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Introduction

ABSTRACT. This study investigated the supplemental effects of bee pollen (BP)
and propolis (bee glue; BG) on broiler performance, intestinal morphometry,
haematological profile and biomarkers of heat stress in broilers reared under high
ambient temperature. Two hundred and forty one-day-old male broiler chickens
were divided into 4 treatment groups: control; BP - supplemented with 20 g
of BP - kg™ of feed; BG - supplemented with 3 g of BG - kg™' of feed; and BP +BG
- supplemented with 20 g of BP - kg™'+3 g of BG - kg™'. It was estimated that
dietary BP and BG improved average daily gain and average daily feed intake
of broilers particularly during the starter period (P < 0.05). The relative weights
of spleen and bursa of Fabricius were higher in groups fed supplemented diets
when compared to the control group (P < 0.05). Biomarkers of heat stress
including the circulating heterophil : lymphocyte ratio, creatine kinase level and
mRNA expression of 70 kD heat shock protein (HSP70) levels in breast muscle
were decreased in supplemented birds. In birds fed diets with BP and BG
addition, crypts were deeper and villus: crypt ratios were higher in the jejunum
segment (P < 0.05). The obtained results suggest that the dietary use of both
BP and BG as a feed additive may offer a practical nutritional strategy in high
temperature environment to prevail the harmful effects of heat stress in broiler.

muscles, which may enhance the tolerance to stress
and increase the survival rate of stressed cells

In tropical and subtropical regions, heat stress
(HS) is considered as a critical problem in the poultry
industry. High ambient temperatures not only cause
heavy economic losses in this industry by reducing
feed consumption and increasing mortality rate but
have negative influence on meat quality (Chiang
et al., 2008), too. Also, HS has been associated with
an increased number of heterophils and decreased
number of lymphocytes. In addition, HS increases
heat shock proteins expression in skeletal and cardiac

(Kamboh et al., 2013).

Recent studies showed that supplementation of
natural antioxidants is a suitable strategy to minimize
the deleterious effects of heat stress in broiler chick-
ens. Propolis (bee glue; BG), which exhibits a strong
antioxidant properties, was reported to improve the
growth performance and egg quality in birds reared
under high ambient temperatures (Seven, 2008). BG
is a resinous and balsamic material collected by work-
er honeybees (4pis mellifera L.) from tree buds, sap
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flows or other botanical sources, and mixed with their
wax and salivary enzymes. It has strong antibacterial
(Bankova et al., 2000), antioxidant (Banskota et al.,
2000), antiviral (Vynograd et al., 2000), and anti-in-
flammatory (Sforcin, 2007), antifungal and immun-
ostimulatory properties (Bankova et al., 2000), and
cytostatic and hepatoprotective activities (Banskota
et al., 2000). Due to the presence of important com-
pounds such as fla-vonoids, phenolic constituents
and terpenoid, the use of BG in broiler diet was re-
commended as a way to minimize the negative ef-
fects of HS (Sforcin and Bankova, 2011). It was
proved that flavonoids show an antioxidant activ-
ity towards oxidants in the cell membrane (Sforcin,
2007).

Bee pollen (BP) is a natural product, which is
collected by honeybees from plants. The BP is cre-
ated in the male sexual organ of the flower (anthers)
with the purpose of fertilizing the stigma. It is the
main source of proteins for bees (Wang et al., 2007).
Similarly to BG, BP is a rich source of flavonoids,
carotenoids and phytosterols (Xu et al., 2009). In ad-
dition, BP is able to improve gastrointestinal health,
protect kidney, and decrease blood lipid metabolites
and creatinine in broilers (Attia et al., 2014).

To the best of our knowledge, the supplemental
effects of BP and BG in broilers reared under high
ambient temperature are largely unrevealed. There-
fore, the aim of this study was to investigate the ef-
fect of dietary BP or BG alone and in combination
on performance, relative organs weight, haemato-
logical parameters, intestinal morphometry, creatine
kinase (CK) and heat shock protein 70 mRNA levels
(HSP70) in broiler chickens.

