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Feed additives are used frequently in variable combinations to maximize broiler

productivity and consumer safety. Therefore, we evaluated the efficiency of feed additives

used in four different diets: a basal diet, a probiotic (PRO-PAC®) supplement diet, an

egg yolk purified immunoglobulin Y (IgY) supplemented diet, and a combination of IgY

and PRO-PAC® supplement (n = 15 for each group). We assessed the improvement of

behavioral and hematological parameters of Ross broilers before and after an immune

stress challenge using lipopolysaccharide (LPS). Behavioral as well as physiological

parameters were analyzed. The standing frequency was the highest (P <0.05) in broilers

supplemented with a combination of probiotics and IgY. Likewise, latency approach

score to a novel object improved (P < 0.01) in the combination group at week-3.

After intraperitoneal injection of LPS, this combination group achieved the best gait

score at week-3, followed by week-5, compared to birds fed the basal diet. The

heterophil/lymphocyte (H/L) ratio, heterophil differential count, and eosinophil differential

count in the basal diet group that was challenged with LPS were significantly increased

(P < 0.01, P < 0.001, P < 0.05, respectively) compared to the combination groups.

Therefore, we concluded that the combination of IgY and probiotics can significantly

improve the behavior and the underlying physiological parameters of Ross broilers.

Consequently, this combination can improve the broilers′ health, welfare and produce

a safe meat free from harmful chemical residues.
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INTRODUCTION

The high demand for poultry meat promotes intensive growth
of poultry production. However, this intensive production has
always been challenged by numerous obstacles such as physical,
environmental, and medical stressors (1). The inflammatory
symptoms accompanied by the innate immune response are
common stressors in poultry farms that can result in major
economic losses (2). Antibiotics are used in poultry farms to
enhance the growth and feeding efficiency, in addition to limiting
infections (3). The disastrous complications of widespread
use of antibiotics, including microbial resistance, and harmful
residues in broiler meat have urged additional efforts to find
out new alternatives to antibiotic use. Feed additives were able
to fulfill this gap through interactions with gut microbiota and
contributions to the health of the host (4). Using probiotics as
feed additives can initiate resistance to bacterial colonization, and
promote the host mucosal immunity for minimizing pathogen
load (5).

Egg yolk plasma contains immunoglobulins that have
been widely used as biomedical and therapeutic products for
controlling alimentary tract diseases (6). Hen immunoglobulins
are naturally transferred to offspring through the egg yolk,
which contains 8–20mg of immunoglobulin Y (IgY)/ml (7,
8). The main function of IgY is to enhance the resistance
of the developing embryo until the individual is fully capable
of producing antibodies. IgY technology, in other words the
production and use of polyclonal IgY (9), is considered to be
a potential substitution for conventional polyclonal antibody
production in mammals. The use of hen’s egg yolk IgY as a
feed additive has numerous advantages that involve (i) making
of preferential use of chicken products, (ii) addressing the
global challenge of microbial drug-resistant through reduction
of antibiotic usage in the livestock industry, (iii) stimulation
of immunogenicity against conserved mammalian proteins,
which exists in birds due to their phylogenetic distance (10),
which allows laying hens to be more efficient generators
of antibodies against conserved epitopes compared to other
animals, and (iv) providing passive vaccination against some
bacterial infections, including Salmonellosis, Campylobacteriosis,
Staphylococcus aureus, Streptococcus suis, and Brucella spp. (11).
Moreover, IgY is a y-shaped antibody with the typical light and
heavy chains structure that is similar to mammalian IgG. Also,
the structure of the IgY fragment crystallization (FC) region
does not allow strong binding to FC receptors on immune cells
of non-avian species such as mice, which reduces associated
inflammatory signs and allergic reactions when IgY is used for
passive immunization in mammals (12).

