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ABSTRACT: The present study aimed to investigate the effect of incorporating some organic feed additives,
lactose (G2), yeast (G3), lactose+yeast (G4), benzoic+citric acid (G5), lactose+benzoic+citric acid (G6) and
diet prepared without additives (G1), on performances and immune status of one-week-old growing Japanese
quails in 35 days growth performance trial. Chicks were randomly divided into 6 groups (30 birds each;
mean weight 30.5g), each was subdivided into 3 replicates (10 chicks each). Body weight (BW), body weight
gain (BWG), feed intake, feed conversion ratio and feed efficiency were determined weekly. At the end of the
growing trial, 36 birds (2birds/replicate) were slaughtered for determination of carcass traits, and the
economic efficiency. Blood samples were collected for measuring some serum biochemical parameters and
immunoglobulin M (IgM). The results showed that the BW increased significantly in G2 and G6 compared to
control (G1). The BWG was significantly higher in all treatments compared to G1. Feed conversion ratio was
improved in G2, G3 and G6. There were significant increases of circulating natural agglutinins and mean
serum levels of IgM in G4, G5 and G6, while other treatments showed increased natural agglutinins or IgM
levels. Biochemical parameters showed significant decrease in cholesterol levels in G4, G5 and G6, and
significant increase in high density lipoprotein levels in G3, G4 and G5. G6 and G2 showed higher relative
economic efficiency compared to G1.
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INTRODUCTION
Researchers worldwide has started the investigation for
suitable replace to antibiotic growth boosters in poultry
production (Mahdi et al., 2015). Now nutriceutical
components are being used as alternative for antibiotics.
They include probiotics, prebiotics and organic acids.
Models describing the effects of yeast on poultry
performance are currently based on the ability of yeast
strains to stimulate the growth and activities of
gastrointestinal bacteria, but this stimulatory
characteristic may not be common to all strains of yeast
(Stanley et al., 2004; Zhang et al., 2005). Many results
suggested that, Saccharomyces cerevisiae (SC) could
act as a growth promoter; because of it is natural
improvement of digestibility and absorption of nutrients
and controlling infections by enteric pathogens
(Cruickshank, 2002; Miazzo et al., 2005; Onifade et al.,
1999).
Prebiotics are feed additives, mainly in the form of
specific types of carbohydrates that are indigestible to
the host while serving as substrates to select beneficial
bacteria and altering the gut microflora (Roberfroid,

2001; Roto et al., 2015). In the case of poultry species,
lactose hypothetically fits within the prebiotic concept,
because birds cannot digest it, and it is therefore
available to microflora in the hindgut (Denbow, 2000).
Both single acids and/or blends of several acids are
candidate replacements of antibiotics, their addition in
drinking water or feed has been documented to improve
the performance of birds. Citric acid was demonstrated
to achieve similar performance results in broilers as the
antibiotic growth promoter avilamycin, moreover;
recently, benzoic acid has been identified as an efficient
feed additive to improve growth performance, nutrient
digestibility, and nitrogen balance (Chowdhury et al.,
2009; Stringfellow et al., 2009; Weber et al., 2012).
Articles with effect of novel combinations of organic
acids, lactose and yeast on growing Japanese quails are
limited. The present study aimed to investigate the
effect of incorporation of lactose, yeast and organic
acids mixture in diets of growing Japanese quails on
performance, carcass quality, some serum biochemical
parameters, immune status and economic efficiency of
each additive.
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MATERIALS AND METHODS
A. Growth Performance Trial
Experimental birds, housing and management. A
total of 180 unsexed one-week-old healthy Japanese
quail chicks were used in 35 day growth performance
trial. Chicks were randomly divided into six groups of
similar mean weight (30.5g). Each treatment group
contained 30 birds which were subdivided into three
replicates of 10 chicks. The experimental groups were
G1 control group that had only the basal diet. G2 had
the basal diet supplemented by 1 g lactose/kg diet. G3
had the basal diet supplemented by 3 g yeast/ kg diet.
G4 had the basal diet supplemented by 1 g lactose plus
3 g yeast/ kg diet. G5 had the basal diet supplemented
by 2g benzoic acid plus 5g citric acid / kg diet. G6 had
the basal diet supplemented by 1g lactose plus 2g
benzoic acid plus 5g citric acid / kg. Chicks were
housed in wire battery cages of 86L×50W×25H cm
which equally partitioned into 3 pens (29×50×25cm)
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According to (Hassan et al., 2003). The chicks were
allowed adlibitum access to feed and water. Birds were
provided 24 hours of lighting. The diets were freshly
prepared (every week) and offered regularly 3 times at
6 am, 2 and 10 pm daily.
Feed additives.
1. Lactose monohydrate A.R C12H22O11.H2O,
WINLAB. M.W 360.31, CAS NO.; 63-42-3 Lot No L
33155/12. UK.
2. Instant dried yeast (Saccharomyces cerevisiae),
PANTHER, 8 × 109 c.f.u. Turkey.
3. Benzoic Acid A.R C7H6O2, WINLAB. M.W 122.12,
Assay 99.5%, LOT No. B33155/15. UK.
4. Citric Acid Monohydrate, C6H8.H2O, SIGMA. FW
210.1, Lot 125H0061. Austria.
Basal experimental diet. Diet for growth performance
trial was formulated to meet the nutritional
requirements as suggested by the (NRC., 1994), as
shown in the Table 1.

Table 1: Composition and calculated chemical analysis of the experimental basal diet.
Ingredients

%

Ground yellow corn

57.83

Soya bean meal (45%)*
Fish meal (morocco 60.5%)*
Corn gluten (62%)*
Di-calcium Phosphate (22%Ca&19%P)
Limestone (38% Ca)

32.94
3.5
3.48
0.33
1.16

DL – Methionine (purity 98%)
Lysine (purity 98%)

0.09
0.07

Iodized sodium chloride

0.3

Mineral& Vitamins premix**

0.3

Calculated composition
Crude protein (%)
ME (kcal per kg)
Calorie/protein ratio (C/P)
Calcium (%)

24.0
2900.0
120.83
0.8

Phosphorus (%)

0.3

* Determined according to AOAC, 1995.

**Vit. A 12 mIU, vit. D3 2 mIU, vit. E 1000mg, vit. k3
1000mg, vit. B1 1000mg, vit. B2 5000mg, vit. B6
1500mg, vit. B12 10mg, biotin 50mg, pantothinic acid
10000mg, nicotinic acid 30000mg, folic acid 1000mg,
manganese 60000mg, zinc 50000mg, iron 30000mg,
copper 4000mg, iodine 300mg, selenium 100mg, cobalt
100mg, carrier (CaCO3) to 3kg. (Golden premix- Selim
Pharm Elasher, Egypt).
Studied Parameters for Growth Performance trial.
Individual body weight, body weight gain, feed
consumption and feed conversion ration were
determined weekly. Protein efficiency ratio (PER) and
energy efficiency ratio (EER) were calculated
according to (Ashayerizadeh et al., 2011; McDonald et
al., 2002) respectively.