Material and methods

Experimental chickens

Two hundred and forty male broiler chickens
(49.4 £ 0.8 g, Ross 308, one-day old) were used in
this study. All chickens were kept in the uniform
light conditions for 24 h. Birds had ad libitum access
to feed and water during the experimental period.
The room temperature was maintained at 35 °C on
day 1, then the temperature was gradually reduced
to 33 °C on day 3, which was maintained during the
42-day experiment to generate the high ambient
temperature. The trial was conducted in two phases:
starter (days 1 —21) and finisher (days 22 —42).
The animal care protocol in this experiment was
approved by the Animal Ethics Committee of the
Birjand University.

Preparation of bee pollen (BP) and bee glue (BG)

The BP and BG were mainly collected by the
honeybee Amygdalus scoparia L. in the spring sea-
son. The BP was ground to pass through a 1-mm
screen and then mixed to the feed. The hand-
collected BG was kept desiccated in the dark until
the processing. Than it was ground and a 30% etha-
nolic extract was prepared in sterile conditions (30 g
of BG completing the volume to 100 ml with 70%
ethanol), in the absence of bright light, at room tem-
perature by shaking moderately. After filtration, the
final concentrations were calculated to obtain the
dry weight of the solution (120 mg - ml!).

Experimental design and diets

The experiment was performed as a completely
randomized design with 4 treatments and 5 replicates
of 12 chickens kept in cages. The 4 dietary treatments
were as follows: control; BP — supplemented with
20 g of BP - kg'! of feed; BG — supplemented with
3 g of BG-kg! of feed; and BP + BG —supplement-
ed with 20 g of BP - kg'+3 g of BP - kg'. Basal
diets were formulated to meet or exceed the Ross
308 broiler nutrition specifications for macro- and
micronutrients (Table 1) (NRC, 1994). All diets were
fed in a mash form.

Table 1. Basal diet composition in starter and finisher periods
Starter period  Finisher period

Indices

(days0-21) (days 22-42)
Ingredients, g - kg™
maize (8% CP") 596.2 639.3
soyabean meal (48% CP) 308.3 265.1
soyabean oil 28.2 30.7
meat meal (55% CP) 40.0 40.0
dicalcium phosphate 10.8 10.3
calcium carbonate 7.0 5.7
NaCl 4.4 4.1
vitamin-mineral premix? 45 41
choline chloride (70%) 0.6 0.7
Calculated analysis
metabolizable energy, MJ - kg™ 3100 3200
available phosphorus, g - kg™ 41 41
lysine, g - kg™! 12.2 1.0
methionine, g - kg™ 5.8 5.3
methionine + cystine, g - kg™ 9.5 8.8
Calculated composition, g - kg™
crude protein 218 201
calcium 9.5 9.1
total phosphorus 6.9 6.9
crude fat 60.0 60.0

'CP - crude protein; 2provided per kg of diet; IU: vit. A 9000,
vit D, 2000, vit. E 18; mg: Cu 10, Fe 50, Mn 100, Zn 85, Se 0.2, | 1,
vit K 2, thiamine 1.8, riboflavin 6.6, pyridoxine 3.0, vit. B,, 15, niacin 30,
pantothenic acid 10, folic acid 1.25, choline 500 and biotin 0.1
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Chicken performance

On day 21 and 42, the body weight (BW) and
feed intake were measured after 4 h feed withdrawal
to determine an average daily gain (ADG), average
daily feed intake (ADFT) and feed conversion ratio
(FCR).

Size of different organs

On 42 day of life, two randomly chosen birds
per replicate (10 birds per treatment) were randomly
selected and after 4 hour feed withdrawal slaugh-
tered by cutting jugular veins and carotid arteries.
The weights of the pancreas, liver, gizzard, heart,
spleen and bursa were recorded. Then organs were
cleaned with physiological saline solution, dried
with filter paper and weighed. The weight of each
organ was expressed in relation to body weight be-
fore slaughter (g - 100 g' BW).

