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Abstract. An experiment was carried out to evaluate the relationship of an Enzymatically Hydrolyzed Yeast
(EHY) and yeast culture combined with flavomycin and monensin (F + M) under two levels of Digestible
Lysine (DLYS) on the growth performance, carcass measurements, nutrient retention and AMEn in broilers.
One hundred and thirty two 35 d old Ross B308 male broilers individually housed in holding cages were
used. Broilers were assigned to a factorial arrangement of 2 levels of EHY (0 and 1 kgfton of feed) x 2 levels
of F+ M (0.0 and 0.05,0.50 kgfton) x 2 DLY S levels (0.85 and 0.95%). The experiment lasted 2 wks. Results
were subjected to analysis of varianza. EHY-fed broilers showed a trend for greater (p<0.10) feed intake, had
improved (p<0.05) weight gain, feed conversion ratio and had greater (p<0.01) weight and yield of the
carcass, breast and legs. Broilers fed EHY and 0.95% DLYS had higher nitrogen intake and retention and
lower AMEn than those with 0.85% DLYS (EHY and DLYS interaction, p<0.05). EHY-fed broilers also had
greater dry matter and ashes intake (p<0.01) and retention (p=<0.05). The addition of F+M to the diet improved
the weight gain (p<0.05), feed conversion ratio (p<0.01), nitrogen retention and AMEn {p<0.05). Broilers fed
the 0.95% DLYS diet had greater feed conversion (p<0.05). The addition of EHY and F+M improved the
production and nutrient use in broilers but their effects were independent. The EHY and DLYS showed an

additive or synergistic relationship on the nitrogen intake and retention and AMEn.
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INTRODUCTION

There is an abundance data on the scientific literature
that has been presented on the benefits of antibictics on
the growth and health of poultry (Bedford and Fothergill,
2002; Ferket et af., 2002; Hooge ef af., 2003). However,
it has been argued that after long use, antibiotic growth
promoters may lead to potential development of
resistant pathogenic microorganisms which may
represent a hazard for the consumer health (Phillips,
1999; Ratcliff, 2000). For this reason, it has heen
suggested that the poultry industry must develop
alternatives to avoid using antibictic growth promotants,
or at least substantially reduce the amount of antibiotics
used to maintain efficient poultry production and obtain
safe poultry meat and egg products (Ferket et a/., 2002).
In Europe the banning of most of the antibiotic growth
promoters have led to the outbreaks of different
diseases caused by pathogenic microorganisms which
may also represent a health risk for humans (Mateos
and Lazaro, 2001; Williams, 2005; Cepero, 2005).
Therefore, it is advisable to conduct research aimed to
identify the conditions in which 1) antibiotic growth
promoters are fully replaced or, 2) the effects of

antibiotics are strengthening when strategically
combined with non-antibiotic growth promoters. In
several studies, additive or synergistic beneficial effects
have been evaluated with some antibiotics that were
used in combination with other non-antibiotic growth
promoters such as plant extracts and essential oils
(Hernandez et al., 2004; Lee et al., 2004; Barreto ef a/,
2008), organic acids (Chowdhury et a/., 2009, Samanta
et al,, 2010), direct fed microbials (Hooge et a/., 2004,
Opalinski et al., 2007; Barreto ef af, 2008) and MOS
(Waldroup et af., 2003; Hooge et af., 2003; Hooge, 2004;
Rosen, 2007) on broiler performance.

MOS is the additive most extensively studied as
candidate to replace antibiotics. In a Meta-analysis that
included 21 pen trials it was concluded that broilers fed
MOS-diets had comparable body weight and feed
conversion but lower mortality than those fed antibiotic-
supplemented diets (Hooge, 2004). More recently, in a
Holo-analysis that included 32 publications on the use
of MOS as broiler feed additive it was confirmed the
beneficial effects of MOS on broiler performance (Rosen,
2007). Since there are several sources of MOS and other
yeast derivatives from Saccharomyces cerevisiae (Sc)
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available for broilers, it is important to test the
effectiveness of these products against or in
combination with antibiotic growth promoters.

It is proposed that the benefits of MOS is due to the
presence of mannose units that binds potential
pathogenic bacteria, particularly those with type 1 fimbria
on their surface, blocking their adhesion and
colonization of the intestinal cells (Mul and Perry, 1994).
Also, MOS favors the growth of beneficial bacteria such
as Lacfobacifius which are capable of neutralizing some
enterotoxins and inhibiting the growth of pathogenic
bacteria like E. cof, Clostridium and Streptococcus by
producing organic acids and reducing the intestinal pH
(Spring et al., 2000). This can lead to better gut health
and increased nutrient availability resulting in enhanced
growth and health as seen by yeast products (Radecki
and Yokoyama, 1991; Stanley ef af., 2004).

