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Introduction

During incubation, the development of chick 
embryos is not only affected by genetic makeup but 
also many micro-environmental factors can influ-
ence dynamic processes in hatching eggs (Willem-
sen et  al., 2010). In commercial farming the opti-

mum incubation temperature for chick ranges from 
37  °C to 38  °C (Hulet et  al., 2007). The eggshell 
temperature, depending on exposure duration, tem-
perature degree and embryonic age, is one of the 
main factors affecting embryonic development as 
well as chick quality traits (Wilson, 1991; Narinç 
et  al., 2016). Therefore, exposure of hatching eggs 

ABSTRACT. The aim of the experiment was to evaluate the effect of different 
incubation temperatures on hatchability, embryonic development and physi-
ological responses of chicks produced from hens treated with bee pollen (BP). 
In total, 600 Sinai hatching eggs were equally collected from hens treated with 
0, 500, 1000 and 1500 mg BP/kg diet (four dietary groups) and then divided into 
two equal incubation groups. In the group 1, eggs were incubated at normal tem-
perature (37.5 °C) up to the day 18, while those in the group 2 were incubated 
at the same conditions except 3 days (days 6, 7 and 8) during which eggs were 
exposed to chronic temperature (40 °C) for 3 h a day. The highest relative water 
loss (RWL) and embryonic mortality (EM) were observed in the chronic group  
(P ≤ 0.05) as compared with control. The hatchability percentages for set (HSE) 
and fertile eggs (HFE) in the chronic group were significantly (P ≤ 0.05) de-
creased, while dead after piping (DAP) was insignificantly increased in compari-
son with control. Blood heterophils : lymphocytes (H : L) ratio, and triiodothyronine 
(T3) and thyroxin (T4) levels were significantly (P ≤ 0.05) influenced by incubation 
temperatures. Egg weight (EW8d) (at dose 1000 mg BP/kg), HSE, HFE for eggs 
produced from hens treated with BP were significantly (P ≤ 0.05) higher, while the 
percentages of DAP (for doses 500 and 1000 mg BP/kg) and EM were significantly  
(P ≤ 0.05) lower in comparison with control. T3 plasma content (for doses 500 
and 1000 mg BP/kg) for chicks from BP-treated hens was significantly (P ≤ 0.05) 
higher, while H : L ratio (for doses 500 and 1000 mg BP/kg) was significantly  
(P ≤ 0.05) lower as compared with control. The obtained results showed that 
eggs exposure to higher temperature in early incubation period negatively in-
fluenced hatchability, and chick quality traits and haematological parameters; 
however the addition of BP into hen diet can improve the examined parameters 
and so reduce the adverse effects of high incubation temperature.
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to high temperature during early incubation adverse-
ly affect the hatchability, embryo performance, and 
blood biochemical changes (Molenaar et al., 2011). 
The effects of different incubation temperatures and 
the duration of exposure on the hatchability and chick 
quality were described previously (Leksrisompong 
et al., 2007). In the last decades, several attempts were 
made to reduce the harmful effects of high incubation 
temperature on chick embryos (Sgavioli et al., 2015; 
Abuoghaba, 2017). Abuoghaba (2017), for instance, 
sprayed hatching eggs with ascorbic acid after expo-
sure to high temperature during the incubation period 
to reduce the heat stress of the chick embryos. There 
were also injections of some anti-heat stress sub-
stances to hatching eggs during incubation or in ovo 
injections of bee pollen (BP) in order to ameliorate 
and reduce the adverse effect of heat stress (Coşkun 
et al., 2014). 

Bee pollen is a  rich source of: carbohydrates 
13–55%, proteins 10–40%, lipids 1–20%, flavonoids 
0.004–3.0%, minerals 0.5–3.0%, vitamins 0.02–0.1% 
and water 3–8% as well as other compounds such as 
antibiotic substances (Carpes et al., 2007). Therefore, 
BP can be used in the poultry nutrition to improve the 
immunological responses and haematological param-
eters (Song et al., 2005). In poultry BP also promotes 
performance, enhances immunological functions as 
well as protects intestinal tract (Liu et al., 2010). 

There were several attempts to include BP (as 
a natural product) to poultry diet as an antibiotic sub-
stitute and to improve animal productive and repro-
ductive performances (Farag and El-Rayes, 2016). 
However, injection of such a  substance directly to 
the hatching eggs being under incubation requires 
special technique and specialized machines and so it 
is extremely difficult for small breeders and farmers 
(Abuoghaba, 2017). Due to this fact, it was suggested 
that adding BP to laying hen diet could reduce ther-
mal stress in embryos during incubation. 

Therefore, this experiment was designed to in-
vestigate the effects of incubation temperatures of 
hatching eggs produced from Sinai hens treated with 
500, 1000 and 1500 mg BP/kg diet on hatchability, 
embryonic development and some haematological 
and physiological parameters of chicks.

Material and methods
This experiment was approved by the Experi-

mental Animal Ethics Committee of Animal Pro-
duction Research Institute, Agricultural Research 
Center, Egypt (the research committee approval date 
12/6/2016). 

Experimental design and eggs treatment
Six hundred hatching eggs were equally col-

lected form Sinai hens at 38 week of age, i.e. after 
12 weeks from the treatment with 0, 500, 1000 and 
1500 mg BP/kg diet throughout the experiment. All 
hens were fed a basal diet containing 16.5% crude 
protein, 3.5% crude fibre, 3.0% ether extract and 
2700 kcal/kg metabolizable energy. Hens were di-
vided into 4 dietary groups: hens from the control 
group were fed basal diet, while those from groups 
2, 3 and 4 were fed the same basal diet supple-
mented with bee pollen at doses 500, 1000 and 
1500 mg/kg diet, respectively. All hens were housed 
in individual pens (150 cm width × 200 cm length) 
equipped with feeders and automatic nipples under 
normal climatic conditions (20–22 °C and 60–65% 
RH), and daily subjected to 16  h of continuous  
light. 

From each group, 150 eggs were collected and 
then equally divided into two incubation groups as 
follows: in the first group eggs were incubated at 
37.5  °C and with 55% relative humidity (RH) up 
to day 18, while those from the second group were 
incubated at the same incubation temperature ex-
cept 3 days (days 6, 7, and 8), during which eggs 
were exposed to 40.0 °C and 55% RH for 3 h a day 
in the separate hatchery. In the last 3 days of the 
incubation, all eggs from both incubation groups 
were subjected to 37.0  °C and 65% RH with CO2 
concentration in the normal range between 0.20 and 
0.30%. The incubation temperature was automati-
cally adjusted and automatically turned through 90° 
tilt angle every 2 h. All eggs were placed horizon-
tally in the automatic incubator after the cleaning 
eggshell surface with 75% ethanol.

Measured traits
All hatching eggs were numbered and weighed 

(egg weight, EW) prior placing it in the incubator. 
Egg relative water loss (RWL; %) was measured 
from the equation: [(EW at day 1 − EW at day 8) / 
(EW at day  1)]  × 100. Hatchability of set eggs  
(HSE, %) was estimated as (number of healthy 
chicks)  / (number of total eggs)  × 100, while the 
hatchability of fertile eggs (HFE, %) was measured 
by applying the following equation: (number of 
healthy chicks)  / (number of fertile eggs)  × 100. 
Percentage of dead after piping (DAP, %) was 
determined as follows: (number of chicks piped 
and dead)  / (number of total eggs)  × 100, while 
embryonic mortality (EM, %) was calculated as 
follows: (number of dead chick embryos) / (number 
of total eggs) × 100.
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Chick quality traits and internal organ 
percentages

