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Abstract

One hundred, one-day-old male broiler chicks (Faobrow CD), were randomly assigned to 5 treatments (20
birds/treatment). Treatment groups were; Control diet without yeast addition (treatment 1), baker yeast 0.5% (treatment 2),
baker yeast 1% (treatment 3), baker yeast 1.5% (treatment 4), baker yeast 2 % (treatment 5). Chicks were reared for 21 days.
Body weight, feed consumption and feed conversion were weekly determined. All chicks were scarified at the end of 21 days
and blood samples were taken from brachial vein for blood analysis, including total RBCS, hemoglobin, Packed cell volume,
total white blood cells, differential leukocyte count. Serum samples were taken and assayed for estimation of total protein,
triglycerides, cholesterol, calcium, uric acid, glucose, ALT and AST enzymes. Chicks in all treatments were killed at the end
of the experiment by cervical dislocation, and liver, gizzard, heart, spleen, proventriculus, bursa of Fabricius, pancreas and
kidney were collected, weighed, and calculated as a percentage of body weight. Body weight gain for the entire period (3
weeks) were significantly (P<0.05) increased in the treatments 3, 4 and 5, when yeast was added at a rate of 1, 1.5 and 2%,
compared with the other treatments (1 and 2). These birds also had a significantly (P<0.05) higher feed intake and feed
conversion ratio than others. There was no significant difference in the relative organs weights in all treatment groups. No
significant changes in hematological parameters, except in hemoglobin improvement at the highest Sc inclusion rate of 2%. No
differences were recorded in the percentages and absolute numbers of different WBCs in all treatment groups. Addition of
yeast at a rate of 1, 1.5 and 2 %, were significantly (P<0.05) increase levels of total serum protein and glucose, compared with
other treatments. All yeast additive levels were responsible for significant (P<0.05) reduction in serum triglycerides, but only
at highest level (2%) for serum cholesterol, compared with other treatments. No effect on serum calcium and uric acid levels,
and ALT, AST serum activities, were observed by the addition of all Sc additives levels, compared with control treatment.
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Introduction

A popular alternative to the use of antibiotics has been
the use of probiotics which have been used in poultry for
“competitive/exclusion” of bacterial pathogens (1). The
positive effects of probiotics on animals can result either
from a direct nutritional effect of the probiotic, or a health
effect, with probiotics acting as bioregulators of the
intestinal microflora and reinforcing the host’s natural
altitude defenses. There have been numerous studies in
humans and animals on the ability of probiotics to change
the types and numbers of gut microflora (2-4). Gong et al.
(5) define probiotics as health-promoting bacteria
inhabiting the gastrointestinal tract of humans and animals.
Exactly how supplemental dietary microbial products
function in the digestive system is not known, but some
suggested mechanism are that they: 1) provide nutrients, 2)
aid in digesting foods, and 3) inhibit harmful bacteria (6).
Since Tortuero (7) found that Lactobacillus cultures
improve broiler growth, many investigations (8,9) have
been conducted to determine the effects of probiotic
bacteria, mainly the lactic acid bacteria (LAB), on the
performance of domestic animals, especially poultry
species. Supplementing broilers with microbial cultures
provides beneficial bacteria to aid in nutrient absorption
and enhance the microbial balance in the avian digestive
tract. Therefore, probiotics are used to get rid of stress-
induced abnormalities in the gastrointestinal tract, thus
normalizing gut activity (10). Some reports (11,12) showed
that additional benefits can be gained by supplementing
broiler diets with probiotics as feed additives. Cavazzoni et
al. (13) found that feeding probiotic supplements based on
Bacillus coagulans enhanced the growth rate of broilers.
The objective of this study was to determine the effects
Saccharomyces cerevisiae as a dietary probiotic source, on
broiler performance, haematological profile and blood
biochemistry.
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Materials and methods

Chicks and diet

One hundred, one-day-old male broiler chicks
(Faobrow CD), were obtained from a commercial hatchery,
individually weight, wing-banded and housed in experiment
room and continuous fluorescent lighting. The birds were
randomly assigned to 5 treatment groups (20 birds/each).
Control diet without yeast addition (treatment 1), baker
yeast 0.5% (by 3.44x108 CFU/g of Saccharomyces
cerevisiae concentration for 37C0 for 3 days) (treatment 2),
baker yeast 1% (treatment 3), baker yeast 1.5% (treatment
4), baker yeast 2% (treatment 5). Feed and water were
provided for ad libitum consumption. Chicks were reared in
individual wire cages for 21 days and fed a typical broiler
diet with 22.0 % crude protein and 2950 metabolizable
energy (Kcal/kg). Diets were designed to satisfy the
recommendations of the NRC (14).