Consequently, scientists have paid more attention to efficient
purification of avian antibodies (13). The water dilution (WD)
method that was described previously (14) is a fast and simple
method to purify IgY from whole egg yolk. WD can provide the
highest yield of antibodies (96%) while remaining cost-effective
(15). During the first 2 weeks posthatching, the chick’s adaptive
immune system begins to develop. Meanwhile, the early humoral
protection in the chick relies heavily on the maternal transfer
of antibodies (16). Feeding the specific IgY purified from egg
yolk to offspring is considered to be a continuation of passive

maternal protection.Moreover, the production of large quantities
of IgY in a cost-effective manner is essential for producing
passive immunization in the broiler industry. Most research
articles discussing IgY stability were done in vitro, and therefore,
numerous studies are needed to assess IgY stability in the diet
(17) for future efficient commercial applications.

The novel object test was performed at week-3 and week-5.
This test was used to evaluate birds’ reactions to a novel stimulus
to detect whether the diet can affect the responsiveness of the
broilers. In the current study, broiler stress model was established
via lipopolysaccharide (LPS) challenge that is used frequently
to induce immune stress and for simulation of animal response
to infection. LPS exaggerates plasma corticosterone levels as an
immediate stress response (18). LPS is a structural content of
the outer wall of gram-negative bacteria (19), which acts as a
toll-like receptor agonist and triggers the inflammatory signaling
in immune cells, leading to oxidants and proinflammatory
cytokines production that mediates the innate immune response
(20, 21). The symptoms manifested by challenged birds include
appetite loss, lack of activity, and high temperature at least within
the first 4 h after LPS injection. LPS induces leukocytosis in
challenged birds because of the initial elevation of the heterophil
count and the heterophil/lymphocyte ratio within the first 24 h
(22). The symptoms manifested by challenged birds include
appetite loss, lack of activity, and high temperature at least within
the first 4 h after LPS injection. LPS induces leukocytosis in
challenged birds because of the initial elevation of the heterophil
count and the heterophil/lymphocyte ratio within the first
24 h (22).

LPS also has a drastic impact on intestinal epithelium
represented by retardation of epithelial cell growth and
proliferation, which in turn hinders the absorption process (23).
Using direct-fed microbial products such as B. subtilis-based
probiotics in LPS-challenged chickens can significantly reduce
systemic inflammation and decrease serum levels of acute-phase
glycoproteins such as α1-acid glycoprotein (24). The same author
also disclosed the ameliorative impact of probiotics against LPS-
induced inflammation that is emphasized by reduction in LPS-
induced proinflammatory cytokines, and revealed that probiotics
can also modulate intestinal immune activities, and potentially
stabilize gut integrity during inflammation. However, as far
as we know, the available data evaluating the effect of IgY
combined with probiotics on the health and welfare of broilers
in normal and immune stress conditions are not clear and scarce.
Therefore, we hypothesized that using probiotics along with IgY
can potentially enhance broilers’ immune system and contribute
greatly to the improvement of poultry management as well as
safe meat production. Therefore, this study was performed to
investigate the effect of natural feed additives (IgY, probiotics,
and amixture of both), on promoting behavioral activities, health
status, and immunity in broilers exposed to LPS.

MATERIALS AND METHODS

Ethical Approval
We tried to minimize the discomfort of the chicks as much as
possible during the study period.We did not rear the birds during
rain, hot, or cold weather. Only workers and relevant researchers
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could enter the birds’ room. The experiment was approved, and
the birds were identified and managed under license number
(161411-04-2018) from the Animal Ethics Committee of the
Faculty of Vet-Med., South Valley University, Qena, Egypt.

Accommodation (Birds, Housing, and
Management)
All manure was scrubbed from the poultry house. In addition,
dust and dirt were removed from windows, floors, ceiling,
walls, and ventilation shafts using water and high-pressure
sprayers, and then the surfaces of the housing units were
disinfected using Formalin R© 35–38% (5/100). Utensils and
removable equipment were soaked in the same disinfectant
solution. Moreover, fumigation disinfection was also applied.
Finally, quicklime was sprayed on the ground under the litter.
The four pens were 3.9 m2 (1.8m L× 2.2mW× 3mH). The daily
management protocol for the broilers (lighting, temperature,
relative humidity, and vaccination program) was carried out as
previously reported (25). Birds had access to feed and water
ad-libitum. The commercial feed used during this experiment
was purchased from Alaaf ALmagd, Alarabia Lell-alaaf, Quesna,
Menuofia, Egypt. The chemical composition of the diet was
prepared according to the previous report (26). A commercial
probiotic mixture, PRO-PAC R© (Nutrivet Animal Health. Co.
LTD, Egypt), was used. Each kg of PRO-PAC R© was composed of
100 g of Betaine HCl 97%, 100 g of Lactobacillus acidophilus, 50 g
of Enterococcus faecium, 4.8 g of Lactobacillus Plantarum, 2 g of
Bifidobacterium bifidum, 50 g of Aspergillus oryzae fermentation
extracts (xylanase 12,500 units/kg, hemicellulase 2,750 units/kg,
and ß-glucanase 2,250 units/kg), and 50 g/kg Bacillus subtilus
fermentation extracts (alpha aylase 25,000 units/kg, cellulose
4,500 units/kg, and protease 12,500 units/kg). Preparation of
IgY from egg yolk was performed using the “water dilution”
method (14). After the preparation of egg yolk, the mixture
was precipitated using ammonium sulfate as previously reported
(27). Finally, we obtained IgY in a powder form, as mentioned
previously (28).

Experimental Design
Sixty-one-day-old non-sexed broiler chicks (Ross) were
randomly divided into four groups (15/group). In each group,
five chicks were marked with different colors on their head and
back for behavioral observation. Another five birds were used
for the blood sampling, and the remaining birds in the same
group were kept as spares. The first group (control group) of
broilers was fed the basal diet. The second group (probiotic
group) of broilers was fed the basal diet supplemented with
PROPAC R© (0.5 g/kg diet). The third group (IgY group) was
broilers fed the basal diet supplemented with IgY powder (0.5
g/ kg diet). The fourth group (the combination group) was
broilers supplemented with a mixture of IgY and probiotics
(0.25 g/kg diet each). Meanwhile, probiotic was added from
day-1 to day-42 of age, while IgY was added from day-8 to
day-42 of age. The stress model was performed at day-28
of age, and each treatment group of broilers was further
subdivided into two subgroups with four birds each randomly
chosen. LPS was diluted in physiological saline and injected

intraperitoneally at a dose of 0.1 mg/kg of body weight.
Blood samples were collected 3 h later, from the wing vein
of all 32 experimental birds using EDTA (1mg ml−1) as an
anticoagulant (29). Fresh samples were used for assessment of
hemoglobin (Hb) concentration, the ratio of packed cell volume
(PCV), and differential leukocyte count (DLC), as described
previously (30).

Behavior and Welfare Assessments
Behavioral Observation
Behavioral activities of each group were observed once weekly
(three times/day) from week-3 to week-6. Behaviors were
recorded for 30min in three interval periods (9 AM, 1 PM, and 5
PM) (31), at days 21,28,35, and 42 of age using a computerized
camera recording system. The cameras (Hikvision, Binjiang
District, Hangzhou, China) were fixed, directly overhead, and
recorded in real time. Data were stored on Hikvision-DVRs for
the behavioral analysis.

Ethogram (Time-Budgets)
All birds’ activities were obtained from the 30min scans at
5min intervals. The behavioral patterns such as standing activity
and lying were recorded. The standing activities as stand, preen
stand, stand to eat, peck body, peck head and/or litter, drink,
walk, jump, and run were recorded. The behavioral patterns of
lying position as preen lie, lie eat, lie sleep, leg stretch, wing
stretch, leg and wing stretch, and wing flap were displayed, as
previously reported.

Novel Object Test
The novel object was different in shape and color at week-3
compared to week-5 (32). The results of these tests were collected
by calculating the latency approach (LA) score, and latency peck
(LP) score, using the following formula:

LA score = [LA to the object (s)/total duration of test (s)] ×
100. However, LP score = [LP to the object (s)/ total duration of
test (s)]× 100.

Gait Score (GS)
The gait score was calculated at week-3 and week-6. The gait
score is considered an indicative sign in broilers, as described
previously (33). For instance (0)= its gait is smooth and the foot
curls when lifted, and the bird appears well-balanced; (1) = its
gait is uneven, the foot may or may not curl when lifted, and it
is difficult to tell which side has the injured leg or foot; (2) = its
gait is uneven, the foot remains flat when lifted, the bird’s stride is
shortened, and the bird may have poor balance and use its wings
for support; (3) = similar to gait score of 2 but remains lying
down unless gently nudged to move, more likely to use wings for
balance and support; also, it cannot stand for more than 25 s and
typically lies down after a series of steps; (4) = it is reluctant to
move up to 5 s before the bird stands on both feet, and uses wings
like crutches to walk, and the bird can only take a few steps before
lying back down; (5) = it is not able to take one step, and will
shuffle if nudged to move.
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Euthanasia and Blood Collection
The birds were euthanized on day-42 of age by decapitation
technique. Blood (5ml) was collected in tubes containing
k3-EDTA as an anticoagulant. Another 5ml was collected
in vacuum tubes without EDTA to obtain sera. Feed
was withdrawn 6–8 h before euthanasia (34). During
euthanasia, caution was taken, as much as possible, to reduce
animal stress.

Blood smears were prepared using fresh samples (two
replicates from each sample). The collected blood samples were
cooled to approximately 4

◦
C using icepacks, and were transferred

to the laboratory within 2 h after blood collection. Blood in tubes
without EDTA was used to obtain sera by centrifugation at 1,500
rpm for 15min (22). The collected sera were kept at−20

◦
C until

biochemical analysis.

Blood Parameters
Packed Cell Volume (PCV)
PCV values were determined, as described before (35), with
slight modifications.

Hemoglobin (Hb) Concentration
Quantitative Hb determination, purchased from Vitro scientific,
Egypt, was carried out using a commercial colorimetric kit (36).

Differential Leukocytic Counts (DLC)
Cell counts were calculated and then categorized according
to their morphology and the ratio of each cell type. The
heterophil/lymphocytes ratio (H/L) was determined as an
indicator of stress (37).

Estimation of Mortality Rate
The number of mortalities was recorded daily during the entire
experiment in control as well as treatment groups.

Statistical Analysis
All statistical steps were carried out using SPSS-software,
version 16. Data were analyzed using one-way-ANOVA with the
general linear models procedure. The comparison of means was
done using Duncan’s multiple range tests. Differences between
means were due to the different groups. Data were written as
mean ± SEM, and the differences were considered significant
at P < 0.05.

RESULTS

No significant differences in behavioral activities were observed
in week-3 (Tables S1, S2). We predicted that the activities and
rests of the birds would be started abundantly from week-4.
Therefore, the behavioral patterns of the broilers were more
intensely observed with the advancement of age. Moreover,
the duration of standing activities (s) was the highest in
broiler group supplemented with probiotics mixed with IgY
at week-4 [1343.2 ± 80.9, F(3, 16) = 1.539, P = 0.032], week-
5 [624.7 ± 22.3, F(3, 16) = 1.721, P = 0.006], and week-6
[713.8 ± 44.4, F(3, 16) = 1.743, P = 0.002], respectively (see
Tables S5, S9, S13). The standing frequency (bout/30min) was
the highest in the group supplemented with probiotics plus

IgY in week-3 (F3,16 = 1.643, P = 0.041) and week-5 (F3,16
= 1.823, P = 0.004). However, the group supplemented with
IgY in week-4 and week-6 had no significant difference (see
Tables S3, S7, S11, S15).

