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Abstract
To investigate the effects of newly introduced probiotic, prebiotic, and
synbiotic, 1080 d-old broiler chickens were used in a completely randomized
design with six treatments and six replicates of 30 birds each. Dietary
treatments were: basal diet (control), basal diet plus 500 g of probiotic/ton
(Probiotic-500), basal diet plus 500 g and 300 g of probiotic/ton during days
0-24 and 25-42 of age, respectively (Probiotic-500-300), basal diet plus 300 g
of probiotic/ton (Probiotic-300), basal diet plus 1 kg of prebiotic/ton
(Prebiotic), basal diet plus 1 kg of synbiotic/ton (Synbiotic). Average daily
weight gain and feed conversion ratio were only affected by dietary treatments
during the starter period; the lowest average daily weight gain and the highest
feed conversion ratio were recorded for the control treatments compared to the
others. The antibodies titers (total, IgG, and IgA) against sheep red blood
cells, and Newcastle and Influenza viruses were significantly (P < 0.05)
increased by feeding diets containing all experimental additives compared
with the control diet. The pH of the ileum decreased (P < 0.05) by using
probiotic, prebiotic, and synbiotic in the diets. The highest number of
lactobacillus and E. coli populations was observed in birds fed synbiotic and
control diet, respectively. The height of villus in the jejunum and its ratio to
crypt depth was higher in birds fed a symbiotic diet compared to birds fed
probiotic or control diets (P < 0.05). Furthermore, the cecum concentration of
short-chain fatty acids was greater in chickens fed diets containing probiotic,
prebiotic, or synbiotic than the control chickens (P < 0.05). In conclusion,
although dietary supplementation with probiotic, prebiotic, and synbiotic had
no positive effect on growth performance parameters of broiler chickens, the
use of these products could exert promising effects on poultry health.

Introduction
Nowadays, the main objective of poultry production
is to achieve better performance and quality of
products. Using fast-growing strains is one of the
most important strategies to have a high level of
economic efficiency in poultry production. Improving
feed efficiency along with reducing the feed costs are
the final goals of poultry nutritionists. Among the
others, using dietary growth promoters in newly
hatched chickens is one of the feeding strategies to
enhance their beneficial intestinal microflora and
immune system (Fuller, 1989). Antibiotics are growth
promoters that can control poultry disease if they are
used at safe doses (Ghahri et al., 2013), but their
extensive use can be dangerous to human health

due to the emergence of antibiotic-resistant bacteria
(Smith et al., 2003). Currently, researchers have been
focused on the production of antibiotic-free products
without compromising the efficiency of production in
poultry, to address some public health concerns
(Luckstadt et al., 2004; Baurhoo et al., 2007). Due to
the continuous research on safe growth-promoting
products in the poultry industry, there is a greater
tendency to use probiotics and prebiotics. Probiotics
are live cultures including beneficial microflora,
metabolites of microorganisms or living cells, and
composition of gut microflora in both animals and
humans (Fuller, 2012), which can be added to the diet
to improve intestinal microbial balance and
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production performance of poultry (Mazhari et al.,
2016). Prebiotics are indigestible feed ingredients,
which can be utilized by anaerobic and aerobic
bacteria (Gibson et al., 2004) and consequently
stimulate the proliferation of beneficial bacteria in the
gastrointestinal tract (Gibson and Roberfroid, 1995).
The combination of probiotic and prebiotic which is
named synbiotic having synergistic effects and
stimulates the growth of useful bacteria in the gut
(Ghahri et al., 2013) and improves the immune
system of broiler chicks (Pandey et al., 2015).
In some studies, dietary supplementation with
probiotic, prebiotic, and synbiotic supplementation
had positive effects on broiler’s performance and feed
efficiency (Kim et al., 2011; Yang et al., 2012; Salim
et al., 2013; Bozkurt et al., 2014; Ravangard et al.,
2017), while in some others they did not affect the
performance of broiler chicks (Sarangi et al., 2016).
Although several reports exist on the administration
of probiotics, prebiotics, and synbiotics in farm
animals, it seems that newly introduced products
should also be evaluated due to 1) variation in poultry
responses to these products in different rearing
conditions and 2) evaluation of quality control of
these products. Therefore, the current study was
conducted to evaluate the effects of recently

introduced probiotic, prebiotic, and synbiotic to the
poultry production market.
Materials and Methods
Birds and dietary treatments
Comprehensive protocols for poultry welfare and
experimental procedures adhered to FASS (FASS,
2010) guidelines. In this experiment, 1080 day-old Ross
308 broiler chickens were reared for 42 days. The newly
hatched chicks were individually weighed and randomly
divided into six experimental treatments with six
replicate pens of 30 birds each. The average weight of
chickens was 45.89 g. The chickens had free access to
feed and water during the study. The experimental diets
were basal diet (control), basal diet plus 500 g of
probiotic/ton (Probiotic-500), basal diet plus 500 g and
300 g of probiotic/ton during days 0-24 and 25-42 of
age, respectively (Probiotic-500-300), basal diet plus
300 g of probiotic/ton (Probiotic-300), basal diet plus 1
kg of prebiotic/ton (Prebiotic), basal diet plus 1 kg of
synbiotic/ton (Synbiotic). The diets were provided for
starter (1-10 days), growing (11-24 days), and finishing
(25-42 days) periods. All diets (Table 1) were
formulated to meet or marginally exceed nutrient
requirements provided by the Ross manual (Aviagen,
2014).

Table 1. Ingredients and nutrient composition of the basal diet.
Starter
(0-10 days)

Grower
(11-24 days)

Finisher
(25-42 days)