Seventy two dry Sinai chicks (4  hens from di-
etary groups × 2 egg incubation groups × 3 replicates  
× 3  chicks) were randomly taken to determine 
chick weight (ChW), length (ChL) and cloacal 
temperature. Newly hatched chicks were weighed 
to determine the weight of chicks by using a bal-
ance with ± 0.1 g precision. Relative chick weight 
(RChW) was calculated as follows: (chick weight) / 
(egg weight)  × 100. Chick length (cm) was mea-
sured from the beak tip up to the middle toe tip by 
placing the chick face down on a flat surface and 
straightening the right leg (Hill, 2001). The cloacal 
temperature (°C) of newly hatched chicks was eval-
uated by inserting the digital thermometer (± 0.1 °C 
accuracy) into the cloaca at 1 cm deep. All chicks 
were slaughtered by cervical dislocation to measure 
digestive system, spleen, liver and heart weight.

Blood collection
In total, 72 blood samples (4 hens from dietary 

groups × 2 egg incubation groups × 3 replicates × 
3  chicks), 1  ml of blood per chick, were collect-
ed for haematological tests, including the packed 
cell volume (PCV) and haemoglobin (Hb) content 
and were determined by using a micro-haematocrit 
method as well as spectrophotometrically mea-
sured using the cyanomet haemoglobin method ac-
cording Schalm et  al. (1975). The red blood cells 
count (RBC, ×106) was estimated by using a hae-
mocytometer (Schalm et al., 1975), while count of 
white blood cells (WBCs, ×103) was measured by 
using the method according to Gross and Siegel 
(1983). The percentages of heterophils (H), lym-
phocytes (L), monocytes (M) and eosinophils (E) 
were measured by applying the method of Shen and 
Patterson (1983). Later heterophils : lymphocytes 
ratio (H : L ratio) was calculated. All blood samples 
were centrifuged for 15 min at 4000 rpm and then 
kept at −18  °C until chemical analysis of thyroid 
hormones. The concentrations of triiodothyronine 
(T3) and thyroxin (T4) in the plasma were mea-
sured using radioimmuno assay (RIA) according to 
Darras et al. (1996).

Statistical analysis
Data were subjected to the two-way analysis 

of variance (ANOVA) using SAS software ver. 9.2 
(SAS Institute, Cary, NC, USA). The means be-
tween from either dietary groups or egg incubation 
temperature groups were compared using Duncan’s 
multiple range test (Duncan, 1955).

Results and discussion

Relative water loss, hatchability  
and embryonic mortality 

The effects of egg incubation temperature dur-
ing the early incubation period on egg water loss, 
hatchability, and embryonic mortality rate are 
summarized in Table 1. It was noted that EW and 
EW8-day for eggs exposed to chronic incubation 
temperature (40.0 °C) did not differ from the group 
exposed to normal temperature, while the RWL was 
significantly (P  ≤  0.05) increased. The increased 
RWL could be due to the increased evaporation of 
water from the eggshell as a result of high incuba-
tion temperature during exposure to heat stress. 
These findings are in agreement with the findings 
of Geng and Wang (1990), who showed that the fast 
moisture loss during incubation was disadvanta-
geous and deleteriously affected the normal embry-
onic development. Also, these findings agree with 
Sgavioli et al. (2015), who found that the eggshell 
conductance or egg weight loss were significantly 
influenced by incubation temperature [higher values 
were recorded in the eggs incubated at high tem-
perature (39  °C) than in eggs incubated at normal 
temperature (37.5 °C)]. 

There were also shown significant effects 
(P ≤ 0.05) of the incubation temperature on HSE and 
HFE percentages which were lower for eggs in the 
chronic group. Embryo mortality rate was significant-
ly higher when incubation temperature was increased. 
The decreased hatchability percentages for hatching 
eggs exposed to high incubation temperature (40 °C) 
may be due to insufficient nutrients absorption rate. 
These findings agree with those of Lourens et  al. 
(2005) who stated that the differences in the hatch-
ability and chick quality from eggs exposed to high 
incubation temperature may be due to the differences 
in the nutrient use or nutrient absorption efficiency 
from the egg. Similarly, the results of Sgavioli et al. 
(2015) indicated that the decreased hatchability in 
the eggs incubated at the hot temperature could be an 
indication of increased evaporative heat loss, which 
negatively affected the embryonic development and 
consequently reduced the hatchability. 