Performance

Body weight gain, feed consumption and feed
conversion ratio were weekly determined. Dead birds were
daily recorded.

Hematological parameters

All chicks were scarified at the end of 21 days and
blood samples were taken from brachial vein for blood
analysis, including total RBCS, hemoglobin, Packed cell
volume, total white blood cells, differential leukocyte
count, according to (15).

Serum biochemistry

Serum samples were taken and stored under (-20 °C)
until assayed for estimation of total protein, triglycerides,
cholesterol, calcium, uric acid, glucose, ALT and AST
enzymes using standard kits (BioMereux, France; Randox,
England; Biomaghreb, USA).
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Relative organs weight

Chicks in all treatments were killed at the end of the
experiment by cervical dislocation, and liver, gizzard, heart,
spleen, proventriculus, bursa of Fabricius, pancreas and
kidney were collected, weighed, and calculated as a
percentage of life body weight.

Statistical analysis

All experimental data were subjected to the analysis of
variance (16). Least square means were compared by
Duncan's multiple range test. All statements of differences
were based on significance of P<0.05.

Results

Data presented in Table 1 showed the effect of graded
levels of the yeast, on body weight gain, feed consumption
and feed conversion in all treated chicks. Body weight gain
for the entire period (3 weeks) were significantly (P<0.05)
increased in the treatments 3, 4 and 5, when Sc was added
at a rate of 1, 1.5 and 2%, as compared with the other

treatments. Best results were seen in treatments 4 and 5.
Moreover, these birds also had significantly higher feed
intake and feed conversion ratio than others (P<0.05). In all
treatments no mortality was recorded (Table 1).

No any adverse effects on various organs relative
weights was noted in birds of all treatments (Table 2).

Yeast at its four levels 0.5, 1, 1.5, and 2%, did not
adversely influence blood erythrocyte counts, hemato-crit,
mean corpuscular volume, mean corpuscular hemo-globin,
mean corpuscular hemoglobin concentration, except a
significant (P<0.05) improving in hemoglobin parameter at
the highest yeast rate of 2%. In general the best results
among all treatments were noticed when higher yeast level
(2%) was added (Table 3).
No reduction in total WBCs were recorded in chicks of all
treatment groups with or without yeast at its four graded
levels. No change in the percentages of heterophils,
lymphocytes, monocytes, eosinophils and basophiles was
noticed in all treatment groups fed yeast (Table 4), and so
their absolute numbers (Table 5), compared with those of
the control group.

Table 1: The effect of yeast on body weight gain, feed consumption and feed conversion of broilers at 3 weeks of age.

