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Abstract
Immunoglobulin Y (IgY) is beneficial to form the passive immunization and to improve the brooding
behaviours of chicks in the first week of life. However, little information is available in this topic. Sixty
1-d old fayoumi chicks were reared in order to detect the behaviours and the levels of circulating IgY
using ELISA technique. The resting behaviour of the chicks was the highest (time, frequency) in the 1-d.
The activity reached its peak at the 7-d. Moreover, the chicks reared on a supplementary-light were more
active than those reared on a normal-day light. The circulating-IgY was decreased (P ≤ 0.001) in the 7-d.
Therefore, there was a positive correlation between the withdrawal of circulating-IgY from the chicks’
body and the behavioural activity of chicks. Our finding confirmed the importance of circulating-IgY and
photoperiodism in the activation of early immunity of chicks and in the welfare implications on poultry
farms.
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Introduction
A newly hatched chick does not have a fully developed thermoregulatory mechanism until
after at least two weeks of age, thus it is not able to maintain their body temperature properly.
It well-known that chicks are artificially hatched in a large-scale production system without
needing of a mother hen. However, brooding is commonly taken as an index of the maternal
behaviour (Ramsay et al., 1953) [38]. Maternal contact may be extended for 2-5 wks (MaBride
et al., 1969) [22], where the providing of maternal care positively effects the behavioural
progress of chicks (Edgar et al., 2016) [9]. The chicks in nature, spent more than the half of
their time resting under broody hens on the 1-d of age (Tsuyoshi et al., 2010) [51] to keep the
temperature of the body and to improve the thermoregulatory system (O’Conner, 1984).
Sherry (1981) found that the physical contact between chicks and its broody hen decreased
gradually with the advancement of age. While, Tsuyoshi et al., (2010) [51] mentioned that this
contact decreased sharply until reach 10% of their time at 13-d of age. Vocal communication is
also important in the hen-chick relationship and maternal care, has positive effects on
behavioural development in its chicks (Rodenburg et al., 2008, 2009) [41, 42], and minimizing
the fear condition (Edgar et al., 2016) [9]. Chicks have the capabilityto recognize their mother
hen by numerous ways of stimulus, but auditory stimuli appears to be a significant one.
It was noticed that broilers originating from young parent breeders usually have a small yolk
sac, which shortens the time they can stay alive without feeding (Ankney, 1980; Tur
et al., 1986) [3, 53]. Therefore, nutritional antibodies are transferred from hen to the-their
emberyo chicks through the egg (Grindstaff et al., 2003) [13]. There are three types of
antibodies/immunoglobulin (Ig) in chicken egg such as IgY, IgA and IgM (Leslie and Clem,
1969) [21]. It well-known that IgA and IgM are existed in egg white due to the secretion of
mucosa in the oviduct (Rose et al., 1974). However, egg yolk contains up to 20 mg of IgY per
1 mL, which is the most abundant Ig in the egg (Yegani et al., 2010) [55]. The transferred
amount of IgY to the egg yolk had been positively related to the concentration of maternal IgY
as a way of passive immunization (Al-Natour et al., 2004) [2].
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(Al-Natour et al., 2004) [2]. IgY-secreated B-cells might be
detected in chicks’ plasma/serum in the 1st week posthatching and then gradullay decreased to initiate their active
immunity (Hamal et al., 2006) [14]. Consequently,
determination of the humoral immune protection in the chick
depends heavily upon the concentration of circulating-IgY in
post-hatch. However, little information is available to report
the relation of behavioural activies of newly hatched chicks
with their circulating-IgY level concentration in the 1st week
of life, particularly of the domestic boiler strains in tropical
areas. Fayoumi chicken, for instance, are originated from
Egypt and therefore resistant to tropical-as well as subtropical-conditions (Hossary and Galal, 1994) [18]. It tolerates
harsh environmental conditions. In addition it is more
economic of their nutritional requirements compared to those
of the world breeds (Ghamry et al., 2011) [11].
Lighting regimen is the most essential aspect influences
performance and well-being of animals as well as birds. The
information on impact of duration of light on chick’s
behaviour is well-documented for chicken (Er et al., 2007).
Photoperiodism is defined as the ability of animals to detect
environmental-day length (photoperiod) and to inspire the socalled biological calendar (Nelson et al., 2010) [23]. The
positive impacts of photoperiodism on broiler’s productivity
and welfare were previously reported (Classen et al., 2004;
Mohammed 2016) [8].
Hence the behaviour of the chicks can detect their comfort
level; the behavioural data have evidenced the evaluation of
welfare levels and contributed to improve the broilers
productivity and health and to raise the net-profits of
producers. (Mohammed et al., 2016). The study aimed to
assess the daily behaviours (activity, rest) of chicks with a
broody hen in different photoperiods and also to quantify the
levels of IgY in chick’s plasma during the 1 st week posthatch. The merit of the study is to demonstrate the importance
of maternal care of domestic chickens in early life and the
welfare implications on commercial farms to improve the
chick rearing practice.