Referring to BP effect, it was shown that 
in comparison to control treatment the EW and  
EW-8d were higher in hens fed diet supplemented 
with 1000 mg BP/kg diet, whereas HSE and HFE for 
eggs produced from the hens treated with BP regard-
less its dose were significantly higher (P ≤ 0.05). No 
effect on the RWL (%) was stated. The increased 
hatchability percentages in the administered groups 
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could be attributed to a high antioxidant capacity 
of BP, which positively influences the hatchabil-
ity. The increased hatchability percentages of the 
treated groups may be due to the low cholesterol 
level in the treated egg, which is positively reflected 
on the hatchability. These results agree with Awad 
et  al. (2013) who showed significantly increased 
hatchability percentage of set eggs in Sinai hens ad-
ministered 0.5 g bee bread/kg diet in comparison to 
control group.

The achieved results showed that the DAP (ex-
cept of group with 1500  mg BP/kg diet addition) 
and EM percentages in eggs produced by hens treat-
ed with BP were significantly (P ≤ 0.05) decreased 
in comparison to control ones. The increased DAP 
and EM percentages in the control group (untreated) 
may be due to increasing water loss percentage from 
the eggs leading to high DAP as well as EM because 
of dehydration. These results disagree with the find-
ings of Aygun (2016) who found that the hatchabil-
ity of fertile eggs and EM for eggs treated with dis-
tilled water and injected with 1, 2 and 3% propolis 
water extract were not affected. Also, the findings of 
Abuoghaba (2017) showed that the DAP, EM were 
not affected by ascorbic acid treatment or the inter-
action between incubation temperature and ascorbic 
acid treatment.

All studied traits, except EW, EW-8d, and 
RWL, were significantly affected by the interaction 
between incubation temperature and BP treatment 
(Table 1).  

Chick quality traits and internal organ 
percentages of newly chicks at hatching

The effects of high incubation temperature dur-
ing early embryonic development on chick quality 
traits and some internal organ percentages at hatch-
ing are shown in Table 2. These findings indicated 
that the ChW (g), RChW (%), ChL (cm) in the 
chronic group were not affected as compared to the 
control one. These results disagree with Yahav et al. 
(2004), who stated that the chick BW at hatch was 
significantly decreased at high incubation tempera-
ture in comparison to normal temperature. They at-
tributed the decreased chick weight to a  reduction 
in the absorption of the yolk sac, which reduces the 
available nutrients for chick embryo development as 
well as hatch weight.

The achieved findings showed no significant 
differences between both groups in DSW (%), while 
the spleen percentage was significantly (P  ≤  0.05) 
higher in the chronic group than in the control 
group. The increased spleen percentage in the 
chronic group may be attributed to stimulation of 
chick immune responses. These findings disagree 
with Abuoghaba (2017), who reported that the 
percentages of spleen were significantly lower in 
the broiler chicks produced from eggs exposed 
to chronic temperature (40  °C) than in those 
produced in the normal (37.5  °C) temperature. 
The liver and heart percentages were significantly 
(P  ≤  0.05) lower in the broiler chicks produced 
from eggs exposed to chronic temperature (40 °C) 

Table 1. Effect of egg incubation temperature and bee pollen treatment of hens on relative water loss, hatchability and embryonic mortality