The duration of lying condition/rest (s) was the lowest in
the group supplemented with probiotics plus IgY at week-
4 [456.7 ± 67.9, F(3, 16) = 1.723, P = 0.024] and week-6
[921.7 ± 48.3, F(3, 16) = 1.628, P = 0.01] (see Tables S6, S14).
Although the duration of the lying condition tended to be the
lowest in the same group at week-5 (740.5 ± 81.1 s), there
is no significant difference (Table S10). The lying frequency
presented no significant differences from the 3rd ∼ 6th week
of age in all groups (see Tables S4, S8, S12, S16). The average
standing frequency over the entire production period was the
highest [46.8 ± 2.17 bouts, F(3, 16) = 1.617, P < 0.05] in
broilers supplemented with a combination of probiotics and
IgY (Table 1). The mortalities recorded 13% in a control
group but no records found in other treatment groups (see
Table S17).

As shown in Table 2, the LA scores to the novel object
were significantly increased from week-3 [3.75 ± 2.7, F(3, 16)
= 1.723, P = 0.005] to week-5 [0.89 ± 0.32, F(3, 16) = 1.842,
P = 0.004] in broiler groups supplemented with a mixture of
probiotic and IgY. The LP score to the object was recorded
only in the broilers supplemented with probiotics at week-5
(6.04± 0.5).

The results shown in Table 3 indicated that the control group
was the only group in a poor GS (0.2± 0.20) at week-3. The score
for walking disabilities (1.2 ± 0.24) increased in the same group

TABLE 1 | The total standing and lying (time “s,” and frequency “bout,” mean ±

SEM) of broilers supplemented with different feed additives during the production

period (week-3 ∼ week-6).

No. Group Standing

activity time

Lying time Frequency

of activity

Frequency

of lying

1 Control 823.1 ± 48.08 898.2 ± 2.02 34.1 ± 2.02 20.47 ± 0.82

2 Probiotic 805.8 ± 29.03 1041.3 ± 44.36 41.6 ± 1.45 19.85 ± 0.49

3 IgY 640.2 ± 33.3 1197.8 ± 38.16 33.5 ± 1.14 21.67 ± 0.76

4 Probiotic

+ IgY

792.2 ± 38.8 1147.8 ± 43.13 46.8 ± 2.17* 22.20 ± 0.7

Data were presented as mean ± SEM and analyzed using one-way-ANOVA. IgY,

immunoglobulin Y; *P < 0.05.

TABLE 2 | The latency of approach and peck at the 3rd week and 5th week of the

broiler groups supplemented with different feed additives.

Group LA (week-3) LA (week-5) LP (week-3) LP (week-5)

1 Control 1.35 + 0.33 0.48 + 0.14 — —

2 Probiotic 2.55 + 0.90 0.22 + 0.07 — 6.04 ± 0.5

3 IgY 0.82 + 0.17 0.30 + 0.11 — —

4 Probiotic + IgY 3.75 + 2.7** 0.89 + 0.32** — —

Data were presented as mean ± SEM and analyzed using one-way-ANOVA. IgY,

immunoglobulin Y; LA, latency of approach; LP, latency of pecking; —, not detected; **P

< 0.01.
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at week-5. However, the broilers group supplemented with IgY
and probiotics was the best to show the ideal GS (zero) at week-3,
and (0.2± 0.20) at week-5.

The RBC counts from the control group that was challenged
with LPS were the highest (212± 10.58), and the counts from the
IgY-supplemented group that was challenged with LPS were the
lowest (180± 6.92). However, the Hb concentration in all groups
showed no significant differences. In addition, the PCV ratio in
the IgY group, challenged with LPS, was lower [30± 1.15, F(7, 24)
= 1.959, P= 0.021] compared to the control group (35.33± 1.76,
P = 0.006), and in the probiotic group (33.66± 1.76, P = 0.032),
(see Table 4).

