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The aim of the study was to investigate the effect of supplemental probiotic preparation on performance
indices, serum enzymes and electrolytes of broiler chickens. Two hundred (200) day-old Marshall
broiler chicks were randomly selected and distributed based on the level of supplementation into four
groups of 50 chicks each (Control, C; E;0.5%, E;1.5% and E32.0%). Chickens fed 2.0% probiotic had a
significantly higher body weight when compared with the control group. Activity of alanine
aminotransferase differed significantly in the group E;0.5%, and especially (p<0.01) in the group E;1.5%.
Alkaline phosphatase activity decreased significantly (p<0.05), when compared with that of the control
group. Serum calcium and phosphorus concentrations in experimental groups were significantly
higher. Potassium concentration in experimental group rose significantly (p<0.05), when compared with
that of the control broiler chickens. In conclusion, supplementing broiler feeds with 2.0% yeast
probiotic improved performance indices, serum enzyme activities and enhanced the maintenance of
electrolyte homeostasis in broiler chickens.

Key words: Body weight, feed conversion ratio, serum biochemistry, Saccharomyces cerevisiae, broiler

chicken.

INTRODUCTION

One of the major challenges facing poultry industry in the
developing world, including Nigeria, is the improvement of
production efficiency. In an attempt to address this pro-
blem, concerted efforts have been made to incorporate
antimicrobials and other natural products, such as yeasts
in animal feeds (Muihead, 1992). Live yeast addition to
livestock feed has been shown to improve the nutritive
quality of feed and performance of animals (Martin et al.,
1989; Glade and Sist, 1998). Non-antibiotic growth pro-

moters, such as organic acids and probiotics are increa-
singly being established in animal nutrition (Windisch et
al., 2008). Probiotics are viable single or mixed cultures
of microorganisms that, when given to animals or humans,
beneficially affect the host by improving the properties of
the indigenous microflora (Kyriakis et al., 1999; Lee et al.,
2008). They have been used as an alternative to antibiotics
in animals and humans; their efficiency in animals has
been widely discussed (O’Sullivan, 2001; Siriken et al.,
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Table 1. Dietary composition of starter and finisher feeds.

Ingredient Starter Finisher
Crude protein (%) 20 19
Fat (%) 10 10
Crude fibre (%) 9 10
Calcium (%) 1.0 1.0
Available phosphorus (%) 0.45 0.40

Metabolisable Energy (Kcal/Kg) 2800 2900

2003; Park et al., 2005). The use of probiotics is aimed at
stabilizing the microbial communities and the health-
promoting effects have an important position in the
medical health care of different age groups (Mikelsaar
and Zilmer, 2009). Saccharomyces cerevisiae yeast is
rich in biologically important proteins, B-complex vita-
mins, trace minerals and several unique ‘plus factors’. Other
identified beneficial factors include the enhancement of
phosphorus availability (Glade and Biesik, 1986; Brake,
1991; Moore et al., 1994) and nutrient utilisation by ani-
mals (Thayer et al., 1978; Erdman, 1989; Pagan, 1990),
reduction in cases of disease infection (Line et al., 1997)
andimprovementoffeedefficiency (OnifadeandBabatunde,
1996). However, there are still conflicting reports on the
beneficial effect of yeast inclusion in poultry diets. Hayat
et al. (1993) suggested that the beneficial effects of
Saccharomyces dried yeast in feeds may be influenced
by the birds’ genome. In rats, Lactobacillus plantarum
and Bifidobacterium infantis added to the feed caused a
decrease in alanine aminotransferase (ALT) activity
(Osman et al., 2007), but addition of S. cerevisiae signi-
ficantly increased the activities of serum ALT and alkaline
phosphatase (ALP) (Mannaa et al., 2005). Some resear-
chers (Bradley and Savage, 1985; Hayat et al., 1993) have
attributed the increase in mineral retention and better
bone mineralization of broilers to supplementation with
mannan-oligosaccharide probiotic. Also, S. cerevisiae
cells are engineered to produce active 1, 25 (OH)-2D3
receptor (Donald et al., 1989). Ross et al. (1978), Bowes
et al. (1989), Krasnodebska-Debta and Koncicki (2000),
and Silva et al. (2007) reported no significant differences
observed in inorganic phosphorus (P), sodium (Na),
potassium (K), chloride (CI) and iron (Fe) concentrations
in the blood of experimental birds, and the levels of all
analyzed minerals remained in a wide range of physio-
logical values defined for 6-week-old meat type chickens.
We hypothesized that different levels of supplemental
yeast have effect on the performance indices, serum
enzymes and electrolytes of broiler chickens. The aim of
the study was to investigate the effect of supplemental
probiotic preparation on performance indices, serum
enzymes and electrolytes of broiler chickens.

