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Introduction

Feed additives are supplementary components incorporated into 
animal feed to enhance productivity, promote growth, and improve live-
stock health (Valenzuela-Grijalva et al., 2017). These additives include 
probiotics, prebiotics, organic acids, enzymes, and phytobiotics (Gadde 
et al. 2017). Phytobiotics, in particular, has gained prominence as a sub-
ject of scholarly inquiry. Recent research and development efforts have 
focused on phytobiotic feed additives as natural growth enhancers for 
poultry (Franz et al. 2010). These additives can improve nutrient digestion 
and absorption, stimulate enzyme secretion within the digestive system, 
reduce oxidative processes, and inhibit proliferation of harmful bacteria. 
Such actions contribute to enhanced livestock health, increased feed con-
sumption and efficiency, improved carcass quality, and extended quality 
and shelf life of meat (Valenzuela-Grijalva et al., 2017).

Phytobiotics derived from plant sources contain bioactive com-
pounds that can enhance animal performance and health. These natural 
additives have shown promising results in improving gut health, immune 
function, and overall productivity in livestock. As consumer demand for 
antibiotic-free animal products continues to grow, phytobiotics repre-
sent a sustainable and safe alternative to traditional growth promoters 
in animal feed. Although phytobiotics offer numerous benefits as natural 
feed additives for livestock, their effectiveness may vary depending on 
factors such as plant source, extraction method, and dosage. Addition-
ally, the complex nature of plant-derived compounds poses challenges 
in standardizing their composition and ensuring consistent results across 
different production systems. Bioavailability and bioaccessibility are cru-
cial factors that significantly affect the efficacy of bioactive compound 
combinations. Bioavailability refers to the proportion of a nutrient or bio-
active compound that is absorbed and available for use or storage in the 
body. Bioaccessibility, on the other hand, is the fraction of a compound 
that is released from its food matrix and becomes available for absorption 
in the gastrointestinal tract. The combination of bioactive compounds 
can alter bioavailability and bioaccessibility. For example, interactions be-

tween phytochemicals during intestinal absorption can lead to changes in 
the bioavailability of these compounds, subsequently affecting their bio-
logical activity. The presence of other food components, including other 
bioactive constituents, can either enhance or impair the bioavailability 
of the target compounds (Phan et al., 2017). Various delivery systems 
have been developed to enhance the bioaccessibility and bioavailabil-
ity of bioactive compounds, including encapsulation technologies that 
protect these compounds from degradation and facilitate their absorp-
tion. Nanostructured delivery systems have been shown to improve the 
bioaccessibility and bioavailability of carotenoids, which are essential di-
et-derived bioactive compounds for human health (Molteni et al., 2022). 
Similarly, polysaccharide-based porous biopolymers have been used to 
enhance the stability and bioavailability of bioactive compounds, such as 
lycopene and curcumin, which tend to have poor chemical stability and 
low bioavailability (Ubeyitogullari et al., 2022). The design of excipient 
nanoemulsions can significantly increase the oral bioavailability of hy-
drophobic bioactive compounds found in natural foods because of their 
ability to enhance bioaccessibility, absorption, and chemical transforma-
tion of these compounds (Salvia-Trujillo et al., 2016). These delivery sys-
tems not only improve the absorption of bioactive compounds but also 
enhance their stability against environmental stresses, ensuring a more 
effective health benefit when consumed. Increasing the bioavailability 
and bioaccessibility of bioactive compounds through advanced delivery 
systems and understanding their interactions can potentially lead to en-
hanced health benefits. These strategies are essential to maximize the 
therapeutic potential of bioactive compounds in functional foods and 
nutraceuticals (Lazar et al., 2024; Rein et al., 2013). This review provided 
an updated overview of the use of phytobiotic feed additives to replace 
synthetic antibiotics in poultry production.

