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Abstract

Propolis is a natural resinous mixture produced by honey bees from substances collected
from parts of plants, buds and exudates. Due to its waxy nature and mechanical proper-
ties, bees use propolis in the construction and repair of their hives for sealing openings
and cracks and smoothing out the internal walls and as a protective barrier against ex-
ternal invaders and weathering threats. Bees gather propolis from different plants, in
the temperate climate zone mainly from poplar. About 300 compounds such as polyphe-
nols, phenolic aldehydes, sequiterpene quinines, coumarins, amino acids, steroids and
inorganic compounds have been identified in propolis samples. Several scientific studies
have been focused on the biological activities of propolis and its functions as a health
supplement in humans. It could have akin function in poultry. This review is focused on
the current findings relating to chemical composition, as an antioxidant, on performance,
immunity, intestinal flora and haematological parameter in domesticated poultry species
(broiler chickens, laying hens, quail and duck).

Keywords: haematological parameter of chicken, immunostimulation, nutrition, poultry,
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INTRODUCTION

The use of antibiotics as growth promoters for
poultry production has been banned in many
countries, which in turn caused their prohibition
as protective agents against the emergence of
infectious diseases and consequently increase
in the economic losses for the poultry industry
(Peric, Zikie, & Lukie, 2009). Therefore, many re-
searchers have attempted to find natural feed
additives such as propolis to be used in poultry
diets to reduce the expected harmful effects
(Hegazi, Abdou, & Allah, 2012; Abdel-Kareem &
El-Sheikh, 2015).

Propolis (bee glue)is a dark resinous material that
honey bees (Apis mellifera L. collect from tree
buds and the exudates of plants and then chew
and digest through oral enzymes (Seven, Aksu,
& Tatli, 2010). Bees are known to use propolis
to overcome the inner walls of the hive and
mix it with wax when building combs to protect
the colony and larvae from pathogenic micro-
organisms (Simone-Finstrom & Spivak, 2010) as
well as the entrance against intruders (Miguel &
Antunes, 2011). Etymologically, the Greek word

propolis means pro, for or in defense, and polis,
the city, that is “defense of the hive”. The micro-
scopic structure of propolis is incredibly similar
regardless of its origin (Acikgdz, Yucel, & Altan,
2005). Generally, ethanol is the best solvent
for propolis preparation, and other solvents
such as ethyl ether, water, methanol, acetone,
dichloromethane and chloroform may be used
for extraction and identification of propolis
compounds (Szliszka et al., 2013).

Although its composition slightly varies between
regions and among seasons as a result of flora
variation, propolis is generally composed of 50%
resin and balsams, 30% wax, 10% essential
and aromatic oils, 5% pollen grains and other
substances (Goémez-Caravaca et al, 2006).
Propolis has been reported to be collected from
resins of poplars, conifers, birch, pine, alder,
willow, palm, Baccharis dracunculifolia, and
Dalbergia ecastaphyllum (Kosalec et al., 2004).
The ethanolic extract of propolis has been
reported to possess such biological properties
as antibacterial (Silici & Kutluca, 2005), antiviral
(Vynograd, Vynograd, & Sosnowski, 2000), anti-
inflammatory, analgesic and tissue regenera-
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tive (De Castro, 2001), antioxidant (Banskota et
al., 2000), and cytostatic and hepatoprotective
(Banskota et al., 2000). They are attributed to
its chemical composition, which consists of poly-
phenols, flavonoids, phenolic acids, aromatic
aldehydes, esters, amino acids, minerals and
vitamins (Schnitzler et al., 2010). The antibiotic-
like properties of propolis have been demon-
strated by Scheller et al. (1999) and Seven &
Seven (2008). Pavilonis et al. (2008) reported
that propolis preparations demonstrated /in vitro
anti-microbial activity mainly against Gram-
positive (Staphylococci and Strepthococci spp.),
Gram-negative bacteria (€ coli K. pneumoniae,
P wulgaris and P aeruginosa), Helicobacter
pVlori, protozoa (T. cruzi), fungi (Candida albicans)
and viruses (HIV, Herpes viruses or influenza
viruses).

Recent studies have suggested an increase
in the production performance in poultry fed
diets with propolis (Shalmany & Shivazad,
2006; Seven, Aksu, & Tatli, 2010; Tekeli, Kutlu,
& Celik, 2011; Zafarnejad, Nazar, & Mostafa,
2017). These advantages could be related to
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effect of propolis on gastrointestinal microbiota,
which increase the levels of beneficial bacteria
and decrease the pathogenic types (Kacaniova
et al, 2012). This modulation of microbiota
could promote intestinal health, given that the
beneficial bacteria would nourish and protect
the poultry against pathogens via competi-
tive exclusion of various mechanisms (Lu et al,,
2003).

This review highlights published data from
works that focus on propolis and its composi-
tion, antioxidant property, effect on broiler and
layer performance, as an immunostimulating
agent, effect on intestinal microflora and hae-
matological parameters. The potential of this
natural compound needed to be determined for
the development of a new feed additive in the
poultry diet.