MATERIALS AND METHODS
Experimental design and animal management

The experiment was carried out on hybrid broiler Marshall (n=
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Table 2. Proximate analysis of starter, finisher and probiotic.

Ingredient Starter Finisher Probiotic
Dry matter (%) 92.92 93.55 93.82
Crude protein (%) 18.83 15.81 34.87
Crude fibre (%) 7.42 9.92 9.13
Oil (%) 6.08 5.29 8.56
Ash (%) 5.40 8.33 8.03
NFE (%) 62.27 60.65 39.41

200). Two hundred (200) day-old chicks were randomly selected
and distributed into four groups of 50-day-old chicks each (Control,
C; E10.5%, E;1.5% and E32.0% experimental groups). They were
housed in an environmentally controlled poultry house with the floor
covered with wood shavings and kept dry throughout the experi-
mental period by routine replacement of the spoiled litter. The
feeding lasted 42 days. Chicks were fed commercial broiler starter
diet for the first 28 days of age, and pelleted finisher diet from 29 to
42 days of age. Ingredient and nutrient compositions of diets and
proximate analysis of diets and probiotic are shown in Tables 1 and
2, respectively. Feed and water were provided ad libitum. Body
weight (BW), feed conversion ratio (FCR), feed intake (FI) and
mortality were recorded weekly for comparative evaluation and
interaction effects of all treatment groups. The birds were weighed
individually at weekly intervals and body weight gains were calcu-
lated from the values obtained. Feed conversion ratio was calcula-
ted by the standard formula using total feed intake in g/bird, divided
by the total weight gain (g) for each period. Feed intake was calcu-
lated as the difference between the amount of feed supplied to the
birds and the amount of feed that remained at the end of each
feeding period. In order to determine mortality, daily observations
were made every morning and evening to record the occurrence of
deaths in different experimental groups.

Blood sampling and analyses

After 42 days of feeding, blood was collected from 10 randomly
selected broiler chickens from each group through the brachial vein
into polythene tubes. Serum was obtained by first allowing the
blood to clot, followed by centrifugation at 2000 x g per minute.
Colourimetric methods were used to determine the activity of serum
aminotransferase (AST) (Reitman and Frankel, 1957), ALT and
ALP (Kind and King, 1954), respectively. Blood albumin content
was assayed using the dye binding method (Spencer and Price,
1977). Serum sodium (Na) and potassium (K) were determined by
conventional flame photometry method (Model: Flame Photometer -
Corning 410, Essex, UK), while serum calcium (Ca) and phos-
phorus (P) were determined using cresolpthalein complexone and
ammonium molybdate methods by Baginski (1973) and Gomorri
(1942), respectively.