The Ban of Synthetic Antibiotics 

The prohibition of synthetic antibiotic use in poultry production has 
been implemented in several regions, including the European Union, 
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Canada, and the United States, in response to escalating global concerns 
regarding antibiotic resistance and its implications on human health (Al-
ghirani et al., 2021; Hasted et al., 2021; Lone et al., 2022; Alabi et al., 
2024; Ishaq et al., 2024). This policy has necessitated urgent exploration 
of alternative methods to sustain poultry health and productivity without 
relying on synthetic antibiotics. A primary motivation for this ban is the 
increasing prevalence of antibiotic resistance resulting from the misuse of 
antibiotics in poultry, which has led to the emergence of resistant bacteri-
al strains capable of being transferred to humans through the food chain. 
Resistance can propagate through horizontal gene transfer, wherein re-
sistant bacteria transfer resistance genes to other bacteria via plasmids 
and integrons (Apata, 2009; Tsujii et al., 2020). This phenomenon poses a 
significant public health risk (Alabi et al. 2024; Azizi et al. 2024; Ishaq et al. 
2024; Lone et al. 2022). Food safety concerns have also driven this move-
ment, as the presence of antibiotic residues in poultry products has in-
creased consumer demand for antibiotic-free poultry, thereby prompting 
the development of stringent regulations in various countries (Alghirani 
et al., 2021; Alabi et al., 2024; Ishaq et al., 2024).

In poultry and swine production, antibiotics are routinely employed 
both prophylactically to prevent and therapeutically to treat diseases. In 
poultry, antibiotics are administered at subtherapeutic doses to mitigate 
the risk of disease transmission in densely populated farming environ-
ments (Ogbuewu et al., 2022). These antibiotics inhibit the growth of 
pathogenic bacteria, thereby reducing disease incidence and enhancing 
overall animal health and productivity. In swine, antibiotics, such as carb-
adox, are pivotal in preventing diseases, such as dysentery, and improv-
ing feed efficiency. Carbadox, an in-feed antibiotic, influences the swine 
gut microbiota by inhibiting the proliferation of harmful bacteria, such as 
Escherichia coli (Looft et al., 2014). Their therapeutic mechanisms involve 
direct targeting of bacterial pathogens responsible for infections in these 
animals. Antibiotics are also administered via medicated feed or water to 
treat bacterial infections including respiratory and enteric diseases. These 
antibiotics function by inhibiting bacterial growth or eradicating bacteria, 
thereby aiding the control of infectious diseases in livestock (Lekagul et 
al., 2020; Islam et al., 2024). However, the use of antibiotics at subthera-
peutic doses as growth promoters has been a prevalent practice aimed 
at enhancing production performance. The extensive use of antibiotics 
in poultry and swine farming has been instrumental in promoting ani-
mal growth and preventing disease. Nonetheless, this practice has also 
led to significant challenges such as antimicrobial resistance (AMR). The 
misuse and overuse of antibiotics have contributed to the development 
and dissemination of antibiotic-resistant bacteria, posing a threat to both 
animal and human health (Abreu et al., 2023; Koch et al., 2017). Improper 
application of antibiotics in livestock has resulted in the emergence of 
multidrug-resistant (MDR) bacteria, such as methicillin-resistant Staphy-
lococcus aureus (MRSA) and colistin-resistant strains. These bacteria can 
be transmitted between animals and humans as well as across the animal 
production chain, raising concerns about treatment failures and public 
health risks (Lekagul et al., 2020; Islam et al., 2024). 

Antibiotic resistance has been documented in pathogens, such as 
Escherichia coli and Salmonella spp., in poultry, meat, and eggs. For in-
stance, research indicates that E. coli strains isolated from raw chicken 
and raw meat exhibit varying levels of resistance, reaching up to 23.3% in 
chicken and 13.3% in raw meat (Rasheed et al., 2014). Similarly, Salmonel-
la spp., a common pathogen in poultry products, demonstrates consid-
erable antibiotic resistance. Resistance among Salmonella isolates from 
eggs can be notably high, with some studies reporting the presence of 
multidrug-resistant strains (Kemal et al., 2016; Li et al., 2020). These resis-
tant strains pose a significant health risk as they can result in foodborne 
illnesses that are challenging to treat. Additionally, antibiotic residues in 
poultry products, such as meat and eggs, may adversely affect consumer 
health by triggering allergic reactions and facilitating the transmission of 
antibiotic-resistant infections (Mund et al., 2016). In light of the growing 
awareness of antibiotic resistance, there is an increasing focus on reduc-

ing antibiotic use in livestock through the enforcement of stringent regu-
lations and exploration of alternative strategies.

