Hot red pepper powder as a safe alternative to antibiotics in organic poultry
feed: an updated review
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ABSTRACT Gilobally, several studies have investi-
gated the utilization and efficacy of promising medici-
nal herbal plants to enhance livestock and poultry
production. The most commonly investigated phytobi-
otics in broiler ration were oregano, garlic, thyme, rose-
mary, black pepper, hot red pepper (HRP), and sage.
Phytobiotics are classified on the basis of the medicinal
properties of plants, their essential oil extracts, and
their bioactive compounds. The majority of bioactive
compounds in plants are secondary metabolites, such
as terpenoids, phenolic, glycosides, and alkaloids. The
composition and concentrations of these bioactive con-
stitutes vary according to their biological factors and
manufacturing and storage conditions. Furthermore,
HRP is one of the most important and widely used
spices in the human diet. Capsicum annum, that is,

HRP, is a species of the plant genus Capsicum (pep-
per), which is a species native to southern North Amer-
ica and northern South America and is widely grown
and utilized for its fresh or cooked fruits. Moreover,
these fruits may be used as dried powders or processed
forms of oleoresins. Researches have proven that C.
annuum is the only plant that produces the alkaloid
capsaicinoids. Approximately 48% of its active substan-
ces are capsaicin (8-methyl-N-vanillyl-6-nonemide), the
main active compound responsible for the intense
effects of HRP varieties and the main component
inducing the hot flavor. This review aimed to highlight
the effects of HRP as a phytobiotic in broiler nutrition
and its mode of action as a possible alternative to anti-
biotics and clarify its impact on broiler and layer
productivity.
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INTRODUCTION

Antibiotics have been widely used in animal produc-
tion for decades to treat and improve animal health,
growth rate, and feed conversion ratio (FCR)
(Landers et al., 2012; Abd El-Hack et al., 2021la;
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Swelum et al., 2021). The danger of the continuous
emergence of new antibiotic resistance mechanisms in
different microorganisms prompted the European Com-
mission to ban antibiotics as growth enhancers in animal
feed (European Union, 2005).

However, eliminating antibiotics from the animal diet
reflected poorly on growth enhancement, FCR, and feed
efficiency (Puvaca et al., 2019a; Reda et al., 2020;
Sheiha et al., 2020; Reda et al., 2021a). Therefore, the
use of mnatural compounds, such as probiotics
(Abd El—Hack et al., 2020a; Alagawany et al., 2021a;
El-Saadony et al., 2021a), prebiotics (Yaqoob et al.,
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2021; Abd El-Hack et al., 2022), essential oils
(Alagawany et al., 2021b; El-Tarabily et al., 2021),
herbal extracts (Abou-Kassem et al., 2021; Saad et al.,
2021a), amino acids (Abou-Kassem et al., 2021), green
synthesized nanoparticles (Abd El-Ghany et al., 2021;
El-Saadony et al., 2021b,c,d), bioactive peptides (El-
Saadony et al., 202le,), safe, natural pigments
(Abdelnour et al., 2020a,b; Ashour et al., 2021), bioac-
tive medicinal plants (El-Saadony et al., 2022), plant
products (El-Shall et al., 2022), and phytogenic com-
pounds (Abd El-Hack et al., 2020b; Abd El—Hack et al.,
2021b; Abdel-Moneim et al., 2022), for growth promo-
tion and pathogen resistance became a trend and an
alternative to antibiotics (Simon et al, 2005;
Stanacev et al., 2011; Puvaca et al, 2013;
Alagawany et al., 2021c).

One of the most significant spices used in human nutri-
tion is hot red pepper (HRP), often known as “Laal
mirch.” They are extremely acceptable as natural feed
additives because they are natural, nontoxic, residue-free,
and readily available (Munglang and Vidyarthi, 2019).

Capsaicin, found in spicy red pepper, has several bio-
chemical and pharmacological properties, including anti-
oxidant,  anti-inflammatory,  antiallergenic,  and
anticarcinogenic effects, and may reduce the risk of cancer
(Munglang and Vidyarthi, 2019). Several studies have
demonstrated the effect of HRP on the performance of
broiler chickens (e.g. Agarwal et al., 2017; Abdelnour
et al., 2018; Munglang and Vidyarthi, 2019). HRP can
boost pancreatic and intestinal enzyme activity, enhance
bile acid secretion, and increase body weight (Bwt) in
broiler chickens, as well as reduce heat stress and improve
feed digestibility, feed intake (FI), feed conversion effi-
ciency, mortality, carcass features, blood parameters, and
production cost (Munglang and Vidyarthi, 2019).

This review article highlights the nutritional value of
HRP and its impact on poultry’s health, growth, and
productive performance and its use as an antibiotic
alternative in poultry’s feed.

Active Compounds in HRP and Their
Medicinal Benefits and Applications in
Poultry

Biologically active constituents and properties of HRP
are summarized in Figure 1 and Table 1. Phytogenics are
a heterogeneous group of feed additives of plant origin
consisting of herbs, spices, fruit, and other plant parts
(Gheisar and Kim, 2018; Ashour et al., 2020; Reda et al.,
2021b; Saad et al., 2021b,c). The applications of spices
and herbs (phytobiotics) in broiler nutrition were previ-
ously studied (Horosova et al., 2006; Cross et al., 2007; Al-
Kassie et al., 2011a, 2012; Kostadinovi¢ and Levic, 2012;
Puvaca et al., 2013, 2014, 2015a,b).

Several reports confirmed the activities of these com-
pounds, including antimicrobial, anthelmintic, antioxi-
dant, growth enhancer, and immune modulator
activities (Lokaewmanee, 2019). However, their phyto-
genic effect depends on their herbal characteristics, the

Active ingredients in hot red pepper and its
activities

| |
Vitamin C  Vitamin E  Provitamin A Capsaicinoids
Antistress
Antifungal Antibacterial
Antioxidant Anti-allergenic

Growth enhancer Anti-carcinogenic

Immune modulator Anti-inflammatory

Figure 1. Biologically active constituents and properties of hot red
pepper.

knowledge of major and minor constituents, modes of
action, and safe concentrations in animals (Abou-
Elkhair et al., 2018). The concentration and composition
of these active compounds in plants fluctuate based on
different biological agents and manufacturing and stor-
age conditions (Zhao et al., 2015).

HRP (Capsicum annuum L.), one of the main spices
widely used in human food, belongs to the family Solana-
ceae (Singletary, 2011). Hot or chili pepper (paprika)
and HRP contains the terpenoid compound capsaicin,
which has antibacterial properties (Singletary, 2011). It
is rich in vitamin C, which significantly mitigates heat
stress in birds (Yoshioka et al., 2001; Al-Kassie et al.,
2012; Abd El-Hack et al., 2018; Abdelnour et al., 2018).
Chili pepper is a rich source of carotenoids such as vita-
mins C, E, and provitamin A (B carotene), which have
well-known antioxidant functions to fight against the
hazardous effects of free radicals, including cell destruc-
tion (oxidative stress) in broilers (Krinsky, 2001;
Droge, 2002; Tawfeek et al., 2014).

Henkin (1991), Yoshioka et al. (2001) and Al-
Kassie et al. (2012) explained that HRP is rich in vita-
min C, which has a considerable impact on improving
production by alleviating the hazardous effect of heat
stress. Kogure et al. (2002) and Lugman and
Razvi (2006) reported that capsicum was more effective
than vitamin E in inhibiting lipid peroxidation. Capsai-
cin can potentiate the activities of pancreatic and intes-
tinal enzymes (Platel and Srinivasan, 2004), increase
bile acid secretion (Abdel Salam et al., 2005), and
increase weight gain (WG) in broiler chickens
(Puvaca et al., 2014, 2015b).

The active ingredients of HRP have preventive and
therapeutic effects (Jancso et al., 1997). The genus Capsi-
cum (C. annuum L.) constitutes a family of flowering
plants, including HRP and chili pepper, usually used as
appetizers in human diets (Al-Kassie et al., 2011a). The
therapeutic properties discovered in the genus Capsicum
were attributed to their bioactive components, including
capsaicin (Abdelnour et al., 2018; Puvaca, 2018). Dihydro-
capsaicin, nordihydrocapsaicin, homodihydrocapsaicin,
and homocapsaicin are among the capsaicinoid compounds
found in chili peppers and HRP (Kobata et al., 1998;
Fattori et al., 2016; Abou-Elkhair et al., 2018).
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Table 1. Various beneficial effects of hot red pepper.

Effect

Reference

Chili pepper ( Capsicum annuum L.) shows antioxidant activities.
Decreases lipid peroxidation as it is a rich source of carotenoids such as
vitamins C and E, and provitamin A

Acts as an appetizer

Improves gut integrity

Increases body weight and weight gain

Improves feed conversion ratio

Shows antimicrobial and bactericidal effects against intestinal pathogenic
bacteria such as FEscherichia coli, Clostridium spp., and Salmonella spp.

Darkens the yolk color and improves laying performance

Decreases total blood cholesterol concentration

Acts as an important alkaloid owing to its neurotonic activity

Shows antiinflammatory, antiallergenic, and anticarcinogenic activities

Capsaicin shows antioxidant, antiinflammatory, antiallergenic, and anti-
carcinogenic effects and reduces the risk of cancer

HRP boosts pancreatic and intestinal enzyme activities, enhances bile acid
secretion, and increases body weight growth in broiler chickens. It
reduces heat stress and improves feed digestibility, body weight, feed
intake, feed conversion efficiency, mortality, carcass characteristics,
blood parameters, and production cost

Hot or chili pepper (paprika) contains the terpenoid compound capsaicin,
which has antibacterial properties

HRP is rich in vitamin C, which significantly mitigates heat stress in birds

HRP decreases blood cholesterol without affecting triglyceride levels

Krinsky, 2001; Kogure et al., 2002; Conforti et al., 2007; Oboh et al., 2007

Ozer et al., 2005, Al-Kassie et al., 2011b
AlKassie et al., 2012

Atapattu and Belpagodagamage, 2011
Eldeeb et al., 2006

Zeyrek and Oguz, 2005; Omolo et al., 2014; Agarwal et al., 2017

Ozer et al., 2006

Puvaca et al., 2015b

Zeyrek and Oguz, 2005; Hayman and Kam, 2008
Lee et al., 2005; Nishino et al., 2009

Munglang and Vidyarthi, 2019

Munglang and Vidyarthi, 2019

Singletary, 2011

Yoshioka et al., 2001; Al-Kassie et al., 2012; Abd El-Hack et al., 2018;
Abdelnour et al., 2018
Eldeeb et al., 2006

Abbreviation: HRP, hot red pepper.

Capsaicin is a major ingredient in HRP and other pep-
pers (Fattori et al., 2016; Abou-Elkhair et al., 2018).
Capsaicin (8-methyl-N-vanillyl-6-nonemide) represents
50% of the active compounds in this alkaloid; besides
some related chemicals, combined capsinoids are the
substances that produce the hot sensation associated
with peppers (El-Tazi, 2014). In addition, the antioxi-
dant and antistress activities of HRP have been reported
previously (Lee et al., 2005; Puvaca, 2018; Puvaca et al.,
2019b; Batiha et al., 2020). The numerous terpenoids in
different herbs have a high antioxidant function (Naka-
tani, 1994).

The chemotherapeutic and chemopreventive proper-
ties of HRP have been paid great consideration in poul-
try nutrition (Tellez et al., 1993; McElroy et al., 1994;
Kogure et al., 2002; Zeyrek and Oguz, 2005;
Conforti et al., 2007; Oboh et al., 2007; Wahyuni et al.,
2013; Puvaca et al., 2015a). Furthermore, several studies
confirmed the effect of photobiotic feed additives on
broiler nutrition (Al-Kassie et al, 2011b, 2012;
Puvaca et al., 2019a).

Previous studies indicated that the inclusion of HRP
into broiler diets improved their FI, Bwt, WG, and FCR
(El-Deck et al., 2012 ). The beneficial effects of capsicum
in poultry nutrition may be related to capsaicin, which
has a bactericidal effect against intestinal pathogens,
such as Escherichia coli, Salmonella spp., and Clostrid-
ium spp. (Omolo et al., 2014; Agarwal et al., 2017;
Salem et al., 2021).

Capsaicin can also protect the gastrointestinal muco-
sal layer against injuries due to drugs or irritants (Al-
Kassie et al., 2012). Poultry cannot sense the pungency
of capsicum due to the lack of receptors specific for cap-
saicin binding, thereby enabling a high concentration of
capsicum in broiler diets (Mason and Maruniak, 1983;

Geisthovel et al., 1986; Puvaca et al., 2015a). Therefore,
the addition of small ratios of HRP into experimental
diets in previous studies may not be enough to portray
the mode of action clearly (Zheng et al., 2017). However,
capsaicin increases appetite in poultry, so the addition
of HRP to the diet influences broilers' feed consumption
(FC) (Yoshioka et al., 2001). The effective compounds
in hot peppers are capsaicin, capsisin, and capsantine
(Viktorija et al., 2014). Capsinoids are a family of ana-
logs of capsaicin (alkaloids), the pungent component in
HRP responsible for the hot taste (Izawa et al., 2010).

The use of chili pepper fruits in broiler and layer diets
significantly enhanced FI, darkened the yolk color and
improved laying performance (Ozer et al., 2005, 2006).
Capsaicin is passively absorbed in the intestine
(Kawada et al., 1984; Iwai et al., 2003). It efficiently
stimulates nutrient and energy metabolism by enhanc-
ing the activities of glucose-6-phosphate dehydrogenase,
lipoprotein lipase in adipose tissues, and pancreatic and
intestinal enzymes (Platel and Srinivasan, 2004;
Abdel Salam et al., 2005; AL-Kassie et al., 2011a;
Puvaca et al., 2014, 2015b).

In addition, Puvaca et al. (2015b) confirmed its role in
decreasing total blood cholesterol. Small amounts of red
pigments and comparatively large amounts of yellow
carotenoids are present in red pepper, which pass readily
into the yolk, thus enhancing its yellow color intensity
(Gonzalez et al., 1999). Previous results indicated that
dietary red pepper had a stimulating effect on intestinal
villi and the structure of epithelial cells and improved
the egg yolk color (Lokaewmanee et al., 2013).

In quails, Sri Divya (2017) noted that up to 1.0%
black pepper could be integrated as a natural feed addi-
tive without adversely affecting productive performance.
Sayeed et al. (2016) reported that 2% of HRP in quail
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diets may benefit performance and blood metabolites.
Furthermore, El-Ghamry et al. (2004) reported that
HRP is a good natural feed additive for improving the
performance of Muscovy ducklings.

Capsaicin is an important alkaloid characterized by
neurotonic and antimicrobial activities (Zeyrek and
Oguz, 2005; Hayman and Kam, 2008). It can decrease
lipid peroxidation (Kogure et al., 2002; Conforti et al.,
2007; Oboh et al., 2007). Previous reports on the bio-
pharmacological properties of capsaicinoids included
antioxidant, antiinflammatory, antiallergenic, and anti-
carcinogenic activities (Lee et al., 2005; Nishino et al.,
2009).

Capsaicin protects the gastric mucosa through the
afferent stimulation of nerve endings. Approximately
85% of capsaicin is absorbed by passive diffusion, mainly
in the jejunum, which improves the digestibility of feeds
in broilers (Figure 2; Kawada et al., 1984; Iwai et al.,
2003). However, Hernandez et al. (2004) reported that
such ingredients only slightly improved performance
and that these differences were not significant. Capsi-
noids are thought to stimulate certain healing processes
in the body (Munglang and Vidyarthi, 2019).

Effects of HRP on the Performance of Poultry

Effects of HRP on Productive Performance (Bwt
and WG) HRP improved nutrient digestibility in the
whole tract by potentiating the activities of pancreatic
and intestinal enzymes (Platel and Srinivasan, 2004)
thereby increasing bile acid secretion (Abdel Salam
et al., 2005) and maintaining the intestinal mucosa (Al-
Kassie et al., 2012). Furthermore, the improvement may
be partly related to a reduction in heat stress resulting
from a high concentration of vitamin C (Henkin, 1991).
Many years ago, Williams and Kienholz (1974) found
that several concentrations of chili powder (0, 1.5, 3, 6,
and 12%) had little effect on broiler growth and were
nontoxic at concentrations up to 2%.

However, Vogt et al. (1989) found that spices such as
cayenne (hot) and coriander (white) pepper did not
affect WG; however, HRP at 100 mg/kg diet improved

Increases the intestinal
villi length & perimeter

Enh th
DA Shows bactericidal
pancreatic and
effect against intestinal
intestinal enzymatic
pathogenic bacteria
activities

L

Increases bile acid

endings and protects
secretions

gastric mucosa

,~/ ~
Stimulates the nerve

Figure 2. Effects of hot red pepper on bird digestibility.

FCR by 3.2%. Azouz (2001) stated that adding HRP at
concentrations of 1, 1.5, and 2% in the diets significantly
improved WG. Soliman (2002) reported that 1.5% and
3% HRP increased the minimum FI by 9.48 and 8.03%
compared with the control (P < 0.05), respectively, and
improved the viability of the birds, particularly when
added to low-energy diets. Moreover, Al-Harthi (2002a,
b) noted that a diet supplemented with 0.1% HRP insig-
nificantly improved broiler FCR and growth rate com-
pared with the control diet.