Statistical analysis

Graph Pad Prism Software, version 4.03 for Windows (San Diego,
California, USA) was used to analyze and the data obtained were
expressed as mean + standard error of the mean (Mean + S.E.M.).
Data were analyzed using repeated measures ANOVA. Dunnett's
post-hoc test was used to compare all experimental groups with the
control. Values of p<0.05 were considered significant.
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Table 3. Effects of dietary yeast probiotic supplement on body weight of broilers.
Week C E10.5% E>1.5% E3z2.0%
1 130.9+2.65 131.6+3.06 129.5+2.75 133.5+2.96
2 302.9+8.86 305.4+8.90 305.5£7.25 306.8+9.41
3 572.8£17.53 566.4+£13.11 540.5£13.52 594.7+17.89
4 779.2£14.41 812.8+16.57 800.3+16.52 860.2+21.34%
5 1049.0+23.58 1162.0+31.99° 1121.0+30.87 1166.0+ 31.67°
6 1342.0£47.17 1387.0+£35.22 1376.0+£40.32 1509.0+44.42°
®p<0.01 vs. control; bp<0.05 vs. control; T, the data are presented as mean + SEM, (n = 40); £C, control group (without
probiotic); E; first experimental group; E,, second experimental group, and Es, third experimental group.
Table 4. Weekly feed conversion ratios of broiler chickens supplemented with probiotic.
Week C E;0.5% E»1.5% E32.0%
1 1.14 151 1.47 1.37
2 1.45 1.44 1.46 141
3 1.31 1.33 1.29 1.23
4 1.24 1.24 1.24 1.19
5 1.16 1.21 1.14 1.26
6 1.21 1.56 1.19 1.18
C, Control group (without probiotic); E;, first experimental group; E,, second experimental group; Es, third
experimental group. Value of n = 40.
RESULTS experimental group E;0.5% when compared with control

Body weight of broiler chickens

Body weights from week 4 in E;2.0% probiotic supple-
mented group differed significantly (p<0.01) when com-
pared with control as shown in Table 3. On the 5" week,
body weights differed significantly (p<0.05) in E;0.5 and
E32.0% probiotic-supplemented groups, respectively when
compared with the control group. Starting from week 1 to
3, body weights of broiler chickens did not differ (p>0.05)
when compared with that of the control group. Overall,
the body weight obtained in E32.0% probiotic supple-
mentation at the 6" week was higher (p < 0.05) than that
of the control group (C).

Feed conversion ratio of broiler chickens

A significant improvement in feed conversion ratio was
recorded in E, and E; probiotic supplementation. Feed
conversion ratio, for Marshall broiler chickens supple-
mented with 1.5 and 2.0% dietary probiotic ranged from
1.14 to 1.19% and the experimental groups possessed
the highest body weights (Table 4). At 6" week of age,
there were significant (p < 0.05) changes in the feed con-
version ratio of broiler chickens in experiment E,1.5 and
E32.0% probiotic supplementation when compared with
the control.

Serum enzymatic profile of broiler chickens

Serum ALT activity decreased significantly (p < 0.05) in

(C). Also, there was a highly significant difference (p <
0.01) in ALT activity in experimental group E;1.5% when
compared with control group. Serum ALP activity de-
creased significantly (p < 0.05) in the experimental groups
E;0.5 and E;1.5%, when compared with the control
group. There was no significant difference in the activity
of AST (Table 5).

Mineral parameters and serum electrolytes of broiler
chickens

As shown in Table 6, there was a significant (p < 0.05)
difference in calcium concentration in the probiotic sup-
plemental group E;0.5% when compared with the control.
Also, a highly significant difference (p < 0.01) in phos-
phorus concentration was observed between experimen-
tal group E;0.5% and control. Sodium ion concentration
decreased significantly (p < 0.05) in experiment E;1.5%
probiotic supplementation, when compared with control
group. Highly significant (p < 0.01) difference in potas-
sium concentration was observed in experimental groups
E10.5, E»1.5 and E32.0%, respectively.

DISCUSSION

Body weight of broiler chickens

The result showed that probiotic supplementation had no
effect on body weight of broiler chickens from the 1% to
3" week of life. The delay in the manifestation of the
probiotic effect may be due to the time it takes for the
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Table 5. Effect of probiotic supplementation on activity of serum enzymes of broiler chickens.