There is also considerable evidence showing that whole
cells and several derivatives from Sc such as Yeast
Culture (YC), Yeast Extracts (YE) and yeast fermentation
products, that retain the cell wall components, exert
similar beneficial effects as MOS on the growth and feed
conversion ratio of poultry (Stanley et af., 2004; Zhang ef
al, 2005; Gao et al., 2009). A YC contains, in addition to
yeast cells, metabolites such as peptides, organic
acids, oligosaccharides, amino acids, flavor and
aromatic substances and possibly some unidentified
growth factors, which have been proposed to produce
beneficial responses in poultry production (Gao ef af,
2009; Zhang et al., 2005). A YE is also derived from the
cell content of live yeast and contain high levels of
nucleotides, inositol and glutamic acid and have also
resulted in beneficial effects on the feed conversion of
broilers (Rutz et af., 2006, Silva et af., 2009).
Celmanax® is a trade mark of Vi-Cor® (Mason City, |A,
USA) that contains Enzymatically Hydrolyzed Yeast
(EHY), YE and YC with the cell wall components and the
metabolites of the cell content recommended for all
classes of livestock. Celmanax® also contains yeast
mannans and provides the metabolites normally found
in YC and can replace yeast-based products in the diet.
The main issue addressed in the present study was to
elucidate if there was any additive or synergistic
relationship between the EHY and YC residues present
in Celmanax® and F + M, which are the antibiotic growth
promoter and the anticoccidial drug, respectively,
normally used in diets for poultry. The other issue
considered in this study was to clarify whether there was
an increased need of dietary amino acids in broilers that
have an enhanced growth rate due to the addition of
antibiotic or non-antibiotic growth promoters or their
combination in the diet. Therefore, an experiment was
carried out to evaluate the relationship of an
Enzymatically Hydrolyzed Yeast (EHY) and yeast culture
combined with Flavomycin and Monensin (F + M) under
two levels of Digestible Lysine (DLYS) on the growth
performance, carcass measurements, nutrient retention
and AMEn in broilers.
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Table 1: Composition of experimental diets
Digestible lysine (%)

ltems 0.85 0.95
Sorghum 64.27 652.27
Soybean meal 27.00 26.50
Canola meal 0.00 0.00
Com gluten meal 0.00 0.00
Vegetable oil 4.44 4.44
Calcium phosphate 1.72 1.72
Calcium carbonate 1.18 1.18
Sodium bicarbonate 0.31 0.31
Salt, - NaCl - | 0.30 0.30
L-Lysine-HCL 0.00 1.30
L-Threonine 0.00 0.70
DL-Methionine 0.10 0.50
Vitamins and minerals’ 0.70 0.70
Calculated analysis

ME (kcalkg) 3.20 3.20
PC (%) 17.30 17.30
Ca (%) 0.85 0.85
Avail. P (%) 0.42 0.42
Digestible amino acids % AAP % AAP
Lysine 0.85 - 0.95 -
Threonine 0.57 0.67 0.64 0.67
Methionine 0.35 0.41 0.39 0.41
Tryptophane 0.20 0.23 0.20 0.21
Arginine 1.07 1.26 1.07 1.13
Valine 0.78 0.92 0.78 0.82
Isoleucine 0.70 0.82 0.70 0.74

"Each kg provides: 6 500 IU of vitamin A; 2 000 IPU of vitamin Ds;
15 IU of vitamin E; 1.5 mg of vitamin K; 1.5 mg of thiamine; 5
mg of riboflavin; 35 mg of niacin; 3.5 mg of pyridoxine; 10 mg of
pantothenic acid; 1500 mg of choline; 0.6 mg of folic acid; 0.15
mg of biotine; 0.15 mg of vitamin Bi:; 100 mg of Mn; 100 mg of
Zn; 50 mg of Fe; 10 mg of Cu; 1 mg of |. AAP = AA Profile

MATERIALS AND METHODS

The research was carried out in the facilities of the
Experimental Poultry Unit of the National Center of
Disciplinary Research in Animal Physiology-INIFAP,
located in Querétaro, México. One hundred and thirty two
35 d old Ross B308 male broilers individually housed in
heolding mesh-floored cages with a metal feeder and a
cup drinker in a naturally ventilated unit was used.
Broilers were assigned to eight treatments in a
complete randomized design with a factorial
arrangement of 2 levels of EHY (0 and 1 kgfton of feed)
x 2 levels of F + M (0.0 and 0.05,0.50 kgfton) x 2 DLYS
levels (0.85 and 0.95%). The F + M doses used were
equivalent to 4 and 100 ppm, respectively. Diet 1 was
formulated with 0.85% DLYS (Table 1) and the content of
the rest amino acids was adjusted according to the ideal
profile suggested by Baker and Chung (1992). Diet 2
was similar to diet 1, plus the addition of crystalline
lysine to reach a level of 0.95% DLYS. Crystalline
methionine and threonine were also included to keep
the same profile of these amino acids as Diet 1.