Biomarkers analysis

For analysis of the heat stress biomarkers, includ-
ing circulating heterophil:lymphocyte (H:L) ratio,
2 ml blood samples from 10 broilers per treatment
were collected and put in tubes containing anti-
coagulant heparin (Fisher HealthCare, Houston, TX,
USA), kept on ice and immediately used for ha-
ematological analysis. Haematological analysis was
conducted to measure the levels of heterophils and
lymphocytes by using an automatic haematological
analyser (Sysmex XE-2100™ Automated Hematol-
ogy System; Sysmex America, Inc., Lincolnshire,
IL, USA). These concentrations were also used to
calculate the H:L ratio index.

The breast (Pectoralis major) muscles without
skin and adipose tissues were collected from
10 broilers per treatment, quickly snap-frozen in
liquid nitrogen and then used to analyse the creatine
kinase (CK) level using commercially available
colorimetric kit (Nanjing Jiancheng Bioengineering
Institute, Nanjing, China). The result was calculated
per mg of protein measured in accordance to
Kamboh et al. (2013) method.

In the muscles, the HSP70 mRNA expression
level was also analysed using Real-Time RT-PCR
method according to procedure discribed by Hao et al.
(2012). The chicken HSP70 gene sequence deposited
in GenBank under the accession number J02579 was
used as nucleotide sequence in the current research.

Intestinal morphology measurements

Ten slaughtered birds per treatment were ran-
domly used for the intestinal morphometery con-
ducted in accordance to Yu et al. (1998) method.
The digestive tract with contents was removed and

fragments of approximately 5 cm were obtained
from the middle following segments of the small in-
testine: the duodenum (from the pylorus to the dis-
tal portion of the duodenal loop), the jejunum (from
the distal portion of the duodenal loop to Meckel’s
diverticulum) and the ileum (the anterior portion
of the ileocecal junction) to evaluate the intestinal
morphology. Then, each segment fragments were
placed on polystyrene sheets, opened longitudinally,
washed in saline solution, fixed in 10% formalde-
hyde solution, dehydrated and embedded in paraf-
fin. Thin sections from each segment were cut (5 pm
thickness) and stained with haematoxylin and eosin
according to Luna (1968). Measurements for villus
lengths were taken from the tip of the villus to the
valley between individual villi, and measurements
for crypt depth were taken from the valley between
individual villi to the basolateral membrane. Vil-
lus length, crypt depth and thickness of epithelium
were measured at 100x magnification using com-
puter software (Sigma Scan, Jandel Scientific, San
Rafael, CA, USA), and the data were used to calcu-
late the villus length: crypt depth ratio. The length
of 30 villi and the depth of 30 crypts were measured
from each segment and replicate, and the means
were analysed statistically.

Statistical analyses

Data was analysed by ANOVA using the General
Linear Model (GLM) procedure of SAS (SAS,
2006). The corresponding means were compared by
Tukey-Kramer’s test and statistical differences were
declared at P < 0.05.

Results

In the starter (1 —21 day of life) and overall
(1—42 day of life) periods, the average daily gain
(ADG) and average daily feed intake (ADFI) were
influenced by bee pollen (BP) or bee glue (BG)
supplementation in comparison to the control diet
(Table 2). There was also a significant increase
(P <0.05) in ADG and ADFI when both BP and BG
were added to the basal diet. When compared to the
control group, ADG and ADFI of BP group were
increased (P <0.05) by 15.6 and 15.3%, respectively,
and also ADG and ADFI of BG group were increased
(P<0.05) by 15.0 and 14.3%, respectively; however
there was observed no influence on feed conversion
ratio (FCR) in the starter phase. Also, when BP and
BG were supplemented together, ADG and ADFI
were significantly increased (P < 0.05) by 14.4
and 14.5%, respectively, when compared to the
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Table 2. Effect of bee pollen (BP) and bee glue (BG) supplementation on broiler growth performance (n = 5)