Indices EW, g EW8d, g RWL, % HSE, % HFE, % DAP, % EM, %
Effect of incubation temperature (IT)

chronic (40 °C) 52.74 51.14 3.02a 83.168b 87.56b 4.32 8.11a

normal (37.8 °C) 52.74 51.45 2.53b 85.692a 88.89a 3.77 7.34b

SEM 0.116 0.158 0.188 0.780 0.172 0.22 0.24
Effect of bee pollen treatments (BP)

control 52.31b 50.80b 2.89 80.58b 85.59c 4.83a 9.58a

500 mg/kg diet 52.67b 51.26ab 2.86 85.13a 87.97b 3.51b 8.52b

1000 mg/kg diet 53.35a 51.83a 2.84 87.40a 90.84a 3.70b 5.46d

1500 mg/kg diet 52.62b 51.30ab 2.50 84.60a 88.51b 4.15ab 7.34c

SEM 0.16 0.22 0.27 1.10 0.24 0.31 0.34
Probability 

IT 1.0000 0.1812 0.0407 0.0362 0.0001 0.0905 0.0393
BP 0.0032 0.0363 0.7330 0.0041 0.0001 0.0362 0.0001
interaction (IT × BP) 1.0000 0.9729 0.9013 0.0289 0.0001 0.0041 0.0073

EW – egg weight; EW-8d – egg weight at day 8; RWL – relative water loss; HSE – hatchability of set egg; HFE – hatchability of fertile eggs;  
DAP – dead after piping; EM – embryonic mortality; SEM – standard error of mean; abc – means within the same column (separately for IT and BP 
effect) with different superscripts are significantly different at P ≤ 0.05
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than in the normal (37.5  °C) group. These results 
agree with those of Maatjens et  al. (2014) who 
showed that the development of liver and intestine 
is suppressed in chick embryos exposed to higher 
incubation temperatures. The same was achieved 
by Leksrisompong et  al. (2007) who found that 
the heart weights of broilers produced from eggs 
exposed to higher eggshell temperatures (39.5 °C) 
after 14 days of incubation significantly decreased 
by about 17–31%, which may contribute to 
metabolic disorders of liver associated with the 
development of cardiovascular problems such as 
ascites (Molenaar et al., 2011).  

In chicks produced from hens administered with 
BP, the ChW, RchW, ChL, DSW and spleen (%) 
were not affected, while liver and heart percentages 
were significantly (P ≤ 0.05) affected in comparison 
to the control group. This could be attributed to 
the role of BP in the reduction of adverse effects 
of high incubation temperature. These results 
agree with Aygun (2016) who stated that the chick 
body weight at hatching was not affected by the in 
ovo injection of 1, 2 and 3% propolis during the 
incubation period.

There were no significant effects of thermal 
stress and BP treatment interaction on chick weight, 
RChW, DSW and spleen (%), while ChL, liver, and 
heart percentages were significantly (P  ≤ 0.05) 
affected.

Haematological parameters, leukocytes 
differential percentages in the chicks at 
hatch

As it is presented in Table 3, RBCs (×106), Hb 
(g/dl) and PCV (%), WBCs (×103), H:L ratio were 
significantly (P ≤ 0.05) affected by incubation ma-
nipulation, while monocytes and eosinophils were 
not affected. The reduction in the RBCs, PCV, Hb 
and WBCs in the chronic group could be attributed 
to the adverse effects of high incubation tempera-
ture on the embryos. These results disagree with 
those of Ipek et al. (2015), who found that the high-
er PCV and RBC values were obtained in the high 
incubation group as compared to the low incubation 
temperature and control groups, while the Hb level 
was lower in the control group than in the high and 
low incubation temperature groups. 

At hatching, the obtained results indicated that 
the heterophil percentages, as well as the H:L ratio, 
were higher, while the percentages of lymphocytes 
were lower in chicks produced from eggs exposed 
to high incubation temperature during early incu-
bation period. These differences in the H:L ratio 
could be explained by the chick natural cellular 
immunity especially during the incubation period 
and consequently immediately at hatching. Also, 
the higher lymphocyte percentage could reflect the 
differences between the neonatal and adult periods 
of chick live. The heterophils have been considered 

Table 2. Effect of egg incubation temperature and bee pollen treatment of hens on chick quality traits and internal organ percentages 

Indices
Chick quality traits Internal organ percentages
ChW, g RChW, % ChL, cm DSW, % spleen, % liver, % heart, %

Effect of incubation temperature (IT)
chronic (40 °C) 37.12 70.39 15.84 11.87 0.094a 2.07b 0.47b

normal (37.8 °C) 37.46 71.03 15.97 10.92 0.055b 2.34a 0.60a

SEM 0.262 0.567 0.117 0.47 0.008 0.05 0.01

Effect of bee pollen treatments (BP)	
control 36.89 70.53 15.57 10.74 0.065 2.13bc 0.508b

500 mg/kg diet 37.14 70.51 16.08 11.79 0.073 2.28ab 0.583a

1000 mg/kg diet 37.33 69.97 16.03 11.22 0.068 2.38a 0.519b

1500 mg/kg diet 37.79 71.82 15.93 11.83 0.093 2.01c 0.532b

SEM 0.37 0.80 0.17 0.66 0.01 0.07 0.013

Probability 
IT 0.3692 0.4318 0.4630 0.1719 0.0048 0.0016 0.0001
BP 0.4004 0.4339 0.1588 0.6134 0.3709 0.0099 0.0070
interaction (IT × BP) 0.2153 0.3124 0.0509 0.2330 0.5442 0.0166 0.0008

ChW  – chick weight; RChW  – relative chick weight; ChL – chick length; DSW  – digestive system weight; SEM  – standard error of mean;  
abc – means within the same column (separately for IT and BP effect) with different superscripts are significantly different at P ≤ 0.05



346	 Bee pollen in hen diet and egg incubation temperature 

as the response to heat stress in chicks (Maxwell 
et al., 1992), while the H:L ratio was used as an in-
dex to measure the stress in birds (Gross and Siegel, 
1983).  

Haematological parameters such as RBCs, Hb, 
PCV, WBCs, lymphocytes, heterophils and H:L 
ratio were significantly affected (P  ≤  0.05), while 
monocytes and eosinophils were not affected by the 
BP treatment. The mean of WBCs significantly in-
creased in the treated groups when compared with 
control group. This could be attributed to increas-
ing immunity efficiency of newly hatched chicks. 
The increased Hb content and PCV percentage in 
all groups treated with BP could be explained by the 
role which BP plays in protecting the membrane in-
tegrity of RBC as well as the role of it in increasing 
the iron level and consequently the absorption of the 
iron from the digestive tract. The increased Hb con-
centration in the blood the increased iron absorption 
from the digestive tract is found. The obtained find-
ings agree with those of Adenkola et al. (2010) who 
noted that the values of PCV and Hb of birds treated 
with vitamin C significantly increased in compari-
son to those in untreated birds. The improved WBCs 
(%) and H:L ratio immune response in the newly 
chicks produced from eggs administered with BP 
may be due to the contents of minerals, antioxidant 
representing the flavonoids as well as vitamins in 
BP, which enhance immune system. These findings 
agree with those of Awad et  al. (2013) who noted 
the higher lymphocyte percentages in hens adminis-
tered with 1.0 and 1.5 g bee bread/kg diet, while the 

heterophils and H:L ratio were significantly lower 
than in the control group. 

All haematological parameters were signifi-
cantly (P ≤ 0.05) affected by the interaction, except 
monocyte and eosinophil percentages.

Thyroid hormone concentrations and 
cloacal temperature of newly hatched chicks

At hatching it was shown a significant increase 
in plasma T3 and T4 hormone concentrations 
(P < 0.001) for eggs in the chronic group as com-
pared to control one (Table 4). Such an increase in 
the thyroid hormones could reflect the role of these 
hormones in the regulation of heat production in  the 
body. These results agree with those of Piestun et al. 
(2011) who reported that the T3 hormone concentra-
tion was significantly higher in chickens in the ther-
mal manipulation group than in those from control 
one. This is in agreement with the results obtained 
by Abuoghaba (2017) where the highest values of 
T3 hormone for newly hatched chicks were found in 
the control, while the lowest one was recorded in the 
chronic group. Contrarily, the results of Badran et al. 
(2012) indicate that T3 levels in the chronic group 
were significantly lower as compared to control one 
throughout all embryonic stages. Also, the results of 
the present study showed that the cloacal tempera-
ture of the hatched chick in the chronic group sig-
nificantly (P ≤ 0.05) increased in comparison to the 
control group. The increased cloacal temperature 
in the chronic temperature can indicate embryo re-
sponse to high incubation temperature. These results 