Economic Efficiency (EE) was calculated by the
following equations:
EE =

Net revenue
× 100
Total production cost

Net revenue = selling price - production cost

Total production cost was calculated including price of
one week quail chicks, feed and veterinary care. Also
cost of feed (LE)/kg gain was calculated according to
(El-Dein et al., 2000).
Carcass traits. At the end of the growing trial when
birds were 42 days old, 36 birds (2 birds/ replicate)
were randomly slaughtered to determine carcass
characteristics. Their blood samples were collected
during slaughtering.
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Feathers were plucked, and head and feet (shank) were
cut. The carcass and edible visceral organs were taken;
cleaned and weighed (heart, liver, gizzard), and
expressed as a percentage of live body weight (Esen et
al., 2006). Weights of thymus and bursa were also
recorded.
Measurement of pH of different parts of small
intestine. To determine the gut pH of birds, 10g of gut
content were aseptically collected from duodenum,
jejunum and ileum in 90 ml sterilized physiological
saline (90:10 dilution) then pH values were measured
(Al-Natour and Alshawabkeh, 2005).
B. Immunological studies
Lymphoid organ weight index. Four indices were
defined to evaluate the relative sizes of the lymphoid
organs. The bursa fabricius (BF) index, thymus (T)
index, BF/T index, and spleen index were calculated as
ratio of BF/ body weight, T/body weight, BF/T weight,
and spleen/ body weight, respectively. (Organ
weight/live body weight) X 1000 (Al-Sultan, 2003).
Heterophils /Lymphocytes ratio (H/L ratio). Blood
smears were made on duplicate glass slides. The H/L
ratio was calculated for each bird (Gross and Siegel,
1983).
Evaluation of natural agglutinin response and
Serum level of Immunoglobulin M (IgM). Antibodies
were measured with a haemagglutination test
(Giambrone et al., 1978). Immunoglobulin M (IgM)
serum levels were measured using diagnostic kits by an
automatic biochemical analyzer (Roche Diagnostics
Elecsys®
2010,
Hitachi
High-Technologies
Corporation, Japan).
Serum biochemical parameters and antioxidant
status. Colorimetric determination of serum total
protein was measured according to (Cannon et al.,
1974). Also, albumin was determined and globulin was
calculated according to (Sturkie, 1986). The Alb/Glo
ratio was also calculated using automatic biochemical
analyzer (Selectra junior, The Netherlands). The serum
concentrations of total triglyceride, cholesterol, high
density lipoprotein (HDL) cholesterol, low-density
lipoprotein (LDL), cholesterol/ HDL and HDL/ LDL
ratio in serum samples were analyzed by an automatic
biochemical
analyzer
(Selectra
junior,
The
Netherlands), following the instructions of the
corresponding reagent kit. Very low-density lipoprotein
(VLDL) cholesterol was calculated from triglycerides
divided by the factor 5 (Panda et al., 2006). The LDL
cholesterol was calculated by using the formula: LDL
cholesterol = Total cholesterol - HDL cholesterol VLDL cholesterol. Alanine transaminase (ALT) and
aspartate transaminase (AST) were measured using
commercial kits. Antioxidant status was determined by
estimation the serum levels of catalase and superoxide
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dismutase enzymes using commercial kits of Biodiagnostic.
C. Statistical analysis
Data were analyzed by one-way ANOVA. Differences
among means were tested at the 5% probability level
using Duncan Multiple Range test. All the statistical
analyses were done using SPSS 16 (Coakes et al.,
2009).
RESULTS
Results showed improved performance due to dietary
feed additives used as seen in (Table 2).
Body weight increased significantly in G2 and G6
compared to control (G1). The body weight gain was
significantly higher in all treatments compared to G1.
Feed conversion ratio was improved in G2, G3 and G6.
Also (Table 3) showed a significant increase of
circulating natural agglutinins and mean serum levels of
IgM in G4, G5 and G6, while other treatments showed
increased natural agglutinins or IgM levels.
Biochemical parameters (Table 4) showed significant
decrease in cholesterol levels in G4, G5 and G6, and
significant increase in high density lipoprotein levels in
G3, G4 and G5. G6 and G2 showed higher relative
economic efficiency compared to G1 (Fig. 1).
DISCUSSION
A. Growth Performance Trial
Final body weight and body weight gain were
significantly improved in G2 and G6 with a trend of
improved gain in all other treatments compared to the
control (Table 2). G6 (citric and benzoic acids
combination with lactose) resulted in improved daily
live body weight (LBW) and weight gain (WG) when
compared to control one. These in accordance
with(Boling et al., 2000);(Snow et al., 2004);and
(Ghosh et al., 2007) who observed that, organic acid
combination, or OAC with prebiotic in growing
Japanese quail diet significantly improved the
performance in terms of BWG. (Hedayati et al., 2013)
showed that dietary acidifier increased the growth
performance of broiler chicken; they concluded that it is
an option for maintaining or improving broiler growth
and efficiency. (Abdel-Fattah et al., 2008) mentioned
that, significantly improved LBW, BWG and FCR may
be due to enhancement in the thyroid gland activity
also, the attained non-significant reduction in pH values
of different GI-tract segments have a beneficial effect in
the inhibition of intestinal bacteria competing with the
host for available nutrients and a reduction of possibly
toxic bacterial metabolites, e.g. ammonia and amines,
thus improving weight gain of the host animals.
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Table 2: Effect of different feed additives on growth performance of Japanese quail.
Parameters

G1

G2

G3

G4

G5

G6

Initial wt.(g)
One week

30.3±1.2

29.3±0.88

31.3±1.66

31.66±1.45

29.6±0.33

30.6±0.88

Final Wt.(g)

255.53±3.97c

269.6±1.45 b

263.7±4.57bc

259.7±2.11bc

266.4±6.14bc

283.7±3.28 a

Weight gain (g)

225.2±4.38 c

240.3±1.85ab

232.3±5.18 bc

228.1±3.05 bc

236.8±6.1 bc

253.1±4.0a

Feed consumption

695.0±6.9c

703.0±6.6bc

694.4±4.15c

713.0±2.92b

729.0±1.93a

730.8±1.48a

Feed conversion
ratio

3.08±0.08ab

2.92±0.02ab

2.99±0.06ab

3.12±0.04a

3.08±0.07ab

2.89±0.05b

PER

1.35±0.03bc

1.42±0.01ab

1.39±0.02abc

1.33±0.01c

1.35±0.03bc

1.44±0.02a

EER

11.18±0.3bc

11.79±0.1ab

11.5±0.2abc

11.0±0.15c

11.2±0.28abc

11.9±0.2a

68.66±1.06

70.52±1.08

70.26±0.88

70.72±0.98

70.4±0.6

68.1±1.3

4.36±0.1

4.63±0.2

4.23±0.1

4.6±0.3

4.38±0.16

4.8±0.28

73.8±1.2

75.0±0.8

73.8±1.0

74.8±0.9

74.3±0.6

71.8±1.3

2.02±0.05b

2.38±0.08ab

2.02±0.1b

2.05±0.1b

2.18±0.1b

2.75±0.2a

1.4±0.1

1.58±0.1

1.5±0.1

1.46±0.04

1.54±0.11

1.46±0.04

0.77±0.03

0.84±0.05

0.83±0.02

0.84±0.02

0.79±0.03

0.86±0.03

7.0±0.05a

6.83±0.06a

6.53±0.12b

6.83±0.03a

6.9±0.1a

6.7±0.03ab

6.83±0.03

6.83±0.12

6.6±0.11

6.83±0.03

6.9±0.05

6.7±0.05

6.93±0.17

7.03±0.03

6.7±0.05

6.9±0.1

6.9±0.12

6.8±0.05

Dressed carcass
%
Giblets %
Edible parts%
Liver %
Gizzard %
Heart %
pH duodenum
pH jejunum
pH ileum

Values are means ± standard error (SE)
Means within the same row with different superscripts are significantly different (P<0.05)
G1= control; G2= 0.1% lactose; G3= 0.3% yeast; G4= 0.1% lactose +0.3% yeast; G5= 0.5% citric acid+ 0.2% benzoic acid; G6=
0.5% citric acid+ 0.2% benzoic acid +0.1% lactose.