Composition and properties of propolis

Propolis is a hive product containing mainly
beeswax and plant-derived substances such
as resin and volatile compounds. Its chemical
composition as well as color and aroma change

Table 1

Most important propolis types, geographical origin and major constituents

Propolis type Origin

Major components References

Europe, North

Polyisoprenylated benzo-
phenones, Formononetin,
isoliquiritigenin, liquiritigenin,
medicarpin, and biochanin A

Pinocembrin, pinobanksin,
chrysin, galangin, caffeic acid,
ferulic acid, cinnamic acid, and

Ahn et al. (2004);
Chen et al. (2004);
their esters Huang et al. (2007)
Matsui et al. (2004);
Salatino et al. (2005);

Trusheva et al.
(2006)

Prenylated phenylpropanoids,
phenolic acids, prenylated

, America and
Poplar (£ nigra L. nontropic regions of
Asia
Red propolis Cuba, Mexico, Brazil,
prop Venezuela
Green propolis Brazil

p-coumaric acids, aceto-
phenones, diterpenic acids,
caffeoylquinic acids, kaemp-

Park et al. (2002);
da Silva Frozza et al.
(2013)

feride, isosakuranetin, and

Greece, Malta, Crete,
Southern Italy

Mediterranean
propolis

Pacific Taiwan, Japan

kaempferol

Popova et al. (2010);
Popova et al. (2012)

Matsui et al. (2004)

Diterpenes

C-Prenyl-flavanones




according to the geographical zones (Tab. 1).
The color varies from yellowish-green to red
to dark brown depending on its source and age
(Wagh, 2013). Its characteristic smell is due to
the volatile oils it contains. Propolis varies in
structure and consistency according to the tem-
perature. It is hard and brittle at 0-15°C, soft and
malleable at around 30°C, sticky between 30 to
60°C and liquefies at temperatures higher than
70°C.

The biological properties of propolis are
recognized as belonging a variety of major
chemical constituents including phenolic acids,
phenolic acid esters, flavonoids and terpenoids
such as CAPE, artepillin C, caffeic acid, chrysin,
and galangin quercetin, apigenin, kaempferol,
pinobanksin 5-methyl ether, pinobanksin, pi-
nocembrin, pinobanksin 3-acetate (Huang et
al., 2014). The compounds identified in propolis
resin originate from plant exudate collected by
bees, secreted substances from bee metabolism,
and materials which are introduced during
propolis elaboration (Eroglu et al.,, 2016). Up to
2012 over 500 compounds from many countries
have been identified in propolis and they belong
to flavonoids, phenylpropanoids, terpenoids,
stilbenes, lignans, coumarins and their prenylated
derivatives (Huang et al.,, 2014). However, other
common chemical components such as alkaloids,
iridoids have not been reported in propolis,
probably because of the plant sources.

The constituents of the Egyptian propolis are
phenolic acid esters (72.7 %), phenolic acids
(1.1%); aliphatic acids (2.4 %); dihydrochalcones
(6.5 %); chalcones (1.7 %); flavanones (1.9 %);
flavones (4.6 %) and tetrahydrofuran deriva-
tives (0.7 %; Abd El-Hady & Hegazi, 1994). Ozkok,
Iscan & llici (2013) reported that Turkish propolis
contained 37.83% flavonoids (such as pinocem-
brin, chrysin and galangin); 18.54% organic acids
and fatty acids (including 9-octadecanoic acid
and n-hexadecanoic acid, coumaric acid, octa-
decanoic acid, cinnamic acid and derivatives);
35.8% aromatic acids and their esters, alcohols,
aldehydes, ketones, terpenes and kinones;
4.89% various hydrocarbons and 2.94% other
undefined components.

Propolis is rich in vitamins (i.e. B, B,, B, C and
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E), mineral elements (i.e. Ca, Cy, |, K, Mg, Na,
Zn, Mn and Fe), and enzymes (succinic dehy-
drogenase, adenosine triphosphatase, glucose-
6-phosphatase, acid phosphatase, a-amylase,
B-amylase, a-lactamase, B-lactamase, maltase,
esterase, and transhydrogenase) (Lotfy, 2006;
Kurek-Gorecka et al, 2014), in addition to a
number of fatty acids, amino acids, terpenes,
flavonoids and cinnamic acid derivatives (Wagh,
2013). The concentration of vitamins in North
American propolis was reported as vitamin A
(6.1 IU/g of fresh matter and 8.1 IU/g of DM),
vitamin B, (4.5 pg/g of fresh matter and 6.5 pg/g
of DM), B, (20 pg/qg of fresh matter and 28 pg/g
of DM) and vitamin B (5 pg/g of fresh matter-
Moreira, 1986). This study also reported that
the same propolis contained Cu (26.5 mg/kg),
Mn (40 mg/kg) and the ash residue contained
Fe, Ca, Al, V, Sr and Si (Moreira, 1986). Trace
elements (Al, B, Ba, Cr, Fe, Mn, Ni, Sr and Zn)
and toxic elements (As, Cd, Hg and Pb) were
discovered through atomic emission/absorption
spectrometry in propolis samples collected from
different Croatian regions (Cvek et al., 2008).
Some minerals such as Br, Co, Cr, Fe, Rb, Sb, Sm
and Zn were identified in different Argentinean
propolis through neutron activation analysis
(Cantarelli et al, 2011). These studies show
that the trace element profiles can be useful
for propolis identification according to their
location. Polysaccharides e.g., starch and di- and
monosaccharaides glucose, fructose, ribose,
rhamnose, talose, gulose, and saccharose are
commonly present in propolis (Kurek-Gérecka et
al., 2014). It may be concluded from literature
that the chemical characteristics of propolis are
linked to the diversity of geographical location,
plant sources and bee species.