El-Husseiny et al. (2002) found that broiler chicks fed
HRP had significantly higher Bwt, dressing percentage,
and lower mortality rates than those fed control or fenu-
greek diets. Eldeeb et al. (2006) reported that the WG of
broiler birds was significantly (P < 0.05) higher in chick-
ens fed a diet supplemented with a combination of corn
oil and HRP (5% + 150 ppm) and a combination of corn
oil, HRP, and botanical extract (5% + 150 ppm + 150
ppm) compared with those fed a diet supplemented with
a combination of botanical extract and HRP (150
ppm -+ 150 ppm).

In contrast, Ozer et al. (2006) reported that low-dose
HRP added to the cock diet during the developmental
period (first 5 mo of age) could reduce WG.
An et al. (2007) noticed that the WG of broiler birds
was slightly greater on a diet supplemented with HRP
than on the control one. This irregularity might result
from the variations within the number of spices.

Tollba et al. (2007) found that the supplementation of
bioantioxidant HRP to the diet of Egyptian chickens at
a concentration of 5 g/kg diet improved (P < 0.05) WG
compared with the control. Atapattu and Belpagodaga-
mage (2011) and Al-Kassie et al. (2011a) also observed a
significant (P < 0.05) increase in WG. Compared with a
basal diet, a diet supplemented with HRP reduced the
total cholesterol level in the blood of broiler birds.
Paguia et al. (2011) revealed that treated diets with
Capsicum frutescens significantly influenced the feed
efficiency (P < 0.05) of layers compared with that of the
control group.

Al-Kassie et al. (2012) and El-Deck et al. (2012)
observed an enhanced FCR due to the inclusion of HRP
into broiler diets. Al-Kassie et al. (2012) observed that
the live WG of broiler birds was significantly (P < 0.05)
higher on a diet supplemented with a mixture of black
pepper and HRP at concentrations of 0.75 and 1.0%
than on a diet supplemented with the mixture at concen-
trations of 0, 0.25, and 0.50%. El-Deck et al. (2012)
observed that the WG of broiler chickens was signifi-
cantly (P < 0.05) higher on a diet supplemented with
HRP at concentrations of 1.5 g/kg and 3 g/kg of feed as
compared to oxytetracycline and control groups. The
supplementation of Brazilian red pepper with or without
antibiotics improved FCR, with no significant effects
(P> 0.05) on broiler weight and relative liver weight at
43 days of age.

Wadasen (2012) observed that the mean final WG of
broiler chickens was significantly (P < 0.05) higher on a
diet supplemented with HRP at concentrations of 0.5,
1.0, and 1.5% of feed than on a control diet. However,
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Lokaewmanee et al. (2013) observed no significant dif-
ference in feed efficiency among the experimental groups
fed a diet containing 0.5% HRP. Conversely,
Shahverdi et al. (2013) showed that chicks fed diets with
HRP (0.02%), black pepper (0.02%), and mixed powders
(0.01% red pepper + 0.01% black pepper powders) had a
higher Bwt (P < 0.05) compared with the control chicks.

El-Tazi (2014) observed that, compared with the con-
trol group, the final Bwt and WG of broiler chickens was
significantly (P < 0.05) higher on a diet supplemented
with a mixture of HRP and black pepper
(0.5% + 0.05%) at 1% of feed than at 0.4% and 0.6% of
the feed. Thiamhirunsopit et al. (2014) observed that,
compared with the control group, the growth perfor-
mance and average daily WG of broiler chickens were
significantly (P < 0.05) better on a diet supplemented
with HRP at a concentration of 20 mg/kg of feed.

Valiollahi et al. (2014) fed chicks a basal diet (T1, con-
trol group), a basal diet with 0.02% ginger powder (T2),
a basal diet with 0.02% black pepper powder (T3), and a
basal diet with 0.01% ginger + 0.01% black pepper pow-
der (T4). They showed that Bwt and WG at the end of
the experiment were significantly higher in the treated
groups than in the control group. El-Tazi (2014)
reported that HRP in the diet at concentrations of 0.5,
0.75, and 1% significantly improved broiler chicks’ WG
and feed efficiency.

However, Dougnon et al. (2014) reported no signifi-
cant difference in the final Bwt and average daily WG of
broiler chicks on a diet supplemented with HRP at 0,
0.5, and 1.0% of the feed for 1 mo and at 0.5 and 1.0% of
the feed for 2 mo. El-Amin et al. (2015) observed that
the WG of broiler chicks was significantly (P < 0.05)
higher on a diet supplemented with HRP at 0.5, 1.0, and
1.5% of feed or a basal diet with 16 mg/kg antibiotic
(neomycin) than on the negative control basal diet with
no antibiotic/HRP.

Puvaca et al. (2015b, 2016) observed that, compared
with the control and other treatments, the final Bwt of
broiler chickens was significantly (P < 0.05) higher on a
diet supplemented with a mixture of garlic (Allium sati-
vum L.), black pepper (Piper nigrum L.), and HRP (C.
annuum L.) at 0.5 and 1.0% of the feed.
Abo et al. (2016) observed that the WG of broiler chick-
ens was significantly (P < 0.05) higher on a diet supple-
mented with HRP at 1 g/kg of feed than on a control
diet or a diet supplemented with thyme at 1 g or garlic
at 1 g/kg of feed.

Moradi et al. (2016) reported that the WG of broiler
chickens was significantly (P < 0.05) higher on a diet
supplemented with HRP at 200 g/ton and black pepper
at 200 g/ton of feed as compared to the control group.
Afolabi et al. (2017) observed that the WG of broiler
chickens was significantly (P < 0.05) higher on a diet
supplemented with HRP at 0.1, 0.2, and 0.3% of feed
compared with that of the control group.