Feed and water were offered ad /ibitum for the two
weeks of the study. During the last three days, all excreta
was collected every 24-h using clean stainless steel
collection trays, weighed and stored frozen at -20°C in
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polyethylene bags. The last day, all broilers were killed
by cervical dislocation. The abdominal cavity was
opened to excise the liver, small and large intestine and
cecum. Organs were rinsed with clean water, dried with
paper towels and weighed. The carcass was dissected
and cut in its main parts (breast, legs, thighs and ribs)
then dried and weighed.

Excreta samples were lyophilized and ground using a 2
mm mesh. Determinations of dry matter, ashes,
nitrogen and energy were done in excreta and diets
following standard procedures (AOCAC, 2002). Then, the
retention of nutrients was estimated.

Results were subjected to ANOVA by using the GLM
procedures {(SAS, 1999). For all response variables the
experimental unit was each bird. Percentage results
were transformed to arcsine values before analysis.

RESULTS AND DISCUSSION

Growth performance and carcass measurements: No
additive or synergistic relationship was detected
bhetween EHY and F + M, EHY and DLYS, F + M and
DLYS and EHY, F + M and DLYS in any of the growth and
carcass measurements as any of the interaction tested
was not statistically significant.

EHY-fed broilers showed a trend (p<0.10) for greater
feed intake and had improved (p<0.05) weight gain and
feed conversion ratio (Table 2), which is in agreement
with previous results observed in broiler fed diets
supplemented with yeast. In a meta-analysis of trials of
MO S-fed broilers a positive effect of MOS was observed
in 80% of the studies, with an average improvement of
1.6% and 1.99% on weight gain and on feed conversion
ratio, respectively {(Hooge, 2004). Feed intake, weight
gain and feed conversion were improved by 3.3, 6.9 and
3.8% in EHY -fed broilers, respectively. Improved growth

performance have been reported in broilers fed other
yeast products such as YC, YC residue, YE, whole cells,
cell wall components or a fermentation product from Sc
(Gao et al,, 2008; 2009; Stanley ef al., 2004; Zhang et al,
2005).

EHY-fed broiler also showed greater (p<0.05) weight
and yield of the thighs and had greater (p<0.01) weight
and yield of the carcass, breast and legs (Table 2) which
is in agreement to some results observed in broiler fed
yeast added diets. Clementino Dos Santos et al. (2002)
reported increased breast yield in MOS-fed broilers. The
addition of dried yeast in broilers resulted in higher
carcass weight and yield (Adejuno et al., 1999; Miazzo et
al., 2005). Also, the inclusion of live yeast increased the
carcass yield in free-range chickens (Pelicia et al,
2004).

The addition of F + M to the diet improved the weight gain
(p=<0.05) and feed conversion ratio (p<0.01) by 5.2% and
6.7%, respectively (Table 2). It has been reported that
antibictic growth promoters improve the growth of broiler
between 5 and 10% and the feed conversion between 2
and 3% (Walton, 1996; Hooge, 2004). |In studies in
which flavomycin was combined with nicarbazin and
monensin  or monensin alone a 3.7 and 5.0%
improvement in body weight and feed conversion ratio
was ohserved (Roch, 1999; Perez ef af., 2002).

Broilers fed the 0.95% DLYS diet showed better feed
conversion ratic (p<0.05) and had an arithmetic
improvement on the weight gain (Table 2). In other
reports it has been observed that increasing lysine
intake above the level required for maximum live weight
gain affects body composition by increasing breast meat
yield and decreasing abdominal fat percentage which
can lead to beneficial effects on feed conversion ratio
(Grisoni, 1991; Leclercq, 1998, Rezaei et al, 2004).

Table 2: Productive parameters, weight and vield of carcass and its components in broilers fed a yeast culture and enzymatically
hydrolyzed yeast, with or without flavomycin and monensin and two levels of digestible lysine

EHY (kgfton) F + M (kg/ton) DLYS (%)