yeast Body weight gain(g) Feed Feed " Mortality
Treatments o consumption  conversion ratio Y
° 1-7d 8-14d 15-21d 1-21d (g) (g/g) °
1 0 57+2.0 104+3.0 140+2.0 301£3.5 410+15.8 1.362+0.117 0
a a c cd c b
57.6+2.4 105£2.6  139.4+2. 302+2.2b 411£17.0b 1.360+0.106
2 0.5 0
a a 4c cd c ab
58.1£1.9  108.6+£2.  142.9+3.  309.643. 421£18.2
3 1 a 54 9be b b 1.359+0.102ab 0
58.6£2.4  110.4+2.  149.3+£3.  318.342. 430+18.7 1.350+0.114
4 1.5 0
a 9a 3ab 8a a a
5 ) 60.2+2.2 111£2.8  152.742.  323.9+2. 434+18.8 1.339+0.112 0
a a Ta la a a
Table 2: Effect of yeast on relative weights of different internal organs in birds at 3 weeks of age.
Relative organs weight (g/100g)
Treatments yeast . . . Bursa of .
% Liver Gizzard Heart Spleen  Proventriculus .. Pancreas  Kidney
Fabricius
| 0 2.845+  3.924+ 0.503+ 0.032+ 0.583=+ 0.289+ 0.433+ 0.700+
0.08 0.15ab 0.02ab 0.02 0.02 0.01 0.02 0.05
) 05 2871  4.002+ 0.542+ 0.036+ 0.575+ 0.290+ 0.434+ 0.711=x
’ 0.01 0.08a 0.04a 0.01 0.03 0.05 0.09 0.02
3 | 2.861+  4.050+ 0.552+ 0.034+ 0.576=+ 0.291+ 0.436+ 0.714+
0.02 0.24a 0.02a 0.02 0.01 0.05 0.01 0.11
4 15 2.891+  3.990+ 0.514+ 0.036+ 0.539+ 0.293+ 0.437+ 0.716+
’ 0.02 0.04a 0.09ab 0.01 0.04 0.03 0.12 0.01
5 ) 2.885+  3.982+ 0.505+ 0.033+ 0.565+ 0.297+ 0.439+ 0.722+
0.09 0.17a 0.06ab 0.06 0.14 0.09 0.05 0.06
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Addition of yeast at a rate of 1, 1.5 and 2 %, were
significantly (P<0.05) increase the level of serum total
protein, compared with other treatments. All yeast additive
levels (0.5, 1, 1.5 and 2%) were responsible for significant
(P<0.05) reduction of serum triglycerides, but only at high
(2%) level for serum cholesterol, compared with other
treatments. No effect on serum calcium levels, were
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observed by the addition of all yeast additives levels,

Table 3: Effect of yeast on hematological parameters in chicks at 3 weeks.

compared with control treatment (Table 6).

Addition of yeast at a rate of 1, 1.5 and 2 %, were
significantly (P<0.05) increase the level of serum glucose,
compared with other treatments. No effect on serum uric
acid levels, and ALT, AST serum activities, were observed
by the addition of all yeast additives levels, compared with
control treatment (Table 7).

Mean
Erythrocyte Mean corpuscular
east Hemoglobin Hematocrit Mean corpuscular corpuscular .
Treatments count . hemoglobin
% g% % volume (um3) hemoglobin .
(x106/mm3) concentration
(pg) (%)
1 0 2.63+0.01ab 7.1£0.1b 30.740.7ab  116.730+2.227a  26.996+0.277ab  23.127+0.206ab
2 0.5  2.60+0.40ab 7.0£0.3b  29.5£0.4bc 113.4614£22.448ab 26.923+£1.580ab  23.728+1.32ab
3 1 2.81£0.08ab  8.3+1.0ab  31.0£2.0ab 110.320+10.320ab  29.537+4.365ab  26.774+1.602ab
4 1.5  2.72+0.12ab 7.5+0.5b 30.242.2ab  111.029+3.337ab  27.573+0.65ab  24.834+0.166a
5 2 2.8540.20 a 9.2+40.6a  34.0+0.6a 119.290+12.785a 32.280+0.172a  27.05+2.479 a

Table 4: Effect of yeast on Total leucocyte counts, and their percentages in growing chicks at 3 weeks of age.

yeast

Leucocytes count

Treatments Y (103/mm?) Heterophils ~ Lymphocytes =~ Monocytes Eosinophils Basophiles
0
1 0 25.0+0.10 28+4.45 62+6.72 6+2.54 a 24+0.59 2+0.07
2 0.5 24.7+0.70 27+5.20 64+8.35 6+1.34 a 1+1.00 2+0.70
3 1 23.9+0.90 25+9.00 72+8.25 1+0.77 ab 14+0.55 1+0.98
4 1.5 24.5+0.50 24+3.80 69+1.90 5+1.03 ab 1+0.90 1+0.90
5 2 27.6+0.60 30+8.00 61+1.05 6=1.41 a 2+0.20 1+0.80
Table 5: Effect of yeast on absolute number of different leucocytes in growing chicks at 3 weeks of age.
Treatments yeast % Heterophils Lymphocytes Monocytes Eosinophils Basophiles
1 0 7.00+1.00 15.50+1.500 1.50+0.500a 0.50+0.001a 0.50+0.010a
2 0.5 6.67+1.081 15.80+1.480 1.48+0.042a  0.25+0.005ab 0.49+0.240a
3 1 5.97+1.860 17.2141.195  0.24+0.009ab  0.24+0.009ab  0.24+0.021ab
4 1.5 5.884+0.615 16.90+0.105 1.22+0.475a  0.24+0.005ab  0.25+0.005ab
5 2 8.26:0.990 16.84+0.096 1.66+0.633a 0.554+0.270a 0.28+0.006ab