. Treatments'
Indices control BP BG BP + BG SEM P-value
Initial BW? 49.5 49.3 49.6 49.2 - -
Final BW 19480 20652 20492 20532 2.317 0.027
Starter period, day 1-21 day of life
ADG?®, g 32.6° 3r.7° 37.50 37.32 0.102 0.025
ADFI, g 46.3° 53.42 52.92 53.08 0.402 0.041
FCRS, g feed - g*' BWG® 1.42 1.42 1.41 1.42 0.010 0.872
Finisher period, day 22 — 42 day of life
ADG, g 57.6 58.1 57.8 58.0 0.211 0.632
ADFl, g 113.8 115.2 114.8 115.1 1.201 0.924
FCR, g feed - g' BWG 1.97 1.98 1.99 1.98 0.022 0.750
Overall, 1-42 day of life
ADG, g 45.2° 48.0° 47.6° 47.7° 0.401 0.032
ADFl, g 80.1° 84.3° 84.02 84.12 0.554 0.041
FCR, gfeed - g' BWG 1.77 1.76 1.77 1.76 0.025 0.232

'treatments: control - basal diet; BP —basal diet + 20 g kg~ of BP; BG - basal diet + 3g- kg~ of BG; BP + BG—basal diet+20g- kg™' of BP+3g- kg™
of BG; 2BW - body weight; *ADG — average daily gain; “ADFI| — average daily feed intake; SFCR - feed conversion ratio;!BWG - body weight gain;
® means with different superscipts within a row are significantly different at P < 0.05

Table 3. Effect of bee pollen (BP) and bee glue (BG) supplementation
on organs weights in relation to body weight (BW) at 42 day of life

Relative organ Treatments'

weight, g 100" BW control BP BG BP+BG oM Frvalue
Pancreas 022 024 023 022 0012 0871
Liver 196 200 197 198  0.431 0.265
Heart 054 056 054 055 0056 0.654
Gizzard 142 139 140 141 0014 0311
Intestine 258 261 257 226 0035 0.767
Spleen 0.45° 0.21° 0.19°020° 0013 0.045
Bursa 0.16° 0.20° 0.18°0.19° 0017 0.022

'see Table 2; each value represents the mean of 10 observations
(5 replicates x 2 birds per replicate); 2 means with different superscipts
within a row are significantly different at P < 0.05

control diet. For the overall period, the inclusion
of BP into the diet increased (P < 0.05) ADG and
ADFI by 6.2 and 5.2%, respectively, and ADG
and ADFI of BG group were 5.3 and 4.9% higher
(P < 0.05) than in the control group, respectively.
The ADG and ADFI obtained in the group fed diet
with combined supplementation (BP + BG) were
increased (P < 0.05) by 5.5 and 5.0%, respectively,
in comparison to control group.

On the 42 day of life the addition of BP and
BG into chicken feed increased the relative weight
of spleen and bursa when compared to the control
group (P < 0.05) (Table 2). There was observed no
influence of examined addictives on pancreas, liver,
heart, gizzard and intestine relative weight.

The blood lymphocytes (L) and heterophils
(H) levels were not statistically different between
groups, but H:L ratio was lower (P < 0.05) in
chickens fed supplemented diets in comparison
to the control group by 9.1%, 12.1% and 15.2%
for BP, BG and BP + BG groups, respectively
(Table 4).

A significant reduction (P < 0.05) was record-
ed in the creatine kinase (CK) level in the breast
muscle for BP and BG groups as compared to the
control group (Figure 1), but the effect of combined
supplementation (BP + BG) was insignificant for
CK level in comparison to control birds. Real-time
PCR analysis showed that dietary treatments down-
regulated the HSP70 gene expression with a signif-
icant difference (P < 0.05) when compared to the
control group (Figure 2).

Table 4. Effect of bee pollen (BP) and bee glue (BG) supplementation on blood heterophil (H) and lymphocyte (H) concentrations and H:L ratio

in broilers'

Treatments?
ftem control BP BG BP+BG SEM  Pvalue
Heterophils (H; x 10°- I") 33.8 32.6 31.9 30.8 0.414 0.465
Lymphocytes (L; x 10°- ')~ 101.5 109.4 109.6 108.7 1.132 0.383
H:L ratio 0.332 0.30° 0.29° 0.28° 0.022 0.032