Table 3: Effect of different feed additives on immune status of Japanese quail.
Parameters

G1

G2

G3

G4

G5

G6

Bursa index

0.94±0.11

1.8±0.44

1.7±0.33

1.29±0.21

1.14±0.3

1.1±0.04

Spleen index

1.02±0.09

1.08±0.17

1.17±0.19

1.06±0.17

1.07±0.18

1.76±0.47

Thymus index

1.15±0.08d

4.59±0.34a

3.39±0.47abc

2.33±0.53cd

2.9±0.7bc

4.02±0.6ab

(BF)/T

0.70±0.17

0.6±0.10

0.59±0.12

0.77±0.26

0.42±0.1

0.34±0.05

Natural
agglutinin
IgM (mg/dl)

4.34±0.33c

5.35±0.33bc

5.35±5.35bc

5.68±0.33b

6.35±0.3ab

7.02±0.5a

3.00±0.14b

3.6±0.49b

3.8±0.23b

5.4±0.29a

4.76±0.35a

5.36±0.24a

46270±896.9

128700±5811.9

47470±437.1

66670±5925.5

75330±37706

57330±5456.9

Heterphil

14023±88.1b

32547±2032.3a

15037±660.6ab

20987±1207.2ab

22600±1131.9ab

13880±926.1ab

Lymphocyte

31141±311.7b

83120±3240.6a

30201±834.8b

38040±3628.4b

44813±22417.7b

39800±4051.3b

H/L ratio

0.45±0.01

0.39±0.02

0.50±0.03

0.56±0.03

0.34±0.17

0.35±0.01

Total. L.C /ul

Values are means ± standard error (SE),
Means within the same row with different superscripts are significantly different (P<0.05)
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Furthermore, the growth inhibition of potential
pathogen bacteria, e.g. E. coli and Salmonella, in the
feed and in the GI-tract benefited animal health
(Berchieri and Barrow, 1996; Hedayati et al., 2013; Iba
and Berchieri Jr, 1995; Thompson and Hinton, 1997).
(Kirchgessner and Roth, 1988) observed that, dietary
acidification increased gastric proteolysis and protein
and amino acid digestibility. Organic acids also serve as
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substrates in intermediary metabolism. Moreover, the
improvement in body weight gain of birds fed citric
acid may be due to the utilization of minerals that
positively affecting the growth (El-Hakim et al., 2009),
such as phosphorus and trace minerals (Boling et al.,
2000). The improved performance with dietary G2
(0.1% lactose) was in accordance with (TorresRodriguez et al., 2007; Van Der Wielen et al., 2002).

Table 4: Effect of different feed additives on serum biochemical parameters and antioxidant status of
Japanese quail.
Parameters

G1

G2

G3

G4

G5

G6

Cholesterol
mg/dl
HDL mg/dl

222±16a

206.6±8.3ab

226.3±13.3a

160.3±7.2c

169.3±4.2c

188.6±5.2bc

36±3c

42.3±1.8bc

43±1b

48±2.1ab

49.6±1.2a

41.5±0.5bc

Tri glyceride
mg/dl

170±32a

149.6±4.2ab

164.6±12.8ab

93.3±7.8c

143.3±17.4abc

111±1.7bc

LDL mg/dl

152±20.3a

134.4±7.5a

150.4±13.9a

93.6±7.6b

91±6.6b

125.1±5.3ab

VLDL mg/dl
T. protein
(g/dl)
Albumin (g/dl)

34±6.4a

29.9±0.8ab

32.9±2.5ab

18.6±1.6c

28.6±3.4abc

22.2±0.3bc

5.36±0.14

5.8±0.15

5.6±0.2

5.4±0.17

5.5±0.12

5.5±0.14

1.25±0.02bc

1.31±0.05abc

1.39±0.01a

1.28±0.04abc

1.36±0.04ab

1.19±0.02c

4.1±0.16

4.49±0.1

4.2±0.2

4.18±0.17

4.17±0.16

4.33±0.17

ALT ul

7.0±0.5b

9.6±0.6ab

12.0±1.0a

9.3±0.8ab

12.3±0.8a

10.0±1.5ab

AST ul

107.6±2.4b

119.3±2.7b

118.0±4b

123.3±3.9b

159.3±19.4a

181.6±4.1a

CA (U / ml)

196.2±5.1b

210.3±6.1b

204.1±2.9b

206.3±5.1b

205.1±2.8b

234.0±5.8a

SOD (U/ml)

406.25±43.3b

456.25±25ab

481.25±25ab

431.25±25ab

481.25±50ab

556.25±66.1a

Globulin g/dl)

Values are means ± standard error (SE)
Means within the same row with different superscripts are significantly different (P<0.05)

4
Net revenue (LE)

3.46

3.5

3.19
3

Net revenue

2.5

2.56

2.5

2.38
2.28

2

1.5

1

0.5

0
G1

G2

G3

Groups

G4

G5

Net revenue (LE)