Natural Feed Additive

The search for alternative materials to replace antibiotics has 
prompted research into natural substances that can fulfill similar roles 
and functions. For instance, potential substitutes, such as essential oils, 
bacteriophages, antimicrobial peptides, probiotics, prebiotics, synbiotics, 
and plant extracts or phytobiotics, are being investigated to replace an-
tibiotics while simultaneously enhancing animal health and production 
efficiency (Hill and Li, 2017; Jiang et al., 2024).

Essential oil

Essential oils represent a viable natural alternative to synthetic anti-
biotics, particularly in response to the escalating issue of microbial antibi-
otic resistance. These oils, which are composed of aromatic compounds 
extracted from plants, have demonstrated antimicrobial, antioxidant, 
and immunomodulatory properties (Valdivieso-Ugarte et al., 2019). The 
efficacy of essential oils against a range of pathogens, including multi-
drug-resistant strains, underscores their potential as promising antimi-
crobial agents (O’Bryan et al., 2015). Numerous studies have investigated 
the antimicrobial properties of essential oils. For instance, essential oils 
derived from aromatic plants and nanoencapsulated essential oils have 
been evaluated for their antimicrobial properties to control foodborne 
pathogens and antibiotic-resistant bacteria in animal production (Zhang 
et al., 2022). 

Essential oils have been investigated as safe and effective natural 
agents in the context of animal agriculture. For example, Syzygium aro-
maticum essential oil effectively combats bacterial resistance in poultry 
and promotes safe antibacterial standards without adverse effects (Ol-
iveira et al., 2024). Furthermore, essential oils serve as natural alternatives 
to antibiotic growth promoters in poultry nutrition, demonstrating ben-
eficial effects such as appetite stimulation, enhancement of enzyme se-
cretion, and activation of immune responses (Krishan and Narang, 2014).

Bacteriophages

Bacteriophages, often termed phages, are viruses that specifically 
infect and lyse bacterial cells. Thus, they have emerged as promising al-
ternatives to synthetic antibiotics. The primary advantage of using bacte-
riophages is their ability to selectively target bacterial pathogens without 
affecting human cells or beneficial bacteria within the microbiome. This 
specificity mitigates complications such as antibiotic-induced dysbio-
sis and secondary infections (Aminov et al. 2017). Furthermore, phag-
es possess an intrinsic capacity to self-amplify at the site of infection, 
potentially requiring fewer doses compared to conventional antibiotics 
(Jo et al., 2023). Phage therapy has garnered renewed interest owing to 
its potential efficacy against multidrug-resistant (MDR) bacterial infec-
tions, which pose a significant public health challenge. This therapeutic 
approach leverages the natural predation of bacteriophages on bacteria 
to effectively manage such infections (Febrianti et al., 2025).

Antimicrobial peptides

Antimicrobial peptides (AMPs) are small molecules recognized for 
their efficacy against a diverse array of pathogens, including bacteria, 
yeasts, fungi, viruses, and tumor cells. These peptides are promising al-
ternatives to traditional antibiotics, particularly considering the increasing 
prevalence of multidrug-resistant (MDR) bacteria (Da Costa et al., 2015; 
S.-J. Kang et al., 2022). AMPs possess distinct advantages over conven-
tional antibiotics owing to their broad-spectrum antimicrobial activities 
and various mechanisms of action. Unlike conventional antibiotics, which 
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typically target specific molecular sites, AMPs demonstrate rapid and di-
verse mechanisms of action, thereby complicating the development of 
resistance in microorganisms (Piotrowska et al., 2017). Additionally, these 
peptides offer therapeutic benefits such as anti-inflammatory, immuno-
modulatory, wound healing, and antitumor properties, thereby enhanc-
ing their potential applications in various medical fields (H.-K. Kang et al., 
2016; Piotrowska et al., 2017).