0.0 1.0 SEM® 0.0 0.05050 SEM® 0.85 0.95 SEM?
Productive parameters
Feed intake (g/d) 180.0° 185.9° 2.508 183.1 182.8 243 183.2 182.6 2.539
Weight gain (g/d) 76.3° 81.6° 1576 77.0n 81.0 2.59 77.3 80.6 1.595
Feed efficiency 2.41° 220 0.040 244 2.27¢ 0.041 2,42 2.29m 0.042
Weight of the carcass and its components (g)
Carcass 1099.1" 1190.2¢ 23.987 1151.0 1138.4 23.472 11431 1146.3 24.367
Breast 450.9 497.7¢ 11.532 4799 468.7 11.284 472.8 475.8 11.715
Thighs 328.7¢ 349.9° 7.445 3398 3389 7.285 3411 3375 7.563
Legs 204.7 220.6¢ 4124 2104 214.9 4.035 214.9 210.4 4.189
Ribs 114.6 121.9 4129 1207 115.8 4.040 114.1 122.4 4.194
Relative yield of carcass and its components (%)
Carcass 42,9 46.4° 0.937 449 44.4 0916 44.6 447 0.951
Breast 17.6 19.4% 0.450 18.7 18.3 0.440 18.4 18.5 0.457
Thighs 12.8° 13.6° 0.291 13.2 13.2 0.284 13.3 13.1 0.295
Legs 8.0 8.6¢ 0.161 8.2 8.3 0.157 8.3 8.2 0.163
Ribs 4.4 4.7 0.1614 4.7 4.5 0.158 4.4 4.7 0.163

3Standard error of the mean. "°*Effect of EYH, p<0.10. “®Effect of EYH, p<0.05. "Effect of EYH, p<0.01. "Effect of F+M, p<0.10.

IkEffect of F+M, p<0.01. "Effect of DLYS, p<0.05
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Table 3: Nutrient balance and weight of digestive organs in broilers fed a yeast culture and enzymatically hydrolyzed yeast, with or
without flavomycin and monensin and two levels of digestible lysine

EHY (kg/ton) F + M (kgfton) DLYS (%)

0.0 1.0 SEM* 0 0.05,0.50 SEM? 0.85 0.95 SEM?
Dry matter
Intake (g/d) 187.2° 206.5° 4.283 196.1 197.6 4.374 196.3 197.3 4.351
Excretion (g/d) 20.4 20.6 0.476 202 209 0.472 209 202 0.490
Retention (%) 88.9¢ 89.8° 0.353 89.7 89.0 0.358 89.3 894 0.363
Ashes
Intake (g/d) 12.4° 13.7° 0.284 13.0 131 0.290 13.0 13.1 0.289
Excretion (g/d) 3.0 3.0 0.073 29 320 0.073 30 30 0.075
Retention (%) 75.0¢ 77.2¢ 0.893 77.4 74.8¢ 0.907 76.3 759 0.920
Nitrogen
Intake (g/d") 4.2 4.4 0.069 4.16' 4.41° 0.069 4.3 4.3 0.069
Excretion (g/d) 0.9 0.9 0.028 1.0 09 0.028 1.0¢ 0.9 0.027
Retention (%") 77.6 79.0 0.733 77.0° 79.7¢ 0734 771 79.6 0.734
Energy
Intake (g/d) 635.3¢ 667.3° 10.509 661.2 641.4 10.503 667.0¢ 6358 10.508
Excretion (g/d) 78.6 79.6 1.623 783 79.8 1.613 82.3 75.8 1.662
AMER" 3438.0 3450.0 90.764 3429.0° 3458.0° 9.762 3453.0 3434.0 9.758

iStandard error of the mean. "*Effect of EHY, p<0.01. “®*Effect of EHY, p<0.05. "*Effect of F+M, p<0.05. "Interaction EHY and DLYS,

p<0.05. ¥Effect of DLYS, p<0.05

However, in this study there was not any statistical
difference on the weight and yield of the carcass and its
components between DLY S levels.

The addition of EHY combined with F + M did not affect
any of the response variables suggesting that their
effects are independent. In very few studies additive or
synergistic effects of MOS and antibiotics have been
shown (Mathis, 2000; Sefton ef al., 2002; Hooge et al,,
2003). Even though the growth of EHY- and F + M-fed
broilers was improved, the addition of supplemental
lysine to the diet did not result in additional benefits on
growth rate nor on carcass yield, suggesting that the
levels of amino acids supplied in the diet with 0.85% of
DLYS was enough to sustain an adequate growth of the
broilers.

Nutrient balance: A two way interaction (EHY and DLY'S,
p<0.05) on the nitrogen intake and retention and the
AMEnN was observed (Table 3). Regardless of the DLYS
level, broilers fed the diet without EHY had similar
nitrogen intake and retention and AMEn (Fig. 1), but
broilers fed EHY and 0.95% DLYS had higher nitrogen
intake and retention and lower AMEn than those with
0.85% DLYS. In previous research it was shown that
lower nitrogen intake in broilers caused similar or better
nitrogen retention compared to broilers that had higher
nitrogen intake (Kerr and Kidd, 1999, Adeola and Sands,
2004). Opposite to this, in the present research, EHY
elicited both, greater nitrogen intake and retention at a
higher dietary lysine (0.95% DLYS).