TABLE 3 | The gait score at the 3rd and 5th week of broiler supplemented with

different feed additives and after challenge with LPS.

No. Group GS (week-3) GS (week-5) GS (week-5)

after

LPS-challenge

1 Control 0.2 ± 0.20 1.2 ± 0.24 1.7 ± 0.63

2 Probiotic 0 1.0 ± 0.31 1.2 ± 0.37

3 IgY 0 0.4 ± 0.49 0.6 ± 0.24

4 Probiotic + IgY 0 0.2 ± 0.20 0.4 ± 0.24

Data were presented as mean ± SEM and analyzed using one-way-ANOVA. GS: gait

score; IgY: immunoglobulin Y; LPS: lipopolysaccharide. The gait score (0∼5) is considered

an indicative signs in broilers, as described previously (33).

TABLE 4 | Blood analysis of broilers supplemented with different feed additives.

No. Group Blood analysis

RBCs Hb concentration PCV%

1 CNT-Saline 190 ± 5.29 15.11 ± 1.36 31.66 ± 0.88

2 CNT-LPS 212 ± 10.58 17.78 ± 1.25 35.33 ± 1.76**

3 Probiotic-Saline 202 ± 10.58 15.54 ± 1.00 33.66 ± 1.76*

4 Probiotic-LPS 204 ± 3.46 16.42 ± 1.42 34 ± 0.57

5 IgY-Saline 190 ± 7.21 15.32 ± 1.29 31.66 ± 1.2

6 IgY-LPS 180 ± 6.92 14.5 ± 1.73 30 ± 1.15*

7 IgY plus Probiotic-Saline 183 ± 1.73 16.19 ± 1.43 30.5 ± 0.28

8 IgY plus Probiotic-LPS 182 ± 14.0 14.45 ± 2.65 30.33 ± 2.33

Data were presented as mean± SEM and analyzed using one-way-ANOVA. CNT, control

group; RBCs, red blood cell counts; Hb, hemoglobin; PCV, packed cell volume; LPS,

control group challenged with LPS; LPS, lipopolysaccharides; IgY, immunoglobulin Y; —,

not detected; *P < 0.05; **P < 0.01.

As shown in Table 5, the H/L ratio [1.5± 0.31, F(4, 18) = 1.324,
P = 0.006], heterophils % [51.57 ± 4.84, F(4, 18) = 1.537, P =

0.001], and eosinophils % [1.14± 0.40, F(4, 18) = 1.433, P = 0.03]
were increased in the broiler control group challenged with LPS,
in comparison to the IgY-supplemented group. Lymphocyte %
was significantly decreased [39.14 ± 3.99, F(4, 18) = 1.440, P =

0.001] in the control group challenged with LPS, compared to
the other groups. We noticed that basophils % and monocytes
% presented no significant differences among all the groups.

DISCUSSION

Although the beneficial effect of IgY as a supplement was
reviewed before (17), the literature on the potential augmentation
or depletion of IgY effect when combined with probiotics in
stressed birds is scarce. Herein, we determined that addressing
this aspect will clarify the impact of this combination on
broilers’ health and meat safety as reflected by behavioral and
hematological parameters. Probiotic diet supplementation is an
efficient and safe approach for prophylaxis against bacterial
infection (38). However, a more effective and low-cost alternative
is achieved through supplementation of polyclonal antibodies
in the broiler’s diet. IgY is the most prevalent immunoglobulin
in avian serum with a more intense pathogen-specific response
compared to mammalian IgG (39). Purification of IgY from
laying hens’ egg yolk is cost-efficient in large-scale production
(17). Although IgY is provided naturally to offspring through egg
yolk, it remains active only for about 2 weeks after egg hatching.
Subsequently, the level of IgY in the chick’s plasma decreases
considerably (40). Therefore, non-invasive oral administration
of IgY is necessary to maintain a high antibody titer. The
favorable effect of IgY on broilers’ health shown in the current
study can be referred to the intact chemical structure of serum
IgY, since ingested IgY is bioavailable in serum for up to 24 h,
highly stable at 60 to 65

◦
C, and resistant to proteolytic activity

of trypsin and chymotrypsin (41). Moreover, the addition of
certain carbohydrates to IgY preparations increases the antibody
stability up to 95◦C and during the use of steam in the pelleting
processing (42).

