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ABSTRACT

The poultry industry plays a significant role in the country's GDP, being a major agricultural stakeholder. The presence of
certain viruses and bacteria can lead to fatal diseases in poultry. One of the major bacterial diseases is salmonellosis,
which has a high morbidity and mortality rate causing significant economic losses all over the world. The losses are
exacerbated by an emerging antibiotic/ antimicrobial resistance. Being a global threat, it is crucial to carefully choose
antibiotics or shift to antibiotic alternatives. Cinnamon and its derivatives may be a viable alternative to antibiotics for
treating salmonellosis due to their antimicrobial properties. Cinnamon possesses antioxidant, antidiabetic, antifungal,
and antibacterial properties, and can replace the irrational use of different antibiotics to treat various Salmonella
infections including Pullorum disease. This chapter provides a comprehensive overview of cinnamon's pharmacological
properties in preclinical and clinical investigations against bacterial infection and highlights the crucial need for
additional research to provide a thorough and definitive conclusion for its ideal application in the treatment of
Salmonella Pullorum infection in poultry.
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INTRODUCTION

The poultry industry is responsible for providing a significant portion of the protein requirement and a source of
livelihood in numerous countries, including Pakistan. In the past decade, this industry has been affected by various
diseases. The major concern in this sector is Pullorum disease, mainly caused by Salmonella Pullorum (S. Pullorum) (Javed
et al., 2018). This disease occurs at a very young stage about 2-3 weeks of age. The chicks that survive the disease outbreak
and even do not show any clinical signs and symptoms become carriers for the spread of the disease to other flocks or
even to consumers (Collett et al., 2020). The morbidity or mortality in the chicken flock due to Pullorum disease is very high
and it is mainly dependent on the flock's age, management, nutrition, exposure rate, and disease stress in the flock
(Berhanu and Fulasa, 2020). S. Pullorum is a motile, asporogenous, rod-shaped bacterium in the family Enterobacteriaceae
and the tribe Salmonellae. This is characterized by causing Pullorum disease in poultry and can persist in the environment
for months to several years when conditions are favorable. The extracellular lipopolysaccharide in Salmonella is an
important tool of pathogenesis that interacts with the immune system of the respective host to induce an inflammatory
response and septic shock including fever that eventually causes death (Coburn et al., 2007).

The multidrug-resistant bacterial infections are increasing day by day due to the irrational use of antibiotics. The rising
global problem of antibiotic resistance requires suitable alternatives or substitutes in comparison to the currently available
antibiotics. An emerging strategy to cope with this issue is the use of antibacterial substances acquired or developed from
natural resources. Specifically, for the treatment of S. Pullorum, florfenicol is usually used in field practice. The minimum
withdrawal period for florfenicol is around 25 days, and if it is used excessively in salmonella cases, there will be a higher
chance of antibiotic residue being transferred to the human body after consumption of contaminated meat. Cinnamon
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could be an alternative to treat salmonellosis due to its antimicrobial activities and it is also safe for human consumption.
Trans-cinnamaldehyde which is obtained from the bark of cinnamon trees can be successfully used as an alternative
antimicrobial compound against S. Pullorum. Besides its significant antimicrobial properties, trans-Cinnamaldehyde has
many other therapeutic properties including its anti-diabetic, anti-inflammatory, and antioxidant effects (Singh et al., 2021).
Cinnamaldehyde commonly known as “dar cheeni”, an aromatic aldehyde, reported having antibacterial activity against a
variety of foodborne pathogens. It is the main component of cinnamon bark, and possess good inhibitory effect on various
bacteria and fungi (Doyle and Stephens, 2019). The cinnamaldehyde (a major portion of cinnamon extract) was previously
evaluated as an antibacterial agent against various gram-negative bacteria. Therefore, understanding of the antibacterial
mechanism of these derived compounds will aid in the development of new antibacterial substances (Utchariyakiat et al.,
2016).

This chapter discusses various Salmonella virulence factors that are important in the pathogenesis of salmonellosis.
These factors include the stages, mechanism of pathogenesis in conjunction with systemic infection, commonly used
treatments, and a brief discussion of the characteristics of cinnamon and its application in the treatment of salmonellosis in
poultry.

