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ABSTRACT The antibacterial properties of egg yolk
antibodies have been known for many years. Enhanced
antibiotic resistance has resulted in increased need for
using these antibodies as an alternative. In the present
study, generation, capsulation, and inhibition growth
properties of IgY directed against Salmonella enterica
subsp. enterica serovar Infantis (SI) were evaluated.
White Leghorn layer hens were immunized using whole
cell of inactivated SI. Salmonella Infantis–specific anti-
body activities in sera and egg yolk were determined by
ELISA. A total of 480 one-day-old male “Cobb 500”
chicks were randomly divided into 8 groups, with 6 rep-
lications of 10 birds kept for 21 D. All birds from 7
challenged groups were orally inoculated with 1 mL of SI
suspension (1! 107 CFU/mL) at 3 and 4 D of age. Two
groups were dietary supplemented with 5 g/kg immune
powdered yolk or nonimmune powdered yolk. One group
was dietary supplemented with 12.8 g/kg capsulated
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immune yolk (CIY). Two groups were given 8.3 mL/L of
immune water-soluble yolk or nonimmune water-soluble
yolk fraction in drinking water. In the antibiotic group,
1 mL/L Enrofloxacin 10% was added to drinking water.
All supplements except for the antibiotic (on Day 4 for
10 D) were added on day one and continued during the
experiment. Negative and positive control groups
received no supplements. During the experiment, among
the challenged groups, the minimum SI cecal coloniza-
tion and the lowest isolation of SI from the liver
(P , 0.01) was observed in the antibiotic group.
Following antibiotic group, in the group receiving CIY,
colonization of bacteria in ceca and liver was significantly
reduced during the second and third weeks of the
experiment (P , 0.01). According to the results, capsu-
lated specific IgY has a beneficial effect in reducing the
colonization of Salmonella under the conditions of this
study in comparison with other forms of IgY antibody.
Key words: IgY antibody, capsulation, antibacterial prop
erty, Salmonella enterica subsp. enterica serovar Infantis,
broiler chicken
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INTRODUCTION

A new alternative for controlling the infection in
humans and animals is use of passive immunity
(Gordon et al., 2016). Oral immunotherapy using pre-
formed pathogen-specific egg yolk antibodies has been
applied as a method for establishing passive immunity
against enteric pathogens (Carlander et al., 2000), such
as those caused by Campylobacter jejuni (Tsubokura
et al., 1997) and Salmonella enteritidis (Gurtler et al.,
2004); the potential in treating and preventing gastroin-
testinal (GI) infections is thanks to the IgY ability in
localizing treatment (Mine and Kovacs-Nolan, 2002).

To produce IgY antibodies, laying hens are immunized
with specific microorganisms leading to the production of
antibodies (Schade et al., 2005). IgY is deposited in and
extracted from the egg yolk, processed, and administered
in the feed or water (Chalghoumi et al., 2009a).

However, a significant amount of IgY given orally is
considered to be degraded and inactivated under gastric
conditions because IgY is not very stable against acid
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and pepsin digestion (Ebina et al., 1990). The antibodies
must survive the GI environment and reach their target
areas, while their biological properties remain intact
(Bogstedt et al., 1997). For this reason, IgY should be
protected against degradation.

Gastroenteritis is regarded as an important disease
with high morbidity and mortality among children and
elderly (Glass et al., 2001), with Salmonella being one
of the most important pathogens causing this condition
(Ranjbar et al., 2018). Salmonella enterica subspecies
enterica serovar Infantis (SI) spreads from animals to
humans mainly through contaminated food (Noda
et al., 2010). The European Food Standards Agency
(EFSA/ECDC, 2015) stated that Salmonella Infantis
has been the fourth most common Salmonella serovar
in the EU from 2012 to 2014. Previous studies suggested
that the most predominant serogroups isolated from
poultry in Iran were of D and B types, and the main sero-
vars were Enteritidis and Typhimurium (Emaddi
Chashni et al., 2009; Mirzaie et al., 2010). However, in
recent years, a higher prevalence of serogroup C1 and
serovar Infantis has been reported (Ghoddusi et al.,
2015).