EHY-fed broilers, regardless of the dietary lysine, had
higher energy intake (p<0.05) but only those fed the
0.85% DLYS diet had higher AMEn. It is probably that
broilers fed the 0.95% DLYS diet with EHY had greater
nitrogen turnover due to their greater nitrogen intake and
retention which may have caused greater energy
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expenditure in such a way that the benefits of higher
nitrogen retention may have been counterbalanced by
the increased metabolic rate elicited by the extra
nitrogen in the body.

EHY -fed broiler also showed greater intake (p<0.01) and
retention (p<0.05) of dry matter and ashes (Table 3).
These results agree with previous reports in turkey and
broilers. In turkey poults fed YC improved GE and
mineral retention was reported (Bradley and Savage,
199%). In male turkeys the inclusion of MOS increased
the AME by 2.94% (Ferket ef a/, 2002). In MOS-fed
broiler, a trend for improvement AME and NE was
observed compared to broilers fed a control diet (Yang
et al.,, 2008). Also, broilers fed diets supplemented with
dried yeast showed higher apparent retention of dry
matter, crude protein, ether extract, crude fibre,
hemicellulose, cellulose and neutral detergent fibre than
broilers fed a control diet (Onifade and Babatunde,
1996). However, in other studies no differences were
reported on the use of energy and other nutrients in
MO S-fed broilers (Hughes, 2003; Yang ef af., 2007).

In spite that there was an additive or synergistic
relationship between EHY and DLYS on the nitrogen
retention and AMEn, this was not reflected in any of the
productive responses. The explanation for this is
unclear. It remains to evaluate whether increasing the
experimental days or by rearing broilers in floor-pens
these effects are strengthen.

With the addition of F + M (Table 3) the ashes retention
decreased but the nitrogen intake and retention and the
AMERn increased (p<0.05). These findings agree with
previous reports in  which improvements on
carbohydrate and fat digestion and nitrogen and energy
retention in broilers fed antibiotic growth promoters were
observed (Buresh et al, 1985, Harms et al, 1986,
Anderson et al., 1999).
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Fig. 1. Relationship bhetween EHY and DLYS on the
nitrogen intake, nitrogen retention and AMEn

Weight of the organs: The weight of the organs was
similar among treatments (Data not shown). In previous
research no effects of MOS on the organ weight such as
proventriculus/gizzard, small intestine, liver and
pancreas have been observed (lji ef al, 2001; Bozkurt ef
al, 2008, 2009). With the use of antibiotic growth
promoters, reductions on the weight and length of the
intestine of broilers have been reported (Anderson ef al,
1999; Postma ef al, 1999) as consequence of the
thinning of the digestive epithelium. This thinning of the
epithelium is thought to be caused by the reduction of
the enterocite turnover rate as result of a lower
production of bacterial toxins (Bedford, 2000). The
disagreements in regards to the results of the present
study, in which no differences were seen on the
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weight of the organs are likely attributable to the fact that
F + M were supplied for 14 days and that broilers were
housed individually in holding cages which reduced their
exposure to bacterial challenges.

The inclusion of EHY in the feeds of broilers improved
feed intake, weight gain, feed conversion ratio, carcass
and breast weight and yield, retention of nutrients and
AMEnN and also, the inclusion of F + M enhanced the
weight gain, feed efficiency, nitrogen retention and AMEn.
Even though the effects of EHY and F + M on the growth,
nutrient retention and energy use by broilers were quite
similar, no additive or synergistic relationship was
observed between them. The addition of supplemental
dietary lysine did not cause additional benefits on growth
rate nor on carcass yield which suggest that a level of
0.85% of DLYS was enough to sustain an adequate
growth of finisher broilers. In spite that there was an
additive or synergistic relationship between EHY and
DLYS on the nitrogen retention and AMEn, this was not
reflected in any of the productive responses.

REFERENCES

Adejuno, D., O. Onifade, O. Olutunde, A. Shanni-Awal, D.
Babatunde, O. Odu, S. Ademola and Q. Adebesi,
1999. The effect of concentration, age and duration
of feeding supplemental yeast (Levucel, SB™ in a
high-fiber diet on the performance of broiler chicken.
Abs. de la 88th. Annual Meeting of the Poultry
Science Association, Inc., pp: 52.

Adeola, O. and J.S. Sands, 2004. Growth performance,
bone mineralization and nutrient retention
responses of chicks to dietary crude protein and
non-phytate phosphorus concentrations. Int. J.
Poult. Sci., 3: 563-569.

Anderson, D.B., J.J. McCracken, R.I. Aminov, J.M.
Simpson, R.I. Mackie, M.W.A. Verstegen and H.R.
Gaskins, 1999. Gut microbiology and growth-
promoting antibiotics in swine. Pig. News Inf., 20:
115N-122N.

