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Abstract

Antibiotics have been widely used in animal production for decades in past. Although
some are used therapeutically to improve the health and well-being of animals, most were
given for prophylactic purposes and to improve growth rate and feed conversion ratio
efficiency. After the ban of nutritive antibiotic usage in animal nutrition in the European
Union, many alternative substances have been investigated for growth promoter potential
as their replacement. A large number of experiments have confirmed a wide range of
activities of phytoadditives such as black pepper (Piper nigrum L.) and hot red pepper
(Capsicum annum L.) in poultry nutrition for feed intake stimulation, antimicrobial,
antioxidative, anticoccidiostatic effects. Besides these effects, black pepper and hot red
pepper also have a strong influence on lowering the cholesterol level in edible tissuses as
well as on reducing deposition of abdominal fat in carcass. The aim of this review is to
present characteristics and effects of phytoadditives, especially black pepper and hot red
pepper and their bioactive components in broiler chicken nutrition.
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Introduction

Antibiotics have been widely used in animal production for decades. Although some are
used therapeutically to improve the health and well-being of animals, most were given for
prophylactic purposes and to improve growth rate and feed conversion ratio efficiency.
However, due to the emergence of microbes resistant to antibiotics which are used to treat
human and animal infections, the European Commission has banned the use of antibiotics
as growth promoters in animal feed. In many countries and in Serbia as well, consumer
pressure is pushing the poultry industry to rear animals without antibiotics as growth
promoters (Dibner and Richards, 2005; Castanon, 2007). The removal of antibiotics as
growth promoters has led to animal performance problems, feed conversion ratio increase
and a rise in the incidence of certain animal diseases (Wierup, 2001). The alternatives to
antibiotics as growth stimulators are numerous, amounting to finding an adequate non-
pharmacological products from the group of prebiotics, probiotics, organic acids, essential
oils, medicinal plants or parts of plants such as thyme, basil, oregano, pepper and plenty of
others (Simon, 2005; Kostadinovi¢ and Levi¢, 2012; Puvaca et al., 2013). Black pepper
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(Piper nigrum L.) is a flowering vine of Piperaceae family and has been a prized spice in
many cultures all over the world. This herb is a known spice which improves digestibility
(Moorthy et al., 2009). It is a common medicinal herb used in human diet. The volatile oil
of pepper has been shown to have antimicrobial activity (Dorman and Deans, 2000). Black
pepper has many medicinal properties for treatment of vertigo, asthma, indigestion,
congestion, fever, paralytic, diarrhoea (Ravindran, 2000; Turner, 2004). When used in
broiler chicken nutrition it has been found that very small addition of black pepper in the
diet, about 0.5 to 1.0%, significantly reduces cholesterol levels in meat (Al-Kassie et al.,
2011). Hot red pepper (Capsicum annum L.) is one of the most important herbs widely
used in human nutrition. Besides its pungent effect, in poultry nutrition it is added in small
amounts between 0.25 and 1.0% because it plays an important role in increasing the ability
analyser and deposition of cholesterol and fat in the body and contributes to decrease levels
of triglycerides and works to support the vascular system in the body. Hot red pepper is
also rich in vitamin C which has a considerable impact on improving production through
contributing the reduction of heat stress taking into account that poultry consumption of
hot red pepper induces a considerable change in energy balance (Yoshioka et al., 2001; Al-
Kassie et al., 2012). The aim of this paper is to present the effects of herbal plants such as
black pepper and hot red pepper in poultry nutrition as a phytobiotics and possible
alternative to antibiotics.