Considering the loss of IgY activity in low pH (i.e.,
gizzard), the aim of this study was production and cap-
sulation of anti-SI IgY to protect the broiler chickens
against SI. It was evaluated whether encapsulation could
optimize the efficiency of IgY under in vitro and in vivo
conditions of GI tract specially gizzard.
MATERIALS AND METHODS

Experiment 1

Hen Immunization All procedures were approved by
the Animal Care and Use Committee of Tarbiat Mod-
ares University. Twenty 32-week-old Salmonella-free
White Leghorn hens were divided in 2 groups. Hens in
the immune group (I) were hyperimmunized intramus-
cularly at 2 sites of the breast muscle with SI whole cell
antigens (0.5 mL per site). Antigens were obtained by
ultrasonication and administrated at a protein concen-
tration of 500 mg/mL (1 ! 107 CFU/mL) after centri-
fugation. The protein concentration of antigenic cells
was measured using the Bradford (1976) method. The
bacteria were emulsified with an equal volume of
Freund’s complete adjuvant for the first immunization
(Day 0) and Freund’s incomplete adjuvant for 4 booster
immunizations (Rahimi et al., 2007) at 15-D intervals.
Sera and eggs were collected before every injection. The
sera and eggs were stored at 220�C and 4�C respec-
tively, until starting the next step.
Egg Yolk Water-Soluble Fraction Preparation The
eggs were broken out, with albumin removed. Then,
the yolk membrane was cut, and yolk without vitelline
membrane was collected in 50 mL centrifuge tubes to
measure yolk volume, and then equal amount of PBS
was added to the tube (0.1 M, pH 7.6). This mixture
was vortexed, and the resulting mixture was centrifuged
at 3,000 ! g for 25 min. The superficial lipid layer was
removed, and the second phase as the water-soluble
fraction of yolk (WSF) was collected and stored at 4�C
only for 1 or 2 D as the IgY source (Fulton et al., 2002).
Purification of Egg Yolk Antibody by Polyethylene
Glycol Precipitation Method to Extract IgY The egg
shell was cracked, and the yolk was transferred to a filter
paper to remove the remaining egg white, after which the
yolk without vitelline membrane was poured into a
50 mL tube. Twice the egg yolk volume of PBS was
mixed with the yolk, thereafter 3.5% polyethylene glycol
(PEG) 6,000 (in g) of the total volume was added, vor-
texed, and rolled on a rolling mixer for 10 min. Next,
tube was centrifuged at 4�C for 20 min (13,000! g),
and the supernatant was poured through a folded filter
paper and transferred to a new tube. Then, PEG 6,000
8.5% in gram (calculated according to the new volume)
was added to the tube, vortexed, and rolled on a rolling
mixer. The supernatant was discarded, and the pellet
was dissolved in 1 mL of PBS by means of a glass stick
and vortexed. In addition, PBS was added to the final
volume of 10 mL. Then, the solution was mixed with
12% PEG 6,000 (w/v, 1.2 g) and vortexed. After centri-
fugation at 4�C for 20 min (12,000! g), the supernatant
was discarded, and the pellet was dissolved in 800 mL of
PBS. Further, the IgY extract was subjected to dialysis
overnight at 4�C in saline 0.1%, and the saline was
replaced by PBS the next morning and again dialyzed
for 3 h under agitation. The membrane used had a mo-
lecular weight cut-off of 14,000 Da (Sigma-Aldrich, St.
Louis, MO). The IgY extract was transferred to 2 mL
storage vials, stored at 220�C, and used for further
studies (Pauly et al., 2011).
Egg Yolk Powder Preparation The WSF containing
specific IgY and nonspecific IgY as the control was
neutralized with 0.1 M NaOH (adjusted to pH 7.0) to
ensure that the results would not be confounded by the
acidity and then lyophilized by a freeze dryer to obtain
IgY powder.
Enzyme Linked Immunosorbent Assay The specific
binding activities of IgY in sera and egg yolk were
measured as follows. A flat bottomed polyvinyl chloride
ELISA plate was coated overnight at 4�C with 100 mL/
well of sonicated SI (5 mg of protein/100 mL) using
coating buffer (0.05 M carbonate bicarbonate buffer
pH 9.6). The plate was washed 3 times with PBS con-
taining 0.05% between 20 (PBST). After washing,
300 mL per well of 3% skim milk powder in PBS was
added to each well and incubated at 37�C for 90 min
as the blocking step. The plate was subsequently washed
with PBST. Sera and IgY extracts were diluted 1,000!,