Probiotic, prebiotic and synbiotics

Probiotics present several advantages over other natural additives 
when used as alternatives to antibiotics. These primarily consist of live 
microorganisms that confer health benefits to the host when ingested in 
sufficient quantities. A principal advantage of probiotics is their capacity 
to maintain and restore the balance of the gut microbiota, which is es-
sential for digestive health and overall well-being (Bahaddad et al., 2022; 
Ali et al., 2023). Probiotics are effective in enhancing immune function 
and providing protection against pathogens, aiding in the prevention of 
gastrointestinal disorders, such as diarrhea and irritable bowel syndrome. 
These microorganisms, predominantly comprising strains of the genera 
Lactobacillus and Bifidobacterium, are also associated with antihyperten-
sive and antihypercholesterolemic effects, thereby contributing to cardio-
vascular health (Zaib et al., 2024). Prebiotics have attracted considerable 
interest as feed additives because of their potential benefits in enhancing 
the health and growth of livestock and aquaculture species. Prebiotics 
are typically fermentable non-digestible oligosaccharides such as fruc-
tooligosaccharides, inulin, and mannanoligosaccharides, which are me-
tabolized by specific members of the intestinal microbiota (Pourabedin 
and Zhao, 2015). These compounds are known for their ability to enhance 
gut health, immune function, and growth performance by modulating 
the microbiota of the gastrointestinal tract. Synbiotics have been em-
ployed to enhance growth performance and improve gut health, serving 
as substitutes for routine antibiotic use. Research indicates that synbiot-
ics significantly enhance weight gain and feed conversion efficiency and 
positively influence the gut microbiota of broiler chickens (Tayeri et al., 
2018; Khomayezi and Adewole, 2021). Despite these promising benefits, 
the development of synbiotic products necessitates careful selection of 
compatible probiotic strains and prebiotic compounds to ensure syner-
gistic effects. In addition, appropriate delivery systems must be devel-
oped to maintain the viability and efficacy of these compounds. Ongoing 
research continues to focus on these aspects to maximize their potential 
as natural alternatives to synthetic antibiotics (Kvakova et al., 2021; Trone 
et al., 2023).

Organic Acids

Over the past four decades, organic acids and their salts have been 
employed as feed additives and have demonstrated promising outcomes 
across various animal species. The primary roles of organic acids in an-
imal nutrition include reduction of gastric pH, enhancement of protein 
hydrolysis, and improvement of nutrient digestibility (Suiryanrayna and 
Ramana, 2015). By decreasing the pH within the gastrointestinal tract, 
organic acids facilitate the conversion of inactive pepsinogen to active 
pepsin, thereby aiding effective protein hydrolysis. Furthermore, organic 
acids exhibit both bacteriostatic and bactericidal properties, which con-
tribute to the regulation of pathogenic bacteria in the gut (Rathnayake 
et al. 2021).

Enzymes 

Enzymes play a pivotal role in augmenting the nutritional value of 
animal feed by catalyzing the breakdown of complex nutrients into sim-
pler and more readily absorbable forms. The incorporation of exogenous 
enzymes into animal feed is primarily aimed at enhancing productive 

parameters by improving feed efficiency and reducing associated costs 
(Velazquez-De Lucio et al., 2021). These enzymes facilitate the digestion 
of feeds that are otherwise challenging for animals to decompose, such 
as those containing nonstarch polysaccharides. This process enhances 
overall feed utilization and can lead to improved growth rates and feed 
conversion ratios.

Phytobiotic Feed Additive as Natural Antibiotic

Phytobiotics, also referred to as phytogenic feed additives, are natural 
compounds extracted from plants, herbs, and spices. These compounds 
have several roles, including functioning as immune system modulators, 
antimicrobials, antimutagenics, antioxidants, and growth promoters, par-
ticularly in non-ruminant livestock, such as swine and poultry (Biswas et 
al., 2024). Phytobiotics comprise a diverse array of substances, including 
polyphenols, terpenoids, flavonoids, and phenolic compounds, which are 
responsible for their antimicrobial, antioxidant, and anti-inflammatory 
properties (Mahfuz et al., 2021; Rafeeq et al., 2023). Determining the op-
timal dosage of phytobiotics presents a challenge owing to variations in 
the chemical composition and physiological status of animals. Nonethe-
less, research has indicated that phytobiotics can be effectively utilized 
in controlled doses to improve nutrient digestibility and animal perfor-
mance. In poultry, the effectiveness of these compounds varies with the 
concentration of the phytochemical mixtures employed, positively influ-
encing feed intake and gut health (Rafeeq et al., 2023). Phytobiotics are 
utilized as feed additives to enhance digestive health and overall livestock 
performance. They exert their effects by altering gut bacterial popula-
tions, inhibiting bacterial adhesion, promoting nutrient absorption, and 
enhancing antioxidant properties (Rafeeq et al. 2022). Owing to their nat-
ural origins and multifaceted benefits, phytobiotics are frequently used as 
alternatives to antibiotic growth promoters (Rafeeq et al., 2023).