There were no differences in the behavioral activities at week-
3. We predicted that the activities and rests of birds would be
increased starting at week-4. The time standing activities like
preen stand, stand, stand to eat, peck body, peck head, peck litter,
drink, walk, jump, and run were highest in the broiler group

TABLE 5 | Differential leukocytic counts of broilers supplemented with different feed additives.

No. Group (H/L) ratio Heterophils Lymphocytes Basophils Monocytes Eosinophils

1 CNT-Saline 0.51 ± 0.11 27.5 ± 5.01 64.75 ± 4.49 0.25 ± 0.16 6.5 ± 1.22 1.0 ± 0.59

2 CNT-LPS 1.5 ± 0.31** 51.57 ± 4.84*** 39.14 ± 3.99 0.86 ± 0.40 7.28 ± 1.58 1.14 ± 0.40*

3 Probiotics 0.94 ± 0.16 43.42 ± 4.72 50.42 ± 4.13 0.14 ± 0.14 5.85 ± 1.24 0.14 ± 0.14

4 IgY 1.04 ± 0.26 42.37 ± 4.84 47.75 ± 4.25 0.5 ± 0.26 8.375 ± 1.41 1.0 ± 0.46

5 Probiotics plus IgY 0.69 ± 1.35 39 ± 8.62 57.66 ± 8.64*** 0.0 ± 0.34 3.33 ± 0.94 0.0 ± 0.16

Data were presented as mean ± SEM and analyzed using one-way-ANOVA. CNT, control group; (H/L), heterophils/lymphocytes; LPS, control group challenged with LPS; LPS,

lipopolysaccharides; IgY, immunoglobulin Y; —, not detected; *P < 0.05; **P < 0.01; ***P < 0.001.
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supplemented with probiotics mixed with IgY at week-4, week-5,
and week-6. Meanwhile, the standing frequency was the highest
in broiler supplemented with a combination of probiotics and
IgY. In addition, the standing frequency was the highest in the
group supplemented with probiotics mixed with IgY in week-
3 and in the group supplemented with IgY. Additionally, it was
increased in the group supplemented with IgY in week-4, and
in week-6. However, the duration of lying resting like preen lie,
lie eat, lie sleep, leg stretch, wing stretch, leg and wing stretch,
and wing flap was the lowest in the group supplemented with
probiotics and IgY at week-4, and week-6.

Our results were in line with Iraqi (43) who found that feeding
behavior, both its frequency and duration, was significantly
increased in birds supplemented with probiotics, compared to
the controls. Moreover, within the same study, with respect
to preening behavior, the control group recorded the highest
frequency and duration, followed by the live yeast group, which
in turn was followed by the Thepax R© group. Furthermore,
they also reported that resting behavior in the control group
was significantly higher than in Thepax R© group. Likewise,
the improvement of feed intake by IgY supplementation
was emphasized recently in birds that received an aflatoxin-
contaminated diet (44).

On the other hand, it was reported that probiotics had
no significant impact on feeding frequency, feeding duration,
preening, resting, fighting, and feather pecking behaviors,
compared to the control group (45). Moreover, some previous
results indicated no improvement in feed intake in probiotic-
supplemented chicks (46). These negative results might be
partially due to different probiotic products or the doses used
in the diet formulation. Our results suggested that the passive
immunization was critical to display the bird’s fundamental needs
in performing the essential behavioral patterns and to ensure
the welfare.