Fig. 1. Net revenue of the experimental groups.
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Lactose effect on the intestinal tract of poultry is
characterized by a lowering of pH and a change of
intestinal flora to an acidophilic type (Bailey, 1993;
Gibson et al., 2004). This stimulates the synthesis of Bvitamins by the intestinal bacteria. Lactose significantly
improved the CF apparent digestibility and ME when
compared to that in the control groups of broilers,
pigeon and turkey (Barnhart et al., 1999; Buteikis et al.,
2008; Sales and Janssens, 2003). Dietary lactose
decreased lactobacillus, clostridium and proteus species
and increased bifidobacteria in the chickens ceca
(Morishita et al., 1982; Van Der Wielen et al., 2002)
which play an important role in the ecology of intestinal
tract and are increasingly employed in the production of
functional foods (Biavati et al., 2000) explained that,
the positive results of prebiotic on body weight and
weight gain may be attributed to that additive may help
to maintain the microflora balance of the intestinal tract
of chicken resulting in a more efficient use of nutrients
from feed, more intensive processes of protein
metabolism and subsequently in better health.
The numerically improved LBW and BWG effect of G3
(0.3% yeast) when compared to control one, was in
accordance with (Fuller, 2012; Kabir et al., 2004;
Mountzouris et al., 2007; Patterson and Burkholder,
2003). Probiotics, such as yeast, have the ability to
stimulate digestion and aid in maintaining microbial
equilibrium in the gut. Live yeast, such as
Saccharomyces cerivisae, contains numerous enzymes
that could be released into the intestine and aid existing
enzymes within the digestive tracts. Also, yeast
contains vitamins and other nutrients that may produce
beneficial production responses (Kornegay et al.,
1995). The critical role of yeast culture in the metabolic
functions was suggested by (Stockland, 1993) as a
strong stimulating action on the activity of certain
important bacteria, which are actively involved with the
digestive processes, protein synthesis and nutrient
absorption in the GI-tract. (Santin et al., 2001) reported
a significant increase in weight gain when birds fed
0.2% cellular wall from Saccharomyces cerevisiae
(Mannanoligosaccharide).
Feed consumption was significantly improved in G4,
G5 and G6 compared to control; while other dietary
treatments were not significantly different compared to
the control (Table 2). G5 (0.5% citric acid plus 0.2%
benzoic acid combination) and G6 (OAC with 0.1%
lactose) significantly increased the feed intake. Similar
results were reported by (Atapattu and Nelligaswatta,
2005; Boling et al., 2000) who studied the inclusion of
citric acid with low energy diets and speculated that, the
increase of feed intake may be due to the dilution of
energy in the diet plus inclusion of citric acid.
However, diets of the present experiment were
isocaloric. Even if it is assumed that citric acid provides
some energy, it should lead to a reduction of feed intake
in citric acid supplemented diet. Inclusion of citric acid
reduced the pH levels of the feeds and digesta of the
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crop and gizzard. Appetite control nerve endings are
located in the crop of the birds. Therefore, it can be
assumed that citric acid itself and/or low pH
environment created by it, stimulated the feed intake
(Atapattu and Nelligaswatta, 2005). Also a study by
(Lokhande et al., 2005) on comparative evaluation of
prebiotic, probiotic and acidifier in broiler diets
concluded that, birds received different growth
promoters recorded marginally better feed conversion
ratio than the control. The results of this study were in
accordance with (Denli et al., 2003; Ghosh et al., 2007;
Torres-Rodriguez et al., 2007; Van Der Wielen et al.,
2002) who observed best FCR with supplementation of
diets of quail and chickens with OAC and OAC with
prebiotic. The numerical improvement of FCR
observed in G2 (lactose 0.1%) was consisted with
(Guclu, 2003; Pelicano et al., 2004; Torres-Rodriguez
et al., 2007; Waldroup et al., 2003; Xu et al., 2003)
who reported that, addition of prebiotic to quail and
broiler chickens diets at a level of 0.75 and 1g/kg
enhances feed conversion ratios. Moreover, (Kirkpinar
et al., 2004; Tomasik and Tomasik, 2003) stated that,
prebiotics belong to a group of indigestible dietary
carbohydrates improved feed conversion. A nonsignificant response due to G3 (yeast) was not in
agreement with (Madkour et al., 2008) who reported
that, using probiotic and prebiotic in broiler diets
significantly improved both feed consumption and feed
conversion ratio from 0-42 days of age. This may be
attributed to the difference in species used as well as
this study began with quails at 7 days old.
A significant improvement in both protein efficiency
ratio (PER) and energy efficiency ratio (EER) were
seen in G6 (OAC with lactose). G2 (lactose) and G3
(yeast) were numerically improved while G4 and G5
were not affected in by additives compared to the
control (Table 2). This improvement was in agreement
with (Falaki et al., 2010; Nayebpor et al., 2007;
Thitaram et al., 2005; Zulkifli et al., 2000). Also
(Ashayerizadeh et al., 2011) who revealed that, all the
growth promoting additive treatments had better protein
intake, protein efficiency ratio (PER) and energy
efficiency ratio (EER) than control birds. However,
these results disagree with that of (Boling et al., 2000)
who concluded that, the highest value of PER and EER
was shown by broilers under synbiotic treatment.
There was a trend of increased dressed carcass %,
edible parts% and giblets% of quail chicks at in groups
G2, G4 and G5 (Table 2). The assumption of nonimproved dressed weight of carcass while improved
growth rate especially in G6 (OAC with lactose), may
be due to that, dietary citric acid decrease intestinal pH
and increase calcium availability (Snow et al., 2004)
that reflected on meat as well as bone and feathering in
males and early egg production in female. Significant
improvement was detected in relative weight of liver in
G6 and numerically in G2 compared to the control one
(Table 2).
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These results disagree with those of (Denli et al., 2003)
who stated that dietary organic acids had no effect on
the carcass yield and liver weight of broiler chickens at
42 d old. On the other hand, (Abdel-Azeem et al., 2000)
declared that, addition of citric acid to the diet was
associated with higher dressing and lower liver
percentages, he suggested that, the lack of significance
in the relative liver weights between the acidified and
control chicks may be ascribed to the more storage of
glycogen and lower lipid repletion induced by dietary
organic acid. This supposition may emphasize the
hypothesis of (Fushimi et al., 2001) who stated that
dietary acidification might stimulate glycogenesis by
increasing the influx of glucose 6-phosphate (G-6-P)
into the glycogen synthesis pathway through the
inhibition of glycolysis due to an increase in citrate
concentration. Results of G3 are in accordance with
(Abdel-Azeem et al., 2000) he indicated that, carcass
traits and internal organs were not affected due to
addition of yeast culture at lg/Kg in quail diet.
Contradiction to (Mahajan et al., 1999) who observed a
significant improvement in giblets, hot dressed weight,
cold dressed weight and dressing percentage were
significantly higher for -yeast supported-probiotic
(Lacto-Sacc) fed broilers
Only G3 showed a significant reduction in the pH of
duodenum compared to the control. Other intestinal
segments (jejunum and ileum) did not show any
alteration in pH compared to the control (Table 2).
(Atapattu and Nelligaswatta, 2005) suggested that,
citric acid doesn't alter pH of the GI tract after the
gizzard. It seems that unprotected form of OA used in
feed can be neutralized easily by bile and pancreatic
secretions (Gheisari and Kholeghipour, 2006). Also
(Chaveerach et al., 2002) demonstrated the magnitude
of antimicrobial effect of organic acids varies from one
acid to another and it depends on concentration and pH.
(Hernández et al., 2006) reported no effect on intestinal
pH with the use of a product containing combination of
propionic acid and formic acid. They referred this
insignificant effect to the strong buffering action of the
GI-tract in poultry.
B. Effect on immunity
There is a non-significant increase in relative weight of
bursa and spleen comparable to control. All dietary
treatments except G4 significantly increased the relative
weight of thymus. The positive effect of dietary
additives on immune status was confirmed by BF/T
ratio, which was narrower than the control one in
dietary treatment of G6, G5, G3 and G2 respectively
(Table 3). (Katanbaf et al., 1989) reported that the
increase in the relative organs weight is considered as
an indication of the immunological advance. Our results
agree with (Rahmani and Speer, 2005; Tollba, 2010)
who reported that, citric acid and lactose
supplementation did significantly improve relative
weight of thymus and bursa that reflect higher
immunity. (Mohamed and Bahnas, 2009) observed that,
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Malic acid (MA) supplementation resulted in
significantly increased edible giblets and lymphoid
organs (thymus gland). (Ao et al., 2004) revealed that
the immune status of the birds was supported by
increased relative weight of bursa due to the use of
prebiotic in broilers diets.
A significant increase in IgM levels in Japanese quail
serum was observed in G4, G5 and G6 while; it was
numerically increased in G2 and G3. Also a significant
increase in circulating natural unspecified agglutinins
was observed in dietary treatments in G4, G5 and G6
while the increase was numerically observed in G2 and
G3 (Table 3). These results revealed the positive effect
of used dietary feed additives on humeral immune
status of Japanese quail. This is in agreement with
findings of (Gheisari and Kholeghipour, 2006) who
stated that, dietary inclusion of live yeast (particularly
in powder form) could be an effective stimulator of
humeral immune responses in broiler chickens.
However, more studies are required to show the effect
of organic acids and lactose on these natural
agglutinins. The prebiotic-mediated immunological
changes may in part be due to direct interaction
between prebiotics and gut immune cells as well as due
to an indirect action of prebiotics via preferential
colonization of beneficial microbes and microbial
products that interact with immune cells (Janardhana et
al., 2009). (Kabir et al., 2004) reported significantly
higher antibody production in dietary yeast fed broilers
as compared to control ones. They also demonstrated
that, the differences in the weight of spleen and bursa of
broilers could be attributed to different level of
antibody production in response to probiotics.
(Haghighi et al., 2005) reported that, administration of
probiotics enhances serum and intestinal natural
antibodies to several foreign antigens in chickens.
Antibody responses have been used as measures of the
humoral immune status of bird (Davis and Sell, 1989;
Sklan et al., 1994). This parameter was significantly
increased in the mannanoligosacchaide (MOS) group in
the trials of (Shashidhara and Devegowda, 2003), who
suggested that, prebiotic MOS may also be influencing
systemic immunity. This effect on antibody titers might
have been due to influence of the MOS on immune
system; improved intestinal absorption of some
nutrients, such as Zn, Cu, Se; or both effects. Much of
the
nature
of
mechanism accountable for
immunomodulation associated with the MOS remains
to be delineated. One the other hand, (Cotter et al.,
2000; Raju and Devegowda, 2000) reported no such
improvement in the antibody titers against IBDV and
Newcastle disease virus in broilers fed MOS.
We measured a numerical increase in total leucocytic
counts (TLC) in all groups compared to control one.
Heterophils revealed a significant increase in G2 while
numerically increased in G3, G4 and G5. Lymphocytes
(L) significantly increased in G2 while, numerically
increased in G4, G5 and G6.
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Heterophil: lymphocyte (H/L) ratio showed a numerical
decrease in G2, G5 and G6 while numerically increased
in G3 and G4 compared to the control (Table 3).The
positive effects of G2 (lactose), G5 (OAC) and G6
(OAC with lactose) could have potential benefits for
growing quail performance, as reflected on reduction of
H/L ratio and enhancement of physiological resources.
This result is contrary to (Houshmand et al., 2012) who
reported that, supplementation with a prebiotic had no
significant effect on performance, immunity, and stress
indicators (blood glucose, cholesterol, corticosterone,
and heterophil: lymphocyte ratio). However, (Maassen
et al., 2000) stated that, beneficial bacteria (probiotic)
had stimulated healthy gut structure and systemic
immune system. The yeast can stimulate immune
system of chicks' body as it affects white blood cells
(WBCs) (Paryad and Mahmoudi, 2008) observed that,
all yeast-fed chicks in comparison to control diet, had a
higher WBCs count as observed in the present study
and lower H/L ratio by the higher populations of
lymphocytes than control diet. The higher lymphocyte
populations may be indicative of higher activity of
humeral immune responses in chicks fed yeast
supplemented diets (Gheisari and Kholeghipour, 2006).
Blood biochemical parameters. Results of cholesterol
reflect the hypocholestrolemic proprieties of
experimental additives except G3 (yeast) where, a
significant decrease was observed in G4, G5 and G6
and numerical decrease due to addition of G2 (lactose).
Results of triglycerides revealed a significant decrease
in G4 and g6 while the decrease was numerically in G2,
G3 and G5 (Table 3). The results in G5 and G6 are in
agreement with findings of (El-Kerdawy, 1996) and
(Abdo and Zeinb, 2004) who reported that blood total
lipids and cholesterol decreased significantly by dietary
acidifiers. Also (Mahdi et al., 2015) showed the same
blood lipid profile in poultry by consumption of
probiotic and acidifier in the feed. However, (El-Afifi et
al., 2001)observed no significant effect on blood lipid
profile in broiler chicks fed on citric acid. The
beneficial role of organic acids in reducing the blood
lipid profile may be interpreted through their influence
in decreasing the microbial intracellular pH. Thus,
inhibits the action of important microbial enzymes and
forces the bacterial cell to use energy to release the acid
protons, leading to an intracellular accumulation of acid
anions (Young and Foegeding, 1993) Also, (AbdelFattah et al., 2008) observed hyperthyroidism
associated with dietary organic acidification could also
explain the observed reduction in serum lipid profile.
(Sturkie, 1986) reported that hyperthyroidism (T3
elevation) induced energy metabolism and decreased fat
deposition. Hence, the concentration of avian blood
lipids is influenced by the physical and nutritional
status of the bird. The non-significant, addition of
lactose as a prebiotic numerically decreased the serum
cholesterol and triglyceride levels were in agreement
with (Siegel et al., 1995; Tarasewicz et al., 1998) who
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revealed a sharp decrease of cholesterol in blood as an
effect of oligosaccharide-enriched Japanese quail diet.
Prebiotic sugars remain longer in the large intestine,
thus they enhance the excretion of bile acids caused by
volatile fatty acids production. As a result of this
process the level of cholesterol in blood decreases.
Furthermore, volatile fatty acids and products of their
metabolism also decrease the production of endogenous
cholesterol(Hidaka et al., 1991; Terada et al., 1994).
The mechanism involved in the overall hypocholesterolaemic effect of MOS supplementation is not
fully documented. However, MOS (yeast cell wall
component) as a prebiotic is considered a substrate for
lactic acid producing bacteria such as Clostridium spp.
and Bifidobacterium bifidum (Van Loo, 2004). It is
reported that some Lactobacillus spp. are able to
incorporate cholesterol into the cellular membrane of
the organism, so cholesterol assimilation by
Lactobacillus in turn decreases cholesterol absorption in
the system(Kannan et al., 2005). Lactose group results
coincided with (Taherpour et al., 2009) who stated that,
by the addition of prebiotics, probiotics and organic
acids the serum total cholesterol and serum LDL
concentrations were significantly reduced by dietary
treatments compared by control group; but HDL was
not significantly increased.
It has been pointed out that dietary yeast 0.3%
significantly increased HDL with no effect on LDL and
VLDL (Table 3) that is in accordance with (Gheisari
and Kholeghipour, 2006) who observed that, diets
containing 0.2 % powdery S.C. increased serum HDL
concentration in broiler chicks, while with increasing
level of granular S.C. in experimental diet, serum LDL
and cholesterol concentration increased. On the other
hand, chickens fed diet containing 0.1% S.C. in powder
form decreased serum cholesterol concentration
compared to control group.The results of the present
study contradicts with the results of other researchers
(Onifade, 1997; Onifade et al., 1999) who stated that,
the addition of innocuous microorganisms including
yeast to diet of rabbit and broiler chickens decreased
serum cholesterol and triglycerides.
Data presented in Table (3) showed that, dietary feed
additives exhibited numerical increase in serum
concentration of total protein especially in G2, G3, G5
and G6 compared to the non-supplemented control and
yeast G3. This could be due to the achieved numerically
increased serum concentration of globulin levels
especially in G2 and G6 that agreed with (Abdel-Fattah
et al., 2008). Globulin level has been used as indicator
of immune responses and source of antibody
production. Table 3 showed non-significant increase
levels of globulin. This is in agreement with (Ali et al.,
2008; El-Hakim et al., 2009) who reported that, no
difference was observed in the total protein, albumen or
globulin in the plasma of broilers fed diet supplemented
with citric acid, lactic acid and their combinations.
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On the other hand (Rahmani and Speer, 2005) observed
that, higher percentage of gamma globulin in broilers
given organic acids than the control ones. An ALT
activity, which is specific mirror of liver functions, was
significantly increased in G3 and G5 compared to the
control. Also data revealed numerical increase in ALT
levels in G2, G4 and G6. AST levels showed a
significant increase due to dietary supplementation of
OAC, G5 and OAC plus lactose, G6 (Table 3). This in
accordance with (Grassmann and Klasna, 1986) who
reported that, dietary addition of 3% citric acid (a
higher level than the present study) significantly
increased the activities of both AST and ALT enzymes.
In-contrary, (Abdel-Azeem et al., 2000; Abdel-Fattah et
al., 2008; El-Kerdawy, 1996) they demonstrated that,
levels of AST was reduced in growing rabbits fed
supplemental citric acid, although ALT was not
significantly affected. This disagreement may be due to
differences in levels of acid supplementation and
species.
There was a trend of enhanced serum superoxide
dismutase (SOD) and catalase (CA) activity due to all
dietary supplementations when compared to the control
(Table 3). This effect was significant in G6 (OAC with
lactose). SOD minimizes oxidative stress in quail
chicks by inhibiting the oxygen free radical production
and scavenging the superoxide ions (Öztürk-Ürek et al.,
2001). In the cell catalase reacts with generated
hydrogen peroxide to form water and molecular oxygen
thereby protecting the cells against hydrogen peroxide
toxicity and lipid peroxidation (Yamaguchy, 1991).
Result of the present study may be due to synergistic
effect of OAC with lactose on scavenging free radicals
and hydrogen peroxides. (Holovská et al., 2003; Wang
et al., 1998) observed age-related increase in plasma
antioxidant
enzyme
levels
by
antioxidants
supplementation in broilers. These supplementations
might have enhanced enzyme levels to scavenge ROS
and free radicals which are produced more during rapid
growth period (from 1st to 6th week). We concluded
that the feed additives in this experiment can combat
oxidative stress caused by rapid growth rate in quails,
by effectively enhancing the SOD, and catalase
activities in the body.
Economical evaluation. Japanese quail has attained
economic importance as an agricultural species
producing meat and eggs that are enjoyed for their
unique flavor. Results of economic efficiency (E.E.) for
quail chicks fed experimental diets during the growth
period are summarized in Fig. 1. There are considerable
cost saving with using the inclusion of G2 (0.1%
lactose) and G6 (organic acids mixture with lactose) as
compared to the control group. This improvement could
be due to improving weight gain and feed conversion.
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CONCLUSION
In conclusion the present study showed that, 0.3%
yeast, 0.1% lactose and OAC or OAC with lactose
improved the growth performance, immune response
and reduced cost of production and relative economic
efficiency especially due to 0.1% lactose and OAC with
lactose.
REFERENCES
AOAC (1995). Association of Officials Analytical Chemists,
Official methods of analysis, 16thed. Association of
Analytical Communities International, Arlington,
Virginia, USA.
Abdel-Azeem, F., El-Hommosany, Y., and Ali, G. (2000).
Effect of citric acid in diets with different starch and
fiber levels on productive performance and some
physiological traits of growing rabbits. Egyptian
Journal of Rabbit Science, 10, 121-145.
Abdel-Fattah, S., El-Sanhoury, M., El-Mednay, N., and
Abdel-Azeem, F. (2008). Thyroid activity, some
blood constituents, organs morphology and
performance of broiler chicks fed supplemental
organic acids. Int J Poult Sci., 7, 215-222.
Abdo, M., and Zeinb, A. (2004). Efficacy of acetic acid in
improving the utilization of low protein-low energy
broiler diets. Egypt Poult Sci., 24, 123-141.
Al-Natour, M.Q., and Alshawabkeh, K.M. (2005). Using
varying levels of formic acid to limit growth of
Salmonella gallinarum in contaminated broiler feed.
Asian-australasian journal of animal sciences, 18,
390-395.
Al-Sultan, S. (2003). The effect of Curcuma longa (Tumeric)
on overall performance of broiler chickens. Int J
Poult Sci., 2, 351-353.
Ali, M., Mahrous, A., and Ahmed, F.G. (2008). Evaluation of
some natural additives as growth enhancers in
rabbits diets. Egypt J Rabbit Sci., 18, 67-82.
Ao, Z., Kocher, A., Tucker, L., and Choct, M. (2004). The use
of oligosaccharides to improve broiler performance.
Paper presented at: Proceed XXII World's Poultry
Congress, Istambul.
Ashayerizadeh, A., Dabiri, N., Mirzadeh, K., and Ghorbani,
M. (2011). Effect of dietary supplementation of
probiotic and prebiotic on growth indices and serum
biochemical parameters of broiler chickens. J Cell
Anim Biol., 5, 152-156.
Atapattu, N., and Nelligaswatta, C. (2005). Effects of citric
acid on the performance and the utilization of
phosphorous and crude protein in broiler chickens
fed on rice by-products based diets. International
Journal of Poultry Science, 4, 990-993.
Bailey, J.S. (1993). Control of Salmonella and Campylobacter
in poultry production. A summary of work at
Russell Research Center. Poultry science, 72, 11691173.
Barnhart, E., Caldwell, D., Crouch, M., Byrd, J., Corrier, D.,
and Hargis, B. (1999). Effect of lactose
administration in drinking water prior to and during
feed withdrawal on Salmonella recovery from
broiler crops and ceca. Poultry science, 78, 211214.