Table 6: Effect of yeast on serum total protein, triglycerides, cholesterol and calcium levels of broiler chicks at 3 weeks of age.

Treatments Yeast Total protein Triglycerides Cholesterol Calcium
% (g/100ml) (mg/100ml) (mg/100ml) (mg/100ml)
1 0 3.33+0.03 b 424.78+4.21 a 199.7146.53 a 11.23+0.14 a
2 0.5 3.414£0.08 b 328.46+2.89 b 179.83+3.69 ab 11.19£0.13 ab
3 1 3.40+0.02 a 295.65+0.35 ¢ 176.14+4.55 ab 10.59+0.16 ab
4 1.5 3.78+0.09 a 282.58+3.03 ¢ 180.09+1.73 ab 10.80+0.36 ab
5 2 4.05+0.03 a 297.57+0.68 ¢ 168.83+4.33 b 11.33£0.03 a
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Table 7: Effect of Sc addition on serum uric acid, glucose levels, and ALT and AST serum activities of broiler chicks at 3

weeks of age.

Treatments Yeast Uric acid Glucose ALT AST
% (mg/100ml) (mg/100ml) IU/L) IU/L)
1 0 8.40+0.84 a 299.2+2.05 b 15.91x1.4 45.50+4.5
2 0.5 6.65+0.01 ab 298.1£3.48 b 18.48+4.2 46.02+0.9
3 1 6.86+1.01 ab 311.143.27 a 18.83£5.9 50.18+11.9
4 1.5 6.40+1.41 ab 326.242.45a 21.04+6.8 63.53£18.5
5 2 7.20+0.21 ab 307.8£2.69 a 17.94+1.6 45.01£1.7
Discussion first 7 days of the chickens life (25). Mortalities were not
reported in all groups of this experiment. This observation
In this experiment baker yeast (Saccharomyces could be in accordance with that mention mannan

cerevisiae) supplementation of broilers, to the level of 1,
1.5 and 2%, were significantly (P<0.05), increase the body
weight gain, feed consumption and feed conversion
efficiency, compared with control group and group added to
its diet 0.5 bakers yeast. No negative effects were exert on
the addition of Saccharomyces cerevisiae at all inclusion
levels on internal body organs nor the hematological picture
as compared with control group. The beneficial effect of
Saccharomyces cerevisiae is attributed to the fact that it is a
naturally rich source of proteins, minerals and B-complex
vitamins (17). It is well known that yeast culture, and its
cell wall extract containing 1,3-1,6 D-glucan and Mannan-
oligosaccharide are the important natural growth promoters
for modern livestock and poultry production (18). The
advantages of these promoters over the traditional antibiotic
growth promoters are 1) no withdrawal time, 2) no residual
effect, and 3) no causes of microbial mutation (19).
Saccharomyces cerevisiae is considered as one of the live
microorganisms probiotic that, when administered through
the digestive tract, have a positive impact on the hosts
health through its direct nutritional effect (20). Field reports
(21,22) have suggested that probiotic supplementation
improved performance of broilers. The different
mechanisms of probiotic action suggested are; nutritional
effect by regulation of metabolic reactions that produces
toxic substances; stimulation of endogenous enzymes and
by production of vitamins or antimicrobial substances (23).
Moreover, Saccharomyces cerevisiae could act as
bioregulator of the intestinal micro flora and reinforcing the
host natural defenses, through the sanitary effect by
increasing the colonization resistance and stimulation of the
immune response (24). These effects were largely reflected
by using mannan Oligosaccharide, the naturally derived
extract from the cell wall of Saccharomyces cerevisiae.
This oligosaccharide content is approxi-mately 50% of the
carbohydrate fraction and improved body weight gain in
broiler chickens and that this effect can be attributed to the
trophic effect of this product on the intestinal mucosa,
because it increases villus height, particularly during the
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Oligosaccharides used to control pathogenic scours of all
kinds in livestock caused by salmonella, and E. coli etc
(26,27). Mannan-oligosaccharides are thought to block the
attachment of pathogenic bacteria to the animal's intestine
and colonization that may result in disease, while acting as
a nutrient to other beneficial bacteria. It is also thought to
stimulate the animal's immune system, thereby further
reducing the risk of disease (27).. Oyofo et al. (28),
observed that the adherence of Salmonella typhimurium to
enterocytes of the small intestine of chicks, in vitro, was
inhibited in the presence of mannose. Later, they found that
inclusion of mannose in the drinking water of chicks
reduced S. fyphimurium colonization of the cecum (29,30).
Furthermore, feeding MOS to chickens improved the
morphology of the small intestine, as evidenced by
increased Goblet cell numbers, reduced crypt depth, and
greater villus width (31).