Salmonella Pullorum

S. Pullorum causes an acute disease in young chickens with high mortality known as Pullorum disease. Almost all birds
of different breeds are susceptible to this disease. The Pullorum disease is more susceptible to young chicks aged less than
14 days, however, in adult birds, the disease can be present in chronic form. The clinical signs of pullorum disease may
include less feed intake, dehydration, depression, and white watery diarrhea. Whereas early infected chicks show mortality
without exhibiting any clinical sign of the disease. Furthermore, the reduced growth rate and poor feathers development
are common in the surviving birds. In adult birds, the signs and symptoms are not shown but they act as a carrier. Pullorum
disease also has zoonotic importance, like poultry products and by-products contribute a great deal to human
salmonellosis (Snoeyenbos, 2019). Salmonellosis causes about 94 million food-borne cases annually (World Health
Organization, 2015). Salmonella mainly causes gastroenteritis at a young age and shows a systemic infection, septicemia,
and eventually death in immunocompromised or elder patients. Mainly salmonellosis occurs by consuming different food
items contaminated with various Salmonella serovars. These food items include eggs, chicken, or pork but nowadays,
disease occurrence is increasing because of consumption of contaminated nuts, fruits, and vegetables (Ferrari et al., 2019).
Salmonella in different healthy individuals can cause watery diarrhea, abdominal pain, nausea, vomiting, and fever which is
termed as self-limiting gastroenteritis. Some affected individuals may suffer from profuse “cholera-like” diarrhea. However,
in some individuals, diarrhea with blood and mucus is also reported. The infection is invasive and usually limited to the
underlying tissue of the intestine (Manatsathit et al., 2002).

Transmission of S. Pullorum

S. Pullorum is mainly transmitted by two main sources of transmission in chicks, such as vertical transmission, and
horizontal transmission as shown in Fig. 1. In horizontal transmission S. Pullorum shed through the feces of the chicken,
contributes as a major source of transmission among chicks in a flock. The other sources may also include water, feed, and
litter. The transmission through direct or indirect contact such as the respiratory route usually causes death at a very early
age in chickens (Wales and Davies, 2020). The vertical transmission occurs when the contamination occurs in the eggshell
membrane, albumen, and yolk. The pathogen localization in the ovule before the ovulation is also the main mode of
vertical transmission. This transmission may result in embryonic death and chick mortality (Klyachko et al., 2007).
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Salmonella Virulence Factors

The initial attachment of the bacterial cell to the host has a key role in the pathogenesis of that pathogens. In
Salmonella, the different specialized structures are present on the bacterial cell wall. It has many virulence factors such as
various types of secretion systems, many types of fimbrial and afimbrial adhesins, flagella, capsules and plasmid (Sora et
al., 2021). The extracellular filamentous structure having the complex apparatus and the binding site at its tip is known as
fimbriae. The fimbriae are mainly of three types, which are based on different assembly mechanisms. The fimbriae
functions include biofilm formation, cell-cell attachment, intestinal persistence, and bacterial aggregation. Its numbers vary
with the serovars, and its role depends on the type of serovars. Salmonella fimbriae plays an important role in
understanding the new insight into Salmonella pathogenicity (Rehman et al, 2019). The Salmonella genetic structure
reveals the cluster of genes localized in the chromosome region that mainly controls the virulence of pathogens known as
pathogenicity islands. These genes are mainly acquired through horizontal transmission. The pathogenicity islands mainly
consist of multifunctional virulence genes that are specific for their phenotype. The Salmonella Pathogenicity Island (SPI)
has various types such as SPI-1, SPI-2, and so on. These SPIs have specific functions and roles in the pathogenicity of
Salmonella for example SPI-1 encodes various genes for the invasion of the epithelial cells and plays a vital role in
intestinal secretion and inflammatory response (Que et al.,, 2013).

Pathogenesis

The virulence factors including flagella, fimbrial adhesins, plasmids, and toxins facilitate the Salmonella to establish
infection in the host. In the small intestine, the pathogen forms a biofilm, aggregates at the site of infection, and invades
the intestinal cells. Salmonella infects and multiplies within the different types of cells including mononuclear phagocytic
cells in the chicks (Setta et al., 2012). The digestive system is the principal site for the infection and the multiplication of
Salmonella. S. Pullorum infection mainly targets the bursa of Fabricius in the chicks. The organism is ultimately taken up by
the macrophages after the invasion from the intestinal mucosa and enters the main bloodstream causing bacteremia. In
blood, Salmonella travels to the different body organs including the liver, lungs, kidney, and spleen. Through blood, the
pathogen also travels and infects the reproductive organs in the chicks. Different organs show pathological changes.
Salmonella forms the intracellular vacuole rather than the multiplication in the cytoplasm like other various pathogens
(Jantsch et al., 2011). The macrophage engulfs the Salmonella in the lamina propria in sub-epithelial space. After the
macrophages engulf the Salmonella, it causes the apoptosis of the macrophage (Yang et al, 2019). The clinical signs
include white diarrhea which is a typical sign of the pullorum disease with high mortality. Affected chicks show generalized
infection and swollen tissues including the spleen, liver, and kidney with different-sized hemorrhages in respective tissues
(Islam, 2023).

