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Abstract 

This study investigates the use of immunomodulators and herbal remedies as a natural treatment 

for necrotic enteritis. It aims to develop a complete approach to managing the gastrointestinal 

disorder, focusing on the potential of these interventions in modulating the immune response. The 

research includes medicinal plants like Aloe Vera, Andrographis paniculata, Camellia sinensis, 

Clausena excavate, Acacia catechu, Plantago asiatica L, and Cynodon dactylon, which have been 

identified for their immunomodulatory effects. In response to the global initiative to reduce 

antimicrobial use in animal production, herbal treatments are gaining attention for their diverse 

mechanisms of action, such as enhanced phagocytic activity and immune response modulation. 

Integrating traditional herbal knowledge with modern research offers a comprehensive perspective 

on the potential benefits of these treatments in controlling diseases like Necrotic Enteritis (NE). 

As the poultry industry seeks sustainable strategies, herbal treatments emerge as promising 

alternatives, highlighting the need for further research to fully understand their potential and 

practical application in poultry management. Moreover, it covers the way for future research to 

explain the complete potential of these natural approaches, benefiting society through safer food 

and offering potential benefits like reduced antibiotic resistance in birds, improved poultry 

productivity and a deeper understanding of immune modulation in animal health.  
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Introduction 
Necrotic enteritis is a serious economic risk 

to the cattle and poultry sectors globally. 

Necrotic enteritis (NE) is a common disease 

associated with Clostridium perfringens 

(CP). This disease was initially identified in 

the 1961 and subsequently related to 

numerous occurrences in countries engaging 

in widespread poultry farming [1]. Necrotic 

enteritis has manifest different forms, 

including acute, clinical, and subclinical. 

Particularly, subclinical necrotic enteritis 

stands out as a primary contributor to 

economic losses within the poultry industry. 
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The projected global economic impact is 

expected to exceed $6 billion annually [2]. 

Furthermore, necrotic enteritis is correlated 

with a substantial 12% reduction in body 

weight and 11% elevation in feed conversion 

ratio in comparison to unaffected birds [3]. 

However, Clostridium perfringens is a 

widespread Gram-positive, spore-forming, 

toxigenic and anaerobic bacterium, ability of 

Clostridium perfringens to produce five 

primary toxins [4]. Specifically, certain 

strains of type A and potentially type C are 

particularly significant in the circumstance of 

necrotic enteritis. While pigs and cattle can 

also be susceptible, poultry, specifically 

chickens and turkeys are most frequently 

effected. The ability of Clostridium 

Perfringens CP type A to produce various 

toxins responsible for the disease underscores 

the significance in the poultry industry [5]. 

Clostridium perfringens are mostly found in 

a different of places, such as soil, animal 

waste, feed and chicken litter [6]. The 

presence of Clostridium perfringens (CP) 

always not necessarily indicate the existence 

of the illness. Necrotic enteritis (NE) usually 

affects chickens that are 2 to 5 weeks old and 

incidence can range from low to high because 

many Clostridium Perfringens (CP) strains 

are not very harmful. The clinical sign of the 

disease during outbreaks is intricately 

influenced by a complex relationship 

involving the microorganism, predisposing 

factors such as nutrition, the presence of 

other bacteria and the immune status of the 

birds [7]. The physical characteristics of 

intestine contents can be affected by the diet, 

including any modifications. Significant 

predisposing factors for necrotic enteritis 

(NE) include viral infections and the 

presence of Eimeria spp. because they 

promote mucosal secretion and destroy 

enterocytes. 

Moreover, immunosuppression and various 

stressors, including medical interventions, 

have the potential to modify the composition 

of the microbiota, creating a suitable 

environment for pathogenic strains of 

Clostridium perfringens (CP) to colonize in 

mucosal tissues more effectively. These 

germs can efficiently colonize the 

gastrointestinal system and break down 

mucus. These bacteria produce damaging 

enzymes to endothelial cells as soon as they 

are grown. These enzymes affect the lamina 

propria, the lateral region of enterocytes and 

the basement membrane [8]. 

Clinical signs  

Necrotic enteritis (NE) shows symptoms 

similar to those of typical enteritis, 

including ruffled feathers, gastrointestinal 

distress, depression, and loss of appetite. 

The acute form of necrotic enteritis (NE), 

sometimes referred to as the typical 

symptoms are characterized by a sudden rise 

in flock mortality, often occurring without 

showing any clinical signs [9, 10]. The 

subclinical form of necrotic enteritis 

typically lacks evident clinical symptoms 

leading to death. However, it is 

characterized by a widespread drop in the 

bird performance [11]. A raised feed 

conversion ratio (FCR), decreased body 

weight gain and compromised food 

digestion and absorption are all 

consequences of chronic injury to the 

intestinal mucosa. A causal relationship 

occurs between these performance 

challenges and subclinical necrotic enteritis. 

Cholangiohepatitis is frequently the cause of 

elevated liver condemnations in processing 

facilities when subclinical necrotic enteritis 

occurs [12]. Because of this, it is difficult to 

diagnose the subclinical form of necrotic 

enteritis and untreated cases of infected 

birds result in increased financial losses 

[13]. 

While, necrotic enteritis can cause a variety 

of gross lesions, most commonly affecting 

the liver and small intestine. Most frequently 

impacted on gut regions are the ileum and 

jejunum in particular. Examining the 
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intestines may reveal the presence of blood 

clots and symptoms of gas collection along 

with bleeding. Edema can cause the mucosa 

to thicken, or epithelial erosion can cause it 

to shrink [14]. Occasionally, a green or 

yellow pseudo-membrane attached to the 

mucosa may be seen. Concurrent alterations 

in various intestinal segments within a single 

animal are frequently observed [15]. 

Cholecystitis and necrotizing foci can spread 

and widen throughout the liver parenchyma. 

Such liver damage is often associated with a 

subclinical version of the illness [16]. Shorter 

villi apical epithelial separation and severe 

mucosal necrosis that may spread to the 

crypts or submucosa are examples of 

microscopic lesions. Bacilli may 

occasionally be seen in the lamina propria or 

mucosa. The pattern of inflammatory cell 

infiltration in the lamina propria is diverse 

and the extent of infiltration varies from case 

to case. In some cases, the infiltration is more 

pronounced than in others [17]. 

Antimicrobial therapy is the strength of 

management for necrotic enteritis (NE) 

outbreaks, with the aim of minimizing 

financial losses. The following antibiotics are 

advised worldwide for treating necrotic 

enteritis bacitracin, lincomycin, 

virginiamycin, penicillin and tylosin. 

Subtherapeutic dosages of antimicrobials 

have been used in feed to address the 

subclinical form of necrotic enteritis (NE), 

which is responsible for the majority of losses 

[18]. As with many other microbes, 

Clostridium perfringens has become less 

susceptible to antibiotics over time. 