Ingredients (g/kg)
Maize
494.2
575.5
610.2
Soybean meal (CP=42%)
379.3
342.7
307.7
Soybean Oil
29.5
37.7
42.9
Maize gluten meal (CP=60%)
50
Dicalcium phosphate
20.6
18.3
15.5
Limestone
11.4
10.0
8.8
Sodium bicarbonate
1.7
1.7
2.0
Salt
2.3
2.5
2.3
Vitamins premix1
3.0
3.0
3.0
Minerals premix2
3.0
3.0
3.0
DL-Methionine
2.5
3.2
2.8
L-Lysine HCl
2.2
1.9
1.5
L-Threonine
0.3
0.5
0.3
Nutrient Composition (g/kg)
Metabolizable energy (kcal/kg)
3000
3100
3200
Crude protein
230
215
195
Digestible Lysine
12.8
11.5
10.2
Digestible Methionine
5.1
4.7
4.3
Digestible Methionine + cysteine
9.5
8.7
8.0
Digestible Threonine
8.6
7.7
6.8
Calcium
9.6
8.7
7.8
Phosphorus, available
4.8
4.4
3.9
1
The vitamin premix supplied the following per kilogram of diet: 12000 IU vitamin A, 5000 IU vitamin D3, 80 IU vitamin
E, 3.2 mg vitamin K, 3.2 mg vitamin B1, 8.6 mg vitamin B2, 65 mg Niacin, 20 mg Pantothenic acid, 1700 mg Choline,
0.22 mg Biotin, 2.2 mg Folic acid, 4.3 mg Pyridoxine and 0.017 mg vitamin B12.
2
The mineral premix supplied the following per kilogram of diet: 20 mg Fe, 110 mg Zn, 120 mg Mn, 1.25 mg I, 16 mg
Cu, 0.30 mg Se.
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Probiotic, prebiotic, and synbiotic product
The probiotic and prebiotic used in this experiment
provided by a commercial company. The probiotic
consisted of four bacterial species including
Enterococcus faecium, Pediococcus acidilactici,
Bacillus subtilis, and Bacillus licheniformis. The
number of each strain per kg of this product was at
least 1010 and the total number of probiotic strains per
kg was at least 1011. The prebiotic product was made
from hydrolyzed yeast and yeast cell wall, which was
mainly consisted of mannan oligosaccharides (70%).
The synbiotic product was a 50:50 (weight: weight)
combination of the probiotic and prebiotic.
Growth performance
The live weight of broilers and feed were recorded on
days 0, 10, 24, and 42, and average daily weight gain
(ADWG), as well as average daily feed intake
(ADFI), were calculated accordingly. Feed
conversion ratio (FCR) was calculated as the ratio of
ADFI to ADWG during each feeding period of the
experiment.
Characteristics of carcass and relative organs weight
At the end of the experiment, two birds per pen were
humanely euthanized. The inner organs such as the
heart, liver, gizzard, abdominal fat, and lymphoid
organs (bursa of Fabricius, thymus, and spleen) were
separated
and
weighed
individually.
The
gastrointestinal parts were then removed to determine
the eviscerated carcass weight. The relative organ
weight was calculated as a percentage of live body
weight.
Antibody production assessment of anti-SRBC
To evaluate the antibody production potential, 12
birds from each treatment were injected with 0.5 mL
of 5% suspension of SRBC (sheep red blood cell) on
days 28 and 35 of age, and blood samples were
collected at 7 and 14 days after the first injection. The
serum of each sample was inactivated at 56°C for 30
minutes and then total, mercaptoethanol-sensitive
(IgA), and mercaptoethanol-resistant (IgG) anti
SRBC antibodies were measured as previously
described by Yamamoto and Glick (1982) and
Cheema et al. (2003).
Antibody response against NDV and Influenza viruses
The birds were vaccinated with live virus vaccines
against NDV (Newcastle disease virus; 13 and 21
days of age) and inactivated vaccine against avian
influenza (AI) (13 days of age) to evaluate the
antibody response against ND and AI. Serum samples
of 12 birds from each treatment were collected on
days 20 and 28 of age and stored at -20°C for
antibody analysis. A hemagglutination inhibition was
performed based on methods described by Akhlaghi
et al. (2013) and Ma et al. (2010).
Poultry Science Journal 2020, 8(2): 175-188
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Collection of Samples and Enumeration of Bacteria
For enumeration of Lactobacillus and Escherichia
coli in the intestinal contents, at 42 days of age, 12
birds from each treatment were randomly selected,
killed and 1 g of their ileal contents (from the
Meckel’s diverticulum to the ileocecal junction) were
collected and separately mixed with 5 mL of glycerol
and rapidly frozen in liquid nitrogen (Ghazanfari et
al., 2015). One mL of solution was then homogenized
in 9 mL phosphate-buffered saline (PBS), and serially
(1:10) diluted. The population of Lactobacillus
bacteria was counted on the lactobacilli MRS agar
(DeMan, Rogosa, and Sharpe) that were incubated in
an anaerobic incubator at 37°C for 48 hours (h)
(Baurhoo et al., 2007). E. coli was cultured on the
Eosin-methylene blue agar medium. Plates were
incubated at 37°C for 24 h (Dziuk and Duck, 1972).
Lactobacilli bacteria as white colonies and E. coli
bacteria as green sheen colonies were seen and
identified on the culture surface. Formed colonies
were expressed as log10 colony-forming units (CFU)
per gram of ileal digesta (Hashemi et al., 2012).
pH measurement of ileum content
On day 42, fresh ileal digesta (from Meckel’s
diverticulum to the ileocecal junction) was collected
from two birds per pen. One g of digesta from each
bird was mixed with 9 mL of deionized water and its
pH was determined using a digital pH meter (2211
pH/ ORP meters HI) as described by Al-Natour and
Alshawabkeh (2005).
Morphology of small intestine
At the end of the experiment, a 1-cm segment from the
midpoint of jejunum was separated and fixed in 10%
formalin (Mahdavi et al., 2010). Crypt depth, villi
height, and width, villi height: Crypt depth (VH: CD)
and epithelial and muscular layers thickness were
measured after preparation and stained with
hematoxylin-eosin (HE). A total of 180 measurements
per treatment were measured with an optical
microscope (Olympus CX31, Tokyo, Japan).
The formula for calculating the villus surface area
was 2π × (villus width/2) × villus height. The average
values for each cross-section were used for data
analysis (Sakamoto et al., 2000). The apparent
absorptive surface area was calculated based on the
formula as described by Iji et al. (2001).
Analysis of Cecal Short Chain Fatty Acids (SCFAs)
Frozen cecal digesta (12 birds from each treatment)
were thawed at 4°C and suspended in 4 mL of
distilled water in a sterile tube. Samples were
centrifuged at 4,000 × g for 15 min at 4°C. Then one
mL of supernatant mixed with 0.2 mL
metaphosphoric acid solution and were placed in an
ice bath for 30 min. after that samples again were
centrifuged (10 min at 11,000 × g) at 4°C and the
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supernatant was analyzed by gas chromatography
(GC) for concentrations of acetate, propionate, and
butyrate (Roberfroid, 1998; Zhang et al., 2003).
Statistical analysis
Data were evaluated using the GLM procedures of
SAS statistical software (SAS Institute, 1999) as a
complete randomized design (CRD). Duncan’s
multiple range tests were used to determine the
difference between the treatments and the control
group. The significance level was considered at P <
0.05.
Results and Discussion
Performance
ADFI was not affected by experimental treatments
during starter, grower, and finisher phases (Tables 2
and 3). ADWG and FCR were significantly (P <
0.05) improved in birds fed diets supplemented with
prebiotic, probiotic, and synbiotic compared with the
control birds during the starter period (days 0-10).
While dietary treatments had no significant effect on
ADWG and FCR in growing, finishing, and overall
periods. It has been reported that growth promoter
additives are more effective in birds under stress
conditions such as heat stress, crowding, poor
management, and diseases (Hooge, 2004). In the
current study, the birds were reared under good
sanitary conditions (good bio-security, good
ventilation, clean litter, and low stocking density)
which may justify why the growth promoters used
had little effects on ADFI, ADWG, and consequently
on FCR of birds during the growing, finishing, and
overall periods. Moreover, due to good sanitation
conditions throughout the experiment birds were

faced with a minimum bacterial challenge. Hence the
eating behavior of broilers is more controlled by
physical satiety mechanisms (Bokkers and Koene,
2003); therefore, due to the limited capacity of the
gastrointestinal tract of broilers, ADFI was similar in
all groups. The lack of increase in ADFI while adding
specific additives to the diets, may lead to the same
ADWG and FCR in all groups.
In agreement with our result, Ravangard et al.
(2017), Fernandes et al. (2014), and Khodambashi
Emami et al. (2012) also found that feeding broiler
chickens with diets supplemented with prebiotics,
probiotics, and essential oils of peppermint had no
beneficial effect on their production performance. In
contrast, several reports are showing that dietary
supplementation with probiotic, prebiotic, and
synbiotic improved the production performance of
broiler chickens (Falaki et al., 2011; Yakhkeshi et al.,
2012; Landy and Kavyani, 2013; Ghahri et al., 2013).
These contradictory results could be attributed to the
number of live organisms in the products, the strain
of microorganisms, survivability of microorganisms,
prebiotic ingredients, and dietary nutrient levels
(Ghasemi and Taherpour, 2013).
The significant improvement of ADWG in treated
broiler chicks during the starter period was reflected
as a lower FCR in them compared with the control
chickens. This can be explained by the unstable
microbial population of the gut in the early ages of
birds and selective stimulation of growth of beneficial
bacteria due to dietary supplementation with
prebiotics, probiotics, or a combination of them,
which may lead to improvement of bird performance
(Murshed and Abudabos, 2015).

