Egyptian J. Nutrition and Feeds (2017), 20 (2): 267-276

INFLUENCE OF IN OVO INOCULATION OF BIFIDOBACTERIA ON
PRODUCTIVE PERFORMANCE, ANTIOXIDANT AND IMMUNE STATUS
AND GUT MICROFLORAOF BROILER CHICKENS

F. B. A. Badri' and Shimaa A. Amin®
'Poultry Production Department, Faculty of Agriculture, Ain Shams University, Egypt.
Microbiology Department, Faculty of Agriculture, Ain Shams University, Egypt.

(Received 20/4/2017, Accepted 11/6/2017)

SUMMARY

bifidum ) and Bifidobacterium longum ATTC 15707(B. longum) inoculated in yolk sac of

developing embryo of broilers at 18 days of incubation on growth parameters, antioxidant and
immunological status and gut microflora. Three hundred broiler breeder eggs (Cobb-500) obtained from
maternal flock aged 49 weeks were individually weighed at day 18" of incubation then divided into six equal
treatment groups as follow; C- (non-inoculated, negative control); C+ ( (inoculated with sterile distilled water
(vehicle), positive control); B.bifidum H (inoculated with 5x109cfu/ ml); B. bifidum L (inoculated with
1x107cfu/ml); B. longum H (inoculated with 2x109cfu/ ml); and B. longum L (inoculated with 7x107cfu/ ml).
Results showed that, at 35 days of age live body weight (LBW), average daily weight gain (ADWG) and feed
conversion ratio (FCR) were significantly improved in bacterial inoculation groups compared with control
groups. Improvement in antioxidant status was noted at 35 days of age in bacterial injected groups. Serum
GSH content was insignificant increased while MDA content was significantly decreased in B. bifidum H
and B. longum H groups. Moreover, SOD activity was significantly increased in B. bifidum H and B. longum
L groups. Immunological parameters were also enhanced with inoculation of bifidobacteria strains. Serum
concentration of total immunoglobulins, 1gG and IgM were significantly increased with bifidobacteria
inoculation compared with control groups. Furthermore, antibody titer against NDV was increased during the
secondary response in injected groups than control groups. All examined microbiological parameters were
also significantly affected by in ovo inoculation with bifidobacteria strains. A significant reduction was
recorded for total bacteria, total coliform, fecal coliform and Salmonella spp. counts, however, bifidobacteria
and total lactic acid bacteria were significantly increased in inoculation groups than controls. It is concluded
that injection of B. bifidum and B. longum enhances growth, antioxidant and Immunological status, activities
of gut microflora and reducing the pathogenic bacteria of Cobb-500 broiler chickens. The recommended dose
of in ovo inoculation is 5x10%fu / ml of B. bifidum and 7x107cfu / ml of B. longum.

This study was conducted to assess the potential effect of Bifidobacterium bifidum ATTC 29521(B.

Keywords: Bifidobacterium bifidum, Bifidobacterium longum, gut microflora, pathogenic bacteria,
growth, antioxidant, immunological status and broiler.

INTRODUCTION

Nowadays, poultry production sector facing numerous challenges; the most important is health risks
and diseases that caused via bacteria, fungi and viruses. Probiotics is defined as "live microbial feed
supplements" which improve the intestinal balance (Fuller, 1989). Microorganisms that used for obtaining
the probiotic preparations for animals are the species of Bacillus, Enterococcus, Lactobacillus and
Saccharomyces. Probiotics are used to improve microbial balance within the intestine to enhance gut
integrity and avoid enteric diseases. Therefore, the use of probiotics allows creating natural barriers
against potential pathogens, and thus enhances immunity. Probiotics enhance the immune system by
increasing production of immunoglobulins, increase the activity of macrophages and stimulate the
production of y-Interferon (Yang et al., 2009). Bifidobacterium is one of the most promising probiotics
through its active role in regenerating the normal intestinal microflora (Estrada et al., 2001).
Immunostimulation, competition with pathogenic bacteria for intestinal attachment sites and nutrients,
and volatile fatty acids production, that supply the host with metabolic energy are the benefits of
bifidobacteria which is associated with increased numbers of bifidobacteria in the intestine (Williams et
al., 1994). According to Erickson and Hubbard (2000) and Menten and Loddi (2003), the bacterium type

Issued by The Egyptian Society of Nutrition and Feed



Badri and Amin

of probiotics that directly related to increase immunity is bifidobacterium and Lactobacillus especially
when related to enteric diseases. Several strains of bifidobacteria have been used in modulating humans
and animals microflora, including Bifidobacterium bifidum and Bifidobacterium longum (Gibson and
Wang, 1994 and Abe et al., 1995). These types of bifidobacteria produce lactic and acetic acids and
antimicrobial substances. Increasing bifidobacteria population of the intestinal tract in broiler chickens is
considered a remarkable mechanism for minimizing the numbers of pathogenic bacteria (Jin et al., 1997).