Antioxidant capacity

Antioxidants are agents which scavenge
reactive oxygen species (ROS), prevent their
formation and repair the damage they cause
(Nimse & Pal, 2015). Their effectiveness is due
to their capability to donate their own electrons
to free radicals, which then no longer attack
cells and the chain reaction of oxidation is broken
(Seven et al., 2012b). Recently, there has been a
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growing interest in the search for natural anti-
oxidants to be used as substitutes for synthetic
antioxidants, which has been restricted
(restricted due to laws) because many of them
have carcinogenic potential (Manal et al., 2015).
Propolis could be this aspirant alternative for
providing powerful antioxidant protection for
the body. The antioxidant activities/ properties
of propolis from such various geographic origins
as Argentina, Australia, Brazil, China, and United
States were confirmed /in vitro by the presence
of a strong defense against oxidative stress
(Kumazawa, Hamasaka, & Nakayama, 2004).

There is a correlation between the high content
of total flavonoids and the anti free-radical
activity in propolis (Da Silva et al., 2006). The
flavonoids were suggested to play an important
role in the antioxidant activity of Brazilian
propolis extracts but other compounds could
be involved. Another compound in the propolis
structure, caffeic acid phenethyl ester, blocks
the production of ROS (Hosnuter et al.,, 2004).
The Chinese propolis was found to have the
most antioxidative and the main component
responsible for this property was identified as
benzyl caffeate (Yamauchi et al., 1992). Several
investigations on propolis in Eastern Europe and
South America showed that flavonoids concen-
trated in propolis were powerful antioxidants
and scavenged free radicals (Basnet, Matsuno,
& Neidlein, 1997; Banskota et al, 2000).
Flavonoids and various phenolics in propolis have
appeared to scavenge free radicals and thereby
protect lipids and other compounds from being
oxidized or destroyed during oxidative damage
(Seven et al., 2009). Plus, flavonoids inhibit lipid
peroxidation, platelet aggregation, capillary
permeability and fragility (Havsteen, 2002).
Furthermore, the flavonoid mechanisms as
antioxidant action include the suppression of
ROS formation either by inhibiting enzymes
or by chelating trace elements involved in
free radical generation, scavenging ROS and
up-regulation or protection of antioxidant
defenses (Mishra, Kumar, & Pandey, 2013).
The flavonoid occurrence, position, structure
and total number of sugar moieties (flavonoids
glycosides) play an important role in antioxidant
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activity (Kumar & Pandey, 2013). Abou-Zeid
et al. (2015) fed broilers diets with different
levels of propolis (0, 125, 250 and 500 mg/kg)
and reported that in their blood the malondial-
dehyde (MDA) level decreased (P<0.01) and the
antioxidant system as superoxide dismutase
activity, catalase and glutathione peroxidase
levels increased (P<0.001). Such an increase
of antioxidant enzymes may be considered as
a protective mechanism against induced free
radical production and lipid peroxidation.
Hormonal and metabolic changes are also
implicated in the response to prolonged or
chronic exposure to heat stress. Seven et al.
(2009) suggested that ether extract propolis
at the supplemented dose of 3.0 mg/kg diet
prevented oxidative stress in broilers exposed
to heat stress. Recently, Mahmoud, Abdel-
Rahman, & Farghali (2015) recommended a
500 mg/kg diet dose of Chinese ether extract
propolis to alleviate the hormonal and metabolic
drawbacks of heat stress indicating through
the lowest corticosteron level and maximum
total antioxidant and MDA capacity in broilers.
Similarly, feeding laying Japanese quails diets
supplemented with two levels of propolis (0.25
and 0.50 g/kg diet) during summer season
resulted in decreased (P<0.05) serum MDA
but increased (P<0.05) serum total antioxidant
capacity and serum glutathione peroxidase as
compared to the control group (Zeweil et al,
2016). This may refer to the strong antioxidant
activity of propolis; due to the present phenols
compound. Also, propolis prevents lipid oxidation
because it contains chyrisin as one of the propolis
compounds which having hepatoprotective
and antioxidant activities (Sathiavelu et al.,
2009) and also consist benzoic acid derivative
exhibits antioxidant effects using inhibition
assays of luminal luminescence, 2, 2-diphenyl-1-
picrylhydazyl and lipoperoxidation, particularly
caffeic acid, caffeoylquinic acid and cinamic acid
are effective O,- scavenging activity (Nakajima
et al, 2007).