Table 2. Effect of dietary supplementation with growth promoters on average daily feed intake (ADFI, g),
average daily weight gain (ADWG, g), and feed conversion ratio (FCR) in broiler chickens
Treatments1

Starter (0-10 days)

Grower (11-24 days)

ADFI
ADWG
FCR
ADFI
ADWG
FCR
control
31.534
22.575b
1.437a
84.298
55.62
1.516
Probiotic-500†
31.856
24.409a
1.305b
86.330
55.96
1.543
†
a
Probiotic-500-300
31.856
24.409
1.305b
86.330
55.96
1.543
Probiotic-300
32.500
24.689a
1.316b
86.705
54.73
1.586
Prebiotic
32.436
23.974a
1.315b
86.486
56.18
1.540
Synbiotic
31.844
24.376a
1.306b
86.157
54.46
1.585
SEM
0.427
0.347
0.0058
0.0124
0.0131
0.0249
P-value
0.428
0.001
0.0001
0.404
0.523
0.295
1
Basal diet (control), basal diet plus 500 g of probiotic/ton (Probiotic-500), basal diet plus 500 g and 300 g of probiotic/ton
during days 0-24 and 25-42 of age, respectively (Probiotic-500-300), basal diet plus 300 g of probiotic/ton (Probiotic300), basal diet plus 1 kg of prebiotic/ton (Prebiotic), basal diet plus 1 kg of synbiotic/ton (Synbiotic).
†
Due to the identical level of probiotic in the starter period, they were considered to be one treatment with 12 replicates in
the starting and growing periods (unbalanced random design).
a,b
Means with no common superscripts within each column for any effect is significantly different (P < 0.05).
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Table 3. Effect of dietary supplementation with growth promoters on average daily feed intake (ADFI, g),
average daily weight gain (ADWG, g), and feed conversion ratio (FCR) in broiler chickens
Finisher (25-42)
Total period (0-42 days)
ADFI
ADWG
FCR
ADFI
ADWG
FCR
Control
156.184
90.69
1.727
102.634
62.82
1.635
Probiotic-500†
162.798
94.25
1.729
105.726
64.46
1.640
Probiotic-500-300†
157.192
93.66
1.691
104.069
65.03
1.604
Probiotic-300
158.582
90.17
1.762
104.603
62.76
1.668
Prebiotic
163.525
98.33
1.664
106.419
66.56
1.599
Synbiotic
155.010
90.77
1.710
102.734
62.73
1.637
SEM
0.045
0.051
0.035
0.054
0.049
0.019
P-value
0.118
0.322
0.494
0.248
0.148
0.147
1
Basal diet (control), basal diet plus 500 g of probiotic/ton (Probiotic-500), basal diet plus 500 g and 300 g of
probiotic/ton during days 0-24 and 25-42 of age, respectively (Probiotic-500-300), basal diet plus 300 g of probiotic/ton
(Probiotic-300), basal diet plus 1 kg of prebiotic/ton (Prebiotic), basal diet plus 1 kg of synbiotic/ton (Synbiotic).
†
Due to the identical level of probiotic in the starter period, they were considered to be one treatment with 12 replicates
in the starting and growing periods (unbalanced random design).
a,b
Means with no common superscripts within each column for any effect is significantly different (P< 0.05).
Treatments1

Carcass and organs relative weight
The relative weights of carcass and internal organs
such as heart, liver, abdominal fat, and gizzard were
not affected by the experimental treatments (data not
shown). Similar results were reported by Awad et al.
(2009), Fallah and Rezaei (2013), and Ghahri et al.
(2013). In contrast, significant enhancement in the
relative weights of carcass and internal organs were
reported by Khan et al. (1992) and Ozturk and
Yildirim (2005) in broilers fed diets containing
probiotic and prebiotic.
There was no significant difference among the
experimental treatments for spleen weight (Table 4),
which was in line with the findings of Teo and Tan
(2007) who reported that dietary supplementation with
growth promoters did not increase the relative weight
of the spleen. In contrast, some studies showed an
improvement in the spleen relative weight in broiler
chicks fed diets containing probiotic compared with
the control group (Willis et al., 2007; Alkhalf et al.,
2010). The lack of significant effect of dietary
treatments on spleen relative weight may be attributed
to delay in the response of the spleen as a secondary
lymphoid organ since its proper functions develop as
age progresses in birds (Alkhalf et al., 2010).
The thymus and bursa of Fabricius' relative

weights were significantly (P < 0.05) affected by
dietary treatments (Table 4). The greatest relative
weight of thymus was observed in birds fed diets
supplemented with synbiotic and probiotic (treatment
D) which was only differed from that of in control
birds (P < 0.05). Also, Alkhalf et al. (2010) observed
an increased thymus relative weight in chickens fed
diets containing probiotic. The heavier thymus in the
treated broiler with growth promoters was probably
due to the effect of probiotic bacteria on the functional
activity of the immune response, which would lead to
increased T lymphocytes (Alkhalf et al., 2010).
Furthermore, the relative weight of bursa of
Fabricius was greater in synbiotic and probiotic
supplemented birds than control (P < 0.05). Shoeib et
al. (1997) and Teo and Tan (2007) found that feeding
broiler chickens with probiotic supplemented diet
increased bursa of Fabricius weight, which were
inconsistent with our findings. The increase in the
relative weight of bursa can be related to the
enhancement of lymphocyte B production level
(Gibson and Roberfroid, 1995). Also, Shoeib et al.
(1997) reported that the bursa of Fabricius in broilers
chicks fed the probiotic products were characterized
by an increased number of follicles with high plasma
cell reaction in the medulla.

Table 4. Effect of dietary supplementation with growth promoters on carcass and organs relative weight (% of
live body weight) in broiler chickens at 42 days of age
Treatments1
Carcass
Spleen
Thymus
Bursa of Fabricius
Control
65.29
0.113
0.237b
0.054b
Probiotic-500
64.56
0.125
0.283ab
0.076a
ab
Probiotic-500-300
64.44
0.099
0.269
0.072a
a
Probiotic-300
63.97
0.135
0.333
0.066ab
Prebiotic
64.96
0.098
0.272ab
0.062ab
a
Synbiotic
64.77
0.113
0.334
0.074a
0.79
0.011
0.025
0.005
SEM
0.333
0.194
0.047
0.038
P-value
1
Basal diet (control), basal diet plus 500 g of probiotic/ton (Probiotic-500), basal diet plus 500 g and 300 g of probiotic/ton
during days 0-24 and 25-42 of age, respectively (Probiotic-500-300), basal diet plus 300 g of probiotic/ton (Probiotic300), basal diet plus 1 kg of prebiotic/ton (Prebiotic), basal diet plus 1 kg of synbiotic/ton (Synbiotic).
a,b
Means with no common superscripts within each column for any effect is significantly different (P < 0.05).
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Immunological Measurements
Antibody titers against SRBC
The highest levels of total antibody titer in the
primary (35 d) and secondary (42 d) periods were
observed in birds fed diets containing synbiotic
(Tables 5 and 6). Also, total antibody concentration
was higher in the second period than in the primary
period in all treatments. The serum IgG concentration
was affected by treatments in the second period, and
the highest antibody titer was related to synbiotic
treatment, which significantly differed from the other
treatments (P < 0.05). The IgG concentration of
broiler chicks fed a synbiotic diet was higher in the
second period compared with the primary period. The
primary response of IgA production against SRBC
was significantly affected by the experimental
treatments (P < 0.05) with the highest antibody titer
for birds in probiotic (Probiotic-500-300) and
symbiotic treatments. In contrast, the secondary
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antibody response was not affected by treatments.
Similarly, Kaufhold et al. (2000); Cetin et al. (2005);
and Lillehoj et al. (2010) reported that antibody titer
(total, IgG, and IgA antibody) against SRBC were
affected by prebiotic and probiotic, while other
researchers found no effect of using probiotic
(Yakhkeshi et al., 2012; Salehimanesh et al., 2016),
prebiotic and synbiotic (Midilli et al., 2008) on serum
antibody concentration in broiler chickens. The
higher humoral immune response obtained in the
second period as compared with the first period can
be due to the development of the immune system in
the older broiler. It may lead to the production of
more antibodies, which can help to protect the
intestinal villus from damage (Ghahri et al., 2010;
Toloei et al., 2010). Also using growth promoters
may provide a better condition for digestion and
absorption of feed, consequently may provide more
amino acids for the synthesis of immunoglobulin
(Roberfroid, 1998; Guo et al., 2003).