In poultry, probiotics enhance performance, promote a microflora balance of the gut, and counteract
the negative consequences of several enteric diseases. However, once the chicks have hatched, it will
expose to the external environment and quickly begins to establish the microbial community in their
intestine and this resident microflora, whether friendly or potentially harmful, may affect the colonization
of the probiotic microorganisms. In ovo technology represents a means to take advantage of this crucial
time and promote early colonization of probiotic to stimulate the development of intestine and immune
system (Cox, 2013 and Song et al., 2014).

The objective of the present study was to investigate the potential beneficial impact of in ovo
inoculation with Bifidobacterium bifidum and Bifidobacterium longum in the yolk sac of developing
broiler embryos at the 18" day of incubation on subsequent growth, antioxidant and immunological
status, gut microflora and pathogenic bacteria.

MATERIALS AND METHODS

The present study was done at Poultry Production Farm, Poultry Production Dept., Fac. of Agri., Ain
Shams Univ., from September to November 2015.

Incubation and in ovo administration:

A total of 300 eggs of broiler breeder (Cobb-500) obtained from a maternal flock aged 49 weeks of
age were incubated at 37.8°C and 60% RH. At 18 d of incubation, eggs were candled and both
unfertilized eggs and died embryos were discarded. Eggs that containing live embryos were randomly
distributed into equall sex experimental groups (45 eggs in each) with approximately similar average egg
weight as follow; C- (hon-inoculated, negative control); C+ (inoculated with sterile distilled water
(vehicle), positive control); B. bifidum H (inoculated with 5x109 cfu/ml); B. bifidum L (inoculated with
1x107 cfu/ml); B. longum H (inoculated with 2x109 cfu/ml); and B. longum L (inoculated with 7x107 cfu/
ml).

Bacterial strains:

Bacterial strains of Bifidobacterium bifidum ATTC 29521 and Bifidobacterium longum ATTC 15707
were obtained from Microbiology Culture Collection, MIRCEN, Fac. of Agri., Ain Shams Univ., Cairo,

Egypt.
Standard inoculums:

These bacterial strains standard inoculums were prepared by inoculation of conical flasks (100 ml in
volume) containing 50 ml of MRS broth medium with a loop of tested strains. The inoculated flasks were
incubated at 37°C for 72 hrs. One ml of this culture was contained about 1x107 cfu as a low dose (L) and
5x109 cfu as a high dose (H) of Bifidobacterium bifidum ATTC 29521 and 7x107cfu as a low dose (L)
and 2x109cfu as a high dose (H) of Bifidobacterium longum ATTC 15707. The target site of injection
was the yolk sac according to the procedure described by Bhanja et al. (2004).

This specific day (18 ™ of incubation) was selected because, the embryo starts to ingest the amniotic
fluid orally and absorbs the yolk sac largely before the injected bacteria may compete for the embryo for
nutrients stored in egg yolk. Prior injection, both of the working bench and the eggs were disinfected with
70% ethanol and eggshell was punched at the blunt end of the egg to make a hole with a 21-gauge needle.
Eggs were injected with a 23-ga needle. Before the eggs were returned to the incubator, the shell holes
were sealed with adhesive tape.

At day 21 of incubation, hatched chicks within each treatment group were counted and individually
weighed.

Housing and management:

Thirty hatched chicks from each treatment were randomly chosen, subdivided into 3 replicates per
treatment (10 hatchlings/ rep.) and reared until 35 days of age. All chicks fed a commercial diet according
to broiler performance and nutrition supplement of Cobb 500.
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An artificial light source was used in order to provide 24 hours of light per day throughout the first
week and then reduced to 22 h for the other experimental periods. Growth performance parameters; Live
body weight (LBW), average daily weight gain (ADWG), average daily feed consumption (ADFC ) and
feed conversion ratio (FCR) were recorded during the experiment.

Vaccination and humoral immune response:

Vaccination against the Newcastle disease virus (NDV) was performed on 21 and 28 days of age
using an eye dropper (Live Lasota strain; KBNP, Inc.; Hungnam, Korea). For humoral immune response
assessment, blood samples obtained from the wing vein of the respective vaccinated chicks at 28 and 35
days of age. Blood samples were subsequently centrifuged at 2500 x g for 10 min. at 4°C, and collected
serum was stored at - 80°C. The anti-NDV titer was assessed by a haemagglutination inhibition test on
sera obtained on days 28 and 35 of age (primary and secondary responses, resp.).

