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Abstract

As the demand for poultry meat and eggs is increasing in the world, and the use of antibi-
otics is forbidden in Europe (since 2006), with countries such as the Philippines, Thailand,
Bangladesh and China having imposed restriction or prohibitions, researchers and produc-
ers have sought for effective non-antibiotic alternatives. Probiotics, prebiotics, synbiotics
and phytobiotics are frequently used as alternatives in the field of poultry production.
Phytobiotics, plant-derived substances, also referred to as botanicals or phytogenics, are
used as animal diets supplements due to their wide range of bioactive compounds (men-
thol, curcumin, eugenol, allicin and others) and many advantages. They are classified as
herbs, spices, plant extracts and essential oils. Some of the benefits offered by the dietary
phytobiotics are antimicrobial, antioxidant, digestion stimulant, anti-inflammatory, im-
munomodulatory, carminative, antiseptic and appetite stimulant, the modulation of gut
microbiota and improvement in the intestinal histology. Some representatives of phytobi-
otics are turmeric, oregano, sage, thyme, black pepper, ginger, garlic, echinacea, rosemary
and others. Despite the significant potential of phytobiotics, their widespread adaptation is
currently inhibited by challenges regarding cost-effectiveness (high price for raw materials),
scarce regulatory frameworks, and inconsistent biological efficacy. The lack of standard-
ization reflects a dual challenge, enclosing both the inherent chemical variability of raw
botanical materials and the technical inconsistencies present throughout the industrial man-
ufacturing, and extraction processes as producers use different machinery for extracting
and producing the animal feed. To address these systemic impediments, a joint effort across
the entire value chain—from primary producers to regulatory authorities—is essential for
the development of unified testing protocols and standardization dosage guidelines that
ensure the pharmacological safety and reliability of phytobiotic products.

Keywords: phytobiotics; broiler; plant extracts; essential oils; phytogenic extracts; spice;
herbs; phytogenic additives; poultry; meat; eggs

1. Introduction
The increasing demand of poultry meat and eggs worldwide calls for effective and

sustainable production methods. In the past, since the intensification of aviculture (1950,
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post Second World War) till 2005, when new regulations were imposed due to worrying
antibioresistant side effects in human consumers and animals, antibiotic growth promoters
(AGPs) were a major component in the intensive poultry business. When administered at
subtherapeutic concentrations, they used to enhance growth performance and feed con-
version through a dual-action mechanism: directly, by suppressing subclinical pathogenic
loads, and indirectly, by modulating the commensal microbiota to foster a metabolic envi-
ronment conducive to nutrient absorption and attenuated immune-mediated stress [1,2].
Common AGPs used in poultry were Avilamycin, bacitracin, doxycycline, enrofloxacin,
neomycin, virginiamycin and others. However, there are serious public health concerns
about the emergence and spread of antimicrobial resistance (AMR) in bacteria that may be
transmissible to humans due to the extensive and often subtherapeutic or indiscriminate
application use of AGPs within the livestock industry, especially in poultry production [3].
As a result, regulatory policies underwent a paradigm change. This movement was started
by the European Union, which banned the use of AGPs in animal feed entirely in 2006 [4].
The United States of America was among the numerous other nations that followed this
ruling, in the Veterinary Feed Directive from 2017 [5]. Also, AGP use has been restricted
or phased out entirely in Canada and a number of Asian countries such as China and
Vietnam [6]. In order to preserve poultry health and production without exacerbating the
AMR epidemic, the worldwide trend towards banning the use of AGPs has sparked a
flurry of research toward safe, natural and efficient substitutes. Among the many options,
phytobiotics have become one of the most promising and well-studied groups [7–9].

To improve performance, health and wellbeing, plant-derived substances called
phytobiotics—also referred to as phytogenics or botanicals—are added to animal diets.
As consumer preferences for “antibiotic-free” and “naturally raised” poultry products
continue to grow, they represent a sustainable and natural approach in aviculture. From
strengthening immune function and reducing stress to enhancing gut health and nutrient
utilization, their wide variety of bioactive substances provide numerous advantages that
eventually help produce safe and high-quality poultry products, but also, in some cases,
some controversial effects or even unwanted side effects when dietary dosage is not well
tuned [10]. Within this context, this brief narrative review emphasizes phytobiotics classifi-
cation, their effects on chicken broilers performance (growth, feed conversion), on broilers’
gut microbiota and histomorphology dynamics, on fowl welfare level, livability and on
certain limitations when phytobiotics are used as natural growth promoters in poultry
nutrition as alternatives to the banned AGPs.

2. Materials and Methods
The methodology for this narrative review was designed to ensure a comprehensive

and reproducible synthesis of the existing literature regarding the application of phytobi-
otics in poultry production.

The literature search was performed across five primary databases and digital reposi-
tories such as PubMed (U.S. Department of Health and Human Services, Bethesda, MD,
USA), Web of Science (Clarivate PLC, JER, Philadelphia, PA, USA), Google Scholar (Google
Ireland Limited, Dublin, Ireland), ScienceDirect (Elsevier Limited, London, United King-
dom) and MDPI (MDPI AG, Basel, Switzerland). The search period was primarily focused
on the last fifteen years to prioritize contemporary advancements in phytobiotics research,
and articles published in English and in French.