Table 5. Effect of growth promoters supplementation on total antibody titers against SRBC (log2) at primary (35
d) and secondary (42 d) response in broiler chickens
Total antibody
primary response (35 d)
secondary response (42d)
Control
1.374c
1.437b
bc
Probiotic-500
1.524
1.714ab
ab
Probiotic-500-300
1.841
1.736ab
Probiotic-300
1.581abc
1.741ab
c
Prebiotic
1.417
1.665b
a
Synbiotic
1.899
2.004a
SEM
0.123
0.113
P-value
0.019
0.044
1
Basal diet (control), basal diet plus 500 g of probiotic/ton (Probiotic-500), basal diet plus 500 g and 300 g of probiotic/ton
during days 0-24 and 25-42 of age, respectively (Probiotic-500-300), basal diet plus 300 g of probiotic/ton (Probiotic-300),
basal diet plus 1 kg of prebiotic/ton (Prebiotic), basal diet plus 1 kg of synbiotic/ton (Synbiotic).
a,b,c
Means with no common superscripts within each column for any effect is significantly different (P < 0.05).
Treatments1

Table 6. Effect of growth promoters supplementation on IgG and IgA antibody titers against SRBC (log2) at
primary (35 d) and secondary (42 d) response in broiler chickens
IgG2
IgA3
Treatments1

primary response secondary response
primary response
secondary response
(35 d)
(42 d)
(35 d)
(42 d)
Control
0.431
0.646b
0.333c
0.167
Probiotic-500
0.514
0.531b
0.563bc
0.583
b
Probiotic-500-300
0.667
0.799
0.980a
0.417
Probiotic-300
0.730
0.813b
0.612bc
0.382
Prebiotic
0.431
0.681b
0.396bc
0.583
Synbiotic
0.896
1.244a
0.750ab
0.583
SEM
0.20
0.14
0.12
0.14
P-value
0.544
0.011
0.012
0.257
1
Basal diet (control), basal diet plus 500 g of probiotic/ton (Probiotic-500), basal diet plus 500 g and 300 g of probiotic/ton
during days 0-24 and 25-42 of age, respectively (Probiotic-500-300), basal diet plus 300 g of probiotic/ton (Probiotic300), basal diet plus 1 kg of prebiotic/ton (Prebiotic), basal diet plus 1 kg of synbiotic/ton (Synbiotic).
2
Immunoglobulin G (mercaptoethanol-resistant anti-SRBC antibodies)
3
Immunoglobulin A (mercaptoethanol-sensitive anti-SRBC antibodies)
a,b,c
Means with no common superscripts within each column for any effect is significantly different (P < 0.05).

Newcastle and Avian influenza antibody titer
Antibody production titers against NDV and AI in

broiler chicks are indicated in Tables 7 and 8.
Treatments had significant positive effects on
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antibody titers against NDV at 7 and 14 days after
vaccination (P < 0.05). The lowest antibody levels in
both periods were related to the birds of control. The
antibody titer against NDV in the second period was
higher than the first period in all birds.
Antibody titer against AI was not affected by the
experimental treatments in the first period (20 d). In
the second period (28 d), the antibody titer was
affected by the experimental treatments (P < 0.05),
and the highest antibody titer was related to the
probiotic-treated birds (Probiotic-500-300, Probiotic300), while the lowest titer was recorded for the
control. Our findings are in agreement with those
reported by Sadeghi et al. (2013) where dietary
inclusion of prebiotic enhanced antibody production.
Some reports are showing probiotic supplemented
diets increased systemic immune response against
NDV in broiler chicks (Haghighi et al., 2006; Talebi
et al., 2008). Also, Awad et al. (2009) and Naseri
Alavi et al. (2012) reported that synbiotic
supplementation had a positive effect on the immune
response to ND. Talebi et al. (2015) shown that
probiotics and synbiotic supplementation increased
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immune responses against the AI virus.
Overall, there was a systemic response to NDV
and AI vaccination so that the antibody production
was increased after the injection of viruses. The
significant increase in antibody titer against the ND
virus may be due to the immunostimulatory and
immunomodulatory effects of probiotics as reported
by Hatab et al. (2016). Some probiotics may
stimulate the immune response and consequently
enhance resistance against microbial pathogens
(Noverr and Huffnagle, 2004). The same findings
confirmed that adding prebiotic to the diets might
improve the immune system by stimulation of
phagocytes or macrophages and increased cytokines
and antibody production (Kabir et al., 2004). Optimal
nutrition can improve the immune system to produce
more antibodies (Talebi et al., 2015). However, it has
been reported that one of the most important reasons
for the positive response of the immune system to
antibody production can be attributed to the degree of
stress in animals and/or unbalanced microbial
populations in the digestive tract (Midilli et al.,
2008).

Table 7. Effects of growth promoters supplementation on antibody titers against NDV (log2) at primary (20 d)
and secondary (28 d) response in broiler chickens
NDV3
primary response (20 d)
Secondary response (28 d)
Control
1.985b
3.057b
Probiotic-500†
2.334a
3.326a
†
a
Probiotic-500-300
2.334
3.322a
†
a
Probiotic-300
2.405
3.283a
Prebiotic
2.315a
3.327a
a
Synbiotic
2.265
3.342a
0.092
0.028
SEM
0.042
0.0001
P-value
1
Basal diet (control), basal diet plus 500 g of probiotic/ton (Probiotic-500), basal diet plus 500 g and 300 g of probiotic/ton
during days 0-24 and 25-42 of age, respectively (Probiotic-500-300), basal diet plus 300 g of probiotic/ton (Probiotic-300),
basal diet plus 1 kg of prebiotic/ton (Prebiotic), basal diet plus 1 kg of synbiotic/ton (Synbiotic).
†
Due to the identical level of probiotic in the starter period, they were considered to be one treatment with 12 replicates in
the starting and growing periods (unbalanced random design).
3
Newcastle disease virus
a,b,c
Means with no common superscripts within each column for any effect is significantly different (P < 0.05).
Treatments1

Table 8. Effects of growth promoters supplementation on antibody titers against Avian influenza (log2) at
primary (20 d) and secondary (28 d) response in broiler chickens
Avian influenza
primary response (20 d)
Secondary response (28 d)
Control
2.733
2.619c
Probiotic-500†
2.741
2.889a
†
Probiotic-500-300
2.741
2.883a
Probiotic-300
2.752
2.729b
Prebiotic
2.678
2.715bc
Symbiotic
2.696
2.733b
SEM
0.024
0.033
P-value
0.225
0.0001
1
Basal diet (control), basal diet plus 500 g of probiotic/ton (Probiotic-500), basal diet plus 500 g and 300 g of probiotic/ton
during days 0-24 and 25-42 of age, respectively (Probiotic-500-300), basal diet plus 300 g of probiotic/ton (Probiotic300), basal diet plus 1 kg of prebiotic/ton (Prebiotic), basal diet plus 1 kg of synbiotic/ton (Synbiotic).
†
Due to the identical level of probiotic in the starter period, they were considered to be one treatment with 12 replicates in
the starting and growing periods (unbalanced random design).
a,b,c
Means with no common superscripts within each column for any effect is significantly different (P < 0.05).
Treatments1
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Enumeration of bacterial population of the ileum
The number of Lactobacilli colonies in chickens fed a
diet containing synbiotic and prebiotic were
significantly (P < 0.05) increased compared with the
control treatment (Table 9). Also, the number of E. coli
colony was affected by experimental treatments (P <
0.05) so that the lowest value related to synbiotic
treatment while the highest value was for the control.
In general, as age progresses, the density and diversity
of the microbial population in different parts of the
gastrointestinal tract will change in broiler chickens
(Barnes et al., 1972). However, gut microflora can be
affected by some factors, such as breed, health status,
maintenance conditions, and diet composition (Van der
Wielen et al., 2002; Lu et al., 2003). Additives such as
prebiotics, probiotics, and synbiotic can inhibit the
growth of harmful bacteria by decreasing the pH of the
gastrointestinal tract to the levels that pathogens are not
able to compete effectively (Gibson, 1999). The
present results are consistent with the previous ones in
which dietary supplementation with prebiotic and
synbiotic increased the lactobacillus population and
reduced the Coliforms population especially E.coli
(Alloui et al., 2013; Dibaji et al., 2014; Bogusławska-
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Tryk, 2015; Mazhari et al., 2016). In contrast,
Salehimanesh et al. (2016) found that growth
promoters did not affect the ileal microbial population.
Ileum pH measurement
The highest ileal pH was observed in birds of control
treatment as compared with other treatments (Table
9). This result is in agreement with findings of
Gibson (1999) and Angel et al. (2005) who reported
that probiotics and prebiotics play an important role
in the production of beneficial bacteria and ultimately
lead to reducing the pH of the gastrointestinal tract,
while other authors found no effect of probiotic as
well as prebiotic on broiler gut’s pH (Hernandez et
al., 2006; Jiang et al., 2015). The positive effects of
increases in the number of lactic acid-producing
bacteria are mainly related to their fermentation endproducts. These bacteria produce a large number of
fatty acids, such as acetic acid and lactic acid, which
can reduce intestinal pH (Gibson, 1999). Also, the
concentration of lactic and acetic acid may increase
during the fermentation of prebiotics by
bifidobacteria resulted in lower pH of the digestive
tract (Apajalahti and Vienola, 2016).