However, necrotic enteritis has emerged once 

again as a major issue, resulting in reduced 

growth efficiency and increased feed 

expenses. This comeback coincides with the 

European Union-wide ban on in-feed growth 

enhancers. The subclinical form of necrotic 

enteritis can spread more widely throughout 

the flock and more dangerous because it 

remain recognizable clinical signs and 

symptoms to identify [19].  

Researchers have not yet fully comprehended 

the crucial factors that are necessary for the 

initiation of the disease caused by 

Clostridium perfringens. These factors can 

potentially impact the gut ecology, affecting 

equilibrium and ultimately facilitating the 

spread of the disease [20].   

As a result, carcasses are frequently 

condemned during processing [21]. Although 

the increasing economic impact of 

subclinical necrotic enteritis, that remains a 

lack of comprehensive research on the 

subject [22]. Necrotic lesions are the main 

signs of the disease, usually found in the 

jejunum and ileum of the small intestine, but 

also found in the duodenum [23]. The 

preclinical stage disease has a direct impact 

on decreased weight gain, an enhanced feed 

conversion ratio and impaired absorption and 

digesting. These significances are damage to 

the gut mucosa [24]. While this disease may 

be sporadic in underdeveloped nations, 

poultry farms must consider the economic 

losses it experiences as it often leads to 

significant outbreaks in chicken production 

facilities. However, because subclinical 

necrotic enteritis (NE) is difficult to 

accurately assess, it is challenging to quantify 

the exact impact of necrotic enteritis on 

chicken production. Clostridium perfringens, 

a Gram-positive spore-forming bacteria, is 

the main cause of the disease. It has been 

extracted from various sources, such as feed, 

litter, dust, and dung, and is commonly found 

in the gastrointestinal tract (GIT) as a 

commensal [25]. While many factors have 

been identified to contribute to the 

development of sub-clinical necrotic enteritis 

(NE), the exact cause of the outbreak of 

necrotic enteritis in the field remains 

uncertain. Apart from a specific type of 

mutual infection with Eimeria, the primary 

risk factors are primarily related to nutrition. 

At present, the sole method for quantifying 
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the intensity of the response of the host is to 

assess the digestive tract for visible 

pathological abnormalities. 

Although the main etiological agent of the 

disease has been identified as Clostridium 

perfringens, it has been difficult to induce 

sub-clinical necrotic enteritis under 

experimental conditions. The precise 

predisposing factor(s) that cause necrotic 

enteritis (NE) to be induced after an 

overgrowth of Clostridium perfringens in the 

gastrointestinal tract (GIT) are still unknown, 

despite considerable knowledge of the course 

of disease. The various predisposing factors 

remain poorly identified due to inconsistent 

results from experiments [26]. 

Antimicrobial control of necrotic enteritis 

and alternatives 

Managing necrotic enteritis (NE) in poultry is 

quite challenging due to various contributing 

variables. Historically, antibiotic therapy has 

been the main and sometimes restricted 

treatment for Nephropathy caused by 

Clostridium perfringens (CP). Therapeutic 

antimicrobials are typically administered in 

high doses for short durations to treat acute 

outbreaks [27]. Antibiotic growth promoters 

(AGPs), or antibiotic growth promoters are 

frequently utilized to manage asymptomatic 

Nephropathy treatment. Although added to 

poultry feed at first to increase growth rate 

and feed conversion efficiency [28], 

Antibiotic growth promoters (AGPs) are 

mostly used in modern poultry industry to 

treat Gram-positive illnesses such as 

Clostridium perfringens (CP). Nowadays, 

virginiamycin, a streptogramin and bacitracin 

a polypeptide antibiotic are two Antibiotic 

growth promoters (AGPs) that are frequently 

used in chicken production. These Antibiotic 

growth promoters (AGPs) are utilized to 

improve animal welfare in general, body 

weight increase and feed conversion ratios 

[29]. 

Although antimicrobial growth promoters 

(AGPs) are widely used, specific procedures 

that explain the advantages of utilizing low 

dosages of antimicrobials in broiler flocks are 

not well understood. Some of the proposed 

processes include regulating the digestive 

system and immune responses in the 

intestines [30]. The most well acknowledged 

process is that Antibiotic growth promoters 

(AGPs) change gut microbiota, which is 

essential for preserving host health [31]. 

The prolonged use of antibiotic growth 

promoters (AGPs) at subinhibitory 

concentrations greatly facilitates the 

selection of antibiotic-resistant 

microorganisms. There are studies indicating 

that poultry Clostridium perfringens (CP) 

strains in countries where antibiotic growth 

promoters (AGPs) remain in use are showing 

reduced resistance [32]. The continuous 

administration of Antibiotic growth 

promoters (AGPs) has the ability to change 

the bacterial environment by eliminating 

particular strains and enhancing the survival 

and dominance of antimicrobial-resistant 

bacteria, which are less susceptible to 

antibiotic growth promoters (AGPs) [33]. 

Furthermore, continuous administration of 

Antibiotic growth promoters in feed could 

result in cross-resistance to medicinal 

antimicrobials [34]. The prevalence of such 

Clostridium Perfringens strains has increased 

due to the formation of antimicrobial 

resistance and a progressive decline in 

susceptibility to anticoccidials in some 

strains of Eimeria spp. (a significant 

predisposing factor to necrotic enteritis). 

The growth of pathogenic and resistant 

strains of Clostridium perfringens (CP) in 

poultry farms raises concerns about the 

possible transmission of these bacterial 

resistance factors from animals to humans. 

Research conducted on various strains of 

Campylobacter, Escherichia coli, and 

Enterococcus indicates a connection between 

the use of nontherapeutic antimicrobials and 

the proliferation of multidrug resistance, 

including resistance to drugs not often used 
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in agriculture. This raises worries about the 

potential impact of antibiotic resistance on 

human health resulting from the spread of 

resistant microorganisms originating from 

animals [35]. 

Antibiotic growth promoters, or AGPs, were 

outlawed by the European Union in 2006 as 

a result of multiple studies showing how they 

contribute to the formation and spread of 

antibiotic-resistant bacteria [36]. Necrotic 

enteritis (NE) incidence was found to have 

increased in Europe [37] as a result of these 

actions, and the usage of therapeutic 

antimicrobials to treat illnesses increased 

[38]. The experience in Europe, along with 

recent efforts in North America to reduce or 

eradicate Antibiotic growth promoters 

(AGPs) [39], has required the poultry 

industry to investigate appropriate substitutes 

for managing necrotic enteritis outbreaks and 

minimizing the effects of subclinical 

managements on productivity when typical 

farm management is applied [40] and reduce 

the tolerance of body to antibiotics. Natural 

compounds possessing antibacterial qualities 

can play a crucial role in this control 

approach. 

In response to the prohibition on antibiotic 

growth promoters (AGPs), a range of 

procedures and approaches that do not 

include antimicrobials were developed to 

prevent and control Clostridium perfringens 

(CP) induced necrotic enteritis (NE) in 

chicken [41]. In order to be considered an 

appropriate substitute for Antibiotic growth 

promoters (AGPs), any alternative must 

fulfill particular requirements. These 

standards include being safe for public 

health, cost-effective, environmentally 

friendly, and possessing antibacterial 

properties [42]. Several alternatives have 

been proposed, including feed enzymes, 

immunomodulatory drugs, symbiotic agents, 

bacteriophages and their associated lysins, 

plant extracts and inhibitors of bacterial 

quorum sensing, biofilm and pathogenicity 

[43]. Although the suggestions of utilizing 

probiotic and prebiotic products, as well as 

pathogen immunization, these approaches are 

currently impractical for implementation on 

farms. Utilizing plant extracts in animal feed 

to enhance nutrition and health in livestock 

and address enteric clostridial infections is a 

highly promising substitute for antibiotic 

growth promoters (AGPs). These compounds 

have a lengthy record of utilization in poultry 

and have demonstrated to be advantageous 

[44]. 

Plant extract 

Traditional medical systems have always 

made extensive use of plant resources [45]. 

Because of their antibacterial, anti-

inflammatory, antioxidant and antiparasitic 

qualities, plant extracts also referred to as 

phytobiotics have attracted interest in animal 

nutrition (Table 1) [46]. 

Numerous plants have advantageous 

multipurpose qualities that come from certain 

bioactive constituents. Secondary 

metabolites, which can exist in many forms 

such as alcohols, aldehydes, ketones, esters, 

ethers and lactones are primarily responsible 

for the biological activity of plants. These 

include terpenoids, phenolics, glycosides, 

and alkaloids [47]. In vegetative tissues these 

secondary metabolites frequently have a 

defensive role. The mixture and 

concentration of these bioactive molecules 

determine the final effect on animals and 

even small variations in these parameters 

might account for why some compounds may 

have advantageous or disadvantageous 

effects on animals [48]. 

Plant extracts are generally considered safe 

and effective against particular pathogens. 

These plant extracts are frequently employed 

as agents to stimulate growth and enhance the 

immune system in animal feed [49]. They are 

extensively utilized in Asian, African, and 

South American countries, as well as in 

affluent nations, and their usage has been 

steadily increasing in recent times. 

http://dx.doi.org/10.19045/bspab.2024.130026


Aqeel et al. 

280 

Furthermore, there is increasing evidence 

that feed additives, such as phytogenic 

elements, enhance the performance of 

chicken production [50]. Plant extracts are 

deemed to exhibit antibacterial properties in 

in vitro bacterial susceptibility assays when 

their minimum inhibitory concentrations fall 

within the range of 100 to 1000 μg/mL [51]. 

Recent studies have shown that adding raw 

plant extracts and phytogenic compounds to 

poultry feed can enhance the health and 

productivity of the birds. An established 

method for assessing the effects of including 

plant extracts into chicken diets involves 

evaluating parameters such as necrotic 

enteritis (NE), visible abnormalities, and the 

abundance of Clostridium perfringens (CP) 

in the intestines [52]. Specific botanical 

extracts has the capacity to directly inhibit 

particular toxins linked to the development of 

necrotic enteritis, as well as the vegetative 

cells of Clostridium Perfringens [53]. 

There are other categories of antimicrobial 

phytochemicals that are beneficial, including 

lectins/polypeptides, essential oils (EOs), 

polyphenols/tannins and alkaloids [54]. 

Phytochemicals employ diverse mechanisms 

to exert their antibacterial activity. For 

instance, tannins function by depleting iron 

and interacting with crucial proteins, such as 

enzymes [55]. The primary indoloquinoline 

alkaloid, cryptolepine, acts as a 

topoisomerase inhibitor and a DNA 

intercalator [56]. Additionally, saponins bind 

with sterols from microorganism membranes 

to create complexes that harm and ultimately 

destroy the cells [57]. While the antibacterial 

properties of essential oils (EOs) have been 

recognized for a long time [58], the precise 

mechanism by which various plant extracts, 

including essential oils, operate as 

antimicrobials remains uncertain [59]. The 

idea that the overall effectiveness of 

phytogenic feed additives in killing bacteria 

is due to a significant reduction in the 

presence of harmful intestinal pathogens is 

supported by direct observations conducted 

in living organisms [60]. The observed 

reduction in pathogen level suggests a 

generally beneficial impact on the health and 

microbial equilibrium in the chicken 

intestines, notwithstanding the incomplete 

comprehension of the precise mechanisms 

involved. 

AGPs possess biological efficacy, however, 

it is imperative to consider the feasibility of 

producing and employing the active 

components on a large-scale in order to 

effectively reduce or eliminate the usage of 

antimicrobials in animal production 

worldwide. Essential oils and tannins, both 

derived from plants have recently acquired 

popularity as effective therapies for necrotic 

enteritis (NE) in chickens. 

Garlic (Allium sativum) 

For about 5,000 years, civilizations such as 

Egypt, Greece, China, and India have 

recognized the advantageous role of garlic in 

human nutrition [61]. Garlic and its 

derivatives, including oils, essential oils, 

aged garlic extracts, and others, offer 

significant health benefits for both humans 

and animals. They have been attributed with 

antioxidant, antibacterial, antiviral, 

antifungal, hypercholesteremic, and 

immunostimulating properties [62]. 

Additionally, studies have demonstrated that 

oregano has the ability to reduce the number 

of ileal clostridia in broiler chickens, while 

the potent aromatic compounds found in 

garlic enhance the digestion of these birds 

[63]. The instability and volatility of the 

bioactive components in garlic may restrict 

its usage in poultry farms. Consequently, 

feed manufacturers are highly interested in 

exploring innovative methods that can 

enhance the stability and preservation of 

garlic, thereby enhancing its efficacy and 

utilization. Nanotechnology is a highly 

advanced and promising approach to protect 

bioactive substances from oxidation, heat or 

volatilization. This technique aims to 
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maintain the functional, chemical, and 

physical features of bioactive compounds 

while ensuring consistent administration, 

uniform size distribution, enhanced storage 

stability, masking unpleasant tastes, and 

extending the shelf life [64]. An effective 

method to enhance the effectiveness of plant 

extracts at lower doses in chicken production 

is by incorporating them into nanocomposite 

hydrogels [65]. The utilization of 

nanotechnology in poultry farming is 

currently in its nascent phase. As far as we 

know, there is currently no published data on 

the use of nanoparticles derived from garlic 

essential oil in chicken farming, despite the 

increasing interest in this area. An area of 

research worth exploring is the utilization of 

garlic essential oil nanoparticles as a novel 

approach to enhance the efficacy of plant 

extracts in chicken farming [66]. 