Phytobiotics can be derived from whole plants, extracts, or purified 
compounds. Plant extracts, such as those from green tea, are utilized 
for their antioxidant and immunomodulatory properties (Abd El-Gha-
ny 2025). Functionally, phytobiotics serve as antimicrobials (controlling 
harmful gut bacteria), antioxidants (protecting cells from oxidative stress), 
digestive stimulants (enhancing feed intake and nutrient absorption), an-
ti-inflammatory agents (reducing inflammation in the digestive tract), 
and palatability enhancers (improving the taste and smell of the feed to 
encourage increased consumption by animals). Phytobiotics have been 
shown to improve growth performance and feed efficiency, enhance gut 
health and immune response, potentially reduce stress, and improve re-
productive performance. Despite their potential, the mechanisms of ac-
tion of phytobiotics are not fully understood, and their efficacy can vary 
depending on the type, dosage, and formulation. Phytobiotics are em-
ployed in poultry nutrition as alternatives to antibiotic growth promoters 
(AGPs) because of the global prohibition of antibiotics in animal feed 
(Sapsuha et al., 2021; Alghirani et al., 2021; Biswas et al., 2024). Research 
has underscored the importance of optimizing phytobiotic use by under-
standing the specific properties of herbs, their bioactive components, and 
their interactions with animal physiology and microbiota. Several sources, 
active compounds, and the potential roles of phytobiotic feed additives 
are presented in Table 1. 

Gut health improvement

Phytobiotics enhance gut morphology, integrity, and microflora com-
position, thereby improving nutrient absorption and overall gut health 
(Jin et al. 2024; Obianwuna et al. 2024). Phytobiotics contribute to the 
maintenance of a healthy gut environment by inhibiting pathogenic bac-
teria and promoting beneficial bacteria (Abd El-Ghany et al., 2020; Rafeeq 
et al., 2022). These compounds are known to stimulate the production 
of digestive secretions and enhance nutrient absorption, which in turn 
improves feed efficiency, a critical factor in optimizing growth perfor-
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mance and productivity in poultry (Abdelli et al., 2021; Biswas et al., 2024). 
Various herbs and plants are used as phytobiotics owing to their antimi-
crobial, antioxidant, and digestive properties. They can reduce microbial 
populations in the gastrointestinal tract, either directly or by modulating 
the gut environment to favor beneficial bacteria (Rafeeq et al., 2022). Co-
niferous resin acids possess antimicrobial, anti-inflammatory, and wound 
healing properties that support broiler intestinal health. They are known 
to reduce inflammatory T-cell infiltration and matrix metalloproteinase 
activity, which may aid in maintaining intestinal barrier integrity (Aguirre 
et al., 2019). Berberine, a plant-derived alkaloid, enhances gut wall mor-
phology and reduces gut inflammation by modulating gut microbiota. 
Although the exact mechanism and dose optimization remain under in-
vestigation, they affect the diversity and functionality of the microbiota 
(Dehau et al., 2023).

Antimicrobial action and antioxidant properties

Phytobiotics exhibit intrinsic antimicrobial and antioxidant properties, 
which contribute to the maintenance of gut health. By diminishing the 
pathogenic load within the gastrointestinal tract, these additives enhance 
microbial equilibrium, thereby improving the overall health and immune 
response of birds (Rafeeq et al., 2022; Abd El-Ghany, 2024). Essential oils 
derived from plants, such as thyme, peppermint, savory, and black pep-
per, have demonstrated promising outcomes. When microencapsulated, 
these oils have been shown to enhance the microbial population in the 
intestine, improve growth performance, and strengthen the antioxidant 
status of broilers (Moharreri et al., 2021). Botanical medicines sourced 
from various plant parts, including flowers, fruits, roots, leaves, seeds, and 
bark, have been employed to enhance broiler performance. These phy-
tobiotics exert their effects through antimicrobial activity, modification of 
gastrointestinal tract (GIT) bacterial populations, stimulation of digestive 
secretions, and enhancement of nutrient absorption (Rafeeq et al., 2022).