Table 9. Effects of growth promoters supplementation on bacterial populations (log CFU/g) and pH value of
ileum in broiler chickens at 42 days of age
Treatments1
Lactobacilli
E. coli
pH
Control
3.05c
6.80a
6.57a
Probiotic-500
3.81c
3.38ab
6.02b
bc
ab
Probiotic-500-300
4.70
5.80
6.06b
abc
ab
Probiotic-300
7.88
4.83
5.98b
ab
ab
Prebiotic
8.69
8.69
5.94b
a
b
Synbiotic
9.89
3.05
5.92b
SEM
1.32
1.96
0.053
P-value
0.025
0.043
0.0001
1
Basal diet (control), basal diet plus 500 g of probiotic/ton (Probiotic-500), basal diet plus 500 g and 300 g of probiotic/ton
during days 0-24 and 25-42 of age, respectively (Probiotic-500-300), basal diet plus 300 g of probiotic/ton (Probiotic300), basal diet plus 1 kg of prebiotic/ton (Prebiotic), basal diet plus 1 kg of synbiotic/ton (Synbiotic).
a,b,c
Means with no common superscripts within each column for any effect is significantly different (P < 0.05).

Morphology of jejunum
The results obtained from the effects of growth
promoters on the development of morphological
parameters of jejunum have been reported in Table
10. Villus height and villus height: crypt depth ratio
(VH: CD) was significantly increased by dietary
supplementation with synbiotic treatment (P < 0.05)
as reported by Ghasemi and Taherpour (2013) as well
as Ghahri et al. (2013). Feeding broiler chickens with
a diet containing synbiotic numerically decreased villi
width and crypt depth, while increased villi surface
area and apparent absorptive surface area. Van
Leeuwen et al. (2004) reported that the higher
number of beneficial bacteria in the gastrointestinal
tract may lead to a higher supply of nutrients that
stimulate the development of the villus. Furthermore,

the intestinal villus is the first tissue which is in
contact with nutrients (Gartner and Hiatt, 2001);
therefore, the taller villi increase the absorptive
surface area and improve absorption of available
nutrients (Caspary, 1992). Increasing villus height
and villus height to crypt depth ratio is associated
with an increment in epithelial cell turnover (Fan et
al., 1997; Xu et al., 2003), and these changes can be a
suitable indicator of digestive tract health (Pluske et
al., 1996). In our study, the thickness of the muscular
layer in the jejunum was not affected by dietary
treatments as reported by Baurhoo et al. (2007). In
contrast, in some studies morphological features of
the small intestine were not affected by dietary
inclusion of probiotic, prebiotic, and synbiotic
(Houshmand et al., 2011; Salehimanesh et al., 2016).
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Table 10. Effects of growth promoters supplementation on the morphology of jejunal in broiler chickens at 42
days of age
Treatments1
SEM
P-value
Control
Probiotic-500
Synbiotic
b
b
a
Villi height (µm)
1195.5
1220.8
1471.8
71.507
0.040
Villi width (µm)
136.00
128.00
111.00
7.361
0.144
Crypt depth (µm)
198.17
191.83
160.40
13.486
0.214
VH: CD
6.69b
6.33b
9.06a
0.543
0.013
Epithelium layer (µm)
43.00
38.33
37.83
2.155
0.207
Muscularis layer (µm)
264.00
232.33
241.00
23.198
0.617
Villi surface area (µm2)
517921
505923
547109
38758.16
0.698
Apparent villi Absorptive area (µm2)
164943
161122
174238
12343.36
0.698
1
control diet (control); control diet plus 500 g of probiotic/ton (Probiotic-500); basal diet plus 1 kg of synbiotic/ton
(Synbiotic).
a,b
Means with no common superscripts within each row for any effect is significantly different (P < 0.05).
Item

Cecal concentrations of SCFAs
The effect of growth promoters on cecal concentrations
of short-chain fatty acids (µmol/g) in broiler chicks at
42 days of age is shown in Table 11. The cecal
concentration of acetic acid was significantly higher in
synbiotic treated birds as compared with the control (P
< 0.05). Adding probiotics, prebiotic, and synbiotic
resulted in a significantly higher cecal concentration of
propionic acid compared with the control group (P <
0.05). Also, chickens fed a diet supplemented with
probiotic (D) and synbiotic had a higher cecal
concentration of butyric acid compared with the
control group (P < 0.05).
Belenguer et al. (2007) reported that
Faecalibacterium prausnitzii is one of the dominant
bacteria in the cecum of broiler chickens. F. prausnitzii

and some other bacteria can use produced lactate by
lactobacillus and produce butyrate and propionate
from it. Therefore, there is a positive correlation
between populations of lactobacilli and cecal
concentration of SCFAs. Also, increasing probiotic
bacteria may increase the decomposition of
indigestible
carbohydrates
and
consequently
production of SCFAs (Sakata et al., 2003). These
results were in accordance with those derived from
studies carried out to investigate the influence of
growth promoter especially synbiotic on the cecal
concentration of SCFAs in broiler chickens (Mookiah
et al., 2014; Calik and Ergum, 2015). However, Rebole
et al. (2010) reported that dietary supplementation with
inulin as a prebiotic did not affect the cecal
concentration of SCFAs in broiler chickens.

Table 11. Effects of growth promoters supplementation on cecal concentrations of SCFAs (µmol/g) in broiler
chickens at 42 days of age
Treatments1

Short Chain Fatty Acids (SCFAs)

Acetic acid
Propionic acid
Butyric acid
control
55.272b
9.752b
20.480b
b
a
Probiotic-500
57.500
14.660
25.813ab
Probiotic-500-300
59.468b
14.227a
25.693ab
ab
a
Probiotic-300
69.334
14.198
33.187a
ab
a
Prebiotic
66.264
14.169
21.153b
Synbiotic
81.624a
15.502a
32.727a
SEM
5.509
0.99
3.23
P-value
0.0241
0.0151
0.0199
1
Basal diet (control), basal diet plus 500 g of probiotic/ton (Probiotic-500), basal diet plus 500 g and 300 g of probiotic/ton
during days 0-24 and 25-42 of age, respectively (Probiotic-500-300), basal diet plus 300 g of probiotic/ton (Probiotic300), basal diet plus 1 kg of prebiotic/ton (Prebiotic), basal diet plus 1 kg of synbiotic/ton (Synbiotic).
a,b
Means with no common superscripts within each column for any effect is significantly different (P < 0.05).

Conclusion
Results of the current study show that dietary
supplementation with probiotic, prebiotic, and
synbiotic would be more effective when birds are
reared under stressful conditions such as high ambient
temperature, diseases, presence of unfavorable
microorganisms, high flocking density, and poor
management, as dietary supplementation they did not
improve production performance of broiler chickens
Poultry Science Journal 2020, 8(2): 175-188

reared under the normal conditions of the present
study. However, dietary supplementation of broiler
chicken with synbiotic and probiotic improved
relative weights of lymphoid organs, immune
responses against SRBC, NDV, AI, microbial
population, ileum acidity, villus height, VH: CD, and
cecal concentrations of SCFAs in them.

184

Probiotic, Prebiotic and Synbiotic in Broiler Diet

Acknowledgments
The authors would like to thank the Biorun Company
for providing probiotic, prebiotic, and synbiotic for
this study. Also, I would like to thank Ali Sadeghi for

his contribution to data analysis. This study was
supported by the Isfahan University of Technology
(grant number: 9303634).