Activity of enzyme C E10.5% E»1.5% E32.0%

AST (IU/L) 233.1+£10.86 248.6x£17.00 251.84£24.23 234.81£8.24
ALT(IU/L) 86.40+1.64 76.00+3.50% 75.00+£2.92° 79.90+1.38
ALP (KAU/L) 172.7+2.31 148.1+9.57¢ 143.2+10.28° 157.6+1.88

C, Control group (without probiotic); E,, first experimental group; E,, second experimental group; Es, third experimental
group; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase. Mean + S.E.M, (n =

10) *“p< 0.05 vs. control, ®p<0.01 vs. control.

Table 6. Effect of probiotic supplementation on mineral parameters and serum electrolytes of broiler chickens.

Parameter C E10.5% E21.5% E32.0%

Calcium (mmol/L) 3.49+0.14 2.55+0.18* 3.15+0.37 3.38+£0.10
Phosphorus (mmol/L) 2.07+0.03 1.88+0.05** 1.98+0.05 2.13+0.0 3
Sodium (mmol/L) 160.4+5.33 153.5+3.37 148.5+3.10* 153.2+1.98
Potassium (mmol/L) 4.10+0.25 3.24+0.19** 2.90+0.12** 2.97+0.15**

C, Control group (without probiotic); Ey, first experimental group; E, second experimental group, Es, third experimental group. Mean

+S.E.M, (n = 10) p < 0.05 vs. control, p < 0.01 vs. control.

yeast to re-establish the conditions of eubiosis in the
digestive tract. However, from the 4™ to 6" week, body
weight increased (p<0.05) between control and experi-
mental groups E, and Es, but not in group E; birds fed the
lowest probiotic level of supplementation. This finding
demonstrates that probiotic supplementation has more
positive effect on body weight when administered in hig-
her concentrations. Santin et al. (2001) showed that cell
walls of S. cerevisiae improve nutrient absorption from
the intestinal mucosa and suggested that this factor may
be responsible for the improvement in performance of
broilers supplemented with S. cerevisiae.

Although the mechanism of action of the probiotic was
not investigated in the present study, Nilson et al. (2004)
demonstrated that probiotics act by reducing the feed
conversion ratio, resulting in increased daily live weight
gain. This is achieved through improvement of digestion
by a balanced composition of the resident gut microflora.
Essentially, they help the animal to fulfil its genetic po-
tential. The significant decrease in feed conversion ratio
obtained in the present study agrees with the findings in
the field studies conducted by Pradhan et al. (1998),
Richter et al. (2000), Cmiljanic et al. (2001), Banday and
Risam (2002) that probiotic supplementation improved
performance in broiler chickens. According to
Ashayerizadeh et al. (2009), prebiotics and probiotics are
growth promoters that may be used as alternative non-
antibiotic feed additives. This is because they improve
growth indices of broiler chickens without side effects on
the consumers. Similar findings on the positive effect of
probiotics on growth performances have been well docu-
mented by Sieo et al. (2005), Apata (2008) and Yu et al.
(2008).

Feed conversion ratio of broiler chickens

The result of the present study is in agreement with the
finding of Jin et al. (1998), who reported a significant
improvement in feed conversion ratio in probiotic-supple-
mented broilers, but with inconsistent results. Improve-
ment in feed conversion ratio might be due to efficient
ileal digestibility of nutrients (Sahane, 2001; and Pelicia
et al., 2004). Bansal et al. (2011) reported significant and
better weekly feed conversion efficiency on probiotic
supplementation in the diet of commercial broiler chicks.
The improvement in feed conversion ratio of the probiotic
supplemented groups is an indication that they had better
feed utilisation than the control group.