added to the wells, and incubated at 37�C for 2 h. The
control wells had PBST, preimmune sera, and IgY
extracts, as well as nonimmune sera and IgY extracts.
After incubation, the plate was washed 3 times with
PBST, where 100 mL of diluted (1:2,000) goat anti-
chicken IgG conjugated with horseradish peroxidase
(Synbiotics Corporation, Kansas City, MO) was added
and incubated at 37�C for 90 min. The plate was then
washed twice with PBST and once with PBS and incu-
bated at 37�C for an additional 20 min with 100 mL of
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substrate solution (tetramethyl benzidine). The reaction
was stopped by adding 30 mL of 4N H2SO4 with the plate
read at 450 nm in an ELISA reader (Anthos 2020, Salz-
burg, Austria). The agglutination response of ELISA
test reflected in form of OD in ELISA reader was consid-
ered as the specific antibody activity.
Widal Agglutination Titer Assay The agglutination
method was used to screen sera and IgY extract samples.
For each serum and the IgY extraction sample, 11 test
tubes were prepared. First, 0.9 and 0.5 mL of physiolog-
ical serum were transferred into the first and second
tubes, respectively. Then, 0.1 mL of the serum or IgY
extract was added to the first tube and homogenized.
In the next stage, 0.5 mL was taken from the first
tube, added to the second tube, and homogenized, where
the rest of the tubes were serially diluted to 1/10,240.
From the last tube, 0.5 mL of solution was discarded.
Next, the 0.5 mL killed whole cell of SI antigen (1 !
108 CFU/mL) was added to all tubes, and after incu-
bating at 37�C for 24 h, the agglutinant formation
with considering the dilution series was investigated.
Growth Inhibition Assay A suspension of SI in brain–
heart infusion (BHI) broth was adjusted to an optical
density of 0.05 at 600 nm, corresponding to a cell density
of approximately 2.7 ! 107 CFU/mL. Next, the pre-
pared bacterial culture was mixed with the same volume
of BHI and incubated while being shaken at 37�C. The
turbidity of the culture (optical density at 600 nm) was
measured by a spectrophotometer (JENWAY Genova,
UK) at 1-h intervals until reaching the stationary phase.
The immune powdered yolks (IPY) and nonimmune
powdered yolks (NIPY) were reconstituted to 50, 100,
150, and 200 mg/mL of BHI. The solutions were then
centrifuged at 12,000 ! g at 4�C for 20 min. The su-
pernatant was sterilized using a 0.22-mm membrane fil-
ter (MS CA Syringe Filter). In addition, antibiotic
(Enrofloxacin 10%) was reconstituted in BHI at con-
centrations 10 to 0.0001 mg/mL. Thereafter, 2 mL of
IPY, NIPY, and Enrofloxacin solutions was added to the
same volume of prepared SI culture and incubated at
37�C while being shaken. The aliquots of samples
(10 mL) were taken at 0, 2, 4, and 6 h of incubation and
cultured on CHROMagar Salmonella plates in dupli-
cates. Finally, after overnight incubation at 37�C, the
plates were investigated in terms of growth or
nongrowth of SI.
SDS–PAGE The purity of IgY extract was monitored
by sodium dodecyl sulfate polyacrylamide gel electro-
phoresis under reducing conditions according to the
method suggested by Rosen et al. (2010).
Capsulation Capsulation of IgY was performed at
Darou Pakhsh Pharma. Chem. Co. (Tehran, Iran).
Sugar coating method was used for capsulation as fol-
lows: sucrose cores (mesh 20–25, IPS, Co. Italy) were
coated with WSF of immune yolks using pan instrument
at 57�C. In the next stage, cores were coated with meth-
acrylic acid L100 (Evonik, Co. Essen, Germany)—an
enteric tablet coater. In this study, 2.56 g capsulated im-
mune yolk (CIY) was calculated to be equivalent to 1 g
of IPY.
In Vitro Stability of CIY and IPY to Simulate Gizzard
and Intestine Conditions The GI juice was simulated
as described by Martinez-Haro et al. (2009) and
Kovacs-Nolan and Mine (2005) with minor modifica-
tions. To simulate avian gizzard digestive juice (SGDJ),
a solution of NaCl 1 N (Merck, Kenilworth, NJ) was
prepared containing 10 g/L of pepsin (Merck), adjusted
to pH 2.0 with concentrated HCl (Merck). To simulate
intestinal digestive juice (SIDJ), a concentrated solution
was prepared containing bile extract (3.5%) and porcine
pancreatin (0.35%; Sigma), which were diluted to effec-
tive concentrations of 0.35% and 0.035%, respectively.