Black pepper (Piper nigrum L.) in broiler chicken diets

Black pepper is known as spice due to its pungent quality. Black pepper is a flowering vine
in the family Piperaceae, genus piper and species piper nigrum. Black pepper is found to
improve digestibility (Moorthyet et al., 2009). Pepper efficiency compounds consist of
cupsaeesin, cupsisin and cupsantine and some of them can allay rheumatic aches. Piperine
is one of the compounds of black pepper which has antiache effect (Mahadyet al., 2008). In
addition, the bioactive molecule, piperine, present in pepper, has a major pharmacological
impact on nervous and neuromuscular system and it can help in digestion (Great, 2003).
Black pepper was found to be rich in glutathione peroxidase and glucose-6-phosphate
dehydrogenase while it has been shown that piperine can dramatically increase absorption
of selenium, vitamin B complex, beta carotene and curcumin as well as other nutrients
(Khalafet et al., 2008; Taziet et al., 2014). Piperine enhances the thermogenesis of lipid
and accelerates energy metabolism in the body and also increases the serotonin and -
endorphin production in the brain (Al-Kassieet et al., 2011). Pepper has been found to have
antioxidant properties and anticarcinogenic effect, especially when compared to chilli
(Naliniet al., 2006). The outer fruit layer contains important odour contributing terpenes,
including pinene, sabinene and limonene which give tasty properties. The consumption of
these spices exerts several health beneficial effects by the virtue of their innumerable
therapeutic potentials in fever, asthma, cold, cough and other general health disorders
(Rakesh and Sushil, 2003). Phytogenic feed additives are plant derived products used in
animal feeding to improve the performance of agricultural livestock and may satisfy the
increasing concerns of consumers, since they prove to be safe and effective. Piperine (1-
piperoyl-piperidine) is a major alkaloid component of black pepper (Piper nigrum L.) and
is responsible for its pungent and biting taste (Dograet et al., 2004). Among its chemical
and biological activities, piperine exhibits antimicrobial (Reddy et al., 2004), anti-
inflammatory (Pradeep and Kuttan, 2004) and antioxidant (Mittal and Gupta, 2000)
properties. It also increases the bioavailability of certain drugs in the organism (Karan et
al.,, 1999) and acts as a chemo preventive factor (Reenet et al., 1997). According to
Kohlertet et al. (2000), the active principles of phytogenic additives are absorbed in the
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intestine by enterocytes and are quickly metabolized by the body. Piperine induces
alterations in membrane dynamics and permeation characteristics, as well as the synthesis
of proteins associated with cytoskeletal function, resulting in an increase in the small
intestine absorptive surface (Khajuriaet et al., 2002). The rapid metabolism and the
shortlife of piperine indicate a low risk of accumulation in the tissue. Cardoso et al. (2009),
while working on broiler chickens, found that orally administered piperine did not interfere
in weight gain or liver relative weight. However, liver hystopathological changes were
observed in a dose dependent manner, indicating that 1.0 mg/kg of piperine, with oral route
of administration, is nontoxic for broiler chickens, as previously reported for rats and mice
(Dograet et al., 2004; Gaginiet et al., 2010). The effect of feeding broiler chicks on diets
containing different levels of black pepper as natural feed additive on productive
performance, carcass characteristics and economic efficiency were studied by Taziet et al.
(2014). A total of one hundred and sixty, one day old broiler chicks were randomly divided
into four experimental groups. Each group was further subdivided into five replicates at the
rate of eight chicks per pen in a complete randomized design. The chicks were fed on two
basal diets. The black pepper was added to the basal diets at several levels (0.0, 0.5, 0.75
and 1%). The experimental diets were fed for six weeks duration. The result indicated that
the group supplemented with black pepper in amount of 1% had significantly (P<0.05)
highest values for body weight gain, feed intake, dressing, improved feed conversion ratio,
and commercial cuts percentages (breast, drumstick and thigh). The birds fed on the
control group produced significantly (P<0.05) highest abdominal fat percentage. The
mortality rate and the percentages of edible giblets (liver, heart and gizzard) were not
affected significantly (P>0.05) by the addition of the black pepper in broiler diets. Birds
fed on the highest level of black pepper (1%) yielded the highest net profit as compared to
other experimental groups. A study was also conducted by Al-Kassieet et al. (2011) to
determine the performance of broilers fed diets with black pepper. A total of 250 one day
old chicks were used. Four levels of black pepper at the rate of 0.25%, 0.50%, 0.75% and
1% were incorporated into the basal diet of broilers for six weeks. The results revealed that
the inclusion of black pepper at the levels of 0.50%, 0.75% and 1% in the diets improved
body weight gain, feed intake and conversion ratio. At the same time the black pepper of
0.50 %, 0.75% and 1% depressed the cholesterol ratio concentration. It was concluded that
the use of black pepper as feed additive at 0.50%, 0.75% and 1% enhanced the overall
performance of broiler chicks. Graph 1 shows the effect of different levels of black pepper
powder on final body weight of chickens and total cholesterol levels in tissues. Besides
being a natural compound that does not produce detected residues in the animal or in their
derived products, piperine is easily isolated in great amounts and has shown interesting
biological effects in studies on animals.
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Graph.1. Final body weight of chickens fed with black pepper powder and total cholesterol levels
in tissues (Al-Kassieet et al., 2011; Akbarinet et al., 2012; Valiollahiet et al., 2013).

Hot red pepper (Capsicum annum L.) in broiler nutrition

It has been proven that some of the phytobiotic components have different active
substances (Al-Kassie and Witwit, 2010). In spite of that the poultry do not sense the effect
of hot spice, because of the lack of the receptors specific to capsaicin binding (Mason and
Maruniak, 1983; Geisthovel et al., 1986), or they have receptors that are insensitive to
capsaicin (Szolcsangi, 1976), but it increases the appetite that the addition of hot red
pepper to the diet influence on the feed consumption of broilers (Yoshioka et al., 1999). A
recent study involved in the poultry performance showed that blends of active compounds
of hot red pepper can cause chemo preventive and chemotherapeutic effects. As for hot red
pepper the capsaicin is the main active compound responsible for the pungent effects of
various species of hot pepper (Jancso et al., 1997) and the main component of hot red
pepper including hot taste, capsaicin has been shown to have a protective function in the
gastric mucosa as a stimulant of afferent nerve endings. Hot red pepper plays an important
role in increasing the ability analyser and deposition of cholesterol and fat in the body and
contributes to decreasing levels of triglycerides and acts to support the vascular system in
the body. Hencken, (1991) explained that hot red pepper is rich in vitamin C which has a
considerable impact on improving production through contributing the reduction of heat
stress taking into account that birds consumption of hot red pepper induces a considerable
change in energy balance when individuals are given free access to feed (Yoshioka et al.,
2001). Although it is well known that plant extracts improve the digestibility of the feeds
in broilers, Hernandez et al. (2004) revealed that the effect of different additives on
digestibility has slightly improved performance and the differences were not significant.
Capsinoids are a family of compounds that are analogues of capsaicin, which is the
pungent component in hot red peppers. Capsinoids are widely present at low levels in red
pepper fruit, they include capsiate, dihydrocapsiate and have a very favourable safety
profile (Kobata et al., 1999). Hot red pepper is known as the herb crucial for stimulating
the healing effects of the body organs such as kidney, lungs, stomach and heart. Al-Kassie
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et al. (2012) conducted the study to investigate the efficiency of utilization of feed mixture
supplemented with hot red pepper to broiler on its productive performance and some
haematological traits. A total of 300 one day old chicks were divided into five groups of 60
birds each and were allocated to five feeding treatments, a control group free from any
additions, and groups with addition of 0.25, 0.5, 0.75 and 1 % of hot red pepper
respectively. The results showed a highly significant (P<0.05) average in (live weight gain,
feed consumption, feed conversion ratio and dressing percent) with no significant
difference in the edible giblet. At the same time the above mixture with addition of 0.75
and 1.0% of hot red pepper depressed the cholesterol ratio concentration. It was concluded
that using a mixture as feed additive at levels 0.75 and 1 % enhanced the overall
performance of broiler chicks, and improved haematological traits. Shahverdi et al. (2013)
conducted the study with objective to determine the effect of the use of red pepper, black
pepper and their mixture powder on performance of broiler chicks. Chicks were fed basal
diet as control, 0.02% red pepper, 0.02% black pepper and with the mixture of these two
powders. Feed intake, body weight gain and feed conversion ratio were determined.
Cholesterol, triglyceride, glucose levels and antibody titter against new castle vaccine were
investigated. The results revealed that the inclusion of red and black pepper in broiler diet
improved body weight gain, feed intake and conversion ratio. In addition, the use of red
and black pepper depressed the cholesterol, triglyceride and glucose concentration and
decreased H/L ratio concentration in broiler blood plasma (P<0.05). Data from the study
showed that the use of red and black pepper powder on broiler diets can cause increase in
total diameter of small intestine parts (P<0.05). It was concluded that the use of red and
black pepper as feed additive at 1% enhanced the overall performance of broiler chicks.

Conclusion

Based on the available data it can be concluded that phytobiotics can be used as natural
non-antibiotic growth promoters in broiler nutrition. The efficacy of phytobiotic
applications in poultry depends on many factors. The most important consideration seems
to be the differences in composition of the active components and feed inclusion levels,
poultry genetics and overall diet composition. The advancement of knowledge and
understanding of the complex poultry gut ecosystem in order to be able to fully explore the
precise modes of action of phytogenic compounds represents a clear prerequisite for the
design of highly efficacious phytogenic products. From the obtained data and field results
it can be concluded that phytobiotics such as black pepper and hot red pepper can be
successfully used in poultry nutrition for the improvement of overall productive
performances, reduction of cholesterol levels in edible tissues and meat quality
improvement. In general, phytobiotics have positive effects but the knowledge of their use
in poultry nutrition is still limited and requires further research.
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