High stocking density in poultry may enhance
oxidative destruction and cause MDA generation.
Additionally, tissues are detrimentally affected
by oxidative stress which could be prevented



with propolis supplementation in poultry diets.
Arslan & Seven (2017) found that serum MDA
levels of the high stocking quail group were sig-
nificantly higher (6.84 nM/mL) than those groups
of supplementation of 0.5g (4.33 nM/mL), 1.0g
(4.08 nM/mL) and 1.5g (4.56 nM/mL) propolis/kg.
They explained that the antioxidative property
of propolis was based on its rich flavonoid,
phenolic acid and terpenoid contents.
Antioxidant stability is important for meat
storage and durability, because poultry meat
and mainly poultry fat contain higher amounts
of polyunsaturated fatty acids in comparison
with fat of other slaughtered animals (Martinez-
Tome et al,, 2001). Hascik et al. (2014) tested
the influence of propolis extract applied to feed
mixtures of broiler chickens on the oxidative
stability of breast and thigh muscles stored at
-18 °C for six months. During the storage, the
highest MDA values were found in the control
group and the best results (the lowest MDA
value) were found in the group with applied
propolis extract at a dose of 800 mg/kg. The
application of propolis extract in broiler chickens
nutrition significantly influences (P<0.05) a
decrease oxidative processes in breast and thigh
muscles during the whole storage period. Similar
results were obtained in another study which
used propolis extract at a dose of 450 mg/kg
in the broiler diet (Bobko et al., 2015). It may
be concluded from above studies that propolis
alleviates the negative effects of oxidative
stress in poultry.

Immunostimulating agent

Propolis stimulates the body’'s immune system
and thus improves the growth performance,
health status of broilers and laying hens (by
reducing mortality rates and improving feed
conversion), carcass value and meat quality
characteristics (Zeng et al., 2004; Roodsari et al.,
2004; Denli et al., 2005). It has been shown to
stimulate lymphocyte proliferation and antibody
production after immunization. Depending on
the dose and time of administration, propolis
components may enhance T Iymphocyte
conversion. As demonstrated by Chen, Qiu & Lin
(1999), propolis extracts boost immune system
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development and stimulate the activity of T and
B lymphocytes in broiler chickens. The bursa and
spleen are sites of B cell and T cell differentia-
tion, respectively. Zafarnejad, Nazar, & Mostafa
(2017) reported that the inclusion of 0.9 g/kg
propolis in the broiler diet significantly increased
the relative weight of bursa (0.202 mg/kg) and
spleen (0.140 mg/kg) as compared to the control
group (0.163 and 0.131 mg/kg, respectively).
The serum antibody titer is a valid indicator
of humoral immunity in poultry and plays an
important role in the host's defense against
infections. Serum IgG and IgM concentrations
in the broilers receiving 0.7, 0.8 and 0.9 g/kg of
propolis were significantly higher than those
in control birds, suggesting that high levels of
propolis modulate humoral immunity in broilers
(Zafarnejad, Nazar, & Mostafa, 2017). Similarly,
the addition of 3.0 g propolis/kg in the diet of
broiler chickens and laying hens resulted in sig-
nificantincreases in the serum IgG and IgM levels
and significant decreases in the peripheral blood
T-lymphocytes compared with those of the
controls (Cetin et al., 2010; Shihab & Ali, 2012).
The increased levels of IgG in birds treated with
propolis may be related to the stimulation of B
lymphocytes through increased macrophage
activity and concentrations of such cytokines
as interleukin-1, interleukin-2, and interleukin-4
(Park et al, 2004). These cytokines further
stimulate B lymphocytes to become plasma
cells, producing immunoglobulins (Dimov et al,
1991). This could be attributed to the benzene
and flavonoids constituents of propolis which
cause a greater immune response because
macrophage phagocytic activity increases and
more cytokines are produced, and this turn
stimulates the proliferation of other immune
cells (Taheri, Rahmani, & Pourreza, 2005). For
birds" physiological defenses, macrophages
phagocytose, chemotax, mediate inflammatory
processes and secrete substances involved in
immune processes (Orsi et al., 2000).

Propolis  supplementation increased the
antibody response to the Newcastle disease
virus (NDV), infectious bursal disease and avian
influenza (Taheri, Rahmani, & Pourreza, 2005;
Ziaran, Rahmani, & Pourreza, 2005), but did not
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affect infectious bronchitis (Taheri, Rahmani, &
Pourreza, 2005). Similarly, Freitas et al. (2011)
stated that supplementation of propolis in laying
hen feed (50 mg/kg) increased the production
of 1gG specifically for sheep red blood cells and
natural antibodies; indicating that propolis could
be used to increase antigen-specific antibody
responses to vaccines. Recently, Babaei et al.
(2016) reported that propolis (1.0 g/kg) in a quail
diet caused an increase in the ND titer when
compared with control and antibiotic (virginia-
mycin) groups.

Hegazi, EI-Miniawy, & El-Miniawy (1995) studied
how some bee products affected the immune
response of virulent NDV-infected chicken. They
reported a reduced mortality rate in groups
infected with virulent NDV which were subse-
quently treated either with propolis or honey.
The results showed that propolis as an antiviral
agent out performed honey. The propolis and
honey treatment of NDV- infected chicken
groups induced increased antibody titres and
phagocytic percentage. A possible mechanism
involved in the increased levels of antibodies
produced after antigenic stimulation in propo-
lis-treated birds is probably related to increase
expression of IL-2 and interferon-y because
these cytokines stimulate antibody production
in chickens (Wang et al.,, 2006). Such increased
antibody production suggests that propolis
has an immunostimulatory effect on chickens
and could be used to increase antigen-specific
antibody responses to vaccines.

Ziaran, Rahmani, & Pourreza (2005) reported
that both humoral and cellular immune
responses were modulated by different levels
of oil extract of propolis in the broilers diet and
suggested that a low level (40 and 70mg/kg) of
dietary propolis developed the immune response
while chickens fed a highly enriched propolis
diet showed a lower immune response. Similarly,
Taheri, Rahmani, & Pourreza (2005) observed
a relatively negative effect of a higher concen-
tration of propolis on the humoral immunity of
broilers and concluded that the immune system
may respond to propolis at a crucial dosage
(100 mg/kg). The results regarding an antibody
against Newcastle and bursal virus on days
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21 and 42 revealed that the antibody concen-
tration increased with the propolis level up to
100 mg/kg but with higher levels of propolis
the antibody concentration declined (P<0.05).
However, Eyng, Murakami, & Pedroso (2013)
found that crude propolis at 100 mg/kg in the
broilers’ feed was an effective immunostimu-
lating agent for cell-mediated responses during
the starter phase. Galal et al. (2008) reported
that the /n vivo cell-mediated immune response
as measured by phytohemagglutinin- P stimula-
tion (wattle) revealed that the laying hens fed a
diet with an added 50, 100 and 150 mg propolis/
kg had a significant hyper-responder compared
to the control group. Concerning white blood
cell differentiation, propolis supplementation
significantly decreased heterophils count and
increased lymphocytes count when compared
with the control group.

Immunomodulatory activity can also be
evaluated through the measurement of nitric
oxide production in macrophages, which is a mi-
crobicide compost associated with macrophage
activity (Bogdan, 2001; Sforcin, 2007). Nitric
oxide production in broilers given a 100 mg/kg
propolis supplement was higher compared with
other propolis doses, which may be associated
with the higher phagocytic activity observed
(Eyng, Murakami, & Pedroso, 2013). Recently,
Eyng et al. (2015) reported that the inclusion of
1 to 4% of propolis extraction residue in broiler
diets from 1 to 21 days of age was not able to
improve the immune parameters despite the
modest changes in the relative weight in thymus,
blood monocyte percentage and nitric oxide
concentration. Inconsistency among results of
different studies may be related to the type
and dosage of propolis and its constituents in
the diets, duration of feeding with experimen-
tal diets, study population (i.e., in age, weight, or
breed) and animal species.

Effect of propolis on intestinal microflora

The intestinal microflora provides a natural
barrier against harmful bacteria that enter the
intestine. They enhance the immune system
by inhibiting the growth of exogenous and
pathogenic bacteria, and produce bacteriocins



or other substances (Lan et al., 2005). Propolis
exhibits bacteriostatic activity against different
bacterial genera and can be bactericidal at high
concentrations (Drago et al., 2000). Kacaniova
et al. (2012; 2013) reported that the highest
count of faecal Enterococci (8.65cfu/g) was
found in the chickens fed a diet containing 0.2 or
0.60 g propolis/kg. The highest count of Lacto-
bacilli (8.83cfu/g) was detected in the chickens
fed a diet containing 0.80g propolis/kg while
the highest count of Enterobacteriaceae genera
was found in the control group (8.73cfu/qg).