To maximize the sensitivity of the search, various combinations of keywords were
utilized using Boolean operators (AND, OR, NOT). The search string was constructed by
grouping terms related to the host species, the intervention (phytogenic compounds), and
performance outcomes. The primary search string included the following: (poultry OR
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broiler) AND (phytobiotics OR plant extracts OR phytogenic additives); (essential oils OR
herbs OR spices) AND (poultry OR broiler) AND (meat OR eggs); (phytobiotics AND
broiler) NOT (swine OR ruminants).

Articles identified through the initial search were screened based on their titles, ab-
stracts and conclusions. Conversely, studies were excluded if they lacked a clear phytogenic
component and focused exclusively on synthetic growth promoters.

From all the digital repositories and databases, there were 152 articles identified. After
reading the titles of the articles, some of them were repeated in different databases, and
other research papers did not comply with the research criteria, thus resulting in 90 articles.
After the abstract and conclusions sections were read, only 82 articles were selected, as
they matched our initial criteria. Within the present paper’s context, all the selected articles
were grouped according to our discussion categories: general description of phytobiotics,
effects on growth performance, intestinal microbiota, antioxidant and anti-inflammatory
effects, intestinal histology, health status and quality and safety of poultry products.

As a result, various outcomes including the use of phytobiotics in place of antibiotics as
performance enhancers in boiler feed could be confirmed. By the end of the topics-oriented
chapters, a challenges and limitations section as well as a follow-up one were added to
better underline the possibilities and the trends to be followed in applied poultry farming.

3. Classification of Phytobiotics Used in Poultry Nutrition
The term “phytobiotic” encloses a wide array of botanically derived substances, which

can be categorized based on their botanical origin, physical state and processing method-
ology. To provide a structural framework for this review, Figure 1 presents the primary
classification of these compounds—specifically herbs, spices, plant extracts and essential
oils—alongside representative examples from each group.

 

Figure 1. Types of phytobiotics and some representatives.

Herbs: These are botanically defined as non-woody, vascular plants whose arial tissues
(leaves, stems and flowers) lack persistent lignified structures. Functionally, these taxa
are distinguished by their diverse profiles of secondary metabolites, including flavonoids,
essential oils and bitter principles concerning the specific aromatic, gustatory or therapeutic
proprieties utilized in phytogenic applications.

Examples: Garlic (Allium sativum), ginger (Zingiber officinale), oregano (Origanum
vulgare), rosemary (Rosmarinus officinalis) and thyme (Thymus vulgaris).
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Mechanisms: Because of their essential oils and phenolic components, they frequently
have antibacterial, antioxidant and anti-inflammatory qualities, but there are differences in
the effectiveness of those compounds based on the used dosage, mode of extraction and
incorporation method in feed and the diet matrix. As an example, thymol and carvacrol
from thyme and oregano, allicin and other organosulfur compounds in garlic have strong
antibacterial or even antiparasitic properties [11].

Spices: These are dehydrated plant parts (fruits, seeds, roots and bark) with potent
smells, scents and flavors that are frequently added to feed to improve its palatability or
for their particular therapeutic uses.

Examples: Capsicum (Capsicum annum), cinnamon (Cinnamomum verum), black pepper
(Piper nigrum) and turmeric (Curcuma longa).

Mechanisms: Some examples of spices, from the entire vast category, that are most com-
monly found and used are the curcuminoids, strong antioxidants and anti-inflammatory
substances that are found in turmeric [12]; piperine, which is found in black pepper, can
improve nutrient absorption by promoting the release of digestive enzymes [13]; and
cinnamaldehyde, found in cinnamon, has antibacterial and antioxidant properties [14].

Essential oils (EOs): These are volatile, lipophilic secondary metabolites that are
extracted by solvent extraction or distillation from a variety of plant components, including
leaves, flowers, stems, roots and seeds. They are intricate blends of several chemical
compounds that give the plant its distinctive aroma.

Chemical composition: Terpenes are the primary components of EOs. For example,
pinene, limonene, sesquiterpenes belong to the monoterpenes class. Terpenoids (various
esters as carvacrol, cinnamaldehyde, eugenol, thymol), oxygenated terpenes (like vari-
ous alcohols; even aldehydes and ketones) and phenylpropanoids (such as eugenol and
anethole) are important components as well.

Examples: Because they are lipophilic, they can readily pass through bacterial cell
membranes, rupturing them, changing ion channels and preventing enzymatic activity—all
of which result in cell death. Also, it is to be noted that EOs can have a selectivity or
potential inhibitory effect or toxicity regarding beneficial microbes from the gut microbiota.
Additionally, they have potent anti-inflammatory and antioxidant qualities [15,16].

Plant extract: These are a concentrated form of bioactive substances that were ex-
tracted from plants using a variety of techniques: supercritical CO2 extraction, ethanolic
extraction and aqueous extraction. Extracts can include a wider range of components than
essential oils such as non-volatile materials like flavonoids, tannins, saponins, alkaloids
and glycosides.

Examples: Proanthocyanidin-rich grape seed extract, catechin-rich green tea extract,
tannin-rich chestnut wood extract or saponin and polyphenol-rich Yucca schidigera extract.

Mechanisms: Flavonoids are widely recognized for their anti-inflammatory and an-
tioxidant properties [17]. Tannins have astringent properties that may alter microbiota and
decrease intestinal permeability [18]. Yucca schidigera saponins have the ability to lower
ammonia emissions and maybe alter gut architecture [19].

A single phytobiotic or a combination of different phytobiotics’ synergistic effects are
frequently stronger that those of the chemically synthesized compound solo effects [20].