Yusuf, Ibrahim, Samy, Mahmoud and Cui
Biavati, B., Vescovo, M., Torriani, S., and Bottazzi, V.
(2000). Bifidobacteria: history, ecology, physiology
and applications. Annals of microbiology, 50, 117132.
Berchieri, A., and Barrow, P. (1996). Reduction in incidence
of experimental fowl typhoid by incorporation of a
commercial formic acid preparation (Bio-Add™)
into poultry feed. Poultry Science, 75, 339-341.
Biavati, B., Vescovo, M., Torriani, S., and Bottazzi, V.
(2000). Bifidobacteria: history, ecology, physiology
and applications. Annals of microbiology, 50, 117132.
Boling, S., Douglas, M., Snow, J., Parsons, C., and Baker, D.
(2000). Citric acid does not improve phosphorus
utilization in laying hens fed a corn-soybean meal
diet. Poultry science, 79, 1335-1337.
Buteikis, G., Matusevicius, P., Januskevicius, A., Jankowski,
J., Mikulski, D., Blok, J., and Kozlowski, K. (2008).
Use of synbiotic preparations in turkey diets and
their effect on growth performance. Veterinarija Ir
Zootechnika, 43, 14-19.
Cannon, D., Olitzky, I., and Inkpen, J. (1974). Proteins. In:
Henry RJ, Cannon DC, Winkelman JW, editors.
Clinical Chemistry Principles and Techniques, 2nd
edn (Hagerstown: Harper & Row).
Chaveerach, P., Keuzenkamp, D., Urlings, H., Lipman, L.,
and Van Knapen, F. (2002). In vitro study on the
effect of organic acids on Campylobacter jejuni/coli
populations in mixtures of water and feed. Poultry
science, 81, 621-628.
Chowdhury, R., Islam, K., Khan, M., Karim, M., Haque, M.,
Khatun, M., and Pesti, G. (2009). Effect of citric
acid, avilamycin, and their combination on the
performance, tibia ash, and immune status of
broilers. Poultry science, 88, 1616-1622.
Coakes, S.J., Steed, L.G., and Ong, C. (2009). SPSS : analysis
without anguish : version 16 for Windows (Version
16.0) (Milton, Qld: John Wiley & Sons Australia).
Cotter, P.F., Malzone, A., Paluch, B., Lilburn, M.S., and
Sefton, A.E. (2000). Modulation of humoral
immunity in commercial laying hens by a dietary
prebiotic. Poultry Science, 79.
Cruickshank, G. (2002). Gut microflora the key to healthy
broiler growing. Poultry World, 156, 14.
Davis, C.Y., and Sell, J.L. (1989). Immunoglobulin
concentrations in serum and tissues of vitamin Adeficient broiler chicks after Newcastle disease
virus vaccination. Poultry science, 68, 136-144.
Denbow, D. (2000). Gastrointestinal anatomy and physiology.
Sturkie's avian physiology, 5, 299-325.
Denli, M., Okan, F., and Celik, K. (2003). Effect of dietary
probiotic,
organic
acid
and
antibiotic
supplementation to diets on broiler performance and
carcass yield. Pakistan Journal of Nutrition, 2, 8991.
El-Afifi, S.F., EL-Medney, N., and Attia, M. (2001). Effect of
citric acid supplementation in broiler diets on
performance and intestinal microflora. Egypt
Poultry Sci J, 21, 491-505.
El-Dein, A.Z., Galal, A., Attia, M.Y., and El-Motaal, A.A.
(2000). Effect of dietary cadmium supplementation

264

on broiler performance and economic efficiency.
Egyptian Poultry Science Journal, 20, 295-310.
El-Hakim, A.A., Cherian, G., and Ali, M. (2009). Use of
organic acid, herbs and their combination to
improve the utilization of commercial low protein
broiler diets. Int J Poult Sci, 8, 14-20.
El-Kerdawy, D. (1996). Acidified feed for growing rabbits.
Egypt J Rabbit Sci, 6, 143-156.
Esen, F., Özdemir, G., and Özbey, O. (2006). The effect of
cage stocking density on growth, slaughtering and
carcass characteristics of rock partridges (A.
graeca). International Journal of Poultry Science,
5, 04-08.
Falaki, M., Shams Shargh, M., Dastar, B., and Zrehdaran, S.
(2010). Effects of different levels of probiotic and
prebiotic on performance and carcass characteristics
of broiler chickens. J Anim Vet Adv, 9, 2390-2395.
Fuller, R. (2012). Probiotics: the scientific basis (Springer
Science & Business Media).
Fushimi, T., Tayama, K., Fukaya, M., Kitakoshi, K., Nakai,
N., Tsukamoto, Y., and Sato, Y. (2001). Acetic acid
feeding enhances glycogen repletion in liver and
skeletal muscle of rats. The Journal of nutrition,
131, 1973-1977.
Gheisari, A., and Kholeghipour, B. (2006). Effect of dietary
inclusion of live yeast (Saccharomyces cerevisiae)
on growth performance, immune responses and
blood parameters of broiler chickens. Paper
presented at: XII European Poultry Conference,
Verona, Italia.
Ghosh, H., Halder, G., Samanta, G., Paul, S., and Pyne, S.
(2007). Effect of dietary supplementation of organic
acid and mannan oligosaccharide on the
performance and gut health of Japanese quail
(Coturnix coturnix japonica). Asian J Poult Sci.,1,
1-7.
Giambrone, J., Partadiredja, M., Eidson, C., Kleven, S., and
Wyatt, R. (1978). Interaction of aflatoxin with
infectious bursal disease virus infection in young
chickens. Avian diseases, 431-439.
Gibson, G.R., Probert, H.M., Van Loo, J., Rastall, R.A., and
Roberfroid, M.B. (2004). Dietary modulation of the
human colonic microbiota: updating the concept of
prebiotics. Nutr Res Rev., 17, 259-275.
Grassmann, E., and Klasna, T. (1986). Vergleichende Untersuchungen zur Wirkung on Fumar und
Citronensaurezulagen auf Korperzusammensetzung
und nzymaktivitaten unterschiedlich mit Protein
versorgter Ratten. Landwirtsch Forsch, 39, 307319.
Gross, W.B., and Siegel, H.S. (1983). Evaluation of the
heterophil/lymphocyte ratio as a measure of stress
in chickens. Avian Dis., 27, 972-979.
Guclu, B. (2003). The effect of mannanoligosaccharides on
fattening performance of quails. Indian veterinary
journal, 80, 1018-1021.
Haghighi, H.R., Gong, J., Gyles, C.L., Hayes, M.A., Sanei,
B., Parvizi, P., Gisavi, H., Chambers, J.R., and
Sharif, S. (2005). Modulation of antibody-mediated
immune response by probiotics in chickens.
Clinical and diagnostic laboratory immunology, 12,
1387-1392.