Serum IgG, IgM, IgA and total immunoglobulins (Ig) concentrations:

At 35 d of age, serum IgG, IgM, IgA and total immunoglobulins (Ig) concentrations were determined
in appropriately diluted samples by a sandwich ELISA using microtiter plates and chicken-specific IgA,
IgM, and 1gG ELISA quantitation kits (Bethyl Laboratories Inc., Montgomery, TX). ELISA procedure
was carried out according to the protocol of the manufacturer and absorbance was measured at 450 nm.
The concentrations of 1gG, IgM, and IgA were obtained using standard curves constructed from
respective Ig standards run on the assay microtiter plate and were expressed as micrograms of 1gG, 1gM,
or IgA per milliliter of serum. Summation of the respective serum IgG, IgM, and IgA concentrations were
recorded as total serum Ig concentration (Mountzouris et al., 2010).

Antioxidant status:

Serum contents of Glutathione reduced (GSH), Malondialdehyde (MDA) and superoxide dismutase
activity (SOD) were determined using commercial Kits (Spinreact Co., Spain) by a colorimetric methods
as described by Beutler et al. (1963), Nishikimi et al. (1972) and Ohkawa et al. (1979), respectively.

Microbial evaluation:

Samples from ileum and caecum contents were collected, pooled and microbiologically analyzed by
aseptic transfer of 10 g. of homogenized sub-sample into 90 ml in sterile diluents. Serial dilutions were
prepared in the same diluents. Different microbial groups were enumerated using the poured plate's
technique (APHA, 1998). The microbiological parameters included densities of total bacteria, total lactic
acid bacteria, Bifidobacterium spp., Salmonella spp., total and fecal coliform. The appropriate medium,
incubation temperature and incubation period used to determine all microbiological parameters were
shown in Table (1).

Table (1): Media and incubation conditions used for microbiological analysis of different samples.

Incubation condition

Microbial analysis Incubation .
Period Temp.(C) Growth medium
Total aerobic bacteria 24-72 hrs. 30 Nutrient agar (APHA, 1998)
Total lactic acid bacteria 24-72 hrs. 37 MRS agar (Difco 2006)
Bifidobacterium spp. 24-72 hrs. 37 Bifidobacterium agar (Atlas, 2004)
Salmonella spp. 24-48 hrs. 37 Salmonella-Shigella (SS) agar (Difco 2006)

Statistical analysis:

Data were subjected to the analysis of variance by using the General Linear Models (GLM) Procedure
of the Statistical Analysis System (SPSS, 2010), according to the following model: Yij = p + Ti + £ij
Where: Yij = observation. p= overall mean. T= a fixed effect of injected treatment. £ijk= experimental
error. Differences among treatment means were detected using Duncan's multiple range test (Duncan,
1955).
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RESULTS AND DISCUSSION

Data presented in Table (2) illustrated that both LBW and ADWG of broiler chicks which were in ovo
injected with different doses of bifidobacteria strains. It is clear that LBW was improved significantly
(P<0.01) in bifidobacterial injected groups at 35 days of age compared with that of the control groups.
Moreover, the highest values of final LBW were recorded for B.bifidium H, B. longum L and B. bifidium
L groups (1875.13, 1847.27 and 1819.20 respectively). Similar trend was observed for the values of
ADWG which showed significant (P<0.05) increment among bacterial inoculation groups than those of
the control groups. As expected, groups of B. bifidium H, B. longum L and B. bifidium L recorded the
highest values of ADWG compared with other groups.

Table (2): Effect of in ovo injection of Bifidobacteria on productive performance of broiler chicks

at 35 days of age.
Experimental groups p
Trait c. cs  B.bifidum  B.bifidum  B.longum  B. longum SEM e Si9
H L H L
LBW 5"w 1726.0° 1786.1%  1875.13? 1819.20°  1798.17%®  1847.27° 1217 0.008  **
ADWG 0-5wk  48.15°  49.85™ 52.41% 50.79% 50.19%¢ 51.59% 0.404 0.014 *
FC 0-5wk 84.85 82.98 85.04 83.11 77.72 81.25 0.891 0.148 NS
FCR 0-5wk 1.76° 1.67% 1.62° 1.64° 1.55" 1.58° 0.021  0.019 *

SEM=Standard error of means.
Mean in the same row within each classification bearing different letters are significantly different, NS= non-
significant, *(P<0.05), ** (P<0.01).