Table 1 summarizes a representative selection of phytobiotics, detailing their pri-
mary bioactive constituents and physiological benefits in broiler nutrition; these specific
candidates were curated based on their established prevalence in the industry and their
widespread commercial availability.
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Table 1. Phytobiotics—active substances and their activity on broilers.

No. Phytobiotic Source Active Substances Activity in Feed Citations

1 Thyme
(Thymus vulgaris)

Thymol,
carvacrol, linalool

antimicrobial, antioxidant, digestion
stimulant, anti-inflammatory, improves
nutrient utilization, supports gut health

[21]

2 Oregano
(Origanum vulgare) Carvacrol

antimicrobial (broad spectrum),
antioxidant, anti-inflammatory, stimulates

digestion, improves gut morphology
[22]

3
Cinnamon

(Cinnamomum
zeylanicum)

Cinnamaldehyde,
eugenol

antimicrobial, antioxidant, appetite and
digestion stimulant, anti-inflammatory,

hypoglycemic effects, detoxifying
[23]

4 Garlic
(Allium sativum)

Allicin (and other
organo-sulphury

compounds)

antimicrobial (antibacterial, antiviral,
antifungal), antioxidant,

immunomodulatory, digestion stimulant,
anabolic effects

[24]

5 Ginger
(Zingiber officinale)

Gingerols,
shogaols, zingerone

antioxidant, anti-inflammatory, gastric
stimulant, improves digestion, antiemetic [25]

6 Rosemary
(Rosmarinus officinale)

Rosmarinic acid, carnosic
acid, cineol

antioxidant, antimicrobial, digestion
stimulant, anti-inflammatory [26]

7 Capsicum
(capsicum annuum) Capsaicin digestion stimulant, nutrient absorption,

anti-inflammatory, increases feed intake [27]

8 Turmeric
(Curcuma longa) Curcumin antioxidant, anti-inflammatory,

immunomodulatory, digestive aid [28]

9 Clove
(Syzygium aromaticum) Eugenol antimicrobial, antioxidant, digestion

stimulant, antiseptic, anti-inflammatory [29]

10 Anise
(Pimpinella anisum) Anethole digestion stimulant, carminative,

appetite stimulant [30]

11
Fenugreek
(Trigonella

foenumgraecum)
Trigonelline, saponins

appetite stimulant, improves feed
conversion ratio (FCR), digestive

aid, immunomodulatory
[31]

12 Black cumin
(Nigella sativa) Thymoquinone

antioxidant, anti-inflammatory,
antimicrobial, improves

growth performance
[32]

13
Quercetin

(found in onions, apples,
kale)

Quercetin
(flavonoid)

antioxidant, anti-inflammatory, enhances
intestinal barrier integrity, upregulates tight
junction protein, modulates gut microbiota

[33]

14
Resveratrol

(found in grapes, berries,
peanuts)

Resveratrol
(polyphenol)

antioxidant, anti-inflammatory, enhances
intestinal barrier integrity, attenuates

NF-κB expression
[34]

15 Green tea
(Camellia sinensis) Catechins (EGCG) antioxidant, anti-inflammatory,

immunomodulatory, antimicrobial [35]

16 Sage
(Salvia officinalis) Cineol, thujone digestive stimulant, carminative,

antiseptic, antioxidant [36]

17 Coriander
(Coriandrum sativum) Linalool digestive stimulant,

antioxidant, carminative [37]

18 Horseradish
(Armoracia rusticana) Allyl isothiocyanate antimicrobial, appetite stimulant [38]

19 Peppermint
(Mentha piperita) Menthol digestion stimulant, antiseptic,

anti-inflammatory, reduces stress [39]

https://doi.org/10.3390/agriculture16040443

https://doi.org/10.3390/agriculture16040443


Agriculture 2026, 16, 443 6 of 20

Table 1. Cont.

No. Phytobiotic Source Active Substances Activity in Feed Citations

20 Marjoram
(Origanum majorana)

Terpinene-4-ol, sabinene,
thymol, carvacrol

antimicrobial, antioxidant, digestion
stimulant, improves performance and

physiological parameters
[40]

21 Echinacea
(Echinacea purpurea)

Alkamides, caffeic
acid derivatives immunostimulant, anti-inflammatory [41]

22 Yucca
(Yucca schidigera) Saponins, polyphenols ammonia reduction, anti-inflammatory,

improves gut health [42]

4. Effect of Phytobiotics on Chicken Broilers’ Growth Performance and
Feed Conversion

One of the main causes of the increasing interest in phytobiotics as AGP substitutes
is the steady increase in broiler growth performance (body weight gain) and feed con-
version rate (FCR). This improvement results from the synergistic interaction of multiple
physiological and microbiological effects rather than from a single mechanism.

Enhanced nutrient digestibility and absorption: Endogenous digestive enzyme secre-
tion and activity can be either directly or indirectly stimulated by phytobiotics. For example,
it has been demonstrated on Cobb 500 broilers that essential oils, especially those high in
carvacrol, thymol or cinnamaldehyde, enhance the activity of pancreatic lipase, amylase
and protease [43]. As a result, the chemical constituents of feed—proteins, lipids and
carbohydrates—are broken down more effectively, increasing the availability of nutrients
for absorption. In the experiment, the best FCR was achieved when oregano essential oil in
350 mg/kg feed was used (FCR = 1.97 kg feed/kg gain), versus the same concentration
of thyme essential oil (FCR = 1.99) and versus the control and the experimental version
that used both essential oils in 350 mg/kg feed (thyme and oregano in equal proportions).
Despite the improved performance, meat quality was affected by increasing the occurrence
of nonconformities like white stripping (from 5% in control to 30–33.3% in single use of
essential oil) and both white stripping and wooden breast (from 25% in control to 35%
in oregano oil and even to 59.1% in essential oils mixture). These nonconformities were
explained by the accelerated growth rate and achievement of better live weights in ex-
perimental groups. Additionally, phytobiotics maximize nutrients uptake by increasing
the surface area for absorption through improved intestinal architecture (see Section 5)
in chicken broilers. However, in the Arbor Acres hybrid, some undesirable effects were
observed, as well, such as depth of mucosal crypts, suggesting thus an increase in the
epithelial turnover and, subsequently a permanent inflammatory status of the intestine [44].

Modulation of gut microbiota: Optimal digestion and nutrition depend on healthy
and balanced gut bacteria. Pathogenic bacteria (such as Clostridium perfringens, E. coli, and
Salmonella spp.) that compete with the host for resources and create toxins that harm the
intestinal lining are specifically inhibited from growing by phytobiotics [2]. More nutrients
are available for the broilers’ growth when the burden of these dangerous microorganisms
is lessened. At the same time, some phytobiotics and probiotics induced a synergistic
effect, mostly in crop and less in caeca, encouraging the proliferation of good bacteria,
such as Lactobacillus and Bifidobacterium, which generate short-chain fatty acids (SCFAs),
while certain harmful coliform bacteria producing extended-spectrum beta-lactamase
(ESBL) were depressed. These facts eventually proved to provide intestinal epithelial cells
energy and helped in the maintaining of a healthy gut environment, by selective targeting
inhibiting actions against harmful bacteria [45,46].
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Anti-inflammatory effects: Significant energy and nutrients can be diverted from
growth toward immune responses and tissue repair by subclinical inflammation in the
gastrointestinal tract, which is frequently brought on by infections or dietary irritants.
Numerous phytobiotics have strong immunomodulatory qualities because of their high
phenolic component and flavonoid content that activate in the first stance of the cytokine
synthesis, resulting in antimicrobial effects that eventually will reduce inflammation [8].
Phytobiotics lower the metabolic cost of immune activation by reducing chronic gastroin-
testinal inflammation, freeing up more energy for muscle accretion and general growth [2].

Antioxidant activity: Oxidative stress can be brought on by intensive broiler pro-
duction for a number of reasons, including sickness, rapid growth, and environmental
difficulties. Growth can be adversely affected and physiological processes compromised
by oxidative stress, which can harm cells and tissues. Strong antioxidants, phytobiotics,
especially those high in polyphenols (found in rosemary or grape seed extract, for exam-
ple), neutralize free radicals and preserve cellular mitochondria and membrane integrity,
reducing lipid peroxidation level [12,47]. Better growth rates are a result of this protection,
which also increases metabolic efficiency.

Improved feed palatability: Certain phytobiotics contain aromatic molecules, par-
ticularly essential oils, which can make feed more palatable and encourage greater feed
consumption, both of which boost body weight gain. However, the opposite effect can also
occur from extreme concentrations [10].

These benefits are supported by a large amount of research. For instance, a meta-
analysis conducted by Peng [48] found that phytogenic feed additives greatly increased
broiler daily gain and feed conversion ratio, however to a lower extent than the actually
banned antibiotic growth promoters used to do in the past.

Below are some specific, brief examples of phytogenics and their ways of action
in broilers:

Oregano and thyme essential oils: Zaazaa, A. [43] claimed that Cobb 500 broilers
treated with dietary oregano and thyme essential oils showed improved body weight gain
and FCR, attributing this to improved gut health and nutritients digestibility. However,
despite improved FCR and live weight upon slaughter, unwanted effects on breast muscles
quality occurred due to accelerated growth; thus, conditions like white stripping and
wooden breast multiplied up to five-fold in chickens receiving the tested essential oils,
versus conventionally fed fowl.

Black pepper, turmeric, and fennel: Samantaray, L. [49] showed that a combination
of these phytobiotics in a dietary concentration of 0.5% increased broiler body weight and
feed intake. The experimental findings were explained by the combined antimicrobial
effects with the digestive stimulative one, and with the intensified metabolic and immune
response, translated into better blood constants (figurate elements and biochemistry). The
best effect was given by the mixture, while the standalone usage of each spice generated
slightly better effects than the control, except for the black pepper that induced depressed
performance vs. control (lower live weight and feed intake, reduced hemoglobin levels).

Phytobiotic blends: Chodkowska, K.A. [50] stipulated that feeding broiler chicks a
particular phytobiotic mixture (fruit of red pepper, seed of white mustard seed, turmeric,
soapwort root, calamus rhizome), rich in phytoncides and phytoalexins, phenolic acids
and essential oils included at a dose of 100 mg/kg diet, increased FCR, while the TNF-α
inflammatory cytokine was reduced in muscle, myostatin-repairing protein was increased
and IL-6 myogenesis regulating factor was increased in blood; these facts explain the better
growth results. At lower dietary concentrations (60 mg/kg) of the phytobiotic mixture,
the effects were not far from the control group; therefore, the significant threshold that
impacted performance was 100 mg/kg.
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Curcumin: Among others, according to Nasir Rajput [44], curcumin used as
200 mg/kg feed exerted beneficial effects on intestinal architecture (shallower crypts and
higher and wider villus in duodenum and jejunum), nutrients uptake and fat metabolism,
resulting in significant improvements in broiler growth performance.

Chestnut wood extract: Liu, H.S. [51] discovered that adding chestnut wood extract
to the broiler chicks’ diet increased their weight gain and FCR, presumably as a result of its
antibacterial and astringent qualities, which corroborated an improvement in the intestinal
nutrients uptake. Metabolic rate and especially bloody serum lipids and cholesterol levels
were lowered by the dietary chestnut wood extract.

Mixed phytogenic products: Gopi, M. [52] noted in their review that broiler growth
and feed efficiency were consistently enhanced by a variety of essential oils, such as those
derived from oregano, cinnamon, and pepper. The mechanisms behind the improvement
are related to better activation of digestive enzymatic systems in the small intestine, to
bile secretion stimulation and to certain hepatic enzymes inhibition that cause the lipid
metabolic rate to burst. However, the beneficial effects on the digestive efficiency are not
always doubled by the whole performance parameters, and final body weight could be
impacted in a neutral or negative way as the concentration of essential oils increases in diet
up to and beyond 200 mg/kg.

Garlic extract: Brzóska, F. [11] demonstrated enhanced FCR and growth performance
in broilers fed aqueous garlic extract, accompanied by higher level of crude ash and total
protein in meat, while total lipids are lowered. Although this effect could be seen as
beneficial from a nutritional point of view, resulting in less caloric, healthier meat for
human consumers, muscles texture, shear force and tenderness seem to be negatively
affected and the sensorial value of the meat suffered.

5. Effect of Phytobiotics on Chicken Broilers Intestinal Microbiota
As a complex ecosystem, the intestinal microbiota of broilers has a significant impact

on the host’s immunity, health, and nutrient utilization. In order to create a balanced gut
environment that supports optimal function, phytobiotics are essential in forming this
microbial community [53]. They affect the microbiota through a variety of mechanisms:

Selective antimicrobial activity against pathogens: Numerous phytobiotics have
strong antibacterial qualities against common poultry diseases, especially essential oils
(EOs) and certain plant extracts. It is well known that active ingredients such as carvacrol
and thymol (found in oregano and thyme essential oils), cinnamon aldehyde (found
in cinnamon essential oil), and allicin (found in garlic extract) can cause bacterial lysis
or growth inhibition by disrupting bacterial cell membranes, increasing permeability,
inhibiting enzyme systems, and interfering with genetic material [15]. This selective activity
alleviates intestinal dysbiosis and lowers the risk of gut-related disorders by lowering the
colonization and proliferation of harmful bacteria like Salmonella spp., Escherichia coli, and
Clostridium perfringens (cause of necrotic enteritis) [2,8]. Research has demonstrated that
broilers fed phytobiotics have lower levels of Clostridium spp. and coliform in their guts [7].

Promotion of beneficial bacteria: Certain phytobiotics concurrently encourage the
growth and activity of advantageous commensal bacteria, like Lactobacillus and Bifidobac-
terium species, while suppressing pathogens. These bacteria are essential for gut health
because they generate short-chain fatty acids (SCFAs), including butyrate, acetate, and pro-
pionate, which give enterocytes energy and lower the pH of the gut, which further prevents
the growth of pathogens that are sensitive to pH [20]. Additionally, beneficial bacteria and
pathogens compete for available nutrients and adhesion sites on the gut mucosa, a process
known as competitive exclusion. In a study, Ren H. and his collaborators [45] showed that
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a combination of phytobiotics and probiotics decreased the survival of E. coli that produces
ESBL in young broilers and increased the dominance of lactobacilli in the crop.

Modulation of microbial metabolites: The gut microbiota’s metabolic output can
be influenced by phytobiotics. For instance, they can raise the levels of these advanta-
geous compounds in the blood and gut lumen by supporting bacteria that produce SCFA.
This enhances immunological responses, the function of the intestinal barrier, and host
metabolism in general [2]. Improvements in intestinal integrity and decreased inflammation
are frequently linked to changes in particular SCFA profiles (such as elevated butyrate) [20].

Quorum-sensing inhibition: It has been demonstrated that certain phytobiotic sub-
stances disrupt bacterial quorum sensing, a mechanism by which bacteria coordinate the
expression of virulence factors and the creation of biofilms. Phytobiotics can lessen the
pathogenicity of bacteria without necessarily killing them by interfering with quorum
sensing, which lowers the bacterium’s capacity to cause illness [8].

Reduced ammonia production: Saponins found in some plant extracts, such as Yucca
schidigera, can lower intestinal ammonia output by preventing urease activity. Both avian
health (less gut discomfort) and the environment (less emissions) benefit from lowering
ammonia levels in the gut [19].

6. Effect of Phytobiotics on Chicken Broilers Intestinal Histology
For effective nutritional absorption and digestion as well as for preserving a strong

barrier against infections, the intestinal mucosa’s shape and structural integrity are essential.
Intestinal histology has been shown to be significantly improved by phytobiotics, especially
when it comes to important histometrics like villus height, crypt depth, and the villus-to-
crypt ratio.

Increased villus height: The surface area accessible for nutrient absorption is signifi-
cantly increased by the intestinal villi, which are projections that resemble fingers and line
the small intestine. A more effective absorptive capacity is indicated by a higher villus
height. Villus height is raised by phytobiotics through the following:

Reducing inflammation: Phytobiotics help enterocytes prevent damage and preserve
their structure and function by reducing inflammation [8]. Reducing chronic inflamma-
tion encourages villus growth and integrity because inflammatory processes cause villus
atrophy [2].

Controlling pathogen load: A lower concentration of harmful bacteria in the gut
lessens their damaging effects on the intestinal epithelium, promoting the growth and
health of villus [7].

Providing growth-promoting metabolites: Phytobiotics give enterocytes a vital source
of energy by encouraging the growth and differentiation of beneficial bacteria that create
SCFAs, particularly butyrate, which result in taller villi [20].

Enhanced antioxidant status: Protecting enterocyte cell membranes from oxidative stress
helps preserve their integrity and avoid damage that could cause villus shortening [44].

Decreased crypt depth: New epithelial cells are created in the Lieberkühn crypts at
the base of the villi to replace injured or aged ones on the tip of the villus. A greater rate
of cell turnover, which suggests continuous injury and healing, is frequently indicated by
a deeper crypt. Because of this, a shorter crypt depth indicates less cellular damage and
slower cell regeneration, which signifies a better intestinal environment and less metabolic
energy spent on tissue repair [54].

Improved villus-height-to-crypt-depth ratio (V/C ratio): One often-used measure
of intestinal health and digestive effectiveness is the V/C ratio. A stronger absorptive
capacity in relation to the rate of cell turnover is indicated by a higher V/C ratio. Better
growth performance and more effective nutrient uptake result from this. By concurrently
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encouraging villus growth and lowering the requirement for quick crypt regeneration,
phytobiotics continuously increase this ratio [12,44].

Specific examples from research are as follows:
Curcumin: Nasir Rajput and his colleagues (2013) [44] showed that supplementing

broiler chicks with curcumin considerably raised the villus height and the V/C ratio in the
ileum, jejunum, and duodenum.

Essential oils (oregano, thyme): According to Zaazaa et al. [43], broilers given essential
oils showed improved villus height and V/C ratio, which they attributed to improved
nutrient digestibility.

Phytogenic blends: Amad Abdulkarim [7] found that a phytogenic feed supplement
decreased crypt depth and markedly increased villus height and V/C ratio in the ileum
and jejunum.

Turmeric: Christine L. [12] emphasized in their review that intestinal shape can be
improved by turmeric and its active components, which can lead to improved absorption
of nutrients.

Garlic extract: Brzóska, F. and his collaborators [11] demonstrated that the broiler
duodenum’s villus height and V/C ratio had improved.

Chestnut extract: In the ileum and jejunum of broilers, dietary chestnut extract in-
creased villus height, according to Liu, H.S. et al. [51].

While most studies are positive, depending on the particular phytobiotic, dosage,
diet, and broiler strain, others may reveal varying or no significant effects [54,55]. The
complexity of these interactions was highlighted by Mounia M. and collaborators [54], who
observed that a phytogenic substance in water had varying impacts on villi height and
crypt depth throughout different intestinal segments, with certain segments exhibiting a
decrease in villi height. However, the overwhelming body of scientific evidence suggests
positive impacts on gut health.

7. Effect on General Health Status, Flock Livability and Welfare of
Chicken Broilers

Phytobiotics have a major impact on broiler chicken welfare, flock livability, and general
health condition in addition to directly promoting growth. The delivery of safe, high-quality
products and sustainable chicken production depend on this comprehensive development.

Enhanced immune response: Numerous phytobiotics have strong immunomodula-
tory effects that boost broiler immunological responses, including innate and adaptive.

Stimulation of immune cells: Natural killer cells, lymphocytes (T and B cells), and
macrophages can all be made more active by substances such as flavonoids, polyphenols,
and certain components of essential oils [56,57]. For instance, it has been demonstrated that
the leaves of Cannabis sativa L. boost the subpopulations of CD4+ and CD8+ lymphocytes,
suggesting enhanced cellular immunity [56].

Cytokine modulation: By influencing the synthesis of pro- and anti-inflammatory
cytokines, phytobiotics can guide the immune system toward a balanced state that success-
fully fights infections without inflicting undue tissue damage [8].

Antibody production: It has been demonstrated that certain phytobiotics increase
antibody titers against common poultry vaccinations (such as infected bursal disease virus
and Newcastle disease virus), suggesting enhanced humoral immunity and more robust
defense against particular illnesses [12].

Gut-associated lymphoid tissue (GALT) health: Phytobiotics indirectly boost the
GALT, the greatest immunological organ in poultry, by preserving intestinal integrity and
a healthy gut flora. Preventing pathogen entrance and establishing efficient local and
systemic immune responses depend on a strong GALT [2].
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Antioxidant properties and reduced oxidative stress: Reactive oxygen species (ROS)
and oxidative stress are frequently produced in greater quantities during intensive broiler
production, which is typified by fast development, high metabolic rates, and a variety of en-
vironmental stressors (such as heat stress and stocking density) [47]. Natural antioxidants
found in many phytobiotics, such as polyphenols, flavonoids, carotenoids, and vitamin
E analogs, scavenge free radicals, lower lipid peroxidation, and increase the activity of
endogenous antioxidant enzymes, such as glutathione peroxidase and superoxide dis-
mutase [12,50]. Phytobiotics boost resilience to different stressors, preserve physiological
processes, and shield cells and tissues from oxidative damage, all of which promote greater
health and lifespan.

Anti-inflammatory effects: Chronic or subclinical inflammation can put birds at risk
for illness and is energy-intensive, especially in the stomach. By modifying inflamma-
tory signaling pathways (such as the NF-κB pathway), lowering the synthesis of pro-
inflammatory mediators, and preserving gut barrier integrity, phytobiotics demonstrate
strong anti-inflammatory effects [8]. By lowering the metabolic load of inflammation, this
improves birds’ general health by freeing up more resources for growth and upkeep [2].

Improved disease resistance and reduced mortality: Phytobiotics strengthen the
bird’s innate defenses against a variety of bacterial (such as Salmonella, E. coli, and Clostrid-
ium), viral, and parasitic illnesses by their direct antibacterial activities, immunomodulatory
qualities, and preservation of gut health [58]. As a result, there are fewer disease outbreaks,
which enhances flock livability and lowers death rates—two important economic metrics
for chicken farmers. Numerous studies show that groups supplied with phytobiotics had
lower mortality rates than control groups [9].

Stress alleviation and welfare enhancement: Some phytobiotics may exert adapto-
genic qualities that assist birds in dealing with a variety of production-related stressors,
including as handling, heat stress, transport stress, and vaccination stress. Phytobiotics can
enhance overall animal wellbeing by lowering physiological stress reactions, which in turn
can increase avian comfort and decrease stress-related behaviors like feather pecking and
pacing [43,59].

Reduced need for therapeutic medications: The need for therapeutic antibiotic treat-
ments and other pharmaceuticals can be greatly decreased by phytobiotics, which support
gut integrity, enhance disease resistance, and promote robust health. This not only satisfies
consumer demands for products devoid of antibiotics, but it also lowers the likelihood of
antibiotic residues in poultry meat, resulting in safer food items.

8. Effects of Phytobiotics Usage on the Quality and Safety of
Poultry Products

Phytobiotics usage in domestic fowl nutrition interfere with poultry product quality
in two ways—either indirectly, via different connected metabolic pathways involved in
oxidative stress [2], variation in metabolic constants [60] and of the immune functions
in birds organism [38,61], or directly, by inducing variations in the products parameters
themselves, i.e., in meat [62,63] or eggs [64,65] or in the hygienic status of the avicultural
products [66,67].

8.1. Effects on Meat Production

It was found that a phytobiotic based on a mixture of menthol, cineole, salicylate,
monoterpenoid, trans-anethole, phenylpropanoid, mostly at an inclusion rate of 1 mL/L
drinking water given to broilers impacted meat color, mainly by increasing its lightness as
well as its technological features by significantly affecting (p < 0.05) water holding capacity
and thermal leakage of the meat. Also, better uniformity was identified in treated-group
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meat vs. control-group meat, both in breast and thigh muscles, which is related to the
uniformity of the muscle cell sizes [68], an aspect that could impact the overall textural and
sensory traits of the meat.

It was reported that phytobiotics supplementation, such as Macleaya cordata (San-
guinorine isoquinoline-type alkaloid as active principle) [63], with mint oil extracts [66]
maintains lower pH values in meat during the post slaughter maturation period and short-
ens the rigor mortis stage length. Also, maintaining lower pH prevents the development
of unwanted cross-contamination microflora (Listeria monocytogene, Aeromonas hydrophila,
Yersinia enterocolitica) that prefer alkaline-oriented environments [67,69].

Other studies [70] revealed that supplementation of broilers diets with phytobiotics
based on a mixture of oregano, camelina, samphire and garlic peels significantly improved
meat lightness by 34.2–37.8% in breast meat and by 24.5–28.7% in thigh meat. Also, the
phytobiotics decreased total lipids content in breast (−30 to −70%) and thigh (−31.5%
to −33.9%) and improved the oxidative status of meat both in breast and thigh by 23 to
31%. However, these phytobiotics did not significantly affect the fatty acids profile (types
of fatty acids related to their saturation degree, polyunsaturated categories, hyper/hypo
cholesterolemiant effect) in broilers meat, despite the phytobiotics used in powder form
generating better results in the lipids quality profile. Inhibition of lipid oxidation in meat by
dietary usage of phytobiotics was also reported by other studies [50]. Other researchers [71]
reported improved protein content and lowered fat content in broilers breast muscles,
subsequent to phytobiotics dietary usage. These findings were also correlated to improved
meat color (redness), better water holding capacity and lower shear force in the pectoral
muscles of broilers fed a mixture of phytobiotics based on white mustard, turmeric, sweet
flag, red pepper and soapwort. In the same experiment, instrumental analysis revealed
increased levels of aromatic compounds in meat issued from broilers fed with phytobiotics,
which may positively affect sensory properties and consumers’ acceptance.

Overall, the usage of phytobiotics containing flavonoids, inulin, and ecdysterone
improves broiler carcass composition, has better slaughter yield and higher proportions of
breast muscles [8], thighs and drumsticks [72]. Improved carcass yield and reduction in
meat nonconformities (wooden breast, white stripping) occurred in the meat of broilers fed
pomegranate and onion peels extracts [73], while the hypercholesterolemiant sanogenic
index of meat lipids was also improved in both breast and thigh.

8.2. Effects on Egg Production

Several studies have shown that usage of phytobiotics improves egg production both
quantitatively and in terms of quality. Thus, phytobiotics based on extracts of onion and
garlic significantly increased laid eggs size (+2%) and laying intensity (+10%) throughout
an experimental period of one month [74].

Comparable results were found in another study that focused on the same Allium
mixture where the eggs yield was improved by 14%, even in Salmonella-challenged hens
that have been fed the studied phytobiotic [65]. While internal egg quality varied not
consistently with slight decreases and increases in albumen height and Haugh unit in ex-
perimental groups vs. control, shell quality was definitely improved in increasing thickness
and strength (+1.4%) due to the dietary supplementation of laying hens with phytobiotics.

A mixture of black pepper (0.3%) and turmeric (3%) added to hemp seed as the main
protein ingredient (30%) in the diet of laying hens significantly improved the fatty acids
profile of yolks and, subsequently, reduced the atherogenic and thrombogenic indexes in
the eggs produced by the hens fed with the tested phytobiotics [75].

Testing a phytobiotic product based on a mixture of essential oils extracted from
thyme, lemon, eucalyptus and garlic on laying hens resulted in improved egg weight by
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1.8% and egg mass by 3.2% in healthy hens, and by +3.2% egg weight and +4.1% egg mass
in Salmonella-challenged hens [76].

Phytobiotic-derived molecules, such as flavonoids, are credited with improving effects
on egg quality by increasing shell strength, egg mass and weight, amount of proteins and
polyunsaturated fatty acids in yolk and by decreasing yolk palmitic and stearic fatty acids,
triglycerides and cholesterol as well [77].

9. Challenges and Limitations in Using Phytobiotics as Growth
Promoters in Chicken Broilers

Although the use of phytobiotics in sustainable poultry production has a bright future,
there are a number of practical and scientific obstacles to their widespread and regular use.
For its wider commercial adoption, these obstacles must be removed.

Variability in composition and efficacy: This is arguably the biggest challenge. Phy-
tobiotics vary greatly in the concentration and chemical makeup of their active ingredients.
This fluctuation may be impacted by the following:

Plant species and genotype: Different chemical profiles can be found in different
chemotypes or variations in the same plant.

Geographical origin and environmental factors: Rainfall, elevation, climate, and soil
type all have a significant impact on how secondary metabolites are biosynthesized in
plants [76].

Harvesting conditions: The concentration of active chemicals is influenced by the
moment of harvest, including the day, season, and maturity of the plant.

Processing and storage: Active chemicals can be degraded or have their profiles
changed by drying procedures, extraction processes (such as solvent type, temperature, and
pressure), and storage circumstances (such as light, temperature, and oxygen exposure) [2].

It is challenging for producers to obtain consistent results because of this inconsis-
tency, which results in uneven product quality and, in turn, uncertain efficacy in animal-
performance testing [20].

Lack of standardization: As of right now, there is no industry-wide standard for
the active component composition and quality control of phytobiotic products. Many
phytobiotic preparations lack a thorough compositional study and standardization of their
bioactive components, in contrast to pharmaceutical goods that are subject to stringent
restrictions. Because of this, comparing various commercial products, confirming label
claims, and guaranteeing constant potency are difficult [77]. Dosage recommendations may
be unclear in the absence of adequate standardization, which could result in less than ideal
or even harmful results.

Complex interactions and synergism: Phytobiotics frequently are intricate blends of
hundreds of different substances. It is quite difficult to comprehend the exact mechanisms
of action and the possible additive, antagonistic, or synergistic interactions between these
chemicals or with other feed elements (such as vitamins, minerals, and enzymes) [17].
While the main active compounds are frequently the focus of research, smaller constituents
may also play a substantial role in the overall effect. Product development and optimization
are challenging due to its complexity.

Dosage and application methods: For certain phytobiotics, figuring out the ideal
dosage is very important but challenging. The target impact (growth promotion, im-
munological modulation, pathogen control, etc.), broiler age, health, feed composition,
and ambient factors can all affect the effective dosage [10]. While underdosing might not
provide the intended results, overdosing might result in decreased palatability, adverse
performance effects, or even toxicity. Additionally, the application technique (feed-additive,
water-soluble, etc.) needs to be optimized for stability and bioavailability [52].
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Palatability and feed intake: When administered in high quantities, certain phy-
tobiotics, especially essential oils with strong, bitter or pungent tastes, can adversely
affect feed palatability, resulting in decreased feed intake and, ultimately, poor growth
performance [78]. This problem can be lessened by encapsulation technology or careful
formulation, but these increase the overall cost.

Cost-effectiveness: The initial cost of high-quality, standardized phytobiotic products
can occasionally be more than that of conventional AGPs or other feed additives, even if the
long-term advantages of phytobiotics (such as better health, lower medication expenditures,
and higher product quality) can sometimes balance their cost. Adoption may be hampered
by this economic factor, particularly in regions with high price sensitivity [79].

Regulatory framework: There are notable regional and national variations in the
regulatory status of phytobiotics. Some fall into the gray zones, while others are catego-
rized as functional feed ingredients or feed additives. For producers and manufacturers,
this discrepancy can make international trading, product labeling, and registration more
difficult [58].

Limited long-term and large-scale data: More thorough long-term trials conducted
on commercial farms are required to fully assess the consistent efficacy, economic viability,
and any potential cumulative effects or development of adaptation/resistance in the gut
microbiota over multiple production cycles, even though many research studies show
short-term benefits [80].

Mechanism elucidation: The exact molecular mechanisms by which many phytobiotic
substances work—such as on gene expression, certain receptor connections, or enzyme
pathways within the host or microbiota—remain unclear despite advancements. To under-
stand these intricate relationships and facilitate more focused product development, more
thorough studies utilizing cutting-edge “omics” technologies (genomics, proteomics, and
metabolomics) are required [81].

To overcome these obstacles, researchers, businesses and regulatory agencies must
work together to create standardized products, improve application techniques, and pro-
duce reliable, marketable data [68,82].

10. Future Directions
While the current body of evidence underscores the significant potential of phyto-

biotics as viable alternatives to antibiotic growth promoters (AGPs), several scientific
and practical obstacles remain. To ensure the successful integration of the phytobiotics
into sustainable poