diseasein
chickens. These results indicated that dietary
supplementation of ascorbic acid may improve humoral
and cellular immune responses in chickens. Whether or
not VC plays a role in stimulating humoral immune
function in broilers requires further study since the results
of the experiments do not completely rule out the
possihility that such arole exists. Although considerable
research have been performed on the effects of
supplementation of antioxidant such as VE and VC, its
effects on performance and immune function have yet to
be concluded on healthy broilers.

CONCLUSION

In conclusion, although Bio-Mos®, vitamin E or C
addition to broiler diets seemed to adter IgG
concentrations in plasma in various times, they did not
improve the immune system in broilers. With regard to
performance, BW, FI and FCR were not affected by
dietary treatment. Therefore, 1.5 g kgG' Bio-Mos®,
500 pg kgG* vitamin E or C may not be used in broiler diets
to improve performance and enhancing immune capacity.
A wider MOS, vitamin E or C supplementation range and
more biochemica data in future research will help to
clarify the understanding of the optimal and marginal
levelsfor broilerswith respect to performance and immune
system.
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