References
Akhlaghi A, Zamiri MJ, Ahangari YJ, Atashi H,
Pirsaraei ZA, Deldar H & Hashemi SR. 2013. Oral
exposure of broiler breeder hens to extra thyroxine
modulates early adaptive immune responses in
progeny chicks. Poultry Science, 92: 1040-1049.
DOI: 10.3382/ps.2012-02545
Alkhalf A, Alhaj M & Al-Homidan I. 2010. Influence
of probiotic supplementation on immune response
of broiler chicks. Egyptian Poultry Science Journal,
30: 271-280.
Alloui MN, Szczurek W & Swiatkiewicz S. 2013. The
usefulness of prebiotics and probiotics in modern
poultry nutrition: a review. Annals of Animal
Science, 13: 17-32. DOI: 10.2478/v10220-0120055-x
Al-Natour MQ & Alshawabkeh KM. 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.
DOI:
10.5713/ajas.2005.390
Angel R, Dalloul RA & Doerr J. 2005. Performance of
broiler chickens fed diets supplemented with a
direct-fed microbial. Poultry Science, 84: 12221231. DOI: 10.1093/ps/84.8.1222
Apajalahti J & Vienola K. 2016. Interaction between
chicken intestinal microbiota and protein digestion.
Animal Feed Science and Technology, 221: 323330. DOI: 10.1016/j.anifeedsci.2016.05.004
Aviagen. 2014. Ross 308 broiler. Nutrition
Specification. Aviagen, Scotland, UK.
Awad WA, Ghareeb K, Abdel-Raheem S & Bohm J.
2009. Effects of dietary inclusion of probiotic and
synbiotic on growth performance, organ weights,
and intestinal histomorphology of broiler chickens.
Poultry Science, 88: 49-56. DOI: 10.3382/ps.200800244
Barnes EM, Mead GC, Barnuml DA & Harry EG.
1972. The intestinal flora of the chicken in the
period 2 to 6 weeks of age, with particular
reference to the anaerobic bacteria. British Poultry
Science,
13:
311-326.
DOI:
10.1080/00071667208415953
Baurhoo B, Phillip L & Ruiz-Feria CA. 2007. Effects
of purified lignin and mannan oligosaccharides on
intestinal integrity and microbial populations in the
ceca and litter of broiler chickens. Poultry Science,
86: 1070-1078. DOI: 10.1093/ps/86.6.1070
Belenguer A, Duncan SH, Holtrop G, Anderson SE,
Lobley GE & Flint HJ. 2007. Impact of pH on
lactate formation and utilization by human fecal
microbial
communities.
Applied
and

Environmental Microbiology, 73: 6526-6533. DOI:
10.1128/AEM.00508-07
Bogusławska-Tryk M, Szymeczko R, Piotrowska A,
Burlikowska K & Slizewska K. 2015. Ileal and
cecal microbial population and short-chain fatty
acid profile in broiler chickens fed diets
supplemented with lignocellulose. Pakistan
Veterinary Journal, 35: 212-216.
Bokkers EAM & Koene P. 2003. Eating behaviour,
and preprandial and postprandial correlations in
male broiler and layer chickens. British Poultry
Science,
44:
538-544.
DOI:
10.1080/00071660310001616165
Bozkurt M, Aysul N, KuçuKyilmaz K, Aypak S, Ege
G & Catli AU. 2014. Efficacy of in-feed
preparations of an anticoccidia, multienzyme,
prebiotic, probitoc, and herbal essential oil mixture
in healthy and Eimeria spp. infected broilers.
Poultry
Science,
93:
389-399.
DOI:
10.3382/ps.2013-03368
Calik A & Ergun A. 2015. Effect of lactulose
supplementation on growth performance, intestinal
histomorphology, cecal microbial population, and
short-chain fatty acid composition of broiler
chickens. Poultry Science, 94: 2173-2182. DOI:
10.3382/ps/pev182
Caspary WF. 1992. Physiology and pathophysiology
of intestinal absorption. The American Journal of
Clinical Nutrition, 55: 299S-308S. DOI:
10.1093/ajcn/55.1.299s
Cetin N, Guclu BK & Nitec E. 2005. The effects of
probiotics and mannanoligosaccharide on some
haematological and immunological parameters in
Turkeys. Journal of Veterinary Medicine Series A,
52:
263-267.
DOI:
10.1111/j.14390442.2005.00736.x
Cheema MA, Qureshi MA & Havenstein GB. 2003. A
comparison of the immune response of a 2001
commercial broiler with a 1957 randombred broiler
strain when fed representative 1957 and 2001
broiler diets. Poultry Science, 82: 1519-1529. DOI:
10.1093/ps/82.10.1519
Dibaji SM, Seidavi A, Asadpour L & da Silva FM.
2014. Effect of a synbiotic on the intestinal
microflora of chickens. Journal of Applied Poultry
Research, 23: 1-6. DOI: 10.3382/japr.2012-00709
Dziuk HE & Duck GE. 1972. Cineradiographic studies
of gastric motility in turkeys. American Journal of
Physiology,
222:
159-166.
DOI:
10.1152/ajplegacy.1972.222.1.159
Falaki M, Shams Shargh M, Dastar B & Zerehdaran S.
2011. Effects of different levels of probiotic and
prebiotic
on
performance
and
carcass
Poultry Science Journal 2020, 8(2): 175-188

Ghasemi et al., 2020

characteristics of broiler chickens. Journal of
Animal and Veterinary Advances, 10: 378-384.
DOI: 10.3923/javaa.2011.378.384
Fallah R & Rezaei H. 2013. Effect of dietary prebiotic
and acidifier supplementation on the growth
performance, carcass characteristics and serum
biochemical parameters of broilers. Journal of Cell
and Animal Biology, 7: 21-24. DOI:
10.5897/JCAB12.065
Fan Y, Croom J, Christensen V, Black B, Bird A,
Daniel L, McBride B & Eisen E. 1997. Jejunal
glucose uptake and oxygen consumption in turkey
poults selected for rapid growth. Poultry Science,
76: 1738-1745. DOI: 10.1093/ps/76.12.1738
FASS. 2010. Guide for the care and use of agricultural
animals in agricultural research and teaching. 3rd
ed. In: Societies, F.o.A.S. (Ed.), Savoy, IL.
Fernandes BCS, Martins MRFB, Mendes AA,
Milbradt EL, Sanfelice C, Martins BB & Bresne C.
2014. Intestinal integrity and performance of
broiler chickens fed a probiotic, a prebiotic, or an
organic acid. Revista Brasileira de Ciencia Avicola,
16: 417-424. DOI: 10.1590/1516-635X1604417424
Fuller R. 1989. Probiotics in man and animals. Journal
of Applied Bacteriology, 66: 365-378.
Fuller R. 2012. Probiotics: the scientific basis. Springer
Science & Business Media. DOI: 10.1007/978-94011-2364-8
Gartner LP & Hiatt JL. 2001. Color Textbook of
Histology. 2nd ed. W. B. Saunders, Baltimore,
MD.
Ghahri H, Toloei T & Habibi M. 2010. Efficacy of
esterified glucomannan, sodium bentonite and
humic acid to counteract experimental aflatoxicosis
on antibody titers against Newcastle disease in
broilers. African Journal of Biotechnology, 9:
4127-4131.
Ghahri H, Toloei T & Soleimani B. 2013. Efficacy of
antibiotic, probiotic, prebiotic and synbiotic on
growth performance, organ weights, intestinal
histomorphology and immune response in broiler
chickens. Global Journal of Animal Scientific
Research, 1: 25-41.
Ghasemi HA & Taherpour K. 2013. Comparative
effects of probiotic, prebiotic and synbiotic
supplements on performance, jejunal morphology,
serum lipid profile and antibody response of broiler
chicks. Journal of Livestock Science and
Technologies,
1:
20-27.
DOI:
10.22103/jlst.2013.548
Ghazanfari Sh, Adib Moradi M & Rahimi Niat F.
2015. Effects of different levels of Artemisia
sieberi essential oil on intestinal morphology
characteristics, microflora population and immune
system in broiler chickens. Journal of Veterinary
Research, 70: 195-202.