Treatment

Commercial layers and broilers infected with pullorum disease can be treated by the application of antibiotics via oral
or intramuscular route. However, antibiotic treatment of pullorum disease is contraindicated in the case of breeder flocks.
The culling of pullorum-infected flocks is always recommended. For the treatment of systemic infections, it is suggested to
use antimicrobial drugs like beta-lactams, aminoglycosides, and fluoroquinolones in recommended doses (Muller et al.,
2018). The treatment of the infected birds is the only available option for preventing the transmission of the disease and
decreasing the mortality rates. To control the infection in birds, antimicrobial drugs can be used orally or intramuscularly.
Before the application of antimicrobials, the antibiotic sensitivity test is recommended to avoid the issue of antimicrobial
resistance (AMR) (Gray et al, 2021). The presence of R-plasmid in Salmonella causes this bacterium to show resistance
against multiple drugs including antimicrobials such as penicillin, oxytetracycline, aminoglycosides, and sulfa drugs,
therefore, we have to make careful choices of antibiotic or have to shift to antibiotic alternatives to overcome the
antimicrobial resistant (Singh et al., 2010). Cinnamon and its derivatives exhibit antimicrobial properties, suggesting their
potential as alternative antibiotics for treating salmonellosis. Furthermore, these compounds are considered safe for
human use.

Cinnamon and Its derivatives used as Natural Antimicrobial Agents

Cinnamon has been utilized as a spice as well as a perfume in rubbing oils during biblical times. Cinnamon was also
used by Egyptians as a fragrance to preserve the bodies in the past years, however, due to its antibacterial, antiviral, and
antifungal properties, it is being used in the fields of medical, veterinary, and agriculture as a bactericidal, and fungicide
during recent years (Yang et al., 2019). The cinnamon plant contains different bioactive compounds and essential oils in its
leaves, bark, and root. Cinnamyl acetate and coumarin are found in the fruit of cinnamon. Eugenol, cinnamaldehyde, and
eucalyptol are predominantly found in the leaf oil, while trans-cinnamaldehyde, camphor, linalool, and benzoic acid, is the
primary or fundamental compound present in the cinnamon bark or root bark oil (Basavegowda and Baek, 2022). In recent
studies, edible antimicrobial films containing cinnamaldehyde has caused the inactivation of the foodborne pathogens by
various mechanisms (Benbettaieb et al., 2019; Zhu et al., 2014, 2020). The presence of non-pathogenic organisms causing
food spoilage is also reduced in cinnamaldehyde incorporated antimicrobial films. So, various derivatives of
cinnamaldehyde can be used as natural antimicrobial agents against a variety of microorganisms in a cost-efficient
manner. In recent studies, Trans-cinnamaldehyde is used for further development of its various derivatives Apart from
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mechanism of actions, many studies have been carried out to test the antibacterial properties of trans-cinnamaldehyde
and its derivative compounds (Doyle and Stephens, 2019; Usai and Di Sotto, 2023). The antibacterial mechanism of
cinnamon is shown in Fig. 2.
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Fig. 2: Cinnamon’s Antibacterial Mechanism of Action

Cinnamaldehyde

The main source of cinnamaldehyde is the species from the genus Cinnamomum, which is found in many states of
India. Cinnamaldehyde is widely found in majority of the Indian food, cosmetic, and medicinal products. So, it can be
stated that cinnamaldehyde is highly consumed by the human population in India (Jayaprakasha and Rao, 2011).
Cinnamaldehyde is "Generally Recognized as Safe” (GRAS) by the United States Food and Drug Administration (FDA) and
the Council of Europe has given “A" status to Cinnamaldehyde which means it may be utilized in foodstuffs (Doyle and
Stephens, 2019). Besides its uses in foodstuffs, cinnamaldehyde also possesses various medicinal, and Ayurveda properties
such as antibacterial, antifungal, antidiabetic, and antioxidant properties of cinnamon. Cinnamon has been employed as an
anti-ulcer, anti-inflammatory, and anticancer agent. The risk of colon cancer can be decreased by cinnamon by enhancing
colon health. Cinnamon acts as a coagulant to stop bleeding. Additionally, cinnamon promotes tissue regeneration and
improves uterine blood circulation (Murtaza et al., 2024).