In our study, it is evident that addition of
Saccharomyces cerevisiae at a rate of 1.5, 2 and 2.5 was
responsible for a significant (P<0.05) increase of totalserum
protein and glucose levels, compared with control group
and groups fed low level of Saccharomyces cerevisiae 0.5
and 1%. In the contrary a very interesting and a healthy to
the consumer, reduction in levels of both serum
triglycerides and cholesterol. These beneficial effects of
Saccharomyces cerevisiae Probiotic supplementation has
been shown to reduce the cholesterol concentration were
reported in egg yolk by (32) and serum in chicken (33,34).
Recent report suggested that feeding of chicory beta
fructans — an oligosaccharide, a prebiotic, reduced the
serum cholesterol and abdominal fat of broiler chicken (35).
Oral administration of probiotics has been shown to
significantly reduce cholesterol levels by as much as 22 to
33% (36) or prevent elevated cholesterol levels in mice fed
a fat-enriched diet (37). other possible mechanisms include
assimilation of cholesterol by the bacteria, binding of
cholesterol to the bacterial cell walls of Lactobacillus, (38).
Gilliland et al. (39) suggested that the Prebiotic
supplementation could have enhanced the Lactobacilli
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count. Similar results have been reported by others (33,40)
and a similar hypocholesterolaemic effect was observed in
broiler chicken supplemented with beta fructans from
chicory as a source of Prebiotic (35). MOS is also
considered as substrate for lactic acid producing bacteria
like Lactobacillus spp. and Bifidobacterium bifidum (41).
Increasing level of MOS also increase the CFU of this
lactic acid producing bacteria (42). Gilliland et al. (39)
hypothesized that some Lactobacillus spp. are able to
incorporate cholesterol into the cellular membrane of the
organism, thus, cholesterol assimilation by Lactobacillus in
turn reduce cholesterol absorption in the system. The lower
level of serum triglyceride might be due to increased level
of lactic acid producing bacteria in the gut of broiler
chicken. The results of Santoso et al. (43) reported that
supplementation of B.Subtilis in broiler diets decreased
triglycerides in the serum.

Acknowledgement

This study was supported by the College of Veterinary
Medicine, University of Mosul, Iraq.

References

1. Barrow P. Probiotics for chickens. In: Probiotics, the Scientic Basis
(Fuller, R., Ed.).. Chapman and Hall, London, UK. 1992: 225-257

2. Endo T, Nakano M, Shimizu S, Fukushima M, Miyoshi S. Effect of a
probiotic on the lipid metabolism of cocks fed on cholesterol-enriched
diet. Bioscience, Biotec. Biochem., 1999;63: 1569-1575.

3. Roberfroid M. Prebiotics: The concept revisited. J. Nutr, 2007; 137:
830.

4. Saulnier D M.Identification of prebiotic fructooligosaccharide
metabolism in Lactobacillus plantarum WCFS1 through microarrays.
Appl. Environ. Microbiol., 2007;73:1753.