Poultry Science Journal 2020, 8(2): 175-188

185

Gibson GR & Roberfroid MB. 1995. Dietary
modulation of the human colonic microbiotaIntroducing the concept of prebiotics. The Journal
of
Nutrition,
125:
1401-1412.
DOI:
10.1093/jn/125.6.1401
Gibson GR, Probert HM, Loo JV, Rastall RA &
Roberfroid MB. 2004. Dietary modulation of the
human colonic microbiota: updating the concept of
prebiotics. Nutrition Research Reviews, 17: 259275. DOI: 10.1079/NRR200479
Gibson GR. 1999. Dietary modulation of the human
gut microflora using the prebiotics oligofructose
and inulin. The Journal of Nutrition, 129: 14381441. DOI: 10.1093/jn/129.7.1438S
Guo YM, Ali RA & Quresh MA. 2003. The influence
of β-glucan on immune responses in broiler chicks.
Immunopharmacology and Immunotoxicology, 25:
461-472. DOI: 10.1081/IPH-120024513
Haghighi HR, Gong J, Gyles CL, Hayes MA, Zohu H,
Sanei B, Chambers JR & Sharif S. 2006. Probiotics
stimulate production of natural antibodies in
chickens. Clinical and Vaccine Immunology, 13:
975-980. DOI: 10.1128/CVI.00161-06
Hashemi SR, Zulkifli I, Davoodi H, Zunita Z &
Ebrahimi M. 2012. Growth performance, intestinal
microflora, plasma fatty acid profile in broiler
chickens fed herbal plant (Euphorbia hirta) and mix
of acidifiers. Animal Feed Science and
Technology,
178:
167-174.
DOI:
10.1016/j.anifeedsci.2012.09.006
Hatab MH, Elsayed MA & Ibrahim NS. 2016. Effect
of some biological supplementation on productive
performance, physiological and immunological
response of layer chicks. Journal of Radiation
Research and Applied Sciences, 9.2: 185-192.
DOI: 10.1016/j.jrras.2015.12.008
Hernandez F, Garcia V, Madrid J, Orengo J, Catala P
& Megias MD. 2006. Effect of formic acid on
performance,
digestibility,
intestinal
histomorphology and plasma metabolite levels of
broiler chickens. British Poultry Science, 47: 5056. DOI: 10.1080/00071660500475574
Hooge DM. 2004. Meta-analysis of broiler chicken pen
trials evaluating dietary mannan oligosaccharide,
1993-2003. International Journal of Poultry
Science,
3:
163-174.
DOI:
10.3923/ijps.2004.163.174
Houshmand M, Azhar K, Zulkifli I, Bejo MH &
Kamyab A. 2011. Effects of nonantibiotic feed
additives on performance, nutrient retention, gut
pH, and intestinal morphology of broilers fed
different levels of energy. Journal of Applied
Poultry
Research,
20:
121-128.
DOI:
10.3382/japr.2010-00171
Iji PA, Saki A & Tivey DR. 2001. Body and intestinal
growth of broiler chicks on a commercial starter
diet. 1. Intestinal weight and mucosal development.

186

British Poultry Science, 42: 505-513. DOI:
10.1080/00071660120073151
Jiang, SM, Jia L & Zhang MH. 2015. Probiotic and
lactulose: influence on gastrointestinal flora and pH
value in minimal hepatic encephalopathy rats.
International Journal of Clinical and Experimental
Medicine, 8: 9996-10000.
Kabir SML, Rahman MM, Rahman MB, Rahman MM
& Ahmed SU. 2004. The dynamics of probiotics on
growth performance and immune response in
broilers. International Journal of Poultry Science, 3:
361-364. DOI: 10.3923/ijps.2004.361.364
Kaufhold J, Hammon HM & Blum Fructo JW. 2000.
Oligosaccharide supplementation: effects on
metabolic, endocrine and hematological traits in
veal calves. Journal of Veterinary Medicine, 47:
17-29. DOI: 10.1046/j.1439-0442.2000.00257.x
Khan ML, Ulah I & Javed MT. 1992. Comparative
study of probiotics, TM 50, biovin-40 and albac on
the performance of broiler chicks. Pakistan
Veterinary Journal, 12: 145-145.
KhodambashiEmami N, Samie A, Rahmani HR &
Ruiz-Feria CA. 2012. The effect of peppermint
essential oil and fructooligosaccharides, as
alternatives to virginiamy-cin, on growth
performance, digestibility, gut morphology and
immune response of male broilers. Animal Feed
Science and Technology, 175: 57-64. DOI:
10.1016/j.anifeedsci.2012.04.001
Kim GB, Seo YM, Kim CH & Paik IK. 2011. Effect of
dietary prebiotic supplementation on the
performance, intestinal microflora, and immune
response of broilers. Poultry Science, 90: 75-82.
DOI: 10.3382/ps.2010-00732
Landy N & Kavyani A. 2013. Effects of using a multistrain probiotic on performance, immune responses
and cecal microflora composition in broiler
chickens reared under cyclic heat stress condition.
Iranian Journal of Applied Animal Science, 3: 703708.
Lillehoj HS, Lee SH, Siragusa GR, Neumann MA,
Rehberger TG, Lee KW & Babu US. 2010. Effects
of direct-fed microbials on growth performance,
gut morphometry, and immune characteristics in
broiler chickens. International Poultry Scientific
Forum, 89: 203-216. DOI: 10.3382/ps.2009-00418
Lu J, Idris U, Harmon B, Hofacre C, Maurer JJ & Lee
MD. 2003. Diversity and succession of the
intestinal bacterial community of the maturing
broiler chicken. Applied and Environmental
Microbiology,
69:
6816-6824.
DOI:
10.1128/AEM.69.11.6816-6824.2003
Luckstadt C, Senkoylu N, Akyurek H & Agma A.
2004. Acidifier a modern alternative for antibiotic
free feeding in livestock production, with special
focus on broiler production. Veterinarija ir
Zootechnika, 27: 91-93.

Probiotic, Prebiotic and Synbiotic in Broiler Diet

Ma X, Guo Z, Wang D, Hu Y & Shen Z. 2010. Effects
of sulfated polysaccharides and their prescriptions
on immune response of ND vaccine in chicken.
Carbohydrate Polymers, 82: 9-13. DOI:
10.1016/j.carbpol.2010.04.013
Mahdavi AH, Rahmani HR, Nili N, Samie AH,
Soleimanian-Zad S & Jahanian R. 2010. Effects of
dietary egg yolk antibody powder on growth
performance,
intestinal
Escherichia
coli
colonization,
and
immunocompetence
of
challenged broiler chicks. Poultry Science, 89: 484494. DOI: 10.3382/ps.2009-00541
Mazhari M, Esmaeilipour O, Mirmahmoudi R &
Badakhshan Y. 2016. Comparison of Antibiotic,
Probiotic and Great Plantain (Plantago major L.) on
Growth Performance, Serum Metabolites, Immune
Response and Ileal Microbial Population of
Broilers. Poultry Science Journal, 4: 97-105. DOI:
10.22069/PSJ.2016.10041.1164
Midilli M, Alp M, Kocabagli N, Muglali OH, Turan N,
Yılmaz H & Cakir S. 2008. Effects of dietary
probiotic and prebiotic supplementation on growth
performance and serum IgG concentration of
broilers. South African Journal of Animal Science,
38: 21-27. DOI: 10.4314/sajas.v38i1.4104
Mookiah S, Sieo CC, Ramasamy K, Abdullah N & Ho
YW. 2014. Effects of dietary prebiotics, probiotic
and synbiotics on performance, caecal bacterial
populations and caecal fermentation concentrations
of broiler chickens. Journal of the Science of Food
and
Agriculture,
94:
341-348.
DOI:
10.1002/jsfa.6365
Murshed MA & Abudabos AM. 2015. Effects of the
dietary inclusion of a probiotic, a prebiotic or their
combinations on the growth performance of broiler
chickens. Revista Brasileira de Ciencia Avicola,
17: 99-103. DOI: 10.1590/1516-635XSPECIAL
ISSUE Nutrition-poultry Feeding Additives 099104
Naseri Alavi SA, Zakeri A, Kamrani B & Pourakbari
Y. 2012. Effect of prebiotics, probiotics, acidfire,
growth promoter antibiotics and synbiotic on
humural immunity of broiler chickens. Global
Veterinaria, 8: 612-617.
Noverr MC & Huffnagle GB. 2004. Does the
microbiota regulate immune responses outside the
gut?. Trends in Microbiology, 12: 562-568. DOI:
10.1016/j.tim.2004.10.008
Ozturk E & Yildirım A. 2005. Prebiotics
supplementation to the diets broiler on performance
and intestinal microbiological characteristics. III.
National Animal Nutrition Congress. 69-75.
Pandey KR, Naik SR & Vakil BV. 2015. Probiotics,
prebiotics and synbiotics -a review. Journal of
Food Science and Technology, 52: 7577-7587.
DOI: 10.1007/s13197-015-1921-1
Pluske JR, Thompson MJ, Atwood CS, Bird PH,
Williams IH & Hartmann PE. 1996. Maintenance
Poultry Science Journal 2020, 8(2): 175-188