Yang et al. (2015) studied, the antiplatelet and anti-thrombotic properties of cinnamaldehyde. The cardiovascular
effects including lowering of blood pressure and left ventricular systolic pressure have also been observed in some studies
using anesthetized rats. After contractions stimulated by the application of norepinephrine, PGE2a, and potassium,
cinnamaldehyde caused rat aorta to relax. These studies suggest that cinnamaldehyde shows cardiovascular effects as it
carries out signals beyond the receptors (Yang et al., 2015).

Cinnamon (Cinnamomum zeylanicum) is said to be, one of the oldest medicinal plants. It is a valuable spice that is
currently being used across the world. It is native to Sri Lanka and South India. Important chemical constituents of
cinnamon are cinnamaldehyde, eugenol, and Tran's cinnamaldehyde. The specific fragrance and different biological
activities of cinnamon are because of these chemicals. E-cinnamaldehyde is a part of essential oil extracted from cinnamon
and possesses an anti-tyrosinase activity (Suriyagoda et al., 2021). A study conducted by Chao et al. (2008) evaluated the
effects of cinnamon and reported the antibacterial activities of this herbal plant. Another study was conducted by Mathew
and Abraham. (2006) evaluated the antioxidant properties of cinnamon and found them significant in their studies.
Similarly, Tanwar (2019), revealed the anti-diabetic, anti-ulcer, and anti-inflammatory activities of cinnamon. Feed intake is
also reported to be improved by the inclusion of cinnamon alone or in combination with essential oils in the poultry diet.
Didehdar et al. (2022) evaluated the efficiency of cinnamon in terms of protecting against various kinds of bacteria
including S. aureus, E. coli, S. epidermis, P. aeruginosa, H. pylori, E. faecalis, Salmonella spp., and parahaemolyticus. Due to
its various medicinal and preventive properties, the importance of cinnamaldehyde is increasing day by day (Shariati et al,,
2022). Cinnamaldehyde has been shown to treat complex metabolic conditions including type-2 diabetes.

In a study conducted on mice, cinnamaldehyde was used to observe the changes in parameters like excessive eating
due to a high-fat diet, levels of digestive hormones, inflammation, and breakdown of adipose tissue. The microorganisms
including Lactobacillus, Bifidobacteria, and Roseburia were collected and counted from cecal contents after giving
cinnamaldehyde to the mice. It was found that cinnamaldehyde inhibited the accumulation of lipids and also changed the
expression of genes toward lipolytic phenotype on preadipocyte cell lines when it was used at the concentration of 40 uM
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(Li et al, 2013). When administered in vivo, cinnamaldehyde not only caused a decrease in high-fat diet-induced weight
gain, but also decreased the leptin and leptin/ghrelin ratio in circulating blood. Moreover, changes in the serum levels of
free fatty acids and glycerol were also observed due to lipolytic roles of cinnamaldehyde. At the genetic level, there was an
increased expression of the lipolytic gene in the white adipose tissue and also an increased expression of an anorectic
gene in the hypothalamus due to the use of cinnamaldehyde (Khare et al., 2016). A decrease in the inflammatory genes’
expression was observed due to cinnamaldehyde in the visceral fat tissue and also the serum levels of interleukin-1p were
fall. However, no change was observed in the population of selected gut microbes obtained from the cecal contents. It was
concluded from the study that cinnamaldehyde can promote the lipolysis of adipose tissues, can decrease the
inflammation and fasting-induced weight gain, and can also play a role in stabilizing the levels of leptin and other energy-
related hormones when given to high-fat diet-fed mice (Tuzcu et al., 2017). Cinnamaldehyde and its associated compound
possess various bioactive characteristics as discussed in Table 1.

Table 1: The Bioactive Characteristics of Cinnamaldehyde and Associated Compounds

Property/Effect Compound Mechanism of Action Description Reference

Antibacterial Cinnamaldehyde Disrupts the integrity of Effective against both B.  (Doyle and

Activity bacterial  cell ~membranes, subtilis and E. coli bacteria. Stephens, 2019)
Inhibiting bacterial growth.