Initially, 12 mL of SGDJ was added to 24, 50 mL poly-
propylene centrifuge tubes. All tubes were divided into 2
groups of A and B, with each group including 6 tubes con-
taining 5 g of IPY, and 6 tubes containing 12.8 g of CIY.
The tubes were incubated at 42�C with shaking. At
intervals of 0.5, 1, 2, and 3 h, sampling was done from A
replicate, and the samples were neutralized with sodium
carbonate 0.1 M buffer, at pH 9.6. The remaining IgY
activity of SGDJ samples was assessed by ELISA.

To simulate intestine conditions, after 3 h of incubation
in SGDJ, B replicate was centrifuged at 20,000 ! g for
10 min. Specifically, 1.5 mL of the supernatant (in a
1.5mLmicrotube)was adjusted topH6.2using a saturated
solution of NaHCO3 (Merck). After vortex mixing, 150 mL
was discarded, while 150 mL of SIDJ was added, and solu-
tions were incubated at 42�Cwith shaking at a slow speed.
The sampling was performed at 0.5, 1, 2, and 3 h of incuba-
tion with the samples placed on ice. The remaining IgY ac-
tivity in SIDJ samples was determined by ELISA.
In Vivo Gastrointestinal Stability of CIY and IPY
According to Kovacs-Nolan and Mine (2005) with minor
modifications, twelve 21-day-old male “Cobb 500” chicks
were randomly assigned into 2 groups of 6 birds. The
chickens were given feed and water ad libitum during the
24 h experiment to maintain normal digestive functions.
Control chicks were given 5 g/kg IPY, and the test
chicks given 12.8 g/kg of CIY granules on top of their
diets. After 24 h, the chickens were euthanized, and
necropsy was immediately carried out to collect contents
from proventriculus, gizzard, proximal intestine (duo-
denum to Meckel’s diverticulum), and distal intestine
(Meckel’s diverticulum to ceca). The contents of pro-
ventriculus, proximal, and distal intestine were added to
3 and gizzard contents added to 4 volumes (to neutralize
gizzard acid) of PBS containing complete protease in-
hibitor cocktail tablets (Merck) and kept on ice. The
samples were homogenized and centrifuged at 5,500! g
for 10 min at 4�C. The supernatants were then concen-
trated to 1/5 of their original volume by ultrafiltration
using a 50 kDa molecular weight cut-off (MWCO) cel-
lulose membrane. The remaining IgY activity of samples
was determined by ELISA.
Experiment 2

Bacterial Strain and Growth Condition The standard
strain of Salmonella Infantis was first obtained from
the collection of Department of Microbiology and



Figure 1. SDS PAGE of IgY extract under the reducing conditions,
IgY extract was obtained from egg yolk by PEG method. Lane 1 shows
the molecular weight marker (Sinaclone, Tehran, Iran) Lane 2 is IgY
extraction sample. HC, heavy chains; LC, light chains; PEG, polyeth-
ylene glycol.
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Immunology, Faculty of Veterinary Medicine, University
of Tehran. For the preparation of the inoculate, bacteria
were grown innutrient broth at 37�C for 24 h.The cultures
were centrifuged for 20 min at 4,000!g and resuspended
in fresh broth to produce a highly concentrated culture.
Ten-fold dilution series for inoculation of chickens were
made in sterile saline, and the viable cell concentration of
the inoculum was determined by counting the CFU on
CHROMagar Salmonella plates, following a pour plate
procedure (Bjerrum et al., 2003). The dose for the exper-
iment was chosen based on pre-experiments. The goal
was to achieve a life-lasting infection of the chicks with
counts of Salmonella remaining as stable as possible.
The birds received 1mLof bacterial suspension containing
1 ! 107 CFU/mL of SI.
Experimental Animal and Design A total of 480 male
“Cobb 500” day-old broiler chicks were obtained from a
Salmonella-free parent flock and randomly assigned into
8 groups and 6 replications of 10 birds. Chicken had ad
libitum access to feed and water during the 21 D of the
experimental trial. The feed was conventional for
broilers without antibacterial and coccidiostat and was
analyzed for Salmonella content before the experiment
trial, following an enrichment procedure (Barrow, 1991).