This improvement in LBW and ADWG may be due to the intestinal tract status of chicks from the in
ovo Bifidobacterium injected groups which resulted enhancement of microbial profile of the gut then
create favorable conditions to enhance performance. A similar trend was also reported by Mountzouris et
al. (2010) they noted that probiotic inclusion improved broiler body weight during growing and finishing
periods. similar results were found by in ovo injection of probiotic (Pruszynska-Oszmalek et al.(2015).
Estrada et al. (2001) had observed growth improvement with providing 107 bacteria/ml B. bifidum by
water supply for the first 10 days and 10° for the remaining 28 days. ADFC of broiler chickens was not
significantly (P>0.05) changed as a result of in ovo injection with bifidobacteria strains.

Nevertheless, a different trend was observed for the values of feed conversion ratio (FCR) which
showed significant (P<0.05) improvement in all bacterial inoculation groups during 0-5 weeks of age.
The best values of overall FCR were recorded for groups B .longum H, B. longum L, B. bifidum H, and
B. bifidum L (1.55, 1.58, 1.62 and 1.64, respectively).

Effects of in ovo supplementation of bifidobacteria strains on serum contents of antioxidant of broiler
chicks are shown in (Table 3). Serum level of GSH showed insignificant differences among all bacterial
treatment groups and control groups. Serum GSH level from chickens of B. bifidum L, B. longum H and
B. longum L treatments were insignificantly increased while B. bifidum H and C+ were lower to those of
the C- group.

Conversely, serum MDA contents were decreased significantly (P<0.05) in birds of B. longum H and
B. bifidum H groups compared with those of other groups. The lowest value was observed in chicks of
group B. longum H (1.905 pmol) followed by B. bifidum H (2.15 pmol) group. Furthermore, SOD
activity was increased significantly (P<0.01) in chicks of B. longum L and B. bifidum L groups
compared with those of other groups.

On the other hand, SOD activities in chicks of groups B. longum H and C+ were decreased
significantly (P<0.01) in comparison with those of C-. The highest activity of SOD was observed in birds
of group B. longum L (342 U/ml) while the lowest activity was recorded in birds of group B. longum H
(177.33 U/ml). The potent antioxidant properties of probiotics have been mainly attributed to several
factors, such as probiotic strain and challenge type.

The benefits of intestinal bacteria had been hypothesized by Lin and Yen (1999) who stated that
probiotics produce certain agents that chelate free radicals, catching reactive oxygen species and
inhibiting their cytotoxic activity.
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Popovi¢ et al. (2015) concluded that serum MDA concentration of broilers fed a diet supplemented
with symbiotic (1 g/kg of feed) during 15 to 42 days of age was significantly decreased compared to
control.

Immunoglobulins (IgG, IgM, IgA and total Ig) and humoral immune responses against Newcastle
disease virus (NDV):

It could be noticed from (Table 4) that, the immune response was enhanced with in ovo inoculation of
bifidobacteria strains in comparison with control chicks. Serum levels of total immunoglobulins, IgM and
1gG increased significantly in inoculated groups than control groups, while serum IgA concentrations did
not significantly different among treatment groups. The highest levels of 1gG, IgM and total Ig in the
Bifidobacterium treated groups were observed in B. longum L followed by B. longum H. As well, results
of haemaglutination inhibition test showed that non significant difference between all treated groups in
total antibody titer during the primary response. While significant increase in total antibody titer during
the secondary response was recorded in bacterial inoculation groups compared with controls. It is well
known that the specific use of probiotics is modulating the immune responses to harmful antigens. So,
understanding the responses of chickens to probiotics and modulate in the local immune responses is
essential to enable the manipulation of the microbiota for improved intestinal health and performance.
Torshizi et al. (2010) concluded that probiotic administration through drinking water significantly
improved antibody production against SRBC than control and probiotic-fed groups. Dalloul et al. (2005)
reported a positive effect of probiotic in enhancing some of the immune responses against E. acervulina,
as investigated by early IFN-y and IL-2 secretions. Several investigators demonstrated the influence of
probiotic on immune modulation (Haghighi et al., 2005, Mathivanan and Kalaiarasi, 2007;Nayebpor et
al., 2007and Apata, 2008).

Table (4): Effect of in ovo injection of Bifidobacteria on total immunoglobulins, 1gG, IgM and IgA
using ELISA techniqueat 35 days of age and on total antibody titer against NDV using
haemag glutination inhibition test.