'see Table 2; each value represents the mean of 10 observations (5 replicates x 2 birds per replicate); ®® means with different superscipts within

a row are significantly different at P < 0.05
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Figure 1. Effect of bee pollen (BP) and bee glue (BG) supplementation
on creatine kinase (U- mg"of protein) level of chicken breast muscle.
Mean values represent the average of 5 replicates of 4 groups
(n'=5). Values are means + SEM; # — bars with different superscripts
are significantly different (P < 0.05). Treatments: CON - basal diet;
BP - basal diet + 20 g - kg™ of BP; BG - basal diet + 3 g - kg™ of BG;
BP + BG —basal diet + 20 g kg™ of BP + 3 g kg™ of BG

Table 5. Effect of bee pollen (BP) and bee glue (BG) supplementation
on intestinal morphometery at 42 day of life

Treatments’
ltem SEM P-value
control  BP BG BP+BG
Duodenum
villus length,um 1345 1348 1345 1349 14 0.780
crypt depth, ym 185 187 187 186 0.7 0.362

villus:crypt ratio 721 1.21 719 725 0.01 0455
Jejunum

villus length, um 1165° 12242 1175° 1167 1.6 0.027
cryptdepth, ym 158> 164 161>  159° 1.1 0.035
villus:cryptrato ~ 7.37° 7.46° 7.30° 7.34° 0.05 0.024
lleum

villus length, pm 845 847 841 846 14 0131
crypt depth, ym 165 166 165 164 1.8 0.322

villus :crypt ratio 512 510 510 516 0.06 0.373

'see Table 2; each value represents the mean of 10 observations
(5 replicates x 2 birds per replicate); ® means with different superscipts
within a row are significantly different at P < 0.05

Dietary treatments did not have significant ef-
fect on the duodenal morphology (Table 5). In birds
fed diet supplemented with BP, the villus length,
crypt depth and villus length:crypt depth ratio in the
jejunum were increased (P < 0.05) in comparison to
those fed control, BG and BP + BG diets. Dietary
addition of BP and BG (alone or together) did not
have a significant effect on the morphometric indi-
ces in the ileum segment.

Figure 2. Effect of bee pollen (BP) and bee glue (BG) supplementation
on relative values of HSP70 mRNA expression in chicken breast
muscle. Mean values represent the average of 5 replicates of 4 groups
(n =5). Values are means + SEM; @ — see Figure 1. Treatments: see
Figure 1

Discussion

The mode of action of bee glue (BG) and bee
pollen (BP) may be not only due to a strong effect
of antibacterial action, but also due to the pres-
ence of micronutrients with positive effects on bird
health and metabolism (Viuda-Martos et al., 2008).
It has been revealed that the positive effects of di-
etary BP on broiler growth could be related to the
high contents of BP nutrients. Essential amino ac-
ids, polyunsaturated fatty acids (PUFA), and some
trace elements (Sari¢ et al., 2009) can be easily ab-
sorbed as BP components (Markham et al., 1996).
The current study indicated that dietary inclusion of
BP and BG (alone or together) improved the broiler
performance when compared to the unsupplement-
ed diet in the starter stage. The insignificant effects
of dietary supplementations during finisher period
might be due to the heat stress effect on bird perfor-
mance. However, weight gain and feed consumption
of broilers exposed to a high ambient temperature
were unaffected by dietary treatments. The results
also indicate that BP and BG could be effective as
additives improving the productive performance of
broiler chickens reared in heat stress conditions.
These findings confirm those reported by Attia et al.
(2011) who indicated that BP and BG can be use
in poultry feeds as natural growth promoters. Also,
Eyng et al. (2014) indicated that addition of BP to
drinking water increased body weight gain and feed
consumption in young broiler chickens.
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Quinteiro-Filho et al. (2010), who investigated
the influence of the heat stress on the broiler bursa
of Fabricius and spleen, pointed out that stress in-
duces lymphoid organs atrophy and reduction in
bursa weight. Spleen, known as the main immune
organ, plays an important role in the body defense
against microorganisms (Akter et al., 2006). The
relative lymphoid organs weight is used to judge
the immune status of broiler chickens. In the present
study, the addition of BP and BG to the diets increased
relative weight of bursa of Fabricius and spleen of
broiler chickens. Also Wang et al. (2007) found that
the spleen and bursa of Fabricius were heavier in
broilers fed diets with the addition of BP. Currently,
there is a lack of sufficient literature to explain the
effects of BP and BG on lymphoid tissues in heat
stress conditions. The increase in relative weight of
spleen and bursa in the BP and BG supplemented diets
may be an indication of the immune-booster effect
of these additives. BP and BG are rich in nutrients,
which promote faster proliferation and differentiation
of the birds immune system cells (Sforcin, 2007;
Sari¢ et al., 2009).