All birds except for negative control group (NC) were
orally inoculated with 1 mL of bacterial suspension con-
taining 1! 107 CFU/mL SI at 3 and 4D of age. Negative
control group was kept in a separated room from chal-
lenged groups and received no supplements. Salmonella
Immune powdered yolk (SIPY) and Salmonella non
immune powdered yolk (SNIPY) groups were dietary
supplemented with 5 g/kg of diet IPY or NIPY. Salmo-
nella capsulated immune yolk (SCIY) group was dietary
supplemented with 12.8 g/kg of CIY. The supplements
were added on top to diets. Salmonella, immune water-
soluble yolk fraction and Salmonella, nonimmune
water-soluble yolk fraction groups were given 8.3 mL/L
of drinking water, immune WSF of yolk or nonimmune
WSF of yolk. In Salmonella antibiotic (SA) group,
1 mL/L of Enrofloxacin 10% antibiotic (A) was added
to drinking water. All supplements except for the anti-
biotic (on day 4 for 10 D) were added on day one and
continued during the experiment.
Bacterial Culture On Days 7, 14, and 21, one chicken
was euthanized from each replicate. To screen Salmo-
nella, the liver was homogenized, and 1 g of the homog-
enized tissue from each bird was serially (1:10) diluted to
103 using sterile saline. In case of cecal samples, whole
cecal contents of each bird were pooled, approximately
1 g weighed, diluted serially by 102, 104, and 106 times
in sterile saline. 10 mL of each dilution of liver and cecal
samples were cultured on CHROMagar Salmonella
plates, and after 24 h of incubation, the CFU number
of SI was counted.
Statistical Analysis A completely randomized design
was employed for all data analyses. All assays except for
the sera and egg yolks ELISA test (n5 10) were performed
with 6 replications. The model was as follows:
Yij5 m1Ai1 eij, where Yij5 observed value for a partic-
ular character; m 5 overall mean; Ai 5 effect of the ith
treatment; and eij 5 random error associated with the
ijth recording. Significant differences (P , 0.05) between
means were separated using the Duncan’s multiple range
test (SAS Institute, 2004). All figures were made in
GraphPad prism 8.
RESULTS

SDS PAGE

IgY extract purity was confirmed through SDS PAGE
experiment according to Figure 1. The molecular weight
of the purified IgY was confirmed as 180 kDa; under
reducing conditions, it exhibited 2 high and low protein
bands (about 65 kDa and 35 kDa, respectively).
Measurement of Salmonella-Specific
Antibody Activity

Anti-SI antibody activities in serum and egg yolk were
determined by ELISA as demonstrated in Figure 2. The
specific antibody activity in sera and egg yolk was low
before the first immunization, whereas the egg yolk
had a higher antibody activity (0.62 6 0.05) as
compared with the sera (0.46 6 0.04) (P , 0.01). After
the first immunization, the specific antibody activity in
sera increased (0.82 6 0.27), which had a difference
with the antibody activity before the injection
(P , 0.01). A rapid rise occurred after the second injec-
tion (1.776 0.31), and serum IgY reached the maximum
level (2.75 6 0.17) 60 D after the initial immunization.
Specific antibody activity slightly began to decline
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Figure 2. Time-dependent changes of specific antibody activity in
serum and egg yolk during the experiment period. The arrows indicate
the immunization time. Antibody activities in 1/1,000 diluted sera
and IgY extraction from chickens were measured by ELISA and shown
as OD 450 nm. IgY extracts were purified by PEG method from egg
yolks. Error bars indicate the standard deviation (n 5 10). The arrows
indicate the immunization times. PEG, polyethylene glycol.

Table 1. The effect of IPY, NIPY, and Enrofloxacin (Enro) on
bacterial growth.

Concentration (mg/mL)

Time (h)

0 2 4 6

IPY
50 1 1 1 1
100 2 2 2 2
150 2 2 2 2
200 2 2 2 2

NIPY
50 1 1 1 1
100 1 1 1 1
150 1 1 1 1
200 1 1 1 1

Enro
0.0001 1 1 1 1
0.001 2 2 1 1
0.01 2 2 2 2
0.1 2 2 2 2
1 2 2 2 2
10 2 2 2 -

Abbreviations: IPY, immune powdered yolk; NIPY, Nonimmune
powdered yolk; Enro, Enrofloxacin.