The in vitro antimicrobial activity of six species
of bacteria isolated from the gastrointestinal
tract of chickens was also tested. The ethanolic
propolis extract in all concentrations (0.15, 0.45,
0.60 or 0.80g/kg) had the greatest antimicrobial
affect on Citrobacter braakii. The supplementa-
tion of propolis (0.10, 0.25, 0.50 or 0.75g/kg diet)
significantly stimulated the numbers of Lacto-
bacillus spp. and Bifidobacteria spp. in the broiler
gut under both the recommended temperature
(16 to 25°C) and chronic heat stress conditions
(Mahmoud, Abdel-Mohsein, & Mahmoud, 2014;
Abdel-Mohsein, Mahmoud, & Mahmoud, 2014).
On the contrary, dietary supplementation of
propolis at 1.0g/kg diet (Tekeli et al., 2010) or
0.40 or 0.80g/kg diet (Krocko et al., 2012) in
broilers was found not to influence the numbers
of intestinal lactic acid bacteria. The supplemen-
tation of propolis has not been shown to affect
caecal numbers of total coliforms, £ coliand &n-
terococcus spp. in chickens (Tekeli et al., 2010;
Mahmoud, Abdel-Mohsein, & Mahmoud, 2014).

Haematological parameters

Propolis appears to have a significant effect on
the hematological parameters of poultry. Galal
et al. (2008) reported that the hematocrit level
significantly increased in laying hens receiving
0.15g/kg of propolis in their diet. Similarly, Cetin
et al. (2010) documented a slight increase in
haematocrit and haemoglobin values in laying
hens receiving 3.0 g/kg of propolis. In broiler
chicken, packed cell volume and heterophil
counts significantly increased at a dose of 2.0 g
propolis/kg diet (Shaddel-Tili et al., 2016). Abdel-
Rahman & Mosaad (2013) found that ducks fed
propolis diets had much higher haemoglobin con-
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centrations than the control, but the packed cell
volume was not affected. These results suggest
that propolis improved the digestive utilization
of iron and reduced the regeneration efficiency
of haemoglobin. Dietary propolis supplemen-
tation may help the prevention of anaemia
in poultry. Red blood cell counts increased in
broiler chickens fed propolis at 2.0 or 3.0 g/kg
diet (Shihab & Ali, 2012), in laying hens at 3.0
g/kg (Cetin et al., 2010) and in ducks at 2.0 g/kg
(Abdel-Rahman & Mosaad, 2013). These results
indicate that propolis may have a stimulatory
effect on the synthesis and release of these
cells from the bone marrow of various poultry
species.

Abbas (2014) reported that total serum protein,
albumin, and globulins levels decreased (p<0.05).
However, glucose levels increased when chicks
received the high propolis dose (2.5 g/kg)
compared to control group. There was no signif-
icant difference between control and propolis
groups in hemoglobin concentration or packed
cell volume.

Mahmoud, Abdel-Mohsein, & Mahmoud (2014)
showed that addition of a low dose of propolis
(0.25 g/kq) did not affect serum total protein
and globulin values but instead increased with
the addition of the highest dose (0.75 g/kg).
Moreover, serum total protein and globulin
levels significantly increased in Sasso chickens
fed with 2.0 % propolis from 3 to 8 wk of age
(Omar et al., 2004) and in laying hens fed 0.1or
0.15 g propolis/kg diet from wk 46 to 54 (Galal et
al., 2008) under thermo-neutral temperatures.
Abdel-Rahman & Mosaad, (2013) indicated that
adding propolis (2.0 g/kg) to the diet of Muscovy
ducks maintained at 33°Cresulted in significantly
higher amounts of serum total protein, albumin
and total globulin. They also attributed the
improved serum total protein and its fractions in
the propolis-fed group to its stimulating effect
on the liver exhibiting anabolic action favoring
protein synthesis and its preserving effect on
the body protein from degeneration.

Blood cholesterol and triglyceride levels were
significantly reduced in propolis-fed laying hens
(0.10 or 0.15g/kg diet; Galal et al., 2008), broiler
chickens (0.30 to 0.90g/kg diet; Attia et al,
2014; Hascik et al., 2016; Zafarnejad, Nazar, &
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Mostafa, 2017) and Japanese quail (0.25 or 0.50
g/kg diet; Zeweil et al.,, 2016). The decrease in
triglycerides and cholesterol may be attributed
to propolis that either plays a major role as
antioxidant material to increase glutathione
enzyme activity, or contains such components
as essential fatty acids which inhibit hepatic
3-hydroxy-3-methylglutaryl  coenzyme A
reductase activity which is a key regulatory
enzyme in cholesterol synthesis (Matsui et al,
2004; Babinska et al., 2013).

Broilers performance

Many authors have suggested an increase in
the growth performance in broilers fed with
propolis (Shalmany & Shivazad, 2006; Seven,
Aksu, & Tatli, 2010; Tekeli, Kutlu, & Celik, 2011).
These effects could be related to the effect of
propolis extract on gastrointestinal microbiota,
which increases the levels of beneficial bacteria
and decreases the pathogenic types (Kacanioa
et al, 2012). This modulation of microbiota
could promote intestinal health, given that the
beneficial bacteria could provide nutrition and
protection to the animals against pathogens
via competitive exclusion through a variety of
mechanisms (Lu et al. 2003).