AOAC, 2002. Official Methods of Analysis. 17th Edn.,
Association of Official Analytical Chemists.
Arlington, VA.

Baker, D.H. and T.K. Chung, 1992. Ideal protein for
swine and poultry. St Louis: Biokyowa Publishing,
pp: 1-17.

Barreto, M.S.R., J.F.M. Menten, A.M.C. Racanicci, P.W.Z.
Pereira and P.V. Rizzo, 2008. Plant extracts used as
growth promoters in broilers. Rev. Bras. Cienc.
Avic., 10: 109-115.

Bedford, M., 2000. Removal of antibictic growth
promoters from poultry diets: Implications and
strategies to minimize subsequent problems.
World's Poult. Sci. J., 56: 347-365.

Bedford, M.R. and A. Fothergill, 2002 Nutritional
strategies to manage gut microflora. In Proc.
Carolina Poult. Nutr. Conf., Research Triangle Park,
NC., pp: 61-72.



Int. J. Pouft. Sci., 10 (8). 433439, 2011

Bozkurt, M., K. Kucukyilmaz, AU. Catli and M. Cinar,
2008. Growth performance and slaughter
characteristics of broiler chickens fed with antibiotic,
mannan oligosaccharide and dextran oligo-
saccharide supplemented diets. Int. J. Poult. Sci,,
10: 969-977.

Bozkurt, M., K. Kucukyilmaz, AU. Catli and M. Cinar,
2009. Effect of dietary mannan oligosaccharide with
or without oregano essential oil and hop extract
supplementation on the performance and slaughter
characteristics of male broilers. S. Afr. J. Anim. Sci.,
39: 223-232.

Bradley, G.L. and T.F. Savage, 1995. The effect of
autoclaving a yeast culture of Saccharomyces
cerevisiae on turkey poult performance and the
retention of gross energy and selected minerals.
Anim. Feed Sci. Technol., 55 1-7.

Buresh, RE., R.D. Miles and R.H. Harms, 1985
Influence of virginiamycin on energy utilization when
turkey poults were fed ad /ibitum or restricted. Poult.
Sci., 64: 1041-1042.

Cepero, B.R., 2005 Retirada de los antibidticos
promotores de crecimiento en la union europea:
Causas y consecuencias. XIl Congreso bienal de la
Asociacion Mexicana de Especialistas en Nutricion
Animal. Puerto Vallarta, Jal., pp: 1-49.

Chowdhury, R., KM.S. Islam, M.J. Khan, M.R. Karim,
M.N. Haque, M. Khatun and G.M. Pesti, 2009. Effect
of citric acid, avilamycin and their combination on
the performance, tibia ash and immune status of
broilers. Poult. Sci., 88: 1616-1622.

Clementino Dos Santos, E., A. Soares Teixeira, A.
Gilberto Bertechini, R. Tadeu Fonseca de Freitas, P.
Borges Rodregues, E. Souza Dias, D.M. Torres, A
Vieira Santos and R.A. Giacometi, 2002. Effect of
growth beneficial additives on broiler carcass vield.
In: Proc. Braz. Soc. Anim. Prod., pp: 5.

Ferket P.R., CW. Parks and J.L. Grimes, 2002. Benefits
of dietary antibiotic and mannan oligosaccharide
supplementation for poultry. In: Proc. Multi-State
Poult. Feeding and Nutr. Conf., Indianapolis,
Indiana USA. May 14-16, pp: 22.

Gao, J., H.J. Zhang, SH. Yu, 8.G. Wu, |. Yoon, J. Quigley,
Y.P. Gao and G.H. Qi, 2008. Effects of yeast culture
in broiler diets on performance and immuno-
modulatory functions. Poult. Sci., 87: 1377-1384.

Gao, J., H.J. Zhang, S.G. Wu, S.H. Yu, |. Yoon, D. Moore,
Y.P. Gao, H.J. Yan and G.H. Qi, 2009. Effect of
Saccharomyces cerevisiae fermentation product on
immune functions of broilers challenged with
Eimeria tenella. Poult. Sci., 88: 2141-2151.

Grisoni, M.L., 1991. Role des acides amine's
alimentaires dans la lipogenese du poulet de chair.
Ph.D. thesis. University of Aix-Marseille, France.

Harms, R.H., N. Ruiz and R.D. Miles, 1986. Influence of
virginiamycin on broilers fed four levels of energy.
Poult. Sci., 65: 1984-1986.

438

Hernandez, F., J. Madrid, V. Garcia, J. Orengo and M.D.
Megias, 2004. Influence of two plant extracts on
broilers performance, digestibility and digestive
organ size. Poult. Sci., 83: 169-174.