Because it prevents the growth of bacteria 

like Salmonella typhimurium, Enterobacteria 

Spp. and Escherichia coli, garlic has health-

promoting qualities [67]. Garlic is known to 

decrease cholesterol. It does this via lowering 

LDL cholesterol levels and slowing down the 

rate of cholesterol oxidation, according to a 

wealth of human and rat experimentation and 

medical study. Garlic has also been shown to 

boost living things immune systems [68] and 

has been identified for its anti-cancer and 

antioxidant properties [69]. One important 

component of garlic is alliin, which is 

converted to allicin when crushed in an 

aerobic environment by the enzyme allinase 

[70]. Alkyl sulfonic acid, the intermediate 

molecule, has the ability to acidify animal 

digesta. Allicin also releases sulphides that 

have strong antibacterial and antioxidant 

properties [71-72]. Garlic extracts are 

considered to contain compounds more 

potent than formic acid. Allivet liquid garlic 

is readily accessible in the Polish market. It is 

recommended to administer it twice a week 

or in three consecutive doses spanning a 

three-week duration. The optimal 

concentration of a commercial poultry blend 

should be 1.0 ml kg–1. The recommended 

dosage of this supplement is 1.00 ml kg–1, 

which can be administered by adding it to 

feed or drinking water. Another option is to 

regularly incorporate the supplement into the 

feed; however, no recommended dosage has 

been provided for this method. In order to 

determine the optimal amount of dietary 

supplementation with Allivet, diets 

containing the recommended dose of 1.00 ml 

kg–1 of feed were compared to diets without 

Allivet, as well as diets with an increased 

Allivet dose of 50% or 125% [73]. 

Oregano essential oil 

As a phytobiotic, oregano (Origanum 

vulgare) is known to include antimicrobial 

chemicals such thymol, carvacrol (CAR), and 

its precursors, p-cymene and γ-terpinene. 

Taken together, these components account 

for about 80% of the plant's essential oil 

content [74]. At low concentrations, CAR 

and thymol have both repeatedly 

demonstrated antibacterial activities [75], 

resulting in a decrease in cell membrane 

potential that may eventually cause cell death 

[76]. This antimicrobial action may be able to 

prevent foodborne illnesses in consumers and 

protect broiler flocks from enteric infections. 

It may be possible to save antibiotics for use 

in circumstances requiring high-dose 

therapeutic treatments by using oregano 

powder as a low-dose subtherapeutic feed 

addition. An experiment with oregano 

showed that it had a greater effect than 

avilamycin on the weight increase and 

intestinal morphology of broilers [77]. In 

another study, broilers challenged with 

Clostridium perfringens [78], a condition that 

significantly impairs the broiler industry's 

annual revenue [79], the application of a 

combination essential oil made from oregano 

that was 25% carvacrol (CAR) and 25% 

thymol showed a decrease in intestinal 

lesions, necrotic enteritis, and death. Oregano 

essential oil proved to be more effective 
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against infections than essential oils derived 

from other herbs, such as rosemary [80]. 

Antioxidant qualities [81], preservative and 

also has strong anti-inflammatory [82]. 

However, the promise of plant essential oils 

as a valuable source of antibacterial 

chemicals is what drives ongoing study in 

this area. This is explained by their 

availability, minimal toxicity, and ability to 

synthesis aromatic chemicals, especially 

phenols and their derivatives that have had 

the oxygen atom removed [83]. One of the 

strongest natural antioxidants and 

antibacterials is oregano essential oil (OEO), 

an extract made from the herb oregano [84]. 

The ingredients of oregano essential oil 

(OEO) include carvacrol, thymol, γ-

terpinene, p-cymene, linalool, and β-

myrcene, among other aromatic compounds 

[85]. Carvacrol and thymol, the two primary 

phenols in oregano essential oil (OEO), are 

vital for the oil's antimicrobial qualities. 

Crucially, using this therapy allays worries 

about medication resistance and residues 

[86]. The volatile oils in oregano have the 

power to alter the permeability of 

mitochondrial membranes, break through the 

membranes of harmful bacteria, and prevent 

mitochondria from taking in oxygen. As a 

result of the inhibition of bacterial 

development, the harmful cells eventually 

suffocate and die [87]. According to research, 

Oregano Essential Oil (OEO) can replace 

antibiotics in feed additives, maintaining 

animal development performance and 

boosting resistance to disease. This implies 

that oregano may find widespread application 

in the care of animals [88]. Oregano essential 

oil (OEO) has been shown to have the 

capacity to block or eradicate detrimental 

intestinal infections, which has improved the 

performance of broiler chickens in terms of 

output [89]. Oregano essential oil (OEO) 

supplementation could successfully stop the 

growth of a number of pathogens, such as 

Bacillus subtilis, Salmonella indiana, 

Listeria innocua, Escherichia coli, and 

Staphylococcus aureus [90]. 

Thyme   

Commercially available thyme oil has 

antifungal, antibacterial and antioxidant 

qualities that make it a useful food addition. 

It is commonly known to be effective against 

a variety of resistant forms of bacteria. Our 

goal in this study was to evaluate the effect of 

a plant extract (Thymus vulgaris) on 

Clostridium perfringens in vitro. Thymus 

vulgaris extract formulations on various 

Clostridium perfringens strains. Consumer 

preferences for foods that contain ingredients 

that provide health advantages beyond basic 

nutrition are currently on the rise. One such 

ingredient is herbal components. These 

components provide a comfortable way to 

consume them as well as an appropriate 

medium for the dispersion of useful 

substances [91]. Thyme essential oil is highly 

valued in the fields of cosmetics and 

fragrances due different scent [92].  

Many different kinds of plants, fruits, and 

vegetables contain a wide variety of natural 

antioxidants [93]. Flavonoids and phenolic 

antioxidants, including zeaxanthin, lutein, 

pigenin, naringenin, luteolin, and thymonin, 

are especially abundant in thyme. Among 

herbs, fresh thyme stands out for having one 

of the highest concentrations of antioxidants 

along with a wide range of essential minerals 

and vitamins that are necessary for optimal 

health. Thyme leaves are particularly rich in 

potassium, iron, calcium, manganese, 

magnesium and selenium [94]. Thymol, one 

of the main phenolic components of thyme is 

principally responsible for its antioxidative 

propertie [95]. The volatile oils in oregano 

have the power to alter the permeability of 

mitochondrial membranes, break through the 

membranes of harmful bacteria, and prevent 

mitochondria from taking in oxygen. As a 

result of the inhibition of bacterial 

development, the harmful cells eventually 

suffocate and die [96].  



Pure Appl. Biol.,13(3):275-302, September, 2024 
http://dx.doi.org/10.19045/bspab.2024.130026 

283 

Additionally, thyme is a herbaceous plant 

species that grows well in mountainous areas 

and has several uses. It is frequently used, 

either by itself or in combination with tea, to 

improve the flavor of a variety of foods and 

drinks. Thyme is widely used in traditional 

medicine to treat a wide range of conditions, 

including as removing intestinal worms, 

treating respiratory conditions, relieving 

coughs, treating gastritis, preventing oral 

infections, and treating stomach and 

intestinal problems. Its strengthening 

qualities are also thought to provide heart-

healthy benefits [97]. Thyme extracts have 

been used in traditional medicine to treat a 

number of illnesses, such as asthma and 

bronchitis, as well as other respiratory issues. 