economic losses of the ration, the food was well-covered with
a wire mesh. Lighting regimen depended on day light (14 hr)
and supplementary light from candescent lamp (10 hr) in four
chambers, while the in other 2 chambers, the photoperiod was
14 hr from day light source. All chicks tested (n= 5/group) on
the 1-d were marked with different colours on their heads.
However, the other chicks (n= 10/group) served to be used for
blood sampling (n= 5) and the rest of birds in the same group
kept as spares. No holding was necessary to prevent the risk
factor and minimize the errors.
Collection of blood samples
Blood samples were collected from chicks through their
jugular vien precisely at 2-, 4-, and 7-d, not daily to avoid
restraint stress. Half mL of heparinized insulin syringe plus
a 28.5 gauge needle (Becton, Dickinson and Co.) have been
used. Plasma had been collected, and then kept at -20ºC for
the day of analysis.
Behavioural recording
Before placement of broilers, a video camera was placed
above each pen facing directly downwards. Video cameras
were filming around the clock the first 7-d after placement.
One observer subsequently collected data from the video
recordings by the use of focal sample technique (Tsuyoshi et
al. 2007) [52]. Each group was observed with 10 min for each
chick/hr for 10 hr daily during the periods 06:00 AM to 04:00
PM. Time and frequency of the activity and the position of
each chick to a broody hen were recorded by use of S-VIDIA
Client and Behaviour OverLay.exe software. The chicks were
either categorized as inactive or active. Inactive behaviour
was defined as resting under and beside the broody hen, while
active behaviour (locomotion) was included walking, running
and standing without moving inside the pen (Abourachid,
1993). The mean values of time (second) and frequency
(bout) of each behaviour were calculated per one hr for
further statistical analysis.
Determination of plasma-IgY levels in chicks
Total IgY levels in the chick’s plasma at 2-, 4- and 7-d were
quantified using quantitative ELISA kits (Bethyl
Laboratories), following the original guidelines with little
modifications. The analysis of samples was performed in a
triplicate manner. Each plate had its own concentration of
standards, started from 3.12 up to 200 ng/mL. Detecting the
working dilutions of the samples were done in advance
(1:75,000) by carrying a preliminary ELISA, using standards.
Meanwhile, reagents and buffers were also prepared. The
working dilution of detection antibody used was 1:20,000.
Incubation of samples with tetramethylbenzidine for 30 min
was essential and further 2 M H2SO4 was used to stop the
reaction. The primary wavelength was adjusted at 450 nm via
an ELX 800 universal-micro plate reader (Bio-Tek
Instruments Ltd, Winooski, VT) in addition KC-junior
Software (Bio-Tek Instruments Ltd). Then, the blankdefaulted data were transeferred into an Excel file (Microsoft
Corp., Redmond, WA). The standard curve for each plate
describes the relation between the standards concentrations
and their absorbance values, was identified. Moreover, the
detected concentration of the antibodies for each sample was
expressed as µg/mL or mg/mL. Then, we performed other
mathematical calculations to estimate the levels of antibodies
in the egg yolk extracts in order to detect the concentration
and the amount of these antibodies per 1 mL egg yolk.

Materials and methods
Location and duration of the experiment
The study was done in the period between March-2017 to
October-2018 at the experimental pens in the poultry farm,
Faculty of Veterinary Medicine, South Valley University,
Qena, Egypt. Experimental schedules were achieved based on
the guidelines and approval of the Animal Ethics Committee
at the South Valley University.
Experimental animals and management
Sixty 1-d-old chicks (Fayoumi breed) were purchased from
a market hatchery and intendedly distributed randomly into
four groups in six chambers (2 m length * 1.5 m width) under
the same environmental conditions with their broody hen. All
experimental chicks were of similar weights, day of hatching
and management practices. The broody hens were of a similar
breed (fayoumi) and weights as well. Importantly, chicks
were not immunized or medicated throughout the study (from
hatching to 7-d of age), to avoid additional unnecessary stress.
Each chamber was contained one drinker and a 1-m-long
feeder with 10 cm of wood shaving, as bedding material.
Food and water were available ad libitum throughout the
study. The basal diet was calculated to meet the nutrient
requirements (crude protein "CP" 22% and metabolized
energy "ME" 3000 kcal/kg diet) of broilers, as according to
National Research Council (1994). In order to avoid the
~ 19 ~
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Statistical analysis
SAS statistical system has been used to perform the statistics
(SAS, 2009). Data were analyzed using one-way ANOVA,
general linear models (GLM) test. Duncan’s multiple-range
test has been used in order to detect the comparison of means.
The differences between means due to different photoperiods
were tested using students t-test. Our data were presented as
(mean ± SEM), by which the differences (P ≤ 0.05) were
considered significant.