Hooge, D.M., M.D. Sims, A .E. Sefton, A. Connolly and P.
Spring, 2003. Effect of dietary mannan
oligosaccharide, with or without bacitracin or
virginiamycin, on live performance of broiler
chickens at relatively high stocking density on new
litter. J. Appl. Poult. Res., 12: 461-467.

Hooge, D.M., 2004. Meta-analysis of broiler chicken pen
trials evaluating dietary mannan oligosaccharide,
1993-2003. Int. J. Poult. Sci., 3: 163-174.

Hooge, D.M., H. Ishimaru and M.D. Sims, 2004.
Influence of dietary Bacilfus subtilis C-3102 spores
on live performance of broiler chickens in four
controlled pen trials. J. Appl. Poult. Res., 13: 222-
228

Hughes, R.J., 2003. Variation in the digestion of energy
by broiler chickens. Ph.D Diss. Univ. Adelaide,
Australia.

lji, P.A., AA. Saki and D.R. Tivey, 2001. Intestinal
structure and function of broiler chickens on diets
supplemented with a mannan oligosaccharide. J.
Sci. Food Agric., 81: 1186-1192.

Kerr, B.dJ. and MT. Kidd, 1999. Amino acid
supplementation of low-protein broiler diets: 2
Formulation on an ideal amino acid basis. J. Appl.
Poult. Res., 8: 310-320.

Leclercq, B., 1998. Specific effects of lysine on broiler
production: Comparison with threonine and valine.
Poult. Sci., 77: 118-123.

Lee, K.-W., H. Everts and A.C. Beynen, 2004. Essential
oils in broiler nutrition. Int. J. Poult. Sci., 12: 738-752.

Mateos, G.G. and R. Lazaro, 2001. Implicaciones y
consecuencias generales de la prohibicion de
productos animales y restriccion de aditivos:
Nuevas tendencias en produccion avicola. Memoria
KAXVI Symp. Avicultura, Sec. Esp. WPSA, Cordoba,
pp: 63-76.

Mathis, G.F., 2000. Effect of Bio-Mos on growth and feed
efficiency in commercial broiler chickens. Southern
Poultry Research, Inc., Athens, Georgia USA. Tech.
Report 51.167, Alitech, Inc., Nicholasville, Kentucky,
USA.

Miazzo, R.D., M.F. Peralta and M. Picco, 2005.
Performance productiva vy calidad de la canal en
broilers que recibieron levadura de cerveza (S.
cerevisiae) (Productive performance and carcass
quality in broilers fed yeast (5. cerevisiae). Revista
electronica de veterinaria REDVET, 6. 1-9,
http:www.veterinaria.org/revistas/redvet.

Mul, A.J. and F.G. Perry, 1994. The role of fructo-
oligosaccharides in animal nutrition. In: P.C.
Garnsworthy and D.J.A. Cole (Ed), Recent Advances
in Animal Nutrition. Nottingham University Press,
Nottingham, UK., pp: 57-79.



Int. J. Pouft. Sci., 10 (8). 433439, 2011

Onifade, A.A. and G.M. Babatunde, 1996. Supplemental
value of dried yeast in a high-fibre diet for broiler
chicks. Anim. Feed Sci. Technol., 62: 91-96.

Opalinski, M., A. Maiorka, F. Dahlke, F. Cunha, F.S.C.
Vargas and E. Cardozo, 2007. On the use of a
probiotic (Baciilus subtilis - strain DSM 17299) as
growth promoter in broiler diets. Rev. Bras. Cienc.
Avic., 9: 99-103.

Pelicia, K., AA. Mendes, E.SP.B. Saldanha, C.C.
Pizzolante, S.E. Takahashi, J. Moreira, R.G. Garcia,
R.R. Quinteiro, |.C.L.A. Paz and C.M. Komiyama,
2004. Use of prebiotics and probiotics of bacterial
and yeast origin for free-range broiler chickens.
Bras. J. Poult. Sci., 6: 163-169.

Perez, M., M. Forat and E. Garcia, 2002. Bio-Mos vs
Flavomycin: Comparative response of broilers.
Instituto Internacional de Investigacion Animal,
Queretaro, Mexico. Tech. Report, 51.313, Alltech,
Inc., Nicholasville, Kentucky USA.

Phillips, |., 1999. Assessing the evidence that antibictic
growth promoters influence human infections. J.
Hospital Infect., 43: 173-178.

Postma, J., P.R. Ferket, W.J. Croom and R.P. Kwakkel,
1999. In: Proceedings of the 12th European
Symposium on Poultry Nutrition. R.P. Kwakkel and
JP.M. Bos, eds. World's Poultry Science
Association, Dutch branch. Het Spelderholt,
Beekbergen, The Netherlands, pp: 188.