These characteristics include antibacterial, 

antifungal, antiviral, antispasmodic, 

antitussive, and antimicrobial effects [98].  

Samples of Thymus vulgaris L. taken at four 

different stages of the biological process 

were examined for their chemical makeup 

and biological activity. Six gram-positive and 

nine gram-negative bacterial strains were 

subjected to an analysis of the volatile oils 

isolated from thyme in order to determine 

their inhibitory effects [99]. Using 

bioimpedance methods, the antibacterial 

activity of the essential oils was ascertained, 

and the antibacterial activity was 

characterized and measured based on the 

detection time [100]. Using the plate 

counting method, the study examined the 

inhibitory effect through direct exposure. 

Every studied essential oil made from thyme 

showed high bacteriostatic action, according 

to the data. Crucially, gram-positive bacteria 

were shown to be more severely affected 

[101]. It was found that the oil extracted from 

completely blossomed thyme was the most 

successful in preventing the growth of the 

microorganism species under investigation 

[102]. Upon direct contact, the evaluated oils 

exhibited significant antibacterial activity, 

with a more obvious effect against gram-

negative bacteria. Stimulating to note that 

whereas most strains seemed to have been 

almost entirely inactivated, several species 

were able to regain at least 50% of their 

metabolic function following exposure to the 

inhibitor [103]. T. vulgaris L.'s antibacterial 

action depends on the chemical makeup of 

the organism. Evidently, the findings of the 

research about the antibacterial effects of the 

essential oil are ascribed to its phenolic 

chemicals, including thymol and terpene 

hydrocarbons, especially γ-terpinene [104]. 

The third significant element (p-Cymene) in 

terms of percentage does not show 

antibacterial activity when taken on its own. 

Nevertheless, when combined with thymol 

and γ-terpinene, it has been shown to have 

synergistic effects that may add to the total 

antibacterial activity seen. On the other hand, 

a number of studies have shown that essential 

oils have higher antibacterial activity than 

either of their main ingredients by themselves 

or in combination, suggesting that minor 

ingredients may work in concert. This 

emphasizes how important each component 

is in enhancing the biological activity of 

essential oils [105]. 

Garlic (Allium sativum)  

A well-known Gram-positive bacterium 

called Clostridium perfringens is responsible 

for a number of illnesses, including 

gastrointestinal tract infections and food 

poisoning. Investigating substitute 

antimicrobial agents has become essential in 

light of the growing issue of antibiotic 

resistance. The well-known spice and 

medicinal herb ginger (Zingiber officinale) 

has numerous health advantages. Investigates 

antibacterial qualities of ginger and possible 

efficacy against Clostridium perfringens. 

Interestingly, zingerone, shogaols and 

gingerolsall of which are rich in ginger 

contribute to the antimicrobial properties that 

have been reported [106]. Multiple studies 

have shown that ginger has a wide-ranging 

ability to kill bacteria, fungus, and viruses. 
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Currently, there is considerable focus on the 

potential of ginger as an alternative 

antibiotic. Specifically, research has 

investigated the antibacterial properties of 

ginger against Clostridium perfringens [107]. 

Moreover, the presence of bioactive 

chemicals in ginger is associated with their 

antibacterial efficacy against Clostridium 

perfringens. These substances possess the 

capacity to rupture the membrane of bacteria, 

impede vital enzymes and obstruct crucial 

cellular functions. Bacterial growth is then 

inhibited as a result and eventually, cells die 

[108]. With their well-established therapeutic 

qualities, ginger has long been a mainstay in 

conventional medical practices. Numerous 

investigations investigating the antibacterial 

properties of ginger have been conducted, 

with consistently excellent outcomes [109]. 

Strong antibacterial action of ginger is 

demonstrated against a variety of bacteria, 

including Streptococci, E. coli, Salmonella 

spp., S. aureus, and Staphylococcus 

epidermidis [110]. Several bioactive 

compounds are believed to contribute to the 

medicinal properties of ginger with gingerol 

and shogaol being particularly prominent. 

The antibacterial, anti-inflammatory and 

antioxidant effects of these compounds have 

been extensively studied, showcasing the 

wide array of medical applications of ginger. 

Although ginger is well known for 

supporting digestive health, there is new and 

interesting research demonstrating that it may 

also have an effect on microbes connected to 

necrosis [111]. 

Propolis  

Propolis, also known as "bee glue," is a 

resinous, sticky material. The Greek terms 

"polis," which means city, and "pro," which 

means defense, are the source of its name. 

This name reflects the fact that bees use it to 

build a protective barrier around their 

colonies, keeping off intruders [112]. 

Examples of biologically active substances 

that have been shown to have anti-

inflammatory, immunomodulatory, antiviral, 

antibacterial, antifungal, analgesic, and 

antioxidant properties in both people and 

animals are propolis and bee pollen [113]. 

Because propolis has more antibacterial 

activity against a wider variety of bacterial 

species, it is useful in the fight against 

pathogens [114]. Phenolic acids, flavonoids 

and their derivatives are thought to be 

responsible for antibacterial properties of 

propolis [115]. Propolis is well known for 

containing important elements that are 

necessary for chicken growth, such as 

minerals, proteins, vitamins, amino acids, 

and flavonoids [116]. According to research 

by [117], anti-inflammatory and antioxidant 

qualities of propolis may help explain how it 

works so well for treating digestive issues. 

Necrotic enteritis (NE) in chickens is a 

problem for which a number of alternate 

control methods have been investigated in 

different research.  

However, propolis may have an impact on 

necrotic enteritis in these birds. Probiotics, 

containing microorganisms such as 

Lactobacillus, Enterococcus, Bacillus, and 

Bacteroides, have shown encouraging 

benefits in lowering Clostridium perfringens 

colonization and reducing necrotic enteritis 

associated pathology [118]. This is one 

method of treating infection [119]. Tannic 

acid supplementation, which has been shown 

to improve the intestinal barrier and 

absorption function, is another method under 

investigation. In chickens affected with 

necrotic enteritis, this improvement results in 

improved growth performance and less 

intestinal lesions [120]. Based on current 

research, propolis appears to be a natural 

product with potential benefits for controlling 

and avoiding necrotic enteritis (NE) in 

chickens. It is essential to remember that 

there are presently few specialized studies 

examining propolis's impact on necrotic 

enteritis. To effectively manage necrotic 

enteritis in poultry, more research is required 
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to fully assess effectiveness of propolis in 

controlling the condition, determine the ideal 

dosage and establish appropriate 

administration techniques. 

Turmeric (Curcuma longa) 

The Zingiberaceae family of plants, which 

includes turmeric is widely used in the food 

industry to improve the flavor, texture and 

appearance of food products. Bioactive 

ingredients found in it include 

tetrahydrocurcuminoids, curcumin, 

demethoxycurcumin, and 

bisdemethoxycurcumin Antioxidant, anti-

inflammatory and nematocidal properties are 

linked to these bioactive substances [121]. In 

addition, turmeric has been shown to have 

preventive properties against coccidiosis 

[122] aflatoxin-induced mutagenicity and 

hepatocarcinogenicity [123, 124]. 

The results of several research, however, on 

the impact of a turmeric supplement ranging 

from 0 to 10 g/kg on chicken performance are 

inconsistent. For example, one study found 

that broilers who received 5 g/kg of turmeric 

in their diet performed better. However, there 

was no change in the levels of serum total 

protein, albumin, globulin, ALKP, ALT, and 

AST [125]. Conversely, research has shown 

that adding turmeric powder has no 

discernible effect on the growth performance 

or carcass output of broiler chickens [126]. 

Nevertheless, when added at 0.6 and 0.9 g/kg, 

turmeric powder showed a reducing effect on 

aflatoxin B1's harmful effects. 

Malondialdehyde (MDA) levels decreased as 

a result of this intervention, but antioxidant 

defense enzymes like catalase and superoxide 

dismutase increased and blood levels of total 

protein, albumin, and globulin improved. 

Furthermore, when broilers were fed 5 g/kg 

of turmeric powder, the levels of the liver 

enzymes alanine aminotransferase (ALT) 

and alkaline phosphatase (ALKP) were 

dramatically reduced [127]. As a spice, food 

preservative, and coloring agent, turmeric 

(Curcuma longa) is widely used because to its 

noteworthy biological properties and 

possible medical applications [128]. 

The main active component of turmeric, 

curcumin, has been shown to have 

antioxidant and antibacterial properties 

[129]. Additionally, studies by [130] 

Ayurvedic medicine has traditionally used 

turmeric to treat a variety of conditions, such 

as jaundice, skin infections, wound healing, 

flatulence, sprains, arthritis, and stomach 

problems. Over time, curcumin, the main 

ingredient in turmeric, has been shown to 

have anti-inflammatory, anti-arthritic, 

antioxidant, cardio-protective, and 

immunomodulatory properties. Research 

has also shown that adding turmeric to feed 

can protect against the mutagenic and 

hepatocarcinogenic effects of aflatoxin 

[131]. 

By modulating cellular function and targeting 

different signaling molecules, curcumin 

demonstrates its wide range of health 

advantages. Because curcumin is an 

antioxidant, supplements containing it have 

demonstrated potential nephroprotective and 

analgesic effects as well as usefulness in 

controlling metabolic disorders [132]. Low 

bioavailability of curcumin, however, cause a 

serious problem to their successful medicinal 

usage. This restriction is caused by things 

like fast metabolism, hydrophobic nature, 

and inadequate intestinal absorption. 

Following oral dosing, curcumin has a 

noticeably poor systemic bioavailability. 

Despite these difficulties, research has shown 

that systemically accessible curcumin, even 

at modest doses, can have a noticeable 

therapeutic effect. Bioavailability of 

curcumin has been studied in relation to a 

variety of drugs [133].  

However, curcumin is being investigated as a 

potential candidate for the synthesis of novel 

natural products, like nanoparticles and 

nanocrystals, with the goal of improving 

stability against recognized obstacles and 

affecting bioactivities [134]. Curcumin's 
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usual antibacterial action entails interfering 

with the protein-filamenting, temperature-

sensitive mutant Z (FtsZ) and upsetting basic 

cellular division. The cytoskeleton is 

essential for both bacterial growth and cell 

division, and FtsZ, the first protein to arrive 

at the approaching division site, is 

particularly associated with microbial cell 

replication [135]. 

Echinacea (Echinacea purpurea) 

Phytobiotics, sometimes referred to as 

phytogenic feed additives are plant-based 

substances added to animal diets with the 

intention of improving feed qualities, raising 

output and raising the quality of food items 

that come from animals [136]. One example 

of a herb with therapeutic qualities is 

Echinacea purpurea L. (E.P), which is well 

known for boosting the immune system. It is 

widely used in herbal treatments to cure or 

prevent infectious illnesses in Europe and 

North America [137]. Flavonoids, phenolic 

compounds, glycoproteins, cinnamic acid, 

and alkamides are among the active 

components found in echinacea and its 

derivatives [138]. These ingredients have 

demonstrated effectiveness in treating a 

range of diseases and have been 

demonstrated to be helpful in boosting 

immune function [139]. 

Numerous investigators have investigated 

Echinacea antibacterial properties of 

purpurea against a variety of pathogens, such 

as Clostridium perfringens, which is the 

primary cause of necrotic enteritis (NE) in 

chickens. Echinacea antibacterial properties 

of purpurea on necrotic enteritis in hens have 

been the subject of numerous investigations. 

For example, research carried out by [140] 

showed that giving Echinacea purpurea as a 

dietary supplement to chickens exposed to C. 

perfringens decreased the number of deaths 

and lesion scores. Additionally, the study 

revealed increased amounts of chemokines 

and pro-inflammatory cytokines, indicating 

that Echinacea purpurea may strengthen hens' 

immune systems. Another concern from 

[141] Against C. perfringens, an echinacea 

purpurea extract demonstrated direct 

antibacterial action. The study carried out by 

the scientists demonstrated that the extract 

not only reduced C. perfringens ability to 

produce toxins but also impeded the 

bacterium's growth in culture. Moreover, 

Echinacea purpurea supplementation 

decreased the amount of C. perfringens in the 

intestines of birds that were challenged with 

germs. According to the study, 

supplementing hens with Echinacea purpurea 

may have an immunostimulatory impact, 

thereby strengthening their immune systems. 

An increase in the production of chemokines 

and pro-inflammatory cytokines are evidence 

for this [142]. 

Goldenseal (Hydrastis canadensis) 

Traditional medicine has long valued 

goldenseal (Hydrastis canadensis) for its 

well-known antibacterial, anti-inflammatory 

and wound-healing properties. The 

therapeutic benefits of goldenseal are 

ascribed to bioactive substances such as 

berberine, hydrastine, and canadine. These 

compounds have shown antibacterial activity 

against C. perfringens and other illnesses. 

Many in vitro investigations on Candida 

perfringens have examined the antibacterial 

characteristics of goldenseal extract. 

Traditional medicine has long valued 

goldenseal (Hydrastis canadensis) for its 

well-known antibacterial, anti-inflammatory 

and wound-healing properties. The 

therapeutic benefits of goldenseal are 

ascribed to bioactive substances such as 

berberine, hydrastine and canadine. These 

compounds have shown antibacterial activity 

against C. perfringens and other illnesses. 

Many in vitro investigations on Candida 

perfringens have examined the antibacterial 

characteristics of goldenseal extract [143]. 

The ability of goldenseal extract to reduce the 

ability of C. perfringens to produce toxins 

has been shown. Additionally, studies have 
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shown that goldenseal extract can protect 

intestinal cells from the harmful effects of 

toxins produced by C. perfringens. 

Goldenseal has been studied in relation to 

Necrotic Enteritis (NE) in animals, and the 

results consistently show that supplementing 

with goldenseal can reduce the severity of 

necrotic enteritis lesions and increase the 

chance of survival for infected birds [144]. 