The highest LA score to the novel object was increased in
week-3, and week-5 for the broiler group supplemented with
a mixture of probiotics and IgY. This result was in line with
a previous investigation (43). However, lying was increased in
broilers, associated with a fearful condition, and with suppression
of the physiological responses (47). In our result, the behaviors of
birds were essential for maintenance and survival in both starter
and grower phases. However, the lying conditions for the two
consequent weeks during the finishing phase might indicate fear
or stress condition in birds, as these behaviors were reduced in
the control group fed the basal diet only.

The GS of broilers was recorded at week-3 and week-5 to
evaluate the walking ability. It is well-known that a lower GS is
associated with increased walking abilities recorded in chickens.
The result observed in this study indicated that the control
group was the only group with a poor condition score at week-3.
Meanwhile, the score of walking disabilities increased in the same
group at week-5. However, the chickens supplemented with IgY
mixed with probiotics were the best to show the ideal GS (zero)
at week-3, and a good score at week-5. To confirm the walking
abilities and the fitness of the locomotor system as the birds aged,
we tested the GS of broilers after intraperitoneal injection of LPS.
Challenging with LPS is used as a stress model due to the ability
of LPS to elevate the serum stress hormone, corticosteroid, for

several days after injection, in addition to the decline of feed
ingestion (48, 49). Here, we showed that birds supplemented
with IgY and probiotics were able to walk well at week-5 after
the LPS challenge. However, the ability to walk was attenuated
as the birds aged. Moreover, the broilers supplemented with
IgY and probiotics achieved the best GS scores. Therefore, the
combination of feed additives (IgY and probiotics) can clearly
enhance the locomotor system of birds, which is reported to have
a positive impact on their immunity (50).

Investigating the hematological parameters revealed a
significant increase in the PCV value due to LPS-induced
immune stress. The elevated PCV value was also associated with
a trend toward but non-significant elevation in the RBC count
and hemoglobin concentration, which is in accord with other
reports (22). LPS treatment showed no significant response
in these parameters above in the group supplemented with
a combination of probiotics and IgY. This confirmed that
supplementation of IgY with probiotics can cancel the effect of
the LPS challenge. Moreover, LPS increased the H/L ratio in
birds receiving a standard diet. On the other hand, LPS failed
to change the H/L ratio in groups supplemented with IgY,
probiotics, or both, which is consistent with a previous report
that showed a decline in LPS-induced avian H/L ratio with IgY
or probiotic supplementation (45, 51–53). Elevation of the H/L
ratio, heterophil differential counts, and eosinophil differential
counts in the birds challenged with LPS is considered to be due
to the binding of LPS to toll-like receptor 4 on immune cells.
This binding promotes proinflammatory cytokines production,
including TNF-α, TNF-γ, and IL-6, followed by induction
of heterophil proliferation in the innate immune response
(54). The ability of IgY to decrease the acute elevation of the
immune cell count might help to avoid the undesirable effects
of inflammation while maintaining a passive immunization.
Suppression of immune cell proliferation by IgY is a short-term
action, since passive immunization with multiple maternal
antibodies, provided through non-specific purified IgY, was
reported to temporarily suppress the natural inflammatory
response associated with infection (55). However, this effect
is not consistent with probiotic supplementation, since other
reports showed significant variation among probiotics groups,
and the untreated groups fed a basal diet regarding lymphocyte
and heterophil differential counts as well as the H/L ratio (56–58)

Noticeably, the minimum mortalities and best health
conditions were recorded in the broiler groups supplemented
with IgY, compared to the other groups, which also agreed with
previous literature (59).

CONCLUSION

Although antibiotics are used in chicken to enhance their growth
and feed efficiency and limit disease occurrence, consumers are
threatened with increased risk of harm from drug residues in
broiler meat. Seeking a new alternative to antibiotic use is needed
to produce safe poultry meat for human consumption. Therefore,
we strongly recommend using IgY-powder in combination with
probiotics as an immune-effective feed additive in poultry farms
instead of harmful antibiotics.
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