Body weight (BW) has been shown to increase by
2.03% in broiler chickens fed with 0.1% propolis
compared with the control group (Zhi-jiang et al.,
2004). Similarly, with 2.5% propolis contributed
to higher body weight gains (BWG) and higher
feed efficiency, thus increasing production prof-
itability by almost 10% (Li and Zhang, 2002). In
another experiment, a combination of flower
pollen and propolis (2.5:1), used as a feed
additive, increased the BW of chickens by nearly
10% in comparison with the control group (Zeng
et al., 2004).

In different studies, various levels of propolis
per kg broiler's diet like 0.05g (Kleczek et al,
2014), 0.25g (Roodsari et al, 2004), 0.5 &
1.5 g (Abbas, 2014), 0.6 to 0.9 g (Zafarnejad,
Nazar, & Mostafa, 2017), 3.0g (Hosseini et al,
2016) and 5.0g (Seven & Seven, 2008) greatly
improved BW, BWG and feed conversion ratios
(FCR). The dose response of propolis has been
reported to greatly increase the BwW and BWG of
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broiler chickens when feeding propolis at 0.05,
0.10, 0.15, 0.20, 0.25, 0.5, 1.5 and 2.0 g/kg diet
(Shalmany & Shivazad, 2006; Shaddel-Tili et al.,
2016).

Similar results have been reported in other
poultry species. Japanese quail (Coturnix
Japonica) had improved BW after supplementa-
tion with 1.0 g propolis/kg diet between 14 to
35 days of age (Denli et al., 2005). Likewise,
Tayeb & Sulaiman (2014) reported that water
supplementation with 0.30g propolis/L water
increased (P<0.05) the live BW of quail as
compared to the control group. Abdel-Rahman
& Mosaad (2013) found that broiler ducks fed
propolis at 2.0 g/kg feed were heavier (P<0.01)
in BW at 12 weeks than control (7.393 and 6.242
kg, respectively). Similarly, the propolis-added
group showed improved (P<0.01) FCR than the
control group (348 and 4.36 g feed/g gain,
respectively). Bonomi et al. (2002) reported
that broiler duck BWG increased by 10.50 and
13.50% by supplementation with 0.02 or 0.04 g
propolis/kg diet, respectively during day-old to
60 days of age. The improvement in feed intake
(F1) and FCR was recognized to enhance flavour
through the flavonoid content in propolis, and/
or due to components such as benzoic and 4-hi-
doxibenzoic acid, which may improve the di-
gestibility of such nutrients as protein and ash
(Seven, 2008; Seven, Aksu, & Tatli, 2012a).
Conversely, in some other studies have reported
that propolis supplementation of broiler diets
at different doses of 0.04 to1.0 g/kg (Ziaran,
Rahmani, & Pourreza, 2005; Hascik et al., 2016)
and quail diets at doses of 0.25, 0.50, 1.0 and
5.0 g/kg (Babaei et al.,, 2016; Zeweil et al., 2016)
had no effect on BWG. Some researchers dem-
onstrated that FCR improved when propolis
was added to broiler chickens diets under heat
stress conditions at doses of 0.20 or 0.25 g/kg
(Roodsari et al.,, 2004), 1.0 g/kg (Ziaran, Rahmani,
& Pourreza, 2005) and 5.0 g/kg (Seven, 2008)
and to quail diets at doses of 0.5, 1.0 and 1.5
g/kg (Denli et al., 2005). This improvement may
be due to the ability of propolis to progress
nutrient digestibility and absorption which
stimulate the activities of saccharase, amylase
and phosphatase (Marieke et al., 2005).



Some studies have recommended propolis sup-
plementation as an alternative to antibiotics
in broilers. Kleczek et al. (2014) reported that
the growth performance of broilers fed a diet
supplemented with 0.05 g propolis/kg diet
was comparable to the growth performance
of chickens fed a diet with antibiotic growth
promoters. Seven & Seven (2008) compared
how the performance of heat stressed broilers
were affected by propolis (5g/kg of diet) and
by antibiotics. Data showed that higher Fl in
the propolis group compared to the heat stress
group could be linked to the palatable charac-
teristic of propolis diets. The heat stress group
showed 8.33% mortality, but in antibiotic and
propolis groups it decreased to 3.33% and 5%,
respectively. Propolis was explained to have
stimulated the immune system which decreased
the mortality rate. These results is attributed
to the antimicrobial (antibacterial, antifungal,
antiviral and antiprotozoal) properties of
propolis which are of value as growth promoting
agents since they prevent subclinical infections
(Scheller et al, 1999). Moreover, propolis is
known to contain protein, amino acids, vitamins,
flavinoids and minerals, which are important
nutrients in increasing the growth performance
of poultry (Babaei et al,, 2016).