Yusuf, Ibrahim, Samy, Mahmoud and Cui
Hassan, S.M., M. E. Mady, A. L. Cartwright, H. M. Sabri, and
M. S. Mobarak (2003). Effect of early feed
restriction on reproductive performance in Japanese
quail (Coturnix coturnix japonica). Poult Sci., 82,
1163-1169.
Hedayati, M., Manafi, M., Yari, M., and Vafaei, P. (2013).
Effects of supplementing diets with an acidifier on
performance parameters and visceral organ weights
of broilers. European Journal of Zoological
Research, 2, 49-55.
Hernández, F., García, V., Madrid, J., Orengo, J., Catalá, P.,
and Megias, M. (2006). Effect of formic acid on
performance,
digestibility,
intestinal
histomorphology and plasma metabolite levels of
broiler chickens. British Poultry Science, 47, 50-56.
Hidaka, H., Tashiro, Y., and Eida, T. (1991). Proliferation of
bifidobacteria by oligosaccharides and their useful
effect on human health. Bifidobacteria and
Microflora, 10, 65-79.
Holovská, K., Boldizarova, K., Cekonova, S., Lenartova, V.,
Levkut, M., Javorsky, P., and Leng, L. (2003).
Antioxidant enzyme activities in liver tissue of
chickens fed diets supplemented with various forms
and amounts of selenium. Journal of Animal and
Feed Sciences, 12, 143-152.
Houshmand, M., Azhar, K., Zulkifli, I., Bejo, M., and Kamyab,
A. (2012). Effects of prebiotic, protein level, and
stocking density on performance, immunity, and
stress indicators of broilers. Poultry science, 91, 393401.
Iba, A.M., and Berchieri Jr, A. (1995). Studies on the use of a
formic acid-propionic acid mixture (Bio-add™) to
control experimental Salmonella infection in broiler
chickens. Avian Pathology, 24, 303-311.
Janardhana, V., Broadway, M.M., Bruce, M.P., Lowenthal,
J.W., Geier, M.S., Hughes, R.J., and Bean, A.G.
(2009). Prebiotics modulate immune responses in the
gut-associated lymphoid tissue of chickens. The
Journal of nutrition, 139, 1404-1409.
Kabir, S.L., Rahman, M., Rahman, M., Rahman, M., and
Ahmed, S. (2004). The dynamics of probiotics on
growth performance and immune response in
broilers. Int J Poult Sci., 3, 361-364.
Kannan, M., Karunakaran, R., Balakrishnan, V., and
Prabhakar, T. (2005). Influence of prebiotics
supplementation on lipid profile of broilers. Int J
Poult Sci., 4, 994-997.
Katanbaf, M., Dunnington, E., and Siegel, P. (1989). Restricted
feeding in early and late-feathering chickens. 2.
Reproductive responses. Poultry Science, 68, 352358.
Kirchgessner, M., and Roth, F.X. (1988). Ergotrope effekte
durch organische sauren in der fekelaufzucht und
schweinemast. Ubersichten zur tiererenährung, 16,
93-108.
Kirkpinar, F., Açikgöz, Z., Bozkurt, M., and Ayhan, V. (2004).
Effects of inclusion of poultry by-product meal and
enzyme-prebiotic supplementation in grower diets on
performance and feed digestibility of broilers. British
Poultry Science, 45, 273-279.
Kornegay, E., Rhein-Welker, D., Lindemann, M., and Wood,
C. (1995). Performance and nutrient digestibility in
weanling pigs as influenced by yeast culture
additions to starter diets containing dried whey or

265

one of two fiber sources. Journal of animal science,
73, 1381-1389.
Lokhande, D., Ranade, A., Desai, D., Patil, M., Avari, P.,
Patwardhan, D., Adsul, A., and Gaikwad, P. (2005).
Comparative evaluation of prebiotic, probiotic and
acidifier in broiler diets. The Journal of Bombay
Veterinary College, 13, 17-19.
Maassen, C.B., van Holten-Neelen, C., Balk, F., den BakGlashouwer, M.J.H., Leer, R.J., Laman, J.D.,
Boersma, W.J., and Claassen, E. (2000). Straindependent induction of cytokine profiles in the gut by
orally administered Lactobacillus strains. Vaccine,
18, 2613-2623.
Madkour, M.A., El-Wardany, I., Yassein, S.A., El-Allawy,
H.M.H., and Mekhaimar, A.A. (2008). Performance
of broiler chicks as influenced by adding some
biological and natural growth promoters. Egypt Poult
Sci., 28, 83-102.
Mahajan, P., Sahoo, J., and Panda, P.C. (1999). Effects of
probiotic feeding and seasons on the growth
performance and carcass quality of broilers. Ind J
Poult Sci., 34, 167-176.
Mahdi, H., Manafi, M., Mady, E., Khalaji, S., Yari, M.,
Esapour, A., Nazari, E., and Mohebi, F. (2015).
Combination Effect of Probiotic and Organic Acids
on Blood Biochemistry and Immunity Parameters of
Broilers. International Journal of Agriculture
Innovations and Research 3.
McDonald, P., Edwards, R.A., and Greenhalgh, J.F.D. (2002).
Animal Nutrition, 6th edn (London and New York:
Longman).
Miazzo, R., Peralta, M., Magnoli, C., Salvano, M., Ferrero, S.,
Chiacchiera, S., Carvalho, E., Rosa, C., and Dalcero,
A. (2005). Efficacy of sodium bentonite as a
detoxifier of broiler feed contaminated with aflatoxin
and fumonisin. Poultry Science, 84, 1-8.
Mohamed, S., and Bahnas, S. (2009). Effect of using malic
acid on performance of Japanese quail fed optimal
and sub-optimal energy and protein levels. Egypt
Poult Sci., 29, 263-286.
Morishita, Y., Fuller, R., and Coates, M. (1982). Influence of
dietary lactose on the gut flora of chicks. British
poultry science, 23, 349-359.
Mountzouris, K., Tsirtsikos, P., Kalamara, E., Nitsch, S.,
Schatzmayr, G., and Fegeros, K. (2007). Evaluation
of the efficacy of a probiotic containing
Lactobacillus, Bifidobacterium, Enterococcus, and
Pediococcus
strains
in
promoting
broiler
performance and modulating cecal microflora
composition and metabolic activities. Poultry
Science, 86, 309-317.
Nayebpor, M., Farhomand, P., and Hashemi, A. (2007). Effects
of different levels of direct fed microbial (Primalac)
on growth performance and humoral immune
response in broiler chickens. J Anim Vet Adv., 6,
1308-1313.
NRC. (1994). Nutrient requirements of poultry (National
Research Council. National Academy Press
Washington^ eUSA USA).
Onifade, A. (1997). Growth performance, carcass
characteristics,
organs
measurement
and
haematology of broiler chickens fed a high fibre diet
supplemented with antibiotics or dried yeast.
Food/Nahrung, 41, 370-374.