Experimental groups

Age c o B.bifidum  B.bifidum _ B.longum _ B.longum  SEM Pvalue  Sig.
H L H L

ELISA Technique

IgG 821.3 812.° 972.7° 912.7° 890.7° 973.0° 32.626 0.013 *

IgM 96.77° 93.56"  117.67®  116.90® 113.83®  150.00°% 11.080  <0.001 *k

IgA 181.70 184.03 188.67 195.33 198.00  187.33 7010 0676 NS

Total Ig 1099.7° 1089.6°  1279.0°° 1224.9° 12025  1310.3° 44.664  0.004 *x

Haemagglutination Inhibition Test

Tofal antibody titer 4 35 4 3.9 3.85 4 0.388 0158 NS
( 1%response)

Total antibody titer b b a a a a .
(2"response) 6.8 6.33 8.33 8 8.67 8.33 0.231 0.924

SEM=Standard error of means.
Mean in the same row within each classification bearing different letters are significantly different, *(P<0.05),
**(P<0.01)

Furthermore, Kabir et al. (2004) demonstrated that differences in the weights of spleen and bursa from
probiotics treatment and conventionally fed broilers could be attributed to different levels of antibody
production in response to SRBC.

In contrast, Mountzouris et al.(2010) concluded that probiotic inclusion levels had no effect on
systemic humoral immune status of the broilers because the concentration of IgA, IgM, 1gD and total Ig
did not differ between the treated groups (108, 10° and 10" cfu probiotic/kg of diet) and the control group.

Microbial evaluation:

Data illustrated by Figures (1, 2 & 3) revealed that all examined microbiological parameters were
affected significantly by in ovo inoculation with bifidobateria strains. Total counts of bacteria, coliform,
fecal coliform and Salmonella spp. were significantly reduced. Conversely, bifidobateria and total lactic
acid bacteria counts were increased significantly in all treated groups. The lowest counts of total bacteria,
total coliform and Salmonella spp. were recorded in samples of B. longum H chicks (21.135, 3.925 and
3.055 log cfu/g, respectively) followed by those of B. bifidium H chickens (20.205, 3.955 and 3.085 log
cfu/g, respectively).
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Fig. (1): Total bacteria count (log cfu / g) of broiler chickens in experimental groups.
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Fig. (2): Total coliform bacteria, Total fecal coliform bacteria and Salmonella spp. (log cfu / g) of
broiler chickens in experimental groups.

As well, samples of B. bifidium H chickens recorded the lowest count of fecal coliform (2.425 log
cfu/g) followed by those of B. longum H (2.455 log cfu/g). On the other hand, the highest counts of
bifidobateria and total lactic acid bacteria were recorded in samples of B. longum H chickens (9.465 and
11.785 log cfu/g, respectively) followed by those of B. bifidium H (9.415 and 11.755 log cfu/g,
respectively). As expected in ovo feeding of Bifidobacterium bifidum and Bifidobacterium longum
increased the bacterial counts of bifidobacteria and its bacterial family, (lactic acid bacteria). The
increment percentages of these bacterial counts were in positive linear relation with inoculation doses of
bifidobacteria.
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Fig. (3): Lactic acid bacteria and Bifidobacterium spp. (log cfu / g) of broiler chickens in
experimental groups

Competitive exclusion mechanism explained the reduction in counts of total coliform, fecal coliform
and Salmonella spp. which are considered pathogenic bacteria, this is illustrated by Fig. (4).

So, the increase of bifidobaterial dose associated with the decrease in total bacteria, total coliform,
fecal coliform and Salmonella spp. counts. Scanlan (1997) proposed the important role of competitive
exclusion in prevention of pathogenic bacteria in small intestine of chicks by microorganisms establish an
enteric flora before exposure to these pathogens, the microorganisms from the inoculated flora and the
beneficial micro-organisms produce volatile fatty acids that lower the intestinal pH.
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Fig. (4): Probiotic bacteria and pathogenic bacteria activity (%) of broiler chickens in
experimental groups.

In agreement with our findings Leandro et al. (2010), revealed that the early use of probiotics using in
ovo injection technique establishes a balance in microbial flora against pathogenic bacteria. Thus, using
probiotic constituted by Enterococcus faecium, Lactobacillus case, L. plantarum inoculated at the dose of
10° cfu/g per egg has avoided the colonization of the gastrointestinal tract of broilers challenged with 0.1
mL aqueous solution containing 1.36x10° cfu Salmonella enteritidis, inoculated via crop. Moreover,
Hashemzadeh et al. (2010), reported that probiotic administration was effective in preventing Salmonella
colonization in neonatal broilers using in ovo injection, oral gavage, spray or vent lip applications.