Propolis supplementations have been shown
to increase carcass weight, yield and dressing
percentage in broiler chickens, quails and
ducks (Bonomi et al.,, 2002; Seven et al., 2008;
Hassan & Abdulla, 2011; Zafarnejad, Nazar,
& Mostafa, 2017). The relative weight of the
small intestine, proventriculus, gizzard, liver,
heart, thighs, spleen, bursa, pancreas dorsal
and chest parts, legs, neck, wings, abdominal
fat and chilled percentage were not affected
by propolis treatment in either broiler chickens
or quail (Denli et al., 2005; Seven et al., 2008;
Babinska et al., 2013; Mahmoud, Abdel-Rahman,
& Darwish, 2013). Only the relative weight of the
crop was improved by the propolis supplemen-
tation and this influence may have been related
to the increased Fl that was observed at the
same time (Zafarnejad, Nazar, & Mostafa, 2017).
However, Hassan & Abdulla (2011) demonstrat-
ed that the proportional weight of the liver
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was significantly higher in broiler chickens fed
0.40g propolis/kg diet than that of the control
group and Tayeb & Sulaiman (2014) reported
that supplementation with 0.30g propolis/L
water increased (P<0.05) the carcass weight,
thigh, back and wing of quail as compared to the
control group. Contrary to the above studies,
Hascik et al. (2016) reported that the supple-
mentation of the diet with propolis extract (0.4
g/kqg) had no effect on carcass yield of broiler
chickens compared to the control.

A propolis-supplemented diet (0.025%) fed to
broiler chickens for the first two weeks of age
affected neither their weight and length of
tibial bones or their percentage shares of total
BW nor the geometric parameters of the tibia
and its biomechanical properties. Dry matter
content and phosphorus concentrations of the
chicken tibial bones were not affected but the
concentration of calcium in bone ash was signifi-
cantly reduced (Kleczek et al., 2012).

Laying hens performance

A limited number of research studies has been
done on the supplementation of propolis in
laying hen diets. Galal et al. (2008) reported that
supplemental propolis at 0.10 and 0.15 g/kg diet
significantly improved Fl, FCR, egg production,
egg weight and egg mass as compared to the
control. Similarly, egg weight, Haugh unit, shell
thickness and breaking strength also signifi-
cantly increased after a feeding of 0.10 and
0.15 g propolis/kg diet. They explained that
increased Fl in the propolis groups may be due
to the higher palatability of propolis diets due
to a mixture of resin, wax, honey and vanillin
content in propolis. Recently, Abdel-Kareem &
El-Sheikh (2015) observed that laying hens fed
with diets containing 0.25 and 1.0g propolis/kg
produced more and heavier eggs (P<0.05) in
comparison with the control group. The only
external egg quality trait to be affected by the
increased propolis level was eggshell weight
which increased (P<0.05). Except for albumen
and vyolk percentages, the internal egg quality
traits for treated hens improved (P<0.05) with
the increasing propolis level as compared to
those in the control. Contrary, Belloni et al.
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(2015) reported that Fl decreased as the dietary
propolis inclusion level increased (1.0 to 3.0%)
in the layer’s diet. This reduction in FlI may be
due to the astringent flavor of propolis. These
researchers found that the use of propolis in
the hens' diet did not improve performance and
worsened the eggs’ quality. Similarly, Ozkok,
Iscan, & llici (2013) reported that propolis
doses (0.1, 0.2 or 0.4g/kqg) did not have any
dietary effects on either such performance
criteria as Fl, FCR, egg production, egg weight
or such egg quality criteria as Haugh units and
shell thickness. However, EI-Neney & Awadien
(2014) reported that layers fed a diet supple-
mented with propolis (0.1, 0.2 or 0.3 g/kg) had a
significantly improved final BW, BWG, FCR, egg
production, egg weight and egg mass per hen.
Seven (2008) reported that supplementation
with vitamin C and two different propolis doses
(2.0 and 5.0 g/kg diet) in laying hens exposed
to heat stress greatly improved performance
(increases of FCR and BWG), egg qualities,
weight, shape index, yolk index, albumen index,
Haugh units, shell thickness, egg shell weight)
and nutrient digestibility. The positive effects of
propolis on eggshell quality could be linked to an
increase in calcium digestibility and absorption
due to its acid derivatives such as benzoic,
4-hydroxy-benzoic acids (Seven, 2008; Seven,
Tatli, & Silici, 2011). On the contrary, Zeweil et al.
(2016) reported that no significant difference
was observed in egg laying rate, weight,
number and mass of 15-wk old laying quails due
to the supplementing ascorbic acid (0.25 ag/kg
diet) or two levels of propolis (0.25 or 0.5 g/kg
diet) as compared with the control group. This
difference may be due to different species and
doses of propolis used in the above studies.
Different studies have indicated that the effects
of propolis on poultry performance are affected
by such multiple factors as type and dosage,
active component levels, feeding duration,
physiological factors (age, weight and breed)
and species. However, the positive findings
for propolis on the performance of poultry
support its stated biological functions as an an-
tioxidant, antibacterial, immunestimulant and
growth promoter; and indicate the potential use
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of propolis as a natural feed additive. Further
research on the best techniques for its applica-
tion on poultry farms is required.
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