Serum enzymatic profile of broiler chickens

The decrease in activities of serum ALT and ALP of the
broiler chickens were recorded in all the probiotic
supplemented groups, when compared with the control.
Also, serum ALP level decreased in all the experimental
groups. The decrease in ALT activity obtained in the
present study agrees with similar observations made in
studies on rats in which addition of L. plantarum and B.
infantis to diets fed to rats decreased ALT activity
(Osman et al., 2007). In another study, Mannaa et al.
(2005) showed that the addition of S. cerevisiae caused
significant increase in serum ALT and ALP activities. The
differences in the enzymatic activity may be due to animal
species and probiotic interventions. In this study, no
significant differences (p > 0.05) between control group
and probiotic supplemented groups were observed in the
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activity of AST, and similar results were observed in
broiler chickens fed probiotic supplemented diet (Baidya
et al., 1994; Panda et al., 2000). Any abnormal increase
in serum levels of AST, ALT and ALP may imply liver da-
mage (Yalcin et al., 2012); therefore, the relatively stable
levels of AST may be associated with hepato-protective
effects of the yeast probiotic.

Mineral parameters and serum electrolytes of broiler
chickens

Mineral and serum electrolyte indices are presented in
Table 6. In the present study, the probiotic supplemented
group E;0.5% was able to maintain the calcium (Ca) and
available phosphorus (aP) levels at a constant ratio of
2:1. This is in agreement with the result obtained in pro-
biotic-supplemented rabbits in which a dietary relation-
ship of Ca to available P of 2:1 to 1.5:1 was reported
(Vandelli, 1995). The reason for the maintenance of the
Ca available P (aP) levels at relatively constant ratio of
2:1 may be attributed to the yeast probiotic’s role in main-
taining Ca and P homeostasis in blood of birds; albeit,
mineral homeostasis is regulated by both neural and hu-
moural mechanisms. This finding is very important because
rapid growth rate in broiler chickens rearing is often asso-
ciated with skeletal abnormalities (Scott, 2002). Leg
weakness in broiler chickens represents both an econo-
mic and an animal welfare concern, and it is often singled
out as being of particular importance. Birds are unable to
eat and drink because of the pain associated with the
pathology of leg weakness (Garner et al., 2002). Also,
Akhavan-Salamat et al. (2011) reported that addition of
yeast in diets increases bone calcium values which im-
proves bone force in broilers. Panda et al. (2006) report-
ted that addition of probiotic strain (Lactobacillus
sporogenes) had a positive effect on bone breaking strength
and bone ash content, attributed to the favourable envi-
ronment in intestinal tract due to feeding of probiotic
strains. The mineral content in the serum of birds is con-
siderably dependent on its mineral concentration in feeds
as well as factors influencing the degree of their absorp-
tion in the digestive tract (Monika et al., 2012).
Concentrations of serum sodium (Na) in probiotic sup-
plemented groups were not significantly different, when
compared between groups. However, significant differ-
ence was obtained when the concentration of Na in the
experimental group E»1.5% was compared with that of
the control group (C). This result agrees with the finding
of Silva et al. (2007) in which serum Na concentrations
recorded fell within the range of 136.4 - 150.1 mmol/L for
Hybro-PG broilers aged between 21 and 35 days. Highly
significant difference was observed in serum potassium
(K) concentrations in probiotic supplemented groups. De-
creases in K concentrations tend to follow the different
percentages of probiotic supplementation within groups.
Both serum Na and K concentrations were within the nor-
mal range, indicating that supplementation of broiler

chickens diets with yeast probiotic did not alter the ratio of
electrolytes in the blood.

In conclusion, supplementing broiler feeds with yeast
probiotics improved performance indices of broiler chic-
kens, serum enzyme activities and maintenance of elec-
trolyte homeostasis. Further investigation is required to
determine the optimum dose for yeast probiotics in order
to enhance production efficiency in broiler chickens.

ACKNOWLEDGMENTS

The authors are thankful to the Director, Veterinary Teac-
hing Hospital, Ahmadu Bello University, Zaria, Nigeria for
giving them permission to make use of the newly con-
structed Poultry house for this work. Also, the authors
appreciate the skillful technical assistance of Messrs
Edima Obaja and lliya A. Sule from the Poultry Unit of the
hospital. This work was financed by the academic staff of
the Department of Veterinary Physiology, Ahmadu Bello
University, Zaria, Nigeria.