Also, Mountzouris et al. (2010), found that the inclusion of 10° and 10 cfu probiotic/kg feed
provided benefit in the modulation of the composition of cecal microflora. Also, in agreement with the
previous findings of the potential of probiotics to fortify the intestinal microflora of broiler chickens with
beneficial bacteria and suppress potentially pathogenic bacteria are the results by Koenen et al.(2004),
Teo and Tan(2007), Higgins et al.(2008), Vicente et al.(2008) and Oliveira et al. (2014).
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CONCLUSION

In ovo injection of B. bifidum and B. longum with doses of 5x109cfu/ml and 7x107cfu/ml,
respectively, in the yolk sac of broiler chickens at the 18th day of embryogenesis could be used as an
effective tool for improving subsequent post hatch productive performance, antioxidant, Immunological
status, the activities of gut microflora and reducing the pathogenic bacteria.

REFERENCES

Abe, F.; N. Ishibashi and S. Shimamura (1995). Effect of administration of bifidobacteria and lactic acid
bacteria to newborn calves and piglets. J. Dairy Sci., 78: 2838—2846.

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

APHA (American Public Health Association) (1998). Standard Methods for the Examination of Water
and Wastewater 20" ed. APHA, Inc. New York.

Atlas, R.M. (2004). 3"ed.Handbook of Microbiological Media, Parks, L. C. (Ed.), CRC Press, Boca
Raton.

Beutler, E.; O. Duron and M. B. Kelly (1963). Improved method for the determination of blood
glutathione. J. Lab. Clin. Med., 61: 882.

Bhanja, S. K.; A. B. Mandal and T. S. Johri (2004). Standardization of injection site, needle length,
embryonic age and concentration of amino acids for in ovo injection in broiler breeder eggs.Indian J.
Poult. Sci., 39 (2): 105-111.

Cox, C. M. (2013). In ovo supplementation of primalac and the effects on performance and immune
response of broilers.PhD thesis.Animal and Poultry Sciences,Faculty of the Virginia Polytechnic
Institute and State University, USA.

Dalloul, R. A.; H. S. Lillehoj; N. M. Tamim; T. A. Shellem and J. A. Doerr (2005). Induction of local
protective immunity to Eimeriaacervulina by a Lactobacillus-based probiotic. Comp. Immun.
Microbiol. Infect. Dis., 28: 351-361.

Difco, M. (20062. Dehydrated Culture Media and Reagents for Microbiology and Clinical Laboratory
Procedures.9" ed. Difco laboratories Incorparated, Detroit, Maichigan, USA.

Duncan, D.B.(1955). Multiple Rang and Multiple F—Test Biometrics, 11:1-42.

Erickson, K. L. and N. E. Hubbard (2000). Probiotic immunomodulation in health and diseases. J. Nutr.,
130 (2): 403-409.

Estrada, A.; D.C. Wilkie and M. Drew (2001). Administration of Bifidobacterium bifidum to chicken
broilers reduces the number of carcass condemnations for cellulitis at the abattoir. J.Appl. Poult. Res.,
10(4):329-334.

Fuller, R. (1989). Probiotics in man and animals. J. Appl. Bacteriology, 66: 365-378.

Gibson, G. R. and X. Wang (1994). Regulatory effects of bifidobacteria on the growth of other colonic
bacteria. J. Appl. Bacteriol., 77: 412—-420.

Haghighi, H. R.; J. Gong; C. L. Gyles; M. A. Hayes; B. Sanei; P. Parvizi; H. Gisavi; J. R. Chambers and
S. Sharif (2005). Modulation of antibody-mediated immune response by probiotics in chickens.
Clinical Diagnostic Laboratory Immunology, 12:1387-1392.

Hashemzadeh, Z.; M. A. Karimi Torshizi; Sh. Rahimi; V. Razban and T. Zahraei Salehi (2010).
Prevention of salmonella colonization in neonatal broiler chicks by using different routes of probiotic
administration in hatchery evaluated by culture and PCR techniques.
Journal of Agricultural Science and Technology, 12: 425 -432.

Higgins, S. E.; J. P. Higgins; A. D. Wolfenden; S. N. Henderson; A. Torres-Rodringuez; G. Tellez and B.
M. Hargis (2008). Evaluation of a Lactobacillus-based probiotic culture for the reduction of
Salmonella Enteritidis in neonatal broiler chicks. Poult. Sci., 87: 27-31.

258



Egyptian J. Nutrition and Feeds (2017)

Jin, L. Z.; Y. W. Ho; N. Abdullah and S. Jalaludin (1997). Probiotics in poultry: modes of action. World’s
Poult. Sci. J., 53 (4): 351-368.

Kabir, S. M. L.; M. M. Rahman; M. B. Rahman; M. M. Rahman and S. U. Ahmed (2004). The dynamics
of probiotics on growth performance and immune response in broilers. Int. J. Poult. Sci., 3:361-364.

Koenen, M. E.; J. Kramer; R. van der Hulst; L. Heres, S. H. M. JeurissenandW. J. A. Boersma (2004).
Immunomaodulation by probiotic lactobacilli in layer-and meat-type chickens. Br. Poult. Sci., 45: 355—
366.

Leandro, N. S. M.; A. S. C. Oliveira; E. Gonzéles; M. B. Café; L. H. Stringhini and M. A. Andrade
(2010). Probiotic in ration or inoculated in embryonated eggs. 1. Performance of challenged chicks
with Salmonella enteritidis. Revista Brasileira de Zootecnia, 39 (7): 1509-1516.

Lin, M. Y. and C. L. Yen (1999). Antioxidative ability of lactic acid bacteria. Journal of Agriculture and
Food Chemistry, 47:1460-1466.

Mathivanan, R. and K. Kalaiarasi (2007). Panchagavya and andrographispaniculata as alternative to
antibiotic growth promoters on haematological, serum biochemical parameters and immune status of
broilers. J. Poult. Sci., 44: 198-204.

Menten, J. F. M. and M. M. Loddi (2003). Probiotics, Prebiotics and phytogenic additives in bird
nutrition. Proceedings of the Symposium on Poultry and Pork Nutrition, Campinas, Sdo Paulo, pp.
107-138.

Mountzouris, K. C.; P. Tsirtsikos; I. Palamidi; A. Arvaniti; M. Mohnl; G. Schatzmayr and K. Fegeros
(2010). Effects of probiotic inclusion levels in broiler nutrition on growth performance, nutrient
digestibility, plasma immunoglobulins, and cecalmicrofloracomposition. Poult. Sci., 89(1): 58-67.

Nayebpor, M.; P. Farhomand and A. Hashemi (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.

Nishikimi, M.;N. AppajiandK. Yagi (1972). The occurrence of superoxideanion in the reaction of reduced
phenazinemethosulfateand molecular oxygen. Biochem. Biophys. Res. Commun., 46(2):849-854.

Ohkawa, H.; N. Ohishi and K.Yagi (1979). Assay for lipid peroxidation in animal tissues by
thiobarbituric acid reaction. Annals Biochem., 95(2):351-358.

Oliveira de, J. E.; E. van der Hoeven-Hangoor; I. B. van de Linde; R. C. Montijn and J. M. B. M. van der
Vossen (2014). In ovo inoculation of chicken embryos with probiotic bacteria and its effect on
posthatch Salmonella susceptibility. Poult. Sci., 93: 818-829.

OxoidMannual (2010): Culture media, Ingredients and other laboratory services 9th Ed. Published by
Oxoid Ltd, London.

Popgvic’, S. J.; L. M. Kostadinovi¢; N. M. Puvaca; J. D. Levi¢; O. M. Puragi¢; B. M. Koki¢; 1. S.
Cabarkapa and M. V. Vranjes (2015). Effect of synbiotic on growth and antioxidant status of blood in
broiler chicken, Food and Feed Research, 42 (2): 163-169.

Pruszynska-Oszmalek, E.; P. A.Kolodziejski; K. Stadnicka; M. Sassek; D. Chalupka; B. Kuston; L.
Nogowski; P. Mackowiak; G. Maiorano; J. Jankowski; and M. Bednarczyk(2015). Inovoinjection of
prebiotics and synbiotics affects the digestive potency of the pancreas in growing chickens. Poult.
Sci., 94:1909-1916.

Scanlan, C.M. (1997). Current concepts of competitive exclusion cultures for the control of Salmonella in
domestic poultry. Advances in Experimental medical Biology, 421:421-426.

Song , J.; K. Xiao; Y. L. Ke; L. F. Jiao; C. H. Hu; Q. Y. Diao; B. Shi and X. T. Zou (2014). Effect of a
probiotic mixture on intestinal microflora, morphology, and barrier integrity of broilers subjected to
heat stress. Poult. Sci., 93: 581-588.

SPSS Inc. (2010). PC Statistics. 18.0. SPSS Inc., Chicago, IL.

Teo, A. Y. and H. M. Tan (2007). Evaluation of the performance and intestinal gut microflora of broilers
fed on corn-soy diets supplemented with Bacillus subtilis PB6 (CIoSTAT). J. Appl. Poult. Res., 16:
296-303.