Influence of age on the active time and frequency of the
newly hatched chicks
Chicks were clearly more active after the 1-d of life to be
gradually independent to their dam. As shown in Fig. 1, the
chicks tended to have the highest activity duration (1930
sec/hr) at the 7-d. In comparison to the rest of days (1-d to 6d), there was a variance but did not reach the statistical
significance. However, the active frequency (bout/hr) at the 7d (24.3 bouts/hr) was relatively five times in comparison to
the 1-d (5.7 bouts/hr), with a significant difference P ≤ 0.05.

Fig 1: Time and frequency of activity of chicks in relation to broody hens
(30 bouts/hr) and then we could not time or frequency of this
behaviour all over the 7-d. (Fig. 2). There was a significant
change (P ≤ 0.03) of frequency of resting under the broody
hen due to changes in chick’s age in the 1st week of brooding.

Influence of age on the resting behaviour (time and
frequency) of the newly hatched chicks under the broody hen

The highest resting duration of chicks under the broody hens
on the 1-d (1650 sec/hr), gradually decreased up to the 6-d

Fig 2: Time and frequency of resting the chicks under broody hens

highest (828 sec/hr) and to be gradually decreased on the 7-d
(144 bouts/hr). Whereas, the resting frequency (bout/hr)
beside the broody hen at the 7-d (13.2 bouts/hr) was nearly
three times in comparison to the 1-d (4.2 bouts/hr), with a
significant difference P ≤ 0.01.

Influence of age on the resting behaviour (time and
frequency) of the newly hatched chicks beside the broody hen

As a result shown in Fig. 3, the resting duration (sec/hr) of the
chicks beside the broody hens did not significantly differ from
1-d to 7-d of the early life. However, the 2-d seems to be the
~ 20 ~
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Fig 3: The mean values of resting behaviour of the chick beside broody hen

of chicks (time and bouts) was higher on a supplementaryphotoperiod in compare to a normal-light. Nevertheless,
resting behaviour was the highest in normal-day light.

Influence of age and photoperiods on the activity and
resting of the chicks under/beside the broody hen
As shown in Fig. 4, there was a difference among the most of
brooding behaviours due to photoperiods, where the activity

Fig 4: Effect of different photoperiod on times and frequencies of brooding behaviours of chicks

Influence of age on the levels of IgY in the chick’s plasma
The levels of plasma-IgY in the chick were analysed at 3
consequent times (2-, 4-, and 7-d), (see Fig. 5). The plasma
level of IgY was decreased gradually with age. For instance,

the highest level of IgY (1.31 ± 0.67, with a significant
difference P ≤ 0.001) in chicks on the 2-d, decreased (1.01 ±
0.05) by the 4-d, and were the lowest (0.83 ± 0.05) on the 7-d.