Bacterial growth indicated by 1.
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(2.73 6 0.18) on day 75. With a 2-wk lag, egg yolk–
specific antibody activity reached its maximum level
(3.3 6 0.29) on day 75 and then began to decline
(3.286 0.37) on Day 90, although the maximum specific
antibody activity was higher than that of the serum
(data not shown).
Widal Agglutination Titer Assay

The results of ELISA test were confirmed by the
Widal test as displayed in Figure 3, where elevation
and reduction of agglutination (increase and decrease
in amount of antibody) were observed; however, note
thatWidal test is a qualitative test and is not as sensitive
as ELISA test.
Table 2. In vitro stability of CIY and IPY to simulated gizzard and
Growth Inhibition

As presented in Table 1, growth inhibition assay
confirmed the specific activity of anti-SI IgY against
SI. Bacterial growth was observed at all levels of control
groups during all hours of sampling. However, among
different levels of IPY, bacterial growth was observed
only at 50 mg/mL level at all hours of sampling. In case
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Figure 3. Time-dependent qualitative (dilution series) changes of
antibody agglutination in serum and egg yolk (IgY extract) during the
experiment period. The arrows indicate the immunization time. Each
sample is a pool of 10 replicates. Serum and IgY extract have been seri-
ally diluted to 1/10,240.
of Enrofloxacin, the growth of bacteria was observed at
0.001 mg/mL at 4 and 6 h as well as at 0.001 mg/mL
across all hours of sampling.
In Vitro Stability of CIY and IPY Under
Simulated Gizzard and Intestine Conditions

According to this assay as reported in Table 2, uncap-
sulated IgY could not tolerate the simulated gizzard con-
ditions even for 0.5 h. In comparison, CIY presented a
greater resistance to incubation under simulated gizzard
conditions; after 1 and 2 h of incubation, the capsule
began to disintegrate where the remaining antibody ac-
tivity of CIY was 1.35 6 0.67 and 1.78 6 0.36, respec-
tively, which were higher (P , 0.01) than those of IPY
at all hours of sampling. Part of the CIY granules that
have been able to tolerate the simulated gizzard
intestine conditions as assessed by ELISA.

Treatments

Time (h)

0.5 1 2 3

Gizzard
IPY 0.57 6 0.06a 0.51 6 0.13a 0.47 6 0.10b 0.45 6 0.07a

CIY 0.46 6 0.10a 1.35 6 0.7a 1.8 6 0.36a 0.43 6 0.05a

P-value 0.87 0.047 0.0002 0.67

Intestine
IPY 0.42 6 0.09a 0.41 6 0.07a 0.41 6 0.11b 0.44 6 0.11b

CIY 0.45 6 0.06a 0.50 6 0.12a 1.36 6 0.26a 1.13 6 0.11a

P-value 0.83 0.86 0.0001 0.0001

a-bMeans within a column lacking a common superscripts differ
(P , 0.01).

Abbreviations: CIY, capsulated immune yolk; IPY, immune powdered
yolk; SGDJ, simulate avian gizzard digestive juice; SIDJ, simulate intes-
tinal digestive juice.

Anti-SI IgY activity remaining over 3 h incubation in SGDJ and SIDJ
was measured by ELISA.

Values represent the mean 6 SD, (n 5 6).



Table 3. In vivo gastrointestinal stability of IPY and CIY as assessed by ELISA.

Treatments Proventriculus Gizzard Proximal intestine Distal intestine

IPY 0.38 6 0.16a 0.55 6 0.20a 0.42 6 0.09b 0.49 6 0.11b

CIY 1.06 6 0.76a 0.98 6 0.69a 2.13 6 0.61a 1.53 6 0.65a

P-value 0.13 0.26 0.001 0.008

a-bMeans within a column lacking a common superscripts differ (P , 0.01).
Abbreviations: CIY, capsulated immune yolk; IPY, immune powdered yolk.
Anti-SI IgY activity in each region of the gastrointestinal tract was assessed by ELISA.
Values represent the mean 6 SD, (n 5 6).
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conditions for 3 h, after 2 and 3 h incubation in simulated
intestine conditions were opened and showed the
remaining antibody activity of 1.36 6 0.26 and 1.13 6
0.11, respectively.
In Vivo Gastrointestinal Stability of CIY and
IPY

As outlined in Table 3, among the contents of GI sec-
tions, the maximum remaining antibody activities of
CIY were observed in proximal and distal intestine
(2.13 6 0.61 and 1.53 6 0.65, respectively), which had
a difference (P , 0.01) with the remaining antibody ac-
tivity of IPY in all GI parts. Further, CIY showed a
higher remaining antibody activity in proventriculus
and gizzard, through it was not significant (1.06 6
0.76 and 0.98 6 0.70, respectively).
Table 4. The effect of treatments on Salmonella enterica subsp.
enterica serovar Infantis population (Log10 cfu*/g) of cecal con-
tent and liver tissue.