5. Gong J, Forster RJ, Yu H, Chambers JR, Wheat craft R, Sabour PM,
Shu C. Molecular analysis of bacterial populations in the ileum of
broiler chickens and comparision with bacteria in the cecum, FEMS
Microbiol. Ecol., 2002;41: 171-179.

6. Owings WJ, Reynolds DL, Hasiak RJ, Ferket PR. Influence of dietary
supplementation with Streptococcus faecium M-74 on broiler body
weight, feed conversion, carcass characteristics, and intestinal
microbial colonization. Poult. Sci., 1990; 69: 1257-1264

7. Tortuero F. Influence of implantation of Lactobacillus acidophilus in
chicks on the growth, feed conversion, malabsorption of fats syndrome
and intestinal flora. Poult. Sci., 1973;52: 197-203.

8. Dawson KA. The use of yeast culture in animals feeds: A scientific
application of direct fed microbials and challenges of the future, In:
Biotechnology in the Feed Industry Proceeding of Alltech’s Ninth
Annual Symposium, 1993:169-171.

9. Yusrizal Chen TC.. Effect of adding chicory fructans in feed on fecal
and intestinal microflora and excreta volatile ammonia. International
Journal of Poultry Science,2003 ;2:188-194.

10. Kutlu HR, Gorgiilii M.. The feed additive alternatives to antibiotic-
growing factors, used in poultry diets.Yem Magazin Dergisi, 2001 27:
45-51

11. Midilli M, Tuncer SD. The effects of enzyme and probiotic
supplementation to diets on broiler performance. Turk. J. Vet. Anim.
Sci., 2001; 25: 895-903.

12. Jin LZ, Ho YW, Abdullah N, Ali MA, Jalaluddin S, 1998. Effects of
adherent lactobacillus cultures on growth, weight of organs and

YA

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

intestinal microflora and volatile fatty acids in broilers. Anim. Feed
Sci. Tec., 1998;70: 197-209.

Cavazzoni V, Adami A, Castrovilli C. Performance of broiler chickens
supplemented with Bacillus coagulans as probiotic. Br. Poult. Sci.,
1998;39: 526-52.

NRC. Nutrient Requirements of Poultry. 8th Ed. National Academy
Press, Washington, DC. USA. 1984.

Coles EH. Veterinary clinical pathology 4th Ed. WB Saunders
Company, Washington. USA.

Steel RGD, Torrie JH. Principles and procedures of statistics. 2nd Ed.
MC Graw —Hill Book Company, Inc. NewYork, USA.1980: pp78-
127.

Davis P. Single cell protein. 2nd Ed. Academic press. New York,
USA.1976.

van Leeuwen P., Verdonk .M. A.J., Kwakernaak C., 2005a. Effects of
fructo oligo saccharide (OF) inclusion in diets on performance of
broiler chickens. Confidential report 05/100650 to Orafti.

Gibson GR, Roberfroid MB. Handbook of probiotics. CRC press,
Tylor and Francis group, USA. 2008; 485pp.

Patterson JA, Burkholder KM. Application of prebiotics and probiotics
in poultry production. Poult Sci,2003; 82: 627-631.

Cmiljanic R, Lukic M, Trenkovski S. The effect of ‘Paciflor-C’
probiotic on gain, feed conversion and mortality of fattening chicks.
Biotechnology in Animal Husbandary, 2001;17: 33-38.

Banday MT, Risam KS 2002. Growth performance and carcass
characteristics of broiler chicken fed with probiotics. Poult. Abst.,
2002; 28 :388.

Guillot JE. Consequences of probiotics release in the intestine of
animals.. Universite de Tours-IUT,29, rue de Pont-Vollant, 37082
Tours Cedex 2, France:pp17-21.

Line EJ, Baily JS, Cox NA, SteRn NJ, Tompkins T.. Effect of yeast —
supplemented feed on salmonella and Capylobacter populations in
broilers. Poult Sci 1998;77:405-410.

Santin E, Mairoka A, Macari M. Performance and intestinal mucosa
development of broiler chickens fed diets containing Sacchromces
cerevisiae cell wall. J Appl Poult Res, 2001; 3:236-244.

Laegreid WW, Bauer N. Probiotics for pathogen control in poultry and
livestock. American Meat Science Association Conference Reciprocal
Proceedings. 2004.