Table 3. Effect of egg incubation temperature and bee pollen treatment of hens on haematological parameters of newly hatch chicks 

Indices RBCs, ×106 Hb, g/dl PCV, % WBCs, ×103 H, % L, % H:L ratio M, % E, %
Effect of incubation temperatures (IT)

chronic (40 °C) 4.60b 9.07b 27.25b 18.67b 23.92a 72.50b 0.331a 1.75 1.83
normal (37.8 °C) 5.00a 9.90a 29.67a 20.42a 20.17b 76.58a 0.264b 1.50 1.75
SEM 0.09 0.16 0.74 0.288 0.55 0.50 0.009 0.29 0.34

Effect of bee pollen treatments (BP)
control 4.20c 8.28c 24.83c 17.00c 24.00a 72.00b 0.339a 1.83 2.17
500 mg/kg diet 4.77b 9.43b 28.17b 18.50b 21.17b 75.50a 0.280b 1.50 1.83
1000 mg/kg diet 5.58a 10.98a 33.33a 21.17a 21.00b 75.67a 0.278b 1.67 1.67
1500 mg/kg diet 4.65b 9.28b 27.50b 21.50a 22.00ab 75.00a 0.294b 1.50 1.50
SEM 0.13 0.23 1.05 0.41 0.79 0.71 0.01 0.42 0.48

Probability  

IT 0.0001 0.0027 0.0358 0.0006 0.0002 0.0069 0.0001 0.5569 0.8640
BP 0.0070 0.0001 0.0003 0.0001 0.0580 0.0001 0.0144 0.9303 0.7872
interaction (IT × BP) 0.0001 0.0001 0.0012 0.0001 0.0395 0.0055 0.0113 0.5770 0.6268

RBCs – red blood cells; Hb  – haemoglobin; PCV  – packed cell volume; WBCs  – white blood cells; H  – heterophils; L  – lymphocytes; M  – 
monocytes; E – eosinophils; SEM – standard error of mean; abc – means within the same column (separately for IT and BP effect) with different 
superscripts are significantly different at P ≤ 0.05
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confirm those of Ipek et al. (2015) who found that 
the cloacal temperature was significantly increased 
to 40.5 °C in chicks from the high incubation tem-
perature group (38.9–40.0 °C) in comparison with 
low incubation temperature group (33.3–36.7  °C) 
and control one (37.8–38.2 °C ), in which the cloa-
cal temperature was 38.7 and 39.4 °C, respectively.

Treating animals with 500 and 1000 mg BP/kg 
diet significantly (P  ≤ 0.05) increased T3 and T4 
plasma concentrations; while in group treated with 
1500 mg/kg diet T3 did not differ and T4 was sig-
nificantly lower from the control group. The signifi-
cant increase in T3 hormone concentration in newly 
hatched chicks could reflected positive effects of BP 
improved chick weight as well as physiological sta-
tus in the treated groups. There was no effect of BP 
treatment on the cloacal temperature. 

Both T3 and T4 were significantly influenced by 
the interaction between main effects, while no such 
relationship was stated for the cloacal temperature.

Conclusions
In the present study it is clearly shown that 

exposing hatching eggs to chronic temperature 
during the early incubation period negatively 
affected hatchability and chick performance. On the 
other hand, dietary treatment of hens with bee pollen 
(BP) improved many incubation and haematological 
traits, and the most preferable doses of BP were 
500 and 1000  mg BP/kg diet. Thus, it could be 
recommended to use BP in the hen diet to reduce 

the adverse effects of high incubation temperatures 
during the early incubation period, which may be 
important in high-temperature countries like Egypt.
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