Yusuf, Ibrahim, Samy, Mahmoud and Cui
Onifade, A., Odunsi, A., Babatunde, G., Olorede, B., and
Muma, E. (1999). Comparison of the supplemental
effects of Saccharomyces cerevisiae and antibiotics
in low-protein and high-fibre diets fed to broiler
chickens. Archives of Animal Nutrition, 52, 29-39.
Öztürk-Ürek, R., Bozkaya, L.A., and Tarhan, L. (2001). The
effects of some antioxidant vitamin and trace
element-supplemented diets on activities of SOD,
CAT, GSH-Px and LPO levels in chicken tissues.
Cell biochemistry and function 19, 125-132.
Panda, A.K., Rao, S.V.R., Raju, M.V., and Sharma, S.R.
(2006). Dietary supplementation of Lactobacillus
sporogenes on performance and serum biochemicolipid profile of broiler chickens. The Journal of
Poultry Science 43, 235-240.
Paryad, A., and Mahmoudi, M. (2008). Effect of different
levels of supplemental yeast (Saccharomyces
cerevisiae) on performance, blood constituents and
carcass characteristics of broiler chicks. African
Journal of Agricultural Research, 3, 835-842.
Patterson, J., and Burkholder, K. (2003). Application of
prebiotics and probiotics in poultry production.
Poultry science 82, 627-631.
Pelicano, E.R.L., De Souza, P., De Souza, H., Leonel, F.,
Zeola, N., and Boiago, M. (2004). Productive traits
of broiler chickens fed diets containing different
growth promoters. Revista Brasileira de Ciência
Avícola, 6, 177-182.
Rahmani, H., and Speer, W. (2005). Natural additives
influence the performance and humoral immunity of
broilers. International Journal of Poultry Science,
4, 713-717.
Raju, M., and Devegowda, G. (2000). Influence of esterifiedglucomannan on performance and organ
morphology, serum biochemistry and haematology
in broilers exposed to individual and combined
mycotoxicosis (aflatoxin, ochratoxin and T-2 toxin).
British poultry science, 41, 640-650.
Roberfroid, M.B. (2001). Prebiotics: preferential substrates
for specific germs? The American journal of
clinical nutrition, 73, 406s-409s.
Roto, S.M., Rubinelli, P.M., and Ricke, S.C. (2015). An
introduction to the avian gut microbiota and the
effects of yeast-based prebiotic-type compounds as
potential feed additives. Frontiers in Veterinary
Science, 2, 28.
Sales, J., and Janssens, G. (2003). Methods to determine
metabolizable energy and digestibility of feed
ingredients in the domestic pigeon (Columba livia
domestica). Poultry Science, 82, 1457-1461.
Santin, E., Maiorka, A., Macari, M., Grecco, M., Sanchez, J.,
Okada, T., and Myasaka, A. (2001). Performance
and intestinal mucosa development of broiler
chickens fed diets containing Saccharomyces
cerevisiae cell wall. The Journal of Applied Poultry
Research, 10, 236-244.
Shashidhara, R., and Devegowda, G. (2003). Effect of dietary
mannan oligosaccharide on broiler breeder
production traits and immunity. Poultry science, 82,
1319-1325.
Siegel, H., Hammad, S., and Marks, H. (1995).
Atherosclerosis in Japanese quail males selected for

266

high or low plasma cholesterol. Poultry science, 74,
1712-1716.
Sklan, D., Melamed, D., and Friedman, A. (1994). The effect
of varying levels of dietary vitamin A on immune
response in the chick. Poultry Science, 73, 843-847.
Snow, J., Baker, D., and Parsons, C. (2004). Phytase, citric
acid, and 1α-hydroxycholecalciferol improve
phytate phosphorus utilization in chicks fed a cornsoybean meal diet. Poultry Science, 83, 1187-1192.
Stanley, V.G., Gray, C., Daley, M., Krueger, W.F., and
Sefton, A.E. (2004). An alternative to antibioticbased drugs in feed for enhancing performance of
broilers grown on Eimeria spp. - infected litter.
Poult Sci., 83.
Stockland, W. (1993). Effect of yeast culture on reproductive
performance of piglets over two cycles and
performance of their piglets Seventh annual
European lecture tour. Alltech's Inc, 87-94.
Stringfellow, K., McReynolds, J., Lee, J., Byrd, J., Nisbet, D.,
and Farnell, M. (2009). Effect of bismuth citrate,
lactose, and organic acid on necrotic enteritis in
broilers. Poultry science, 88, 2280-2284.
Sturkie, P. (1986). Heart: contraction, conduction, and
electrocardiography.
In
Avian
Physiology
(Springer), pp. 167-190.
Taherpour, K., Moravej, H., Shivazad, M., Adibmoradi, M.,
and Yakhchali, B. (2009). Effects of dietary
probiotic, prebiotic and butyric acid glycerides on
performance and serum composition in broiler
chickens. African Journal of Biotechnology, 8.
Tarasewicz, Z., Danczak, A., Szczerbinska, D., Majewska, D.,
and Romaniszyn, K. (1998). Uzytkowosc brojlerów
przepiórczych Zywionych dietami z udzialem
BIOMOS-u i oligosacharydów wyizolowanych z
nasion lubinu. Zeszyty Naukowe Przeglad
Hodowlany.
Terada, A., Hara, H., Sakamoto, J., Sato, N., Takagi, S.,
Mitsuoka, T., Mino, R., Hara, K., Fujimori, I., and
Yamada, T. (1994). Effects of dietary
supplementation with lactosucrose (4G-β-DGalactosylsucrose) on cecal flora, cecal metabolites,
and performance in broiler chickens. Poultry
science 73, 1663-1672.
Thitaram, S., Chung, C.H., Day, D., Hinton, A., Bailey, J.,
and Siragusa, G. (2005). Isomaltooligosaccharide
increases cecal Bifidobacterium population in
young broiler chickens. Poultry science, 84, 9981003.
Thompson, J.L., and Hinton, M. (1997). Antibacterial activity
of formic and propionic acids in the diet of hens on
Salmonellas in the crop. British Poultry Science 38,
59-65.
Tollba, A. (2010). Reduction of broilers intestinal pathogenic
micro-flora under normal or stressed condition.
Egyptian Journal of Poultry Science, 30, 249-270.
Tomasik, P.J., and Tomasik, P. (2003). Probiotics and
prebiotics. Cereal Chemistry, 80, 113-117.
Torres-Rodriguez, A., Higgins, S., Vicente, J., Wolfenden, A.,
Gaona-Ramirez, G., Barton, J., Tellez, G.,
Donoghue, A., and Hargis, B. (2007). Effect of
lactose as a prebiotic on turkey body weight under
commercial conditions. The Journal of Applied
Poultry Research, 16, 635-641.

Yusuf, Ibrahim, Samy, Mahmoud and Cui
Van Der Wielen, P.W., Knapen, F.V., and Biesterveld, S.
(2002). Effect of administration of Lactobacillus
crispatus, Clostridium lactatifermentans and dietary
lactose on the development of the normal
microflora and volatile fatty acids in the caeca of
broiler chicks. British poultry science, 43, 545-550.
Van Loo, J. (2004). The specificity of the interaction with
intestinal bacterial fermentation by prebiotics
determines their physiological efficacy. Nutrition
research reviews, 17, 89-98.
Waldroup, P., Fritts, C., and Yan, F. (2003). Utilization of
Bio-Mos® mannan oligosaccharide and Bioplex®
copper in broiler diets. Int J Poult Sci., 2, 44-52.
Wang, S., Cawthon, D., and Bottje, W. (1998). Age-related
changes of plasma glutathione and cysteine in
broilers: effect of dithiothreitol reduction vitro on
free and bound pools. Poultry science, 77, 12341240.
Weber, G., Michalczuk, M., Huyghebaert, G., Juin, H.,
Kwakernaak, C., and Gracia, M. (2012). Effects of a
blend of essential oil compounds and benzoic acid
on performance of broiler chickens as revealed by a
meta-analysis of 4 growth trials in various locations.
Poultry science, 91, 2820-2828.

267

Xu, Z., Hu, C., Xia, M., Zhan, X., and Wang, M. (2003).
Effects of dietary fructooligosaccharide on digestive
enzyme activities, intestinal microflora and
morphology of male broilers. Poultry science, 82,
1030-1036.
Yamaguchy, S. (1991). The role of SOD an antioxidant.
Journal of the National Cancer Institute, 28, 221232.
Young, K., and Foegeding, P. (1993). Acetic, lactic and citric
acids and pH inhibition of Listeria monocytogenes
Scott A and the effect on intracellular pH. The
Journal of applied bacteriology, 74, 515-520.
Zhang, A.W., Lee, B.D., Lee, S.K., Lee, K.W., Ann, G.H.,
Song, K.B., and Lee, C.H. (2005). Effects of yeast
(Saccharomyces cerivisiae) cell components on
growth performance, meat quality, and ileal mucosa
development of broiler chicks. Poult Sci., 84: 10151021.
Zulkifli, I., Abdullah, N., Azrin, N.M., and Ho, Y. (2000).
Growth performance and immune response of two
commercial broiler strains fed diets containing
Lactobacillus cultures and oxytetracycline under
heat stress conditions. British poultry science, 41,
593-597.