Fig 5: Total IgY levels in the chick’s plasma
~ 21 ~
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et al., 1953). This result was in agreement with our findings
(see Fig. 2, Fig. 3). By which, locomotor activities of chicks
on 2-d were positively correlated with those activities at 21-d
of age (Gordon and Tucker 1993). Thus, the same author
stated that the active birds at a starter-phase were also more
active at a grower-and a finisher-phase. The increased activity
at the 1st week of life would limit the deterioration of feed
conversion due to a limited weight gain. Moreover, the earlier
activity of chicks would be extremely gainful since it is an
important step for the anabolic process of animals’ bone and
skeleton (Rose et al., 1996). However, few reports discussed
the behavioural and immunological assessments during the 1 st
week post-hatch, especially in tropical breeds. The early
development of the chicks’ bones, in the 1st week of life, is an
anabolic step of birds to improve their performance and to
modulate their physiological processes such as maturation of
the thermoregulatory and immunological systems.
Photoperiod guidance seems to be the most important aspect
of a light regimen in poultry farms (Mohammed, 2016). Light
is the most critical one as which controls many physiological
and behavioural functions (Olanrewaju et al., 2006). The
results as shown in Fig. 4 revealed that activity of the chicks
reared under a supplementary-light were more active than
other chicks reared under a normal-day light. While the times
spent of resting behaviour (under and beside the broody hen)
were higher in the chicks reared under a normal-day light in
compare to the chicks under a supplementary-light.
Nevertheless, the bouts of resting beside the broody hen were
the lowest in a normal-day light. The results in Fig. 4 showed
that the photoperiod as extrinsic factor played an important
role in changing the chick’s behaviour (Lardner et al., 2012).
Manser (1996) mentioned that constant lighting programs
may cause less-active and physiological stress in birds.
It was mentioned that protein/IgY level and calories of energy
in the yolk sac of the chick appeared to give sufficient
amounts to keep their healthy-life in 1-d to 3-d post-hatch
(Tur et al., 1986; Sell et al., 1991; Reis et al., 1998; Uni et al.,
1998) [53]. Moreover, in the same period mentioned above,
there was a kind of classical reduction in weight of chick’s
yolk sac of regardless the brooding condition. Moafi and
Atikinson (1990) revealed that the withdrawal of yolk sac
contents was not related to the fasting period of broiler chicks.
However, Nitsan et al., (1991) reported that the withdrawal of
the contents of the yolk sac contributed 50% and 40% of total
calories of energy and the protein consumed in the 1-d but 2%
and 6%, respectively on the 4-d post-hatch. Baião (1994) also
reported that broiler chicks fed at 1-,2- and 3-d post-hatch
indicated an analogous decrease in their yolk sac weight.
Therefore, the above reports indicated that the withdrawal of
the contents of the yolk sac is likely to be related neither to
the brooding temperature nor the fasting period. It was
detected that IgG in mammals or IgY in birds is the antibody
which transferred from the dam to her offspring (Bram-bell,
1970). Hence, IgY is the chief Ig-isotype transmitted into the
egg and into the newly hatched chick, IgY remains in the
chick’s plasma until the beginning of the 2nd week of life
(Smith et al., 2008). Therefore, the adaptive immune system
develops during the 2nd week post-hatch, and the early
humoral protection in the chick depends mainly upon this
maternal transfer. We hypothesized this concept, suggesting
a relationship of the behaviours (activity and the rest) of
chicks with the circulating-IgY levels in the 1st week of life.
In previous study, Halmal et al., (2006) agrees with our
results (see Fig. 5), as these authors stated that the heavily
concentration levels of IgY in the egg yolk are mainly related