Immune system support 

Phytobiotics interact with the gut ecosystem to modulate the poul-
try immune system. These additives enhance mucus secretion and inhibit 
bacterial adhesion to the gut lining, facilitating the competitive exclusion 
of harmful microbes, while supporting the proliferation of beneficial mi-
crobes (Rafeeq et al., 2022). They stimulate the immune system, thereby 
increasing poultry resilience against infections and diseases (Abd El-Gh-
any et al., 2020;   Alghirani et al., 2021; Drannikov et al., 2021). Notable 
examples of phytobiotics that support the immune system include Aloe 
vera, which is recognized for its anti-inflammatory, immunomodulato-
ry, and antioxidant properties. Aloe vera serves as an effective natural 
feed additive, available in forms such as gel, powder, or extracts, and 
has been demonstrated to enhance the immune response and growth 
performance in broilers (Babak and Nahashon, 2014). Flavonoids and 
polyphenols, compounds found in various herbs and spices, exhibit im-
mune-modulating properties and improve the health and productivity of 
broilers by enhancing immune responses and mitigating stress effects 

(Oni et al., 2023). Polysaccharide β-Glucan is known for enhancing the 
immune system by improving macrophage activity, thereby supporting 
cell-mediated immune responses in broilers (Cheng et al., 2004). Yeast- 
and yeast-derived products are beneficial for boosting humoral immunity 
by increasing serum immunoglobulin levels and aiding the development 
of a stronger innate immune response under pathogenic challenges (Bilal 
et al., 2021). Olive oil byproducts and alfalfa, which are readily available 
plant-derived additives, have shown potential for supporting the immune 
system of broilers. Research suggests that they provide immunomodula-
tory benefits, contributing to the maintenance of health and performance 
of chickens (Phillips et al., 2023).

Oxidative stress reduction

The antioxidant properties of phytobiotics enable them to safeguard 
cellular structures from oxidative stress, thereby preserving their cellular 
integrity and functionality. This function is crucial for mitigating stress, 
whether induced by environmental factors or pathogens, ensuring that 
avian species maintain optimal health and productivity (Ali et al., 2021). 
Active compounds such as polyphenols exhibit antioxidant characteristics 
that are advantageous for alleviating oxidative stress. For example, a di-
etary polyphenol mixture derived from sugarcane has been shown to en-
hance growth performance and meat quality in broilers subjected to heat 
stress, mitigate oxidative damage, and improve physiological responses 
at various dosages (Shakeri et al., 2020). A specific formulation compris-
ing red pepper fruit, white mustard seed, soapwort root, Calamus rhi-
zome, and thymol has demonstrated beneficial effects on oxidative stress 
markers in broilers. When incorporated into diets at a concentration of 
100 mg/kg, it improves feed efficiency and reduces tumor necrosis fac-
tor levels, indicating a decrease in oxidative damage (Chodkowska et al., 
2022). Flavonoids and terpenes are antioxidants that alleviate oxidative 
stress by enhancing gut health and overall poultry performance. These 
natural compounds contribute to the maintenance of a redox balance, 
thereby reducing oxidative insults in the gastrointestinal tract (Biswas et 
al., 2024).

Conclusion

The use of synthetic antibiotics in poultry production has been 
banned in several regions. The ban on synthetic antibiotics in poultry is 
driven by a pressing need to combat antibiotic resistance and ensure 
food safety. Phytobiotic feed additives are alternatives to synthetic an-
tibiotics. The combination of bioactive compounds in phytobiotics rep-
resents a promising approach for the development of novel antimicrobial 
properties, antioxidant effects, immune modulation, growth promotion, 
and anti-inflammatory effects.
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