Treatments

Age (D)

7 14 21

Cecum
S 9.24 6 0.20a 6.82 6 0.35a 4.36 6 0.15a

SA 7.73 6 0.89c 3.66 6 0.37c 0.48 6 0.24e

SIPY 8.89 6 0.57a,b 6.39 6 0.32a 3.83 6 0.22b,c

SCIY 8.51 6 0.83a,b 4.82 6 0.28b 1.60 6 0.27d

SIWY 8.89 6 0.50a,b 6.61 6 0.45a 3.74 6 0.45c

SNIPY 9.10 6 0.56a,b 6.86 6 0.33a 4.23 6 0.39a,b

SNIWY 9.20 6 0.37a,b 6.87 6 0.41a 4.25 6 0.28a,b

C 0.0 6 0.0d 0.0 6 0.0d 0.0 6 0.0f

P-value 0.0001 0.0001 0.0001
Treatments Liver
S 5.39 6 0.27a 3.85 6 0.64a 1.74 6 0.56a

SA 2.47 6 0.19c 0.08 6 0.11c 0.0 6 0.0b
S. enterica subsp. Enterica Serovar Infantis
Counts of the Cecal Content Samples and
Liver Tissue

The effect of anti-SI IgY in reducing the colonization of
SI was evaluated by cecal content samples and liver tissue
onDays 7, 14, and 21, as summarized in Table 4. The cecal
content samples and liver tissue from the NC chicks were
free of Salmonella throughout the experiment period. The
minimum colony counts of the cecal contents and liver tis-
sue among the challenged groups belonged to SA treat-
ment during the 21 D of experiment (P , 0.01). There
was a difference (P , 0.01) between SCIY group, which
showed the lowest cecal content colony count when
compared with other treatments on Days 14 and 21. In
case of liver tissue after SA, SCIY treatment revealed
the minimum colony counts during the 21 D of the exper-
imental trial, which was also significant (P , 0.01).
SIPY 5.07 6 0.51a 3.43 6 0.72a 1.6 6 0.45a

SCIY 3.46 6 0.79b 1.47 6 0.38b 0.0 6 0.0b

SIWY 5.21 6 0.26a 3.68 6 1.24a 1.54 6 0.43a

SNIPY 5.49 6 0.27a 3.97 6 0.71a 1.69 6 0.48a

SNIWY 5.13 6 0.29a 3.78 6 0.99a 1.71 6 0.32a

C 0.0 6 0.0d 0.0 6 0.0c 0.0 6 0.0b

P-value 0.0001 0.0001 0.0001

a-bMeans within a column lacking a common superscripts differ
(P , 0.01).

Abbreviations: S, Salmonella challenged groups; SA, Salmonella anti-
biotic; SIPY, Salmonella immune powdered yolk; SCIY, Salmonella
capsulated immune yolk; SIWY, Salmonella immune water-soluble yolk
fraction; SNIWY, Salmonella nonimmune water-soluble yolk fraction; NC,
negative control.

*Log CFU SI per gram of cecal content and mixed liver tissue (n 5 6).
Values represent the mean 6 SD.
DISCUSSION

The intestinal colonization of Salmonella serovars
plays a significant role in carcass contamination, where
reducing the intestinal colonization during the growth
period is highly effective in improvement of carcass qual-
ity (Tellez et al., 2001). With concerns about antibiotic
resistance, oral administration of hen egg yolk antibody
(IgY) is an emerging and promising nutritional strategy
to control infections in broiler chicken industry
(Chalghoumi et al., 2009b). However, to maintain the ef-
ficacy of IgY for prevention and treatment of Salmonella
infection in chickens, IgY stability should be preserved
under GI conditions.
Following the second immunization, a rapid growth

occurred in the specific antibody activity of sera in
response to the second and subsequent exposure of the
same antigen. The fifth injection failed to have any
improvement in the antibody activity, as Chalghoumi
et al. (2008) reported a slower antibody activity-
elevating rate after the third injection. The specific anti-
body activity in egg yolk was higher (P, 0.01) than that
of the serum after the third injection until the end of
experiment because the secretion of IgY into the hen cir-
culatory system was selectively accumulated in egg folli-
cle (Rose and Orlans, 1981; Chalghoumi et al., 2008). In
addition, the delay is associated to the fact that it takes
time to reflect the events occurring in plasma in the yolk
(Li et al., 1998).
The specific activity of antibody against SI without