Radecki, S.V. and M.T. Yokoyama, 1991. Intestinal
bacteria and their influence on swine nutrition. In:
Miller, ER; Duane, EU; Lewis, AJ. Boston. Swine
Nutrition, pp: 439-447.

Ratcliff, J., 2000. Antibiotic bans-a European
perspective. In: Proceedings of the 47th Maryland
Nutrition Conference for Feed Manufacturers. March
22-24, pp: 135-152.

Rezaei, M., H. Nassiri Moghaddam, J. Pour Reza and H.
Kermanshahi, 2004. The effects of dietary protein
and lysine levels on broiler performance, carcass
characteristics and N excretion. Int. J. Poult. Sci., 3:
148-152.

Roch, G., 1999. Effect of Bio-Mos and Flavomycin on
commercial broiler performance. ['lTA de St
Hyacinthe au Quebec, Canada. Tech. Report
51.162, Alltech, Inc., Nicholasville, Kentucky USA.

Rosen, G.D., 2007. Holo-analysis of the efficacy of Bio-
Mos® in broiler nutrition. Br. Poult. Sci., 48: 21-286.

Rutz, F., M.A. Anciuti, J.L. Rech, F.M. Goncalves, A.D.
Delgado, E.R. Rosa, N. Zauk, C.L.G. Ribeiro, R.R.
Silva and P.R. Dallmann, 2006. Desempenho e
caracteristica de carcaca de frangos de corte
recebendo extrato de levedura na dieta. Cienc.
Anim. Bras., 7: 349-355.

Samanta, S., 8. Haldar and T.K. Ghosh, 2010.
Comparative efficacy of an organic acid blend and
bacitracin methylene disalicylate as growth
promoters in broiler chickens: Effects on
performance, gut histology and small intestinal
milieu. Vet. Med. Internat., 2010: 1-8.

439

SAS Institute, 1999. SASISTAT User's Guide, version 8,
4th Edn., SAS Institute Inc, Cary, NC, USA.

Sefton, A.E., M.D. Sims and S. Collett, 2002. Evaluation
of Bio-Mos™ in commercial broiler chickens. Poult.
Sci, 81(Suppl. 1). 77.

Siva, V.K., J. Della Torre da Silva, K.A.A. Torres, D.E. de
Faria Filho, F. Hirota Hada and V.M. Barbosa de
Moraes, 2009. Humoral immune response of
broilers fed diets containing yeast extract and
prebiotics in the prestarter phase and raised at
different temperatures. J. Appl. Poult. Res., 18: 530-
540.

Spring, P., C. Wenk, K.A. Dawson and K.E. Newman,
2000. The effects of dietary mannanoligo-
saccharides on cecal parameters and the
concentrations of enteric bacteria in the ceca of
salmonella-challenged broiler chicks. Poult. Sci,
79: 205-211.

Stanley, V.G., M. Winsman, C. Dunkley, T. Ogunleye, M.
Daley, W.F. Krueger, A .E. Sefton and A. Hinton Jr.,
2004. The impact of yeast culture residue on the
suppression of dietary aflatoxin on the performance
of broiler breeder hens. J. Appl. Poult. Res., 13: 533-
539.

Waldroup, P.W., E.O. Oviedo-Rondon and C.A. Fritts,
2003. Comparison of Bio-Mos® and antibiotic
feeding programs in broiler diets containing copper
sulphate. Int. J. Poult. Sci., 2: 28-31.

Walton, J.R., 1996. Benefits of antibiotics in animal feed.
En: Recent advances in animal nutrition,
Gainswothy, P.C. and Wiseman, J. (Eds),
Nottingham University Press, UK., pp: 19-46.

Williams, R.B., 2005. Intercurrent coccidiosis and
necrotic enteritis of chickens: Rational, integrated
disease management by maintenance of gut
integrity. Avian Pathol., 34: 159-180.

Yang, Y., P.A_lji, A. Kocher, L.L. Mikkelsen and M. Choct,
2007. Effects of mannanoligosaccharide on growth
performance, the development of gut microflora and
gut function of broiler chickens raised on new litter.
J. Appl. Poult. Res., 16: 280-288.

Yang, Y., P.A. lji, A. Kocher, E. Thompson, L.L. Mikkelsen
and M. Choct, 2008. Effects of mannanoligo-
saccharide in broiler chicken diets on growth
performance, energy utilisation, nutrient digestibility
and intestinal microflora. Br. Poult. Sci., 49: 186-
194

Zhang, AW, B.D. Lee, S K. Lee, KW. Lee, G.H. An, KB.
Song and C.H. Lee, 2005. Effects of yeast
(Saccharomyces cerevisiag) cell components on
growth performance, meat quality and ileal mucosa
development of broiler chicks. Poult. Sci., 84: 1015-
1021.



	IJPS.pdf
	Page 1