REFERENCES

Akhavan-Salamat H, Ghasemi HA, Khaltabadi-Farahani AH, Kazemi-
Bonchenari M (2011). The effects of Saccharomyces cerevisiae on
performance and nutrients digestibility in broilers fed with diet
containing different levels of phosphorus. Afr. J. Biotechnol. 10:
7526-7533.

Apata DF (2008). Growth performance, nutrient digestibility and immune
response of broiler chicks fed diets supplemented with a culture of
Lactobacillus bulgariscus. J. Sci. Food Agric. 88: 1253-1258.

Ashayerizadeh A, Dabiri N, Ashayerizadeh O, Mirzadeh KH, Roshanfekr
H, Mamooee M (2009). Effect of dietary antibiotic, probiotic and
probiotic as growth promoters on growth performance, carcass
characteristics and haematological indices of broiler chickens. Pak. J.
Biol. Sci. 12: 52-57.

Baginski ES (1973). Direct micro-determination of serum calcium. Clin.
Chem. Acta. 46: 46-54.

Baidya N, Mandal L, Sarkar SK, Banerjee GC (1994). Combined
feeding of antibiotic and probiotic on the performance of broiler. Ind.
J. Biol. Sci. 29: 228-231.

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

Bansal GR, Singh VP, Sachan N (2011). Effect of probiotic
supplementation on the performance of broilers. Asian J. Anim. Sci.
5:277-284.

Bowes VA, Julian RJ, Stirtzinger T (1989). Comparison of serum
biochemical profiles of male broilers with female broilers and White
Leghorn chickens. Can. J. Vet. Res. 53: 7-11.

Bradley GL, Savage TF (1985). The effect of Saccharomyces cerevisiae
on turkey poult performance and the retention of gross energy and
selected minerals. Anim. Feed Sci. Technol. 55: 1-7.

Brake J (1991). Lack of effect of all live yeast culture on broiler,
breeders and progeny performance. Poult. Sci. 70: 1037-1039.

Cmiljanic R, Lukic M, Trenkovski S (2001). The effect of ‘Paciflor-C’
probiotic on weight gain, feed conversion and mortality of fattening
chicks. Biotechnol. Anim. Husb. 17: 33-38.

Donald P, Mcdonnell J, Wesley P, But TR, O'Malley BW (1989).
Reconstitution of the Vitamin D-responsive osteocalcin transcription
unit in Saccharomyces cerevisiae. Mol. Cell Biol. 9: 3517-3523.

Erdman JW (1989). Phytic acid interactions with divalent cations in
Foods and Gastrointestinal tract. In: Dintizisand, F. R., Laszlo, J. A.
(Eds.). Mineral Absorption in Monogastric Gastrointestinal Tract.
Plenum Press, New York, NY. pp. 161-170.



Garner JP, Falcone C, Wakenell P, Martin M, Mench JA (2002).
Reliability and validity of a modified gait scoring system and its use in
assessing tibial dyschondroplasia in broilers. Br. Poult. Sci. 43: 355-
363.

Glade MJ, Biesik LM (1986). Enhanced nitrogen retention in yearling
horses supplemented with yeast culture. J. Anim. Sci. 62: 1635.

Glade MJ, Sist MO (1998). Dietary yeast culture supplementation
enhances urea recycling in equine large intestine. Nutr. Reprod. Int.
37:11-17.

Gomorri G (1942). Modification of the colorimetric phosphorus
determination for use with the photoelectric colorimeter. J. Lab. Vin.
Med. 27: 995.

Hayat J, Savage TF, Mirosh LW (1993). The reproductive performance
of two genetically distinct lines of medium white hens when fed
breeder diets with and without a yeast -culture containing
Saccharomyces cerevisiae. Anim. Feed Sci. Technol. 43: 291-301.

Jin LZ, Ho YW, Abdullahi N, Jalaludin S (1998). Growth performance,
intestinal microbial population and serum cholesterol of broilers fed
diets containing Lactobacillus cultures. Poult. Sci.. 77: 1259-1265.