Discussion
The first days of chick’s life with their hen is important for
imprinting and the mutual-relationship as the chicks are in a
fearfulness-condition (Ramsay et al., 1953) [38]. The birds
supposed to be under a new environment or any fear-eliciting
factors, like stranger’s visits or loudly noises which might get
a negative impact on th bird’s temper. In our study, we found
a strong decline in brooding on chicks aged (Tsuyoshi et al.,
2010) [51], with an increase of the activity time and frequency
(Fig. 1), and a major drop in brooding (resting under- and
beside the broody hen) from the 1-d until the 7-d post-hatch
(Fig. 2, Fig. 3), a stage at which chick develops their
locomotor system and are probably better able to
thermoregulate themselves (Edgar et al., 2016) [9].
Improvement of thermoregulation in broilers is beneficial and
of great economic values, particularly in the scope of impact
on in the genetics of breeds for getting the maximum bird
productiviy (Ha venstein et al., 2003). Our results agreed with
the authors reported that tonic immobility was improved at
the 7-d which getting the evidence of the activity of chicks
and less-fearful behaviour, indicating the early screening for
ideal selection of low-fear chicks (Heiblum et al., 1998).
Likewise, the chick’s behaviour changes commonly due to the
improvements of motor abilities during the 1 st week posthatch (Broom, 1968). The locomotor system gradually
improved by chick ageing, so that running, pecking at the 1-d
of hatching, and even copulatory movements were efficiently
performed by the 4-d (Edgar et al., 2016) [9]. While Sisken,
Roberts, and Baxter (1960) reported that increasing of chick’s
behavioural activity was positively related to the increasing in
glutamic acid decarboxylase activity until the 12-d post-hatch
in different parts of chick’s brain. Meanwhile, the chick is
subjected to an environmental-change of some sort (Edgar et
al., 2016) [9]. This change is often interfered with the presence
of the examiner during experiment. Therefore, it is a
challenge to make a comparison between the results of these
experiments with the real changes of the experimental
animals.
Broiler chicks spent more than the half of their time in
setting-position (Murphy and Preston, 1988). This reduction
of activity levels might be due to several husbandry factors
for instance diet, the housing condition or even less-maternity.
It well-known that a good balanced ration (proper % of
energy, protein, etc) will lead to low-level of activities of
birds (Rovee-Collier et al., 1993). Unfortunately, the
exploratory behaviours were usually limited in the housing
system of broilers (Newberry, 1999). In this regard, it was
reported that feather cleanliness score of birds is positively
correlated with their housing conditions and confirmed that
those birds of good cleanliness score are not spending
excessive periods in resting state (Mohammed and Rehan,
2018). In addition, artificial rearing was the main cause of
generating a less-active bird (Edgar et al., 2016) [9]. The lowlevel of activity might relate to the high-growth rate and
consequently the high-efficient feed conversion ratio. This
artificial/commercial selection might have a favor of those
birds which could reduce the subordinate energy expenditure
such as walking, running, etc. Therefore, economics and the
productivity sometimes encounter with the behavioural
patterns of broilers (Muir and Craig, 1998).
This study of the 1st seven days of newly hatched of chicks
was supportive to realize how locomotor behaviour improves.
Significant negative correlations have been detected between
resting behaviour (time and frequency) of chicks under-and
beside the broody hen with the advancement of age (Tsuyoshi
~ 22 ~
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to the maternity. This hypothesis was previously confirmed
through the analysis of antigen-specific IgY delivered by the
hen to form anti-Newcastle disease virus and anti-Infectious
Bronchitis antibodies. The peak of antigen-specific IgY was
at the 2-d-followed by the value at 3-d . It therefore decreased
substantially on the 7-d post-hatch. Our results are in
agreement with the findings of Rahman et al., (2002) who
found that these antibodies have been sourced from the
hen/mother in origin due to the hens had been vaccinated for
Newcastle or Infectious Bronchitis. However, the broiler
chicks were neither vaccinated nor suffered from those
viruses. Hence, a slight deviation of rearing program of
chickens may change their immune system responses and
impair their physiological as well as health parameters
(Mohammed and Rehan, 2018), herein we intended to
minimize the chick’s stressors in order to investigate precisely
the behavioural and hematological analysis. As a result shown
in Fig. 5, the average IgY levels (1.31 mg/mL) in the chick’s
plasma on the 2-d was typically agreed with the levels (1~2
mg/mL) which has been mentioned by Kowalczyk et al.,
1985. The amount of IgY present in the chick’s plasma might
be decided by the levels in the dam’s plasma and transmitted
through the egg yolk (Al-Natour et al., 2004) [2]. The master
decease in the levels of plasma-IgY in the 4-d (1.01 mg/mL)
and the significant decrease on the 7-d (0.83 mg/mL) might
happen because of the transmission of maternal IgY to the
chicks. It depends up on the occurrence of a half-life of IgY in
the chick’s plasma at the 1-d, while it was stated at the 2-d up
to 3-d of life (Patterson et al., 1962). Therefore, it was given
by the fact that there was a strong positive correlation
between the withdrawal of circulating-IgY from the chick’s
body and the level of their activities in the 1 st week of life,
suggesting the vital role of IgY in activation of the chick’s
early immunity.
Under the conditions of this experiment the most marked
changes in behaviours (e.g., activity, resting) occurred in the
7-d post-hatch. Therefore, the levels of activity which
increased with age (1-d to 7-d of life) can strengthen bones
and reduce leg abnormalities (Reiter and Bessei, 1998 and
Bizeray et al., 2000), whereas limited activities can maximize
the risks of leg abnormalities and minimize the welfare
condition in broilers (Haye and Simons, 1978).
The better understanding of walking abilities is extremely
required in broiler to correlate this trend and its dramatic
consequences with leg condition as well as with the level of
welfare. This requires a deep focusing on how the behaviours
improve; the motivations involve, and which factors can
develop these patterns. However, this study has a limitation of
recording the activity of the broody hen at a given moment.
In conclusion, the age, particularly the 1st week of life
influences the comfort behaviour of newly hatched chicks
with their broody hens in different photoperiods. The chick
age was the key to promote the locomotor activity with the
strongest influence on maternal brooding. There is a positive
correlation between the withdrawal of circulating-IgY from
the chick’s body and the level of activity, suggesting an
activation of the early immune system. Therefore, regulation
of activity during the 1st week of chick’s life was essential to
prevent leg disorders and to provide welfare indicators of
birds at slaughtering houses. Further experiments are needed
to confirm the relationship between early-and late-activity of
broilers and its impact on their meat quality.

hen as much as possible all over the study period. We did not
rear the birds during rain, hot or cold weather. It was
restricted that people are not allowed to visit the birds except
during the time of offering their food. The experiment was
approved, and birds were caught and marked under licence
from Animal Ethics Committee at the South Valley
University, Egypt.
Graphical abstract
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