Ghasemi et al., 2020

of villus height and crypt depth, and enhancement
of disaccharide digestion and monosaccharide
absorption, in piglets fed on cows' whole milk after
weaning. British Journal of Nutrition, 76: 409-422.
DOI: 10.1079/BJN19960046
Ravangard AH, Houshmand M, Khajavi M & Naghiha
R. 2017. Performance and Cecal Bacteria Counts
of Broilers Fed Low Protein Diets With and
Without a Combination of Probiotic and Prebiotic.
Revista Brasileira de Ciencia Avicola, 19: 75-82.
DOI: 10.1590/1806-9061-2016-0319
Rebole A, Ortiz LT, Rodriguez M, Alzueta C, Trevino
J & Velasco S. 2010. Effects of inulin and enzyme
complex, individually or in combination, on growth
performance,
intestinal
microflora,
cecal
fermentation
characteristics,
and
jejunal
histomorphology in broiler chickens fed a wheatand barley-based diet. Poultry Science, 89: 276286. DOI: 10.3382/ps.2009-00336
Roberfroid MB. 1998. Prebiotics and synbiotics:
concepts and nutritional properties. British Journal
of
Nutrition,
80:
197-202.
DOI:
10.1017/S0007114500006024
Sadeghi AS, Mohammadi A, Shawrang P &
Aminafshar M. 2013. Immune responses to dietary
inclusion
of
prebiotic-based
mannanoligosaccharide and ß-glucan in broiler chicks
challenged with Salmonella enteritidis. Turkish
Journal of Veterinary and Animal Sciences, 37:
206-213. DOI: 10.3906/vet-1203-9
Sakamoto K, Hirose H, Onizuka A, Hayashi M,
Futamura N, Kawamura Y & Ezaki T. 2000.
Quantitative study of changes in intestinal
morphology and mucus gel on total parenteral
nutrition in rats. Journal of Surgical Research, 99:
94-106. DOI: 10.1006/jsre.2000.5937
Sakata T, Kojima T, Fujieda M, Takahashi M &
Michibata M. 2003. Influences of probiotic bacteria
on organic acid production by pig caecal bacteria in
vitro. Proceedings of the Nutrition Society, 62: 7380. DOI: 10.1079/PNS2002211
Salehimanesh A, Mohammadi M & Roostaei Ali Mehr
M. 2016. Effect of dietary probiotic, prebiotic and
synbiotic supplementation on performance,
immune responses, intestinal morphology and
bacterial populations in broilers. Journal of Animal
Physiology and Animal Nutrition, 100: 694-700.
DOI: 10.1111/jpn.12431
Salim HM, Kang HK, Akter N, Kim DW, Kim JH &
Kim MJ. 2013. Supplementation of direct fed
microbials as an alternative to antibiotic on growth
performance, immune responses, cecal microbial
population, and ileal morphology of broiler
chickens. Poultry Science, 92: 2084-2090. DOI:
10.3382/ps.2012-02947
Sarangi NR, Babu LK, Kumar A, Pradhan CR, Pati PK
& Mishra JP. 2016. Effect of dietary
supplementation of prebiotic, probiotic, and
Poultry Science Journal 2020, 8(2): 175-188

187

synbiotic on growth performance and carcass
characteristics of broiler chickens. Veterinary
World, 9: 313-319. DOI: 10.14202/vetworld.
2016.313-319
SAS Institute 1999. User’s Guide Version 8. SAS
Institute Inc.,Cary, NC.
Shoeib HK, Sayed AN, Sotohy SA & Abdel Ghaffar
SK. 1997. Response of broiler chicks to probiotic
(pronifer) supplementation. Assiut Veterinary
Medical Journal, 36: 103-116.
Smith DL, Johnson JA, Harris AD, Furuno JP,
Perencevich EN & Morris Jr JG. 2003. Assessing
risks for a pre-emergent pathogen: Virginiamycin
use and the emergence of streptogramin resistance
in Enterococcus faecium. The Lancet Infectious
Diseases, 3: 241-249. DOI: 10.1016/S14733099(03)00581-4
Talebi A, Amani A, Pourmahmod M, Saghaei P &
Rezaie R. 2015. Synbiotic enhances immune
responses against infectious bronchitis, infectious
bursal disease, Newcastle disease and avian
influenza in broiler chickens. Veterinary Research
Forum, 6: 191-197.
Talebi A, Amirzadeh B, Mokhtari B & Gahri H. 2008.
Effects of a multi-strain probiotic (PrimaLac) on
performance and antibody responses to Newcastle
disease virus and infectious bursal disease virus
vaccination in broiler chickens. Avian Pathology,
37: 509-512. DOI: 10.1080/03079450802356995
Teo AY & Tan HM. 2007. Evaluation of the
performance and intestinal gut microflora of
broilers fed on corn-soy diets supplemented with
Bacillus subtilis PB6 (CloSTAT). Journal of
Applied Poultry Research, 16: 296-303. DOI:
10.1093/japr/16.3.296
Toloei T, Ghahri H & Talebi A. 2010. Efficacy of
mannanoligosaccharides and humateon immune
response
to
Avian
Influenza
(H9)
diseasevaccination in broiler chickens. Veterinary
Research Communications, 34: 709-717. DOI:
10.1007/s11259-010-9444-8
Van der Wielen PW, Keuzenkamp DA, Lipman LJ,
Van Knapen F & Biesterveld S. 2002. Spatial and
temporal variation of the intestinal bacterial
community in commercially raised broiler chickens
during growth. Microbial Ecology, 44: 286-293.
DOI: 10.1007/s00248-002-2015-y
Van Leeuwen P, Mouwen JMVM, Van Der Klis JD &
Verstegen MWA. 2004. Morphology of the small
intestinal mucosal surface of broilers in relation to
age, diet formulation, small intestinal microflora
and performance. British Poultry Science, 45: 4148. DOI: 10.1080/00071660410001668842
Willis WL, Isikhuemben OS & Ibrahim SA. 2007.
Performance assessment of broiler chickens given
mushroom extract alone or in combination with
probiotics. Poultry Science, 86: 1856-1860. DOI:
10.1093/ps/86.9.1856

188

Xu ZR, Hu CH, Xia MS, Zhan XA & Wang MQ.
2003. Effects of dietary fructo oligosaccharide on
digestive enzyme activities, intestinal microflora
and morphology of male broilers. Poultry Science,
82: 1030-1036. DOI: 10.1093/ps/82.6.1030
Yakhkeshi S, Rahimi S & Hemati Matin R. 2012.
Effects of Yarrow (Achillea millefolium), antibiotic
and probiotic on performance, immune response,
serum lipids and microbial population of broilers.
Journal of Agricultural Science and Technology,
14: 799-810.
Yamamoto Y & Glick B. 1982. A comparison of the
immune response between two lines of chickens

Probiotic, Prebiotic and Synbiotic in Broiler Diet

selected for differences in the weight of the bursa
of Fabricius. Poultry Science, 61: 2129-2132. DOI:
10.3382/ps.0612129
Yang CM, Cao GT, Ferket PR, Liu TT, Zhou L &
Zhang L. 2012. Effects of probiotic, Clostridium
butyricum, on growth performance, immune
function, and cecal microflora in broiler chickens.
Poultry
Science,
91:
2121-2129.
DOI:
10.3382/ps.2011-02131
Zhang WF, Li DF, Lu WQ & Yi GF. 2003. Effects of
isomalto-oligosaccharides on broiler performance
and intestinal microflora. Poultry Science, 82: 657663. DOI: 10.1093/ps/82.4.657

Poultry Science Journal 2020, 8(2): 175-188