Afolabi et al. (2017) found that the performance at
the end of seventh wk revealed a significantly (P < 0.05)
higher daily WG in birds fed diets with different concen-
trations of HRP (0.1, 0.2, and 0.3%) than in birds fed

the control diet. Younis and Abdel-Latif (2017) reported
that the WG of broiler birds was significantly (P < 0.05)
higher on water supplemented with 1% HRP and a diet
supplemented with 2% HRP than on the control diet.

Abou-Elkhair et al. (2018) noticed that the dietary
inclusion of HRP significantly (P < 0.05) improved FCR
compared with the control. Adegoke et al. (2018)
observed that, compared with the control group, the
final Bwt and total WG of broiler chickens were signifi-
cantly (P < 0.05) higher on a diet supplemented with
HRP at 100 g/100 kg of feed. Rahimian et al. (2018)
noted a significant improvement in Bwt when quail diets
were supplemented with ginger, red and black peppers,
and protexin at a concentration of 2% compared with
the control. This result corroborates the findings of
Sayeed et al. (2016), who found that Bwt (g) was signifi-
cantly higher when quail chicks were fed diets with 2%
ginger, red pepper, or black pepper.

Sri Divya (2017) showed that WG increased signifi-

cantly (P < 0.05) when the amount of black pepper in
the diet of quail chicks was increased from 0.0% to 1.0%.
Furthermore, the supplementation of garlic, black pep-
per, and HRP in broiler diets positively impacts produc-
tive  performance  (Puvaca et al,  2019a).
Adedoyin et al. (2019) noted that adding HRP at 1,
1.25, and 1.5% to Anak broiler diets resulted in a numer-
ically higher average FI and average WG compared with
the controls. Soliman and Al-Afifi (2020) reported simi-
lar results. They reported that Bwt, WG, and FCR were
significantly improved by feeding different graded con-
centrations of HRP.
Effect of HRP on FC and FCR In a study in which
broiler chicks were fed 10% HRP, Rose et al. (2003)
demonstrated a significant increase in FI1. Furthermore,
compared with the control diet of quails, a diet supple-
mented with HRP significantly reduced FI (P < 0.01)
with an increase in the concentration of HRP up to 4%.

Atapattu and Belpagodagamage (2011) and EI-
Deek et al. (2012) observed that the FI of the broiler
birds was significantly (P < 0.05) higher on a diet sup-
plemented with 3 to 5% chili powder feed than on that
supplemented  with 1%  chili powder feed.
Shahverdi et al. (2013) observed that the FI of broiler
birds was significantly (P < 0.05) higher on a diet sup-
plemented with a mixture of equal quantities of HRP
and black pepper at 0.02% of feed than on the control
diet. El-Tazi (2014) observed that the FI of broiler birds
was significantly (P < 0.05) higher on a diet supple-
mented with a mixture of HRP and black pepper
(0.5% + 0.5% of feed) than on the control diet.

Abo et al. (2016) observed that the FI of broiler chick-
ens was significantly (P < 0.05) higher on a diet supple-
mented with HRP at 1 g/kg of feed than on the control
diet and diets supplemented with 1 g thyme or 1 g garlic
per kg of feed. Moradi et al. (2016) reported that, com-
pared to the control group, the FI of broiler birds was
significantly (P < 0.05) higher on a diet supplemented
with HRP at 200 g/ton and black pepper at 200 g/ton of
feed. Afolabi et al. (2017) reported that the FI of broiler
birds was significantly (P < 0.05) higher on a diet
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supplemented with HRP at 0.1% of feed than on a diet
supplemented with HRP at 0, 0.2, and 0.3% of the feed.

Adegoke et al. (2018) reported that the FI of broiler
birds was significantly (P < 0.05) higher on a diet sup-
plemented with cayenne pepper powder at 100 g/100 kg
of feed than on a nonsupplemented diet or a diet supple-
mented with cayenne pepper powder (200 g) or a combi-
nation of turmeric and cayenne pepper powders (200
g + 100 g). However, Wadasen (2012),
Dougnon et al. (2014), and El-Amin et al. (2015)
reported that there was no difference in the FI of broiler
birds on a diet supplemented with HRP at 0, 0.5, 1.0,
and 1.5% of the feed. In addition, Azouz (2001) men-
tioned that the FI of broilers decreased as the concentra-
tion of HRP increased to 2%.

Regarding FCR, broilers had a significantly (P < 0.05)
better FCR on a diet supplemented with a combination
of 5% corn oil and 150 ppm capsicum than on a diet sup-
plemented with 150 ppm  botanical extract
(Eldeeb et al. 2006). Atapattu and Belpagodaga-
mage (2011) observed that the FCR of broiler chickens
significantly improved by 6% on a diet supplemented
with 5% HRP that on a diet supplemented with 0, 1,
and 3% HRP. Compared with the control group, the
FCR of broiler chickens was significantly (P < 0.05) bet-
ter on a diet supplemented with HRP alone or with
black pepper mixture at different concentrations.

Many other researchers reported a significant (P <

0.05) improvement of FCR in broilers using diets supple-
mented with HRP alone up to 3 kg/ton (Al-Kassie et al.,
2011b; El-Deek et al., 2012; Wadasen, 2012;
Shahverdi et al., 2013; El-Amin et al., 2015,
Afolabi et al., 2017; Younis and Abdel-Latif, 2017;
Soliman and Al-Afifi 2020) or mixed with black pepper
(El-Tazi, 2014; Moradi et al, 2016). However,
Dougnon et al. (2014) reported no difference in the FCR
of broiler chicks on a diet supplemented with HRP at 0,
0.5, and 1% of the feed for 1 mo and 0.5 and 1% of the
feed for 2 mo.
Effect of HRP on Mortality Williams and Kien-
holz (1974) found that HRP concentrations of >2% were
nontoxic and had no significant effect on mortality.
Atapattu and Belpagodagamage (2011) reported that the
mortality (%) of broiler birds on a diet supplemented
with HRP at 0, 1, 3, and 5% of feed was 3.3, 3.4, 0, and
0%, respectively, with no significant differences among
the treatments. Wadasen (2012), El-Tazi (2014), and
Adegoke et al. (2018) showed that there was no mortality
or significant difference in the mortality (%) of broiler
birds on a diet supplemented with different concentra-
tions of HRP, either alone or mixed with black pepper.