A particular study found that adding 100 

mg/kg of Goldenseal to the food of diseased 

chickens for 21 days improved their survival 

rate by 20% and lessened the severity of their 

Necrotic Enteritis necrotic enteritis lesions 

[145]. When sick chickens were given 50 

mg/kg of goldenseal extract for 14 days, the 

severity of their Necrotic Enteritis (NE) 

lesions decreased and the survival rate 

increased by 15% [146]. 

In addition, goldenseal extract 

supplementation has shown anti-

inflammatory and wound-healing effects in 

hens with Clostridium perfringens infections. 

Goldenseal extract administered at a rate of 

50 mg/kg for 14 days, was shown to decrease 

pro-inflammatory cytokine production and 

boost anti-inflammatory cytokine production 

in hens infected with Clostridium perfringens 

[147]. 

Cinnamon essential oils 

Necrotic enteritis (NE), a prevalent and 

significant economic disease in birds is 

caused by the bacteria Clostridium 

perfringens. This condition is characterized 

by inflammation and necrosis of the intestinal 

wall. Severe instances can be deadly. 

Essential oils derived from cinnamon have 

been shown to possess antimicrobial 

properties against a variety of bacteria, such 

as Clostridium perfringens. A 2016 study 

found that Clostridium perfringens could not 

develop in vitro when cinnamon essential oil 

was applied. The researchers also observed 

that cinnamon essential oil was useful in 

reducing the severity of necrotic enteritis in 

chickens challenged with Clostridium 

perfringens [148]. 

The amount of Clostridium perfringens 

bacteria in chicken intestines was effectively 

reduced by cinnamon essential oil. 

Additionally, the study found that when 

chickens were challenged with Clostridium 

perfringens, the essential oil of cinnamon 

helped to boost their growth performance 

[149]. 

Furthermore, it was clear that cinnamon 

essential oil worked to lower Clostridium 

perfringens' expression of virulence genes. It 

was discovered that the oil increased the birds 

intestinal synthesis of antimicrobial peptides 

decreased the death rate of chickens 

challenged with Clostridium perfringens. 

Furthermore, a study linked the essential oil 

of cinnamon to better digestive health in 

chickens [150].

 

Table 1. Antimicrobial effects of herbs on Clostridium perfringens 
Plant 

(species) 
Botanical name 

Parts 

used 
Mode of action 

Bacteria 

species 
Reference 

Garlic Allium sativum Bulb Disrupts cell membrane 
Clostridium 

perfringens 
[151] 

Ginger 
Zingiber 

officinale 
Rhizome 

Inhibits protein 

synthesis 

Clostridium 

perfringens 
[152] 

Turmeric Curcuma longa Rhizome 
Inhibits biofilm 

formation 

Clostridium 

perfringens 
[153] 

Cinnamon 
Cinnamomum 

verum 
Bark Disrupts cell membrane 

Clostridium 

perfringens 
[154] 

Clove 
Syzygium 

aromaticum 
Bud Inhibits enzyme activity 

Clostridium 

perfringens 
[155] 
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Oregano 
Origanum 

vulgare 
Leaves Disrupts cell membrane 

Clostridium 

perfringens 
[156] 

Thyme Thymus vulgaris Leaves Inhibits enzyme activity 
Clostridium 

perfringens 
[157] 

Mint 
Mentha x 

piperita 
Leaves 

Inhibits biofilm 

formation 

Clostridium 

perfringens 
[158] 

Rosemary 
Rosmarinus 

officinalis 
Leaves Disrupts cell membrane 

Clostridium 

perfringens 
[159] 

Sage Salvia officinalis Leaves Inhibits enzyme activity 
Clostridium 

perfringens 
[160] 

Propolis Resina propolis 

Resinous 

substance 

produced 

by bees 

Disrupts cell membrane, 

inhibits enzyme activity 

Clostridium 

perfringens 
[161] 

Echinacea 
Echinacea 

purpurea 

Flowers, 

leaves, 

and roots 

Stimulates immune 

system, inhibits protein 

synthesis 

Clostridium 

perfringens 
[162] 

Goldenseal 
Hydrastis 

Canadensis 
Root 

Inhibits enzyme activity, 

disrupts cell membrane 

Clostridium 

perfringens 
[163] 

 

Immunomodulatory herbs 

The use of natural materials to modify the 

immune system has been practiced in 

traditional herbal medicine; these products 

might include both chemical and inherent 

natural substances. Natural remedies have 

been used for a wide variety of illnesses and 

diseases throughout history as shown in 

(Table 2). The goal of immunomodulation in 

modern medicine is to modify the immune 

response according to the particular disease 

or condition. The immune system of the host 

controls this reaction, which might result in 

an immune suppressor or a condition, such 

autoimmune diseases. The defensive system 

works to neutralize antigens and protect 

general health [164]. Immunomodulation is 

the control of humoral immunity amount of 

repression as well as cellular defense and 

non-specific protective elements. The effects 

of medicinal drugs that function as 

immunomodulators are dose-dependent 

[165]. Immunomodulators have reversible 

action and biological activity, acting as 

immunosuppressants as well as 

immunological stimulators [166]. These 

compounds come from different sources and 

have different actions because of their 

composition and particular features [167]. 

Classification of immunomodulator 

Three categories of immunomodulators are 

distinguished in clinical practices 

Immunostimulant 

These substances work by boosting the 

immune system of the body, strengthening its 

defenses against bacteria, fungus and other 

microbes. There are two categories: 

nonspecific, meaning they do not have 

specificity for a particular allergy, and 

specific, which targets specific allergens. 

These substances function as immunological 

enhancers as well as immune guardians 

[168]. 

Immunosuppressant 

These drugs which inhibit the immune 

system are part of a diverse class of 

pharmaceuticals with different structural and 

functional characteristics. They are used to 

treat a number of illnesses, such as 

autoimmune diseases and corneal transplant 

procedures [169]. 

Immunoadjuvants 

These substances work as particular immune 

stimulants, targeting particular antigens, and 

contribute to improving the effectiveness of 
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vaccinations. They can affect the ratio of T1 

and T2 cells cellular and hormonal activity 

making them real immune response 

modulators. They are essential for immune 

modulation because they control both 

protective and damaging responses as well as 

other immunological responses, such as the 

counteraction of immunoglobulin (IG) types 

[170]. 

Immunomodulatory natural product  

Many natural plants have been shown to have 

immunomodulatory chemicals as a result of 

extensive research done in vitro and in vivo. 

Concept of traditional herbal drugs and 

correlation with ayurveda medication 

The traditional Hindu medical method known 

as Ayurveda, which is used in nations like Sri 

Lanka and India. Many therapeutic plants are 

used in Ayurveda, especially in the context of 

Ayurveda Rasayana, the path of essences 

meant to strengthen the defenses of body. 

This custom is used to strengthen the immune 

system, enhance memory, increase 

intelligence and improve general well-being. 