Kind PRN, King DM (1954). Colorimetric determination of alkaline
phosphatase activity. J. Clin. Pathol.7: 322-9.

Krasnodebska-Depta A, K Koncicki A (2000). Physiological values of
selected serum biochemical indices in broiler chickens. Medycyna
Wet. 56: 456-460. (In Polish, with English abstract).

Kyriakis SC, Tsiloyiannis VK, Vlemmas J, Sarris K, Tsinas AC,
Alexopoulos C, Janseqers L (1999). The effect of probiotic LSP 122
on the control of post-weaning diarrhoeas syndrome of piglets. Res.
Vet. Sci. 67: 223-228.

Lee NK, Yun CW, Kim SW, Chang HI, Kang CW, Paik HD (2008).
Screening of Lactobacilli derived from chicken feces and partial
characterization of Lactobacillus acidophilus A12 as an animal
probiotics. J. Microbiol. Biotechnol.18: 338-342.

Line JE, Bailey JS, Cox NA, Stern NJ (1997). Yeast treatment to
reduced Salmonella and Campylobacter population associated with
broiler chickens subjected to transport stress. Poult. Sci. 76: 1227-
1231.

Mannaa F, Ahmed HH, Estefan SF, Sharaf HA, Eskander EF (2005).
Saccharomyces cerevisiae intervention for relieving flutamide-
induced hepatoxicity in male rats. Pharmazie 60: 689-695.

Martin SA, Nisbet BJ, Dean RG (1989). Influence of a commercial yeast
supplement on the in vitro ruminal fermentation. Nutr. Reprod. Int. 40:
395-403.

Mikelsaar M, Zilmer M (2009). Lactobacillus fermentum ME-3-an
antimicrobial and antioxidative probiotic. Microb. Ecol. Health Dis 21:
1-27.

Monika B-T, Roman S, Anna P (2012). The level of major proteins and
minerals in the blood serum of chickens fed diets with pure cellulose.
Folia biologica (Krakow) 60: 65-70.

Moore BE, Newman KE, Spring P, Chandler FE (1994). The effect of
yeast culture (Yea Sace 1026) in microbial populations’ digestion in
the cecum and colon of the equine. J. Anim. Sci. 72: 1.

Muihead S (1992). Direct-feed products. In: Muihead, S. (Ed), Direct
feed microbial enzyme and forage additive compendium. The Miller
publishing coy. Minnetonka, M.N. pp. 45-207.

Nilson A, Peralta JMF, Miazzo RD (2004). Use of brewers yeast (S.
cerevisiae) to replace part of the vitamin mineral premix in finisher
broiler diets. XXII World Poultry Congress, Istanbul, Turkey.

O’Sullivan GC (2001). Probiotics. Br. J. Surg. 88: 161-162.

Onifade AA, Babatunde GM (1996). Supplemental value of dried yeast
in a high fiber diet for broiler chicks. Anim. Feed Sci. Technol. 62: 91-
96 (Abstract).

Osman N, Adawi D, Ahme S, Jeppsson B, Molin C (2007). Endotoxin-
and D-galactosamine- induced liver injury improved by the
administration of Lactobacillus, Bifidobactrerium and blueberry.
Digest. Liver Dis. 39: 849-856.

Pagan JD (1990). Effect of yeast culture supplementation on nutrient
digestibility in mature horses. J. Anim. Sci. 68:1.

Panda AK, Ramarao SV, Raju MVLN, Sharma SR (2006). Dietary
supplementation of Lactobacillus sporogenes on performance and
serum biochemico-lipid profile of broiler chickens. J. Poultr. Sci. 43:
235-240.

Aluwong et al. 5485

Panda AK, Reddy MR, Ramarao SV, Raju MVLN, Praharaj NK (2000).
Growth, carcass characteristics, immunocompetence and response
to Escherichia coli of broilers fed diets with various levels of probiotic.
Archives Geflugelkonde 64: 152-156.