Firon N, Ofek, SN. Carbohydrate specifity of the surface lectins of
Esherichia coli, Klebsiella pneuomoniae and Salmonella
typhimurium.Carbohydr.Res. 1983;120: 235-249.

Oyofo B A, DeLoach JR, Corrier DE, Norman JO, Ziprin RL,
Mollenhauer HH. Effect of carbohydrates on Salmonella typhimurium
colonization in broiler chickens. Avian Dis. 1989;33:531-534.

Oyofo B A, DeLoach JR, Corrier DE, Norman JO, Ziprin RL,
Mollenhauer H. H. Prevention of Salmonella typhimurium
colonization of broilers with D-mannose. Poultry Sci. 1989; 68:1357—
1360.

Oyofo BA, Droleskey RE, Norman JO, Mollenhauer HM, Ziprin RL,
Corrier D. E, DeLoach JR. Inhibition by mannose of in vitro
colonization of chicken small intestine by Salmonella typhimurium.
Poultry Sci. 1989;68:1351-1356.

Anatoly B. Probiotics: determinants of survival and growth in the gut.
A J Clin Nut. 2001 73, 399S-405.

Abdulrahim SM, Haddadinm MSY, Hashlamoun EAR, Robinson RK.
The influence of Lactobacillus acidophilus and bacitracin on layer
performance of chickens and cholesterol content of plasma and egg
yolk. Br. Poult. Sci., 1996;37: 341-346.

Mohan B, Kadirvel R, Natarajan A, Bhaskaran M. Effect of probiotic
supplementation on growth, nitrogen utilization and serum cholesterol
in broilers. Br. Poult. Sci., 1996;37: 395-401.

Jin LZ, Ho YW, Abdullah N, Jalaludin S. Acid and bile tolerance of
Lactobacillus isolated from chicken intestine. Lett. Appl. Microbiol.,
1998;27: 183-185.

Yusrizal CTC. Effect of adding chicory fructons in feed on broiler
growth performance, serum cholesterol and intestinal length. Int. J.



36.

37.

38.

39.

40.

Iraqi Journal of Veterinary Sciences, Vol. 23, Supplement I, 2009 (23-29)
Proceedings of the 5" Scientific Conference, College of Veterinary Medicine, University of Mosul

Poult. Sci., 2003;2: 214-219.

Pereira DI, Gibson GR. Effects of consumption of probiotics and
prebiotics on serum lipid levels in humans. Crit. Rev. Biochem. Mol.
Biol. 2002; 37:259-281.

Taranto MP, Medici M, Perdigon G, Ruiz Holgado AP, Valdez GF.
Effect of Lactobacillus reuteri on the prevention of
hypercholesterolemia in mice. J. Dairy Sci. 2000;83:401-403

Liong MT, Shah NP. Bile salt deconjugation ability, bile salt
hydrolase activity and cholesterol co-precipitation ability of
lactobacilli strains. Int. Dairy J. 2005;15:391-398.

Gilliland SE, Nelson CR, Maxwell C. Assimilation of cholesterol by
Lactobacillus acidophilus. Appl. Environ. Microbiol., 1985 49: 377-
381.

Kalavathy R, Abdullah N, Jalaludin S, Ho YW.. Effect of

A\

41.

42.

43.

Lactobacillus cultures on growth performance, abdominal fat
deposition, serum lipids and weight of organs of brother chickens. Br.
Poult. Sci., 2003;44: 139-144.

Van Loo, J. The specificity of the interaction with intestinal bacterial
fermentation by prebiotics determines their physiological efficacy.
Nutr. Res. Rev., 2004;17: 89-98.

Xu ZR, Hu CH, Xia MS, Zhan XA, Wang M.Q. Effects of dietary
fructo oligosaccharide on digestive enzyme activities. Intestinal
Microflora and morphology of male broilers. J. Anim. Sci., 2003; 82:
1030- 1036.

SantosoU, Tanaka K, Ohtanis. Effect of dried Bacillus subtilis culture
on growth, body composition and hepatic lipogenic enzyme activity in
female broiler chicks. Br. J. Nutr., 1995; 74: 523-529.