In humans, it is usually used around the age 

of 45 during the decline phase of aging. In 

this regard, natural compounds like coumarin 

and esculletin have shown 

immunomodulatory effects [171]. 

Aloe vera 

More than 300 different kinds of medicinally 

effective chemicals have been found in aloe 

vera, which is derived from the Aloe 

Barbadensis Miller plant of the Liliaceae and 

Aloeaceae family and is commonly referred 

to as Cape aloe or Curacao aloe. A 

dihydrocoumarin derivative was isolated 

from Aloe vera, and 1D extensive, 2D NMR 

spectroscopy, and X-ray crystallographic 

diffraction analysis were used to determine 

its structure. This substance has antioxidant 

properties, especially against superoxide and 

hydroxyl radicals. Furthermore, it exhibits 

immunomodulatory properties, exhibiting a 

rise in phagocytic activity and augmenting 

the respiratory rupture of peritoneal 

macrophages in rats [172]. Andrographis 

paniculata, often known as Kalmegh, is a 

plant that belongs to the Acanthaceae family 

and is used extensively in Ayurvedic and 

homeopathic medicine. Important chemical 

constituents including andrographolide and 

neoandrographolide, which are distinguished 

by their crystalline structure, severe bitter 

taste and lack of color, are present in it. These 

substances have a diterpene lactone structure 

chemically and studies have indicated that 

they have bactericidal effects. 

Andrographis paniculata has been shown in 

mouse studies to stimulate the immune 

system, eliciting two different reactions. 

First, there is an antigen-specific reaction, in 

which the body aggressively combats a 

particular antigen, neutralizing it and 

producing antibodies unique to that antigen. 

And that work provided by adrenal activity 

show the immunostimulatory, 

antiinflammatory effect. The second type is 

antigen-non-specific, involving the 

destruction of invading macrophage cells. 

These actions contribute to the plant's 

efficacy in combating microbial infections 

and substances associated with cancers [173]. 

Camellia sinensis (Tea) 

Aqueous extracts from Camellia sinensis 

have been shown to have immunostimulatory 

qualities and to produce more neo protein. 

Applied to human peripheral mononuclear 

cells that are not stimulated with mitogens in 

vitro, these extracts decrease the synthesis of 

neo proteins [174]. 

Clausena excavate 

These chemicals are mostly found in 

Southern Asia and are derived from the 

family of Rutaceae wild plant Clausena 

excavata [175]. They are made up of isolated 

phenolic substances such as carbazole, 

flavonoids and furanocoumarins [176]. These 

substances primarily have dual effects, 

boosting and inhibiting the immune system. 

Additionally, they have an impact on 

enzymatic processes which leads to 
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phagocytic and immunomodulatory actions 

[177]. 

Acacia catechu 

The acacia catechu extract is used to increase 

the phagocytic impact by improving 

neutrophilic adhesion to nylon fibers. It also 

supports cell-mediated immunity and helps 

defensive mechanisms by preventing the 

neutropenia caused by cyclophosphamide. 

Moreover, serum immunoglobulin levels are 

raised by using this extract [178].  

Plantago asiatica L. 

Plantago asiatica L. seed extracts have an 

immunomodulatory effect on the immune 

system and are used for this purpose. The 

main goal of the research is to determine how 

the extract affects dendritic cell maturation 

[179]. 

Cynodon dactylon 

In the past, people have used freshly 

squeezed grass juice for medical purposes or 

to control solid content. The Folin-Ciocalteu 

technique is utilized to ascertain the amount 

of phenols present in this juice. Additionally, 

the juice is being used to investigate the in 

vitro effects of doxorubicin on DNA. Mice 

are used as test subjects to evaluate its 

immunomodulatory effects, especially when 

measuring the humoral antibody response 

using assays such spleen cell and 

hemagglutination antibody titer testing [180].

 

Table 2. Immunomodulatory herbs and their effects 
Plant 

(species) 

Botanical 

name 

Parts 

used 
Mode of action Bacteria species Reference 

Aloe vera 
Aloe 

barbadensis 

Leaf 

gel 

Stimulates the production 

of macrophages and 

neutrophils, increases 

phagocytosis, and 

enhances the production of 

antibodies and cytokines. 

Pseudomonas 

aeruginosa, 

Escherichia coli, 

Staphylococcus 

aureus 

[181] 

Andrographis 

paniculata 

Andrographis 

paniculata 
Leaf 

Stimulates the production 

of T cells and B cells, 

increases the production of 

antibodies and cytokines, 

and has antibacterial and 

antiviral activity. 

Escherichia coli, 

Staphylococcus 

aureus, 

Mycobacterium 

tuberculosis, 

Streptococcus 

pneumoniae 

[182] 

Camellia 

sinensis 

Camellia 

sinensis 
Leaf 

Stimulates the production 

of T cells and B cells, 

increases the production of 

antibodies and cytokines, 

and has antiviral activity. 

Influenza virus, 

human 

immunodeficiency 

virus (HIV) 

[183] 

Clausena 

excavate 

Clausena 

excavate 
Leaf 

Stimulates the production 

of macrophages and 

neutrophils, increases 

phagocytosis, and 

enhances the production of 

antibodies and cytokines. 

Escherichia coli, 

Staphylococcus 

aureus, 

Pseudomonas 

aeruginosa 

[184] 

Acacia 

catechu 

Acacia 

catechu 
Bark 

Stimulates the production 

of neutrophils, increases 

phagocytosis, and 

enhances the production of 

antibodies. 

Escherichia coli, 

Staphylococcus 

aureus 
[185] 
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Plantago 

asiatica L. 

Plantago 

asiatica L. 
Seed 

Stimulates the maturation 

of dendritic cells. 
Not specified [186] 

Cynodon 

dactylon 

Cynodon 

dactylon 

Whole 

plant 

Stimulates the production 

of T cells and B cells, 

increases the production of 

antibodies and cytokines, 

and has antibacterial and 

antiviral activity. 

Escherichia coli, 

Staphylococcus 

aureus, Candida 

albicans 

[187] 

 

Conclusion 

In summary, this study investigates the use of 

immunomodulators and herbal remedies as 

natural treatments for necrotic enteritis in 

poultry. It explores the potential of these 

interventions to modulate the immune 

response and manage the complexities of the 

disease. This review article highlights the 

historical significance of herbal 

immunomodulation, identifying plants such 

as Aloe Vera, Andrographis paniculata, 

Camellia sinensis, Clausena excavate, Acacia 

catechu, Plantago asiatica L, and Cynodon 

dactylon with promising immunomodulatory 

effects. The global shift away from 

antimicrobial use aligns with the exploration 

of herbal treatments, offering a natural and 

sustainable approach to poultry health. 

Further research is crucial to fully understand 

and implement these herbal therapies in 

poultry management, contributing to a 

broader understanding of 

immunomodulatory approaches for disease 

control. This study encourages ongoing 

exploration of natural therapeutic options for 

the well-being of poultry. 
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