Cardiovascular Cinnamaldehyde Inhibits the aggregation of Lowers blood pressure and (Lu et al., 2022)

Effects platelets and promotes exhibits antiplatelet and

Vasodilation  through  the vasodilatory effects.
release of nitric oxide.

Antidiabetic Effects Polyphenols Enhances the body's sensitivity Improves insulin sensitivity (Zhang et al,
to insulin and reduces and lowers cholesterol 2008)
cholesterol synthesis. levels.
Hematological Thymol and carvacrol  Stimulates the production of  Stimulates the generation (Saadat Shad et
Effects red blood cells but may reduce of red blood cells while al., 2016)
the count of immune cells. potentially decreasing
immune cell counts.
Hepatoprotective  Carvacrol and thymol Protects the liver by lowering ~ Safeguards the liver by (El-Sheikh et al.,
Effects serum levels of ALT and AST reducing serum ALT and  2022)
enzymes. AST enzyme levels.
Antioxidant Effects Cinnamaldehyde Acts as an  antioxidant, Protects cells from damage (Azab et al., 2011)
shielding cells from oxidative  caused by oxidative stress.
stress.
Anti-inflammatory  Cinnamaldehyde Suppresses  pro-inflammatory Exhibits anti-inflammatory (Murtaza et al.,
Effects pathways. properties by inhibiting 2024)
signaling pathways.
Neuroprotective Cinnamaldehyde Enhances antioxidant defenses Protects nerve cells by (Lv et al, 2017)
Effects and mitigates oxidative stress. enhancing antioxidant
defenses.
Lipid-lowering Polyphenols Inhibits enzymes involved in Blocks enzymes (Chao et al,
Effects the synthesis of cholesterol. responsible for cholesterol 2008)
synthesis, reducing lipid
levels.
Anticancer Effects  Cinnamaldehyde Inhibits the proliferation of Suppresses cancer cell (Murtaza et al,
cancer cells and induces growth and triggers 2024)
Programmed cell death. Apoptosis.

Effect of Cinnamaldehyde on Meat Quality and FCR

Several parameters like weight loss on cooking, intensity of red and sheer force of breast meat of birds fed with
phytogenic based diets have been evaluated in many previous studies, discussed below. Effects of cinnamaldehyde on
meat quality and FCR of poultry have been illustrated in Fig. 3. A study was conducted in which birds were given diets
having carvacrol and thymol and the results showed an increase in intensity of red and sheer force of breast meat of birds
(Prioriello, 2020). According to a study conducted by Mastromatteo et al. (2009) the increase in red intensity will negatively
affect the sensory evaluation scores and may eventually decrease the utilization rates of such breast meat. However, these
findings were opposite to that of previous study as they found that the use of thyme essential oil and thymol caused a
decline in the sheer force in breast meat (Rimini et al., 2014). Moreover, studies showed that no effect was observed on the
oxidant status of breast meat of birds fed with phytogenic or zinc bacitracin in diet. In a study, a prominent increase in the
activity of Glutathione S-transferases and reactive oxygen species was observed after cooling of meat for 4 days. This
increase in activity of enzymes was believed as a defending mechanism against the reactive oxygen species (ROS) (Reis et



120

al,, 2018). The phytogenic feed additives prevented the formation of ROS because the ROS levels were found to be same in
both control groups and PFA treated groups. The peroxidation of lipid was found to be elevated in the birds given
phytogenic-based diets. The performance of Glutathione S-transferase also remained unchanged in the birds fed with a
phytogenic-based diet as Glutathione S-transferase has role in inhibiting the lipid peroxidation. So, it was concluded from
the study that the lipid peroxidation caused by freezing temperatures was not controlled by the thymol and carvacrol-
based phytogenic diets (Karaskova et al., 2015).
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Fig. 3: Cinnamaldehyde Effect on Body Weight, meat quality and FCR.

Conclusion

Cinnamon, a well-known phytochemical plant, is widely used in medicine worldwide. It contains a number of
components that exhibit significant antibacterial effects on various bacterial infections, including S. Pullorum. Cinnamon
bark, oils, and its active compounds have been proven to be safe for consumption without any adverse effects. Cinnamon
and its derivatives pose antimicrobial properties and can be used as an antibiotic replacement for patients infected with S.
Pullorum. Various cinnamon derivatives have been evaluated for health benefits, but still more research is needed, for its
generalized use against the bacterial infections.
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