259



Badri and Amin

Torshizi, K. M. A.; A. R. Moghaddam; Sh. Rahimi and N. Mojgani (2010). Assessing the effect of
administering probiotics in water or as a feed supplement on broiler performance and immune
response. Br. Poult. Sci., 51:178-184.

Vicente, J. L.; A. Torres-Rodriguez; S. E. Higgins; C. Pixley; G. Tellez; A. M. Donoghue and B. M.
Hargis (2008). Effect of a selected Lactobacillus spp.-based probiotic on Salmonella entericaserovar
Enteritidis-infected broiler chicks. Avian Dis., 52: 143-146.

Williams, C. H.; S. A. Witherly and R. K. Buddington (1994). Influence of dietary neosugar on selected
bacterial groups of the human faecal microbiota. Microbiol. Ecol. Health Dis., 7: 91-97.

Yang, Y.; P. A. lji and M. Choct (2009). Dietary modulation of gut microflora in broiler chickens: a
review of the role of six kinds of alternatives to in-feed antibiotics. World’s Poult. Sci. J., 65 (1): 97-
114.

BLIRN | glb g Saa g Ao Liall g BacSY) Cilalian Alla g AUN £ Ao gl U Sy Gand) s il
Opanidll Zlad (& dadagd)

2 el ige e plasd 9t (g0 pSadlne (a9 Juad
s 5l - il [ - uads e drals - de |y il S - G gl F L) acdd !
s - S - Lail) | - uad e Arala - Aol i) LS - Lo 30 L s g pSeal) aed 2

)@.muAB).\S” dy\Avﬂ.‘J_’umﬁlun:\M\A -A.L\J‘)j\:\éxs—u;‘jﬂ\ Ctu\?..é_u;\}ﬂ\ CL\.}\RLJ‘)A‘EM\‘)J\ 53 LLLJ‘);‘
22015 smdsi jed (Fa jadia

G S gl Slead) 3 s sSeal) Jeal) €Y e (s sinnn ¢ oalBY) oY) e lld L6 Al il e Lde
A U e Luall el

Canll 05 3500 sSU A (ga (g smal 49 sae) Cpanil (5l Cleal (o dnatie Luay 300 22 il o3 i p2dil
(31 e sanall Il gl oAy slasta Ly ot palae & (I ) 138 a5 35 il 8 g 600 e el o sl 8
Legiia a3 dagh 1l 5 4G cytie genall LSl (Gudall) Alalall 53l 5 giaall de samall il A0 de ganall o jlaall il
Adal) yic ganall Gia &3 et il JAe1x10 cfu/ml 5 1x10%fu/ml =~ Bifidobacterium bifidum LSy
iyl Ae7x10 cfu/ml s 2x10%fu/ml 3= > Bifidobacterium longum b Sy duslull 5

e o Al 5l 5 55 A ) sadall aand Ay Aalie oyl sl SIS A dal) € g aol dused Al jall 5 55 jaia)
oand s Sl Jaall ja) @y g A Ul sina (g Clise gan o5 LS dye L) ANall 5 300KV Clabiae Alla il ol e
) & jedal 4y LSl YL

asdl 8 4l L3 Bifidobacterium longum s Bifidobacterium bifidumbiSy sleall (S 8 Gl cis o
Gl IS5 090 35 e e Cpandl) mlaal 40 83l 3l amall (5 (B Gund () (ool Gind) (Sl see (e e Galil
Aot salmal) sVl e pdl a5 stuse i) 5 Aae Lial) AMA) Liayl i 1 S0 A5 giaall aalaall 1380y sail Jalas
) L S e e i giae U S G sinall maalaal) il LS adl) o paas 3 20SUl Cilaline Gl Gl U L cial)
O S 45yl 5 jlall Ly i€l dlae) 8 (ealadil

» Bifidobacterium bifidum LSy Jhall S (8 (el zlao Gan Gia o) ik b g Zlll e
£ 12V Cpranil Allad Al oS axdy ) Sy Aiad) G0 oS e e e el a5l 8 30U 23230 Bifidobacterium longum
sl laa e Al HUT 6 s ecppanl) @l Jsnb ad (8 30SY) Gilaliae (5 gl g e liall Aladly i) oy aliY)
g yall il g Saall dlae ] i 5 elaal) (8 dmdlil) U il Jaliis saly ) Sl

s Bifidobacterium longum_s Bifidobacterium bifidum L sSs alaaiuly dul jall a5 28l il e ol ;
il e 7x107cfu/ml s5x10°cfu/ml. e yag Laalas]

260