Abo et al. (2016) reported that the mortality of broiler
birds was significantly (P < 0.05) higher in the control
groups than in the groups fed a diet supplemented with
thyme at 1 g, garlic at 1 g, and HRP at 0.1 g/kg of feed.
Effect of HRP on Carcass Traits and Organ Weights
The impacts of HRP supplementation on carcass charac-
teristics are summarized in Figure 3. Compared with the
controls, the meat percentage of broiler birds was signifi-
cantly (P < 0.05) higher when using a diet supplemented

with 150 ppm capsicum (Eldeeb et al. 2006). The supple-
mentation of bioantioxidant HRP to the diet of Egyptian
chickens at a concentration of 5 g/kg diet significantly
enhanced (P < 0.05) the dressing and relative weights of
giblets compared with those of the controls, as noted
when HRP was added to the Egyptian Golden Montazah
chick diet at 0.5% (Tollba et al., 2007).

Al-Kassie et al. (2012) reported that the dressing per-
centage of broiler birds was significantly (P < 0.05)
higher on a diet supplemented with a mixture of black
pepper and HRP at 0.75 and 1% of feed than that on a
diet supplemented with the mixture at 0, 0.25, and 0.5%
of the feed. They further reported that the heart, giz-
zard, and liver weights did not differ significantly (P >
0.05) among the various diet groups compared with
those of the control group.

Shahverdi et al. (2013) reported that, compared with
the control, the dietary supplementation of HRP
(0.02%) alone or in combination with black pepper
(0.01% + 0.01%) had significantly (P < 0.05) increased
the weights of the liver, drumstick, breast meat, gizzard,
heart, and spleen; however, there was a decrease in
abdominal fat percentage in the supplemented groups
compared with the control group. El-Tazi (2014)
observed that the dressing percentage and commercial
cut percentage of broiler birds were significantly (P <
0.05) higher on a diet supplemented with a mixture of
black pepper and HRP (0.5% + 0.05%) at 1% of feed
than on a control diet or a diet supplemented with 0.4%
black pepper and 0.6% HRP.

Abo et al. (2016) observed that the carcass quality of
broiler chickens was significantly (P < 0.05) higher on a
diet supplemented with HRP at 1 g/kg of feed than on a
control diet or diets supplemented with thyme or garlic
at 1 g/kg of feed. Puvaca et al. (2016) observed that the
carcass quality of broiler birds was significantly (P <
0.05) better when using a diet supplemented with HRP
at 0.5 g and 1 g or mixed with garlic and black pepper
(1:1:1) at 0.5 g/100 g of feed than on a control diet.
Islam et al. (2018) reported that the highest dressing
percentage was recorded in broilers fed a ration with
0.5% red chili.

Many studies recorded no significant differences or
decreased dressing percentages and liver, heart, gizzard,
and abdominal fat weights, or both of broiler chickens
between HRP-treated birds and controls (Azouz 2001;
Al-Kassie et al., 2011c; Afolabi et al., 2017; Islam et al.,
2018; Soliman and Al-Afifi, 2020). El-Deek et al. (2012)
also reported a significant decrease in the abdominal fat

)

« Improves dressing.

* Increases relative weights of
the giblets.

* Increases the weight of liver,
drumstick, breast meat,
gizzard, heart and spleen.

* Decreases abdominal fat

percentage.

Figure 3. Impacts of hot red pepper supplementation on carcass
characteristics.
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percentage of broiler birds fed a diet supplemented with
1.5 g HRP /kg feed. In addition, compared with the con-
trol diet, a diet supplemented with 1.5 g and 3 ¢ HRP/
kg feed significantly (P < 0.05) decreased the gizzard
percentage. However, the spleen and bursa weights did
not differ following the addition of HRP into broiler
diets.

Moradi et al. (2016) reported that the liver percentage
of broiler chickens significantly decreased on a diet sup-
plemented with HRP at 200 g/ton of feed than on a con-
trol diet or a diet supplemented with black pepper at the
same dose. However, the abdominal fat and gizzard per-
centage increased on a diet supplemented with 200 g
HRP /ton than on the control diet. Afolabi et al. (2017)
observed that the dietary supplementation of HRP at
the concentrations of 0.1, 0.2, and 0.3% of feed did not
affect the weights of the carcass, liver, heart, gizzard,
and abdominal fat, but the weight of the kidney signifi-
cantly (P < 0.05) decreased in the 0.3% group compared
with the 0.1%, 0.2%, and control groups.

Younis and Abdel-Latif (2017) reported that the
dressing percentage of broiler chickens was significantly
(P < 0.05) higher on water supplemented with 1% HRP
than on a diet supplemented with HRP at 2% of feed
and a control diet; however, the weights of liver, gizzard,
abdominal fat, intestine, and heart did not vary, possi-
bly due to variations in the strains of birds or the con-
centration of HRP supplementation.

Azouz (2001) found that adding HRP to the diet sig-
nificantly decreased abdominal fat in broilers. The
reduction in abdominal fat of chicks fed hot peppers
may have been caused by capsaicin, which may possess
a lipid-lowering effect (Kawada et al., 1984). However,
the mechanisms involved in reducing abdominal fat by
herbal feed additives may be dependent on increasing
the secretion of lipase and secondary bile acids, which
reduce the accumulation of fats in the abdominal cavity
(El-Amin et al., 2015).