Park JH, Lee Y, Moon E, Seok SH, Baek MW, Lee HY, Kim DJ, Kim
CH, Park JH (2005). Safety assessment of Lactobacillus fermentum
PL 9005, a potential probiotic lactic acid bacterium in mice. J.
Microbiol. Biotechnol. 15: 603-608.

Pelicia K, Mendes AA, Saldanha ES, Piazzolante C, Takahanshi S
(2004). Probiotic and probiotic utilization in diets for free-range
broiler chickens. Br. J. Poultr. Sci. 92: 99-104.

Pradhan RN, Sahoo G, Mishra PK, Babu LK, Mishra SC, Mohapatra LM
(1998). Role of probiotics on performance of broiler chicks. Ind. J.
Anim. Prod. Manage. 14: 80-83.

Reitman S, Frankel S (1957). Photometric method of estimating serum
transaminases. Am. J. Clin. Pathol. 28: 56-61.

Richter G, Kuhn I, Kohler H (2000). Test of Toyocerin in broiler
fattening. Poultry Abstract 28: 355. SAS, 1996. Statistical Analysis
System Users’ Guide SAS Institute Inc., NC, USA.

Ross JG, Christie G, Halliday WG, Morley Jones R (1978).
Haematological and blood chemistry ‘comparison values’ for clinical
pathology in poultry. Vet. Rec. 102: 29-31.

Sahane MS (2001). Mannanoligosaccharides in poultry nutrition.
Mechanism and benefits. Proceedings of Altech’s 17" Annual
Symposium. Lyons, T. P., Jacques, K.A. (Eds.), Nottingham
University Press. pp. 65-77.

Scott TA (2002). Evaluation of lighting programs, diet density, and short-
term use of mash as compared to crumbled starter to reduce
incidence of sudden death syndrome in broiler chicks to 35 days of
age. Can. J. Anim. Sci. 82: 375-383.

Sieo CC, Abdullah N, Tan WS, Ho YW (2005). Effects of a-glucanase-
producing Lactobacillus strains on growth, dry matter and crude
protein digestibilities and apparent Metabolisable energy in broiler
chickens. Br. Poult. Sci. 4646: 333-339.

Silva PRL, Freitas Neto OC, Laurentiz AC, Junqueira OM, Fagliari JJ
(2007). Blood serum components and serum protein test of Hybro-
PG broilers of different ages. Br. J. Poult. Sci. 9: 229-232.

Siriken B, Bayran |, Onol AG (2003). Effects of probiotics: alone and in a
mixture of Biosac plus Zinc Bacitracin on the caecal microflora of
Japanese quail. Res. Vet. Sci. 75: 9-14.

Spencer K, Price CP (1977). Influence of reagent quality and reaction
conditions on the determination of serum albumin by the
bromoscresol green dye binding method. Ann. Clin. Biochem. 14:
105.

Thayer RH, Burkitt RF, Morrison RD, Murray EE (1978). Efficiency of
utilization of dietary phosphorus by caged turkey breeder hens fed
rations supplemented with live yeast culture. Oklahoma Agricultural
Experiment Station, Stillwater. Res. MP-103, 173-181.

Vandelli A (1995). Attenti a calico e fosforo. Rivista di Coniglicoltura 12,
36-37. (In Italian, with English abstract).

Windisch W, Schedle K, Plitzner C, Kroismayr A (2008). Use of
phytogenic products as feed additives for swine and poultry. J. Anim.
Sci. 86: 140-148.

Yalcin S, Yalcin S, Uzunoglu K, Duyum HM, Eltan O (2012). Effects of
dietary yeast autolysate (Saccharomyces cerevisiae) and black
cumin seed (Nigella sativa L.) on performance, egg traits, some blood
characteristics and antibody production of laying hens. Livest. Sci.
145: 13-20.

Yu B, Liu J, Hsiao F (2008). Chiou evaluation of Lactobacillus reuteri
Pg4 strain expressing heterologous a-glucanase as a probiotic in
poultry diets based on barley. Anim. Feed Sci. Technol. 141: 82-91.