indicating any bacterial growth occurred at the concen-
tration of 100 mg/mL IPY; in case of Enrofloxacine,
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nongrowth of bacteria was observed at a concentration
of 0.01 mg/mL Enrofloxacin 10%, after 6 h of incubation.
Note that IgY antibody and antibiotics have a different
mode of action to inhibit the growth of bacteria. In Sal-
monella serovars., the A subunit of DNA gyrase is a
target of quinolones such as Enrofloxacin (Delsol et al.,
2004), whereas IgY antibody does not possess any bacte-
ricidal or bacteriostatic effect (Tsubokura et al., 1997).
Instead, IgY binding to the specific components on the
bacterial surface is considered as the most important
mechanism leading to the impairment of the biological
functions, which plays a significant role in the bacterial
growth (Sim et al., 2000; Diraviyam et al., 2011). On
the other hand, the ability of IgY in agglutination of
bacteria should also be considered.
Cecal contents and ceca tonsils of chickens were found

to be the superior sites for Salmonella isolation (Brownell
et al., 1969). In this study, having investigated the cecal
contents and liver tissue, it was observed that during
21 D of the experiment, the antibiotic was notably the
best supplement in reducing the colonization of SI in
the ceca and liver of the challenged chickens, followed
by CIY as compared with other supplements. Although
there are studies such as Mahdavi et al. (2010) that
with inoculating a maximum level of 4 g/kg of diet IgY
powder confirmed the successful performance of noncap-
sulated IgY in reducing the intestinal colonization of bac-
teria, the results of the present study showed greater
success of capsulated IgY as compared with noncapsu-
lated IgY. Methacrylic acid which was used for the
coating is a common pharmaceutical coater which is
insoluble in acid medium but will begin to dissolve
around pH above 5.5 (Lehmann et al., 1999). Through
coating via this enteric polymer, we expected to produce
antibodies which are resistant to gizzard conditions and
will dissolve in the small intestine, which is the primary
reservoir of this zoonotic bacterium (Cosby et al.,
2015). Therefore, we assumed that CIY granules after
reaching target area were disintegrated, and IgY
inhibited bacterial growth and blocked bacteria to
adhere to the intestinal wall by sticking to them (Ma
et al., 1990; Chalghoumi et al., 2009a). In agreement
with our claim, in vivo experiment showed the highest
antibody activity of CIY in proximal intestine
(P , 0.01) followed by the distal intestine,
proventriculus, and gizzard, respectively. All these
suggest that IgY was more available to recognize and
bind to SI while passing through the small intestine.
However, in vitro stability of CIY was not completely
in agreement with our expectation. Over time, the
acidic conditions of simulated gizzard finally managed
to disintegrate the polymer coater as the highest
antibody activity was observed after 2 and 1 h of
incubation, respectively, where the activity of the
released antibodies diminished. Hatta et al. (1993) re-
ported that digestion of IgY with pepsin at pH 2 resulted
in complete hydrolysis of the antibody molecule, leaving
only small peptides. The unaffected CIY granules after
tolerating the gizzard conditions, in simulated intestine
conditions, were opened and showed the acceptable
antibody activity after 2 and 3 h incubation. Kovacs-
Nolan and Mine (2005) also used methacrylic acid poly-
mer to coat IgY. They observed that after more than 2 h
incubation in simulated pig gastric conditions, polymer
began gradually to disintegrate. In in vivo experiment,
they observed the highest activity of IgY in pig stomach.
Likewise, in agreement with our in vitro experiment, the
noncapsulated IgY was extremely sensitive to simulated
gastric conditions and was rapidly inactivated.

At the end, it should be mentioned that sugar coating
method used for capsulation has some limitations such
as relatively high cost and long coating time, and high
bulk have led to the use of other coating materials
(Hussan et al., 2012). In addition, diet supplementation
with yolk products probably increases the concentration
of protein received in chickens, while the performance of
birds and preparing the equal amount of protein in this
study was not considered as a major factor.

The results of this study confirmed the importance of
capsuling in maximizing the efficiency of specific anti-
bodies in reducing the colonization of bacteria. Never-
theless, further studies are required to examine other
methods for coating and using other types of polymer
coaters, which could be completely stable under poul-
try’s gizzard conditions.
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