El-Deek et al. (2012) reported that the taste, flavor,

tenderness, color, and acceptability of thigh meat signifi-
cantly (P < 0.05) increased in broiler birds fed a diet
supplemented with 1.5 ¢ HRP /kg feed compared with
the controls. However, when the dose was increased to
3 g/kg feed, the flavor, color, and acceptability of breast
meat were significantly (P < 0.05) decreased. These
results were supported by FEl-Tazi (2014) and El-
Amin et al. (2015).
Effect of HRP on Blood Parameters Feeding broiler
birds with 1% HRP (Atapattu and Belpagodaga-
mage, 2011) and 10% HRP (An et al., 2007) resulted in
a significant (P < 0.05) decrease in serum total choles-
terol levels compared with the control group. The total
protein concentration was significantly (P < 0.05) higher
in broiler birds fed a diet supplemented with 150 ppm
capsicum; however, there was a decrease in blood choles-
terol levels without a difference in triglyceride concen-
trations (Eldeeb et al., 2006).

Abdul Aziz (2010) noted an improvement in serum
total protein concentration with HRP supplementation
at 1% and 2% of feed than with the control diet. Al-

Kassie et al. (2011a) observed that the levels of choles-
terol, hemoglobin (Hb), packed cell volume, white blood
cells (WBC), red blood cells (RBC), glucose, and het-
erophils/lymphocyte (H /L) ratios of broiler birds signif-
icantly (P < 0.05) decreased on a diet supplemented
with 0.25, 0.50, 0.75, and 1% HRP in comparison with
those fed the control diet.

Al-Kassie et al. (2012) observed that the levels of cho-
lesterol, WBC, RBC, Hb, and H/L ratios (indicating a
good effect on the immune system of birds) were signifi-
cantly (P < 0.05) lower in broiler birds fed a diet supple-
mented with a mixture of black pepper and 0.50, 0.75,
and 1% HRP in comparison with those fed the same diet
with 0% or 0.25% HRP. These results were supported
by Shahverdi et al. (2013).

El-Deek et al. (2012) observed that the plasma triglyc-
eride concentrations significantly (P < 0.05) decreased in
broiler birds fed a diet supplemented with HRP at
1.5 g/keg and 3 g/kg as compared with those of the con-
trol group. Moreover, an increase in the aspartate ami-
notransferase (AST) levels and a decrease in alanine
aminotransferase levels were observed (Goncalves et al.,
2012). Shahverdi et al. (2013) observed a significant (P
< 0.05) decrease in the blood cholesterol, triglycerides,
and glucose levels; heterophil-to-lymphocyte ratio; and
Hb concentration of broiler chicks on a diet supple-
mented with HRP at 0.02%, black pepper at 0.02%, or
their mixture at 0.02% in comparison with those fed the
control diet.

Dougnon et al. (2014) reported a reduction in the
blood glucose level of broiler chicks fed a diet supple-
mented with HRP at 0.5 and 1% at either 1 or 2 mo com-
pared with those fed the control diet. FEI-
Amin et al. (2015) observed that the serum cholesterol
and AST concentrations were significantly (P < 0.05)
lower in broiler birds fed a diet supplemented with HRP
at 0.5, 1.0, and 1.5% in comparison with the negative
and positive controls. In addition, there was significant
difference (P < 0.05) in the total protein and glucose
concentrations. In addition, the highest concentrations
of triglycerides, total cholesterol, low-density lipoprotein
(LDL), and non—high-density lipoprotein (non-HDL)
were observed in the control group when compared with
the fortified groups (0.75 and 1% HRP) (Puvaca et al.,
2015a).

Moreover, Moradi et al. (2016) reported a significant
(P < 0.05) decrease in triglycerides, cholesterol, and
LDL concentrations, with an increase in HDL concentra-
tion, in broiler birds, fed a diet supplemented with HRP
at 200 g/ton feed compared with those fed the control
diet. Afolabi et al. (2017) reported that the leucocyte
counts of broiler birds fed a diet supplemented with
HRP at 0.2 or 0.3% were significantly (P < 0.05) higher
than those of broiler birds fed the control diet or a diet
supplemented with HRP at 0.1%.

The levels of plasma total protein and albumin
increased by 2%. Conversely, the plasma triglyceride
levels reduced significantly, which may be related to
uninvestigated intestinal irritation or hepatic disorder
due to the inclusion of HRP at high concentrations
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(Afolabi et al., 2017). However, the data on this aspect is
still lacking in poultry research (Soliman and Al-
Afifi, 2020). These results corroborate those reported by
Traesel et al. (2011) and Corduk et al. (2013), who did
not observe any significant effects on the serum levels of
total protein, albumin, and globulins following the addi-
tion of HRP in broiler diets.

Puvaca et al. (2015b) reported that triglycerides, total
cholesterol, LDL, and HDL concentrations showed sig-
nificant (P < 0.05) differences in broiler birds fed a diet
supplemented with HRP at 0.5 and 1.0% and a mixture
of garlic, black pepper, and HRP (1:1:1) at 0.5% when
compared with those fed the control diet. This could be
attributed to the inhibitory effects of the bioactive com-
ponents of HRP on hepatic 3-hydroxy-3-methylglutaryl
coenzyme A reductase activity (a critical enzyme in cho-
lesterol biosynthesis), thereby reducing cholesterol syn-
thesis (Crowell, 1999) and the intestinal resorption of
cholesterol (Brunton, 1990; Figure 4).

Several reports have established the effect of capsaicin
and HRP in reducing blood cholesterol levels in broilers.
Adegoke et al. (2018) reported that feeding the broiler
birds with a mixture of 2 kg turmeric plus 1 kg HRP per
ton of feed resulted in better blood profiles than broiler
birds in the control group. The hypocholesterolemic
effect of HRP may be related to its role in stimulating
the hepatic cholesterol-7-hydroxylase enzyme needed for
converting cholesterol to bile acids and subsequently
depleting blood cholesterol levels (Adedoyin et al.,
2019).

The reduction in plasma triglycerides was reported
previously and is related to a decrease in lipid absorption
(El-Deck et al., 2012) or the inhibition of acetyl CoA
synthetase, an enzyme necessary for fatty acid biosyn-
thesis (Puvaca et al., 2015a). Blood protein derivative
values were not affected significantly (P < 0.05) by add-
ing HRP at 0.5 or 1%.

Antimicrobial and Intestinal Histomorphology
Enhancement Effects of HRP All the previous benefi-
cial effects of HRP on Bwt, WG, FI, FCR, blood param-
eters, and carcass characteristics are related to

Serum total cholesterol,
glucose, triglycerides, AST,

LDL, Hb, pPCV, WBC, RBC
and H/L ratio

A

otein
Serum total pr
and HDL

Figure 4. Effects of hot red pepper on blood parameters. Abbrevia-
tions: AST, aspartate aminotransferase; Hb, Hemoglobin; H/L, hetero-
phils and lymphocytes ratio; HDL, high-density lipoprotein; LDL, low-
density lipoprotein; PCV, packed cell volume; RBC, red blood cells;
WBC, white blood cells.

improvements in intestinal histology and gut health
(integrity), which increase nutrient utilization via
increased villi length and reduce the abundance of harm-
ful bacterial strains (Soliman and Al-Afifi, 2020).

While demonstrating the alterations in the morphol-
ogy of the small intestine of broiler chicks, Azouz (2001)
showed that the best results for villi length were
obtained in hot pepper groups, especially in birds receiv-
ing 2% hot pepper. Prakash and Srinivasan (2010) and
Madhupriya et al. (2018) reported that Wistar rats fed
black pepper, HRP, or ginger diets generally showed an
increase in microvilli length (villi height and crypt
depth, especially in the jejunum of chicks).

Soliman and Al-Afifi (2020) showed that villi length
significantly (P < 0.05) improved due to the addition of
HRP at 0.5 and 1% in diets. The increase in villi length
was associated with a significant reduction in crypt
depth. It is generally believed that red pepper is used to
increase the bioavailability of corn gluten meal by two
pathways: a) modification of the morphology of the small
intestine by reducing the growth of pathogenic intestinal
bacteria (Shahverdi et al., 2013); b) these reductions in
pathogenic bacteria reduce the inflammatory reactions in
the intestinal mucosa, thereby leading to a significant (P
< 0.05) increase in villus area and improvement in the
functions of secretion, digestion, and nutrient absorption
(Cardoso et al., 2012; Shahverdi et al., 2013).

Scanning electron microscopy of the intestinal villi in
HRP treatment groups revealed alterations in the ultra-
structure, especially an increase in the microvilli length
and perimeter, which would mean a beneficial increase
in the absorptive surface of the small intestine, thereby
increasing the bioavailability of micronutrients (Sriniva-
san, 2015).

The inclusion of HRP into the broiler diet reduced the
growth of the gram-negative pathogenic bacteria F. coli
and other members of the family Enterobacteriaceae.
The reduction was significant (P < 0.05) for E. coli. Fur-
thermore, HRP supplementation significantly inhibited
the growth of gram-positive lactobacilli. It has been
reported that HRP has broad-spectrum bactericidal
activity against gram-positive and gram-negative patho-
genic and nonpathogenic bacteria (Soliman and Al-
Afifi, 2020). This finding agrees with the results of
Corduk et al. (2013), who stated that capsaicinoids of
HRP possess antimicrobial activities against pathogenic
E. coli and other genera of the family Enterobacteria-
ceae.

Abdul Aziz (2010) suggested that the capsicum pep-

per has a broad-spectrum effect on isolated bacterial
strains due to the bacteriostatic and bactericidal activi-
ties of the capsaicin derivatives t-cinnamic and caffeic
acids, respectively.
Effect of HRP on Egg Production Significant (P <
0.05) improvements in laying performance (egg produc-
tion, egg weight, and egg mass by 10 to 30 g/kg) as well
as egg quality traits were observed through the dietary
inclusion of HRP compared with the control group; how-
ever, there were no significant effects on the yolk weight
percentage (Abou-Elkhair et al., 2018).
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Lokaewmanee et al. (2011) showed no significant dif-
ference in hen-day production and egg mass among the
experimental groups fed 0.5% HRP but reported that
capsanthin improved eggs color and was responsible for
the deep red color of the egg yolk. The fruits of HRP are
also used to darken the color and improve the nutritive
value of egg yolk (Ozer et al., 2006). Furthermore, HRP
contains small amounts of red pigments and compara-
tively large amounts of yellow carotenoids, which pass
readily into the yolk, enhancing the yellow color’s inten-
sity (Gonzalez et al., 1999).

Paguia et al. (2011) stated that laying hens fed diets
containing C. frutescens were not affected in terms of
yolk color intensity. Lokaewmanee et al. (2013) found
that the Haugh unit was not influenced by the dietary
supplementation of 0.5% HRP in laying hen diets.
Paguia et al. (2011) noted that egg production and egg
weights were similar between control birds and layers
fed diets supplemented with C. frutescens from 54 to 70
wk of age.

Other Biopharmacological Properties (Antioxidant,
Antiinflammatory, and Anticarcinogenic Activities)

Very few animal and cell line studies investigating the
chemopreventive potential of capsaicin have been per-
formed. Antioxidant, antiinflammatory, and anticarci-
nogenic properties of capsaicin were examined in a few
in vitro and in vivo studies (mostly in rats) (Lee et al.,
2005; Sim and Sil, 2008; Nishino et al., 2009; Sriniva-
san, 2015).

CONCLUSIONS

Several economic benefits (cost-benefit ratio) were
reported with the supplementation of HRP to broiler
bird diet, including improved performance, Bwt, WG,
FI, FCR, and blood parameters, as well as antimicrobial
effect and intestinal histomorphology enhancement,
thus resulting in the highest profitability ratio (eco-
nomic efficiency). However, further studies are war-
ranted to investigate the wvarious effects of HRP
supplementation in poultry diets, particularly immuno-
modulation, antioxidant, and antiinflammatory activi-
ties.
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