Reports on the effect of BP and BG supplement-
ation on haematological parameters are very scarce.
It has been recognized that heterophil : lymphocyte
(H:L) ratio may be treated as stress index in birds and
is known to be increased due to the effect of ambient
stress over long term including heat stress (Vleck
etal., 2000). The current results obtained for H:L ratio
showed that dietary addition of BP, BG and BP + BG
improved the tolerance to permanent high ambient
temperature. Moreover, decrease in heterophil count
is also a positive indication of improved action of
dietary antioxidants against heat stress, as indicated
in our study. In general, the obtained immunological
activities in the current research possibly indicate
that BP and BG can alleviate the negative effects of
heat stress in broilers.

The results of the present study indicate that cre-
atine kinase (CK) level in broiler breast muscles was
decreased, which probably is an indication of im-
proving effects of dietary BP and BG against persis-
tent heat stress. This result is in agreement with the
studies of Sahin et al. (2008) and Patra et al. (2011)
who concluded that dietary natural antioxidants are
the first strategy against the unpleasant consequenc-
es of heat stress on the quality of poultry meat. More-
over, the results revealed that the combination of BP
and BG did not have a significant effect on CK level.
Hence, the results may suggest that addition of BP
or BG into feed could play a role in the decrease of
myopathy in broiler chickens that is indicated by the
reduced muscular CK level.

Another interesting findings in the current re-
search were the effects of BP and BG supplement-
ations on HSP70 mRNA expression level in the
chicken breast muscle. The most important reason
for measuring the HSP70 gene expression in different
studies is the evidence that support their role not only
in high ambient temperature but also in cell death me-
diated by free radicals and reactive oxygen species
(Jacquier-Sarlin et al., 1994). In the current study,
the down-regulation of HSP70 mRNA expression
by the dietary BP, BG and BP + BG might be due to
functional likeness of BP with oestrogen. This novel
finding suggests that an unknown compound of BP
and BG might cause a similar effect of that observed
for oestrogen on HSP70 mRNA induction through
a nutritional mechanism. Bongiovanni et al. (2007)
investigated the effects of natural antioxidants against
stressors, such us heat, and concluded that dietary
inclusion of flavonoids may have a protective effect
against acute heat stress. Nevertheless, further stud-
ies are necessary to investigate the effect of the flavo-
noids on down-regulation of HSP70 mRNA and their
antioxidant effect in broilers reared under heat stress.

Jia et al. (2010) reported that both villus length
and crypt depth are important indicators of the
digestive health of birds and directly attributed to
the absorptive capacity of the mucous membrane.
In addition, higher villus:crypt ratio suggests higher
digestive and absorptive capacities in the jejunum
(Xu et al., 2009). Thus, the increased ratios obtained
here can be attributed to the beneficial effect of BP
in controlling proliferation of pathogenic bacteria and
avoiding possible damage to the intestinal mucosa,
which could result in reduced dimensions of the
villi. Thus, addition of dietary BP to the diet may
stimulate the digestive and absorptive functions of
broiler chickens and may be helpful in explaining the
improvement in average daily gain and average daily
feed intake observed during the starter stage.

Conclusions

The results indicate the protective effects of bee
pollen (BP) and bee glue (BG) against persistent high
ambient temperature effects in broiler chickens. It
could be concluded that the dietary use of BP and BG
as a feed additives may offer a nutritional strategy
in broiler farming to overcome the disadvantageous
effects of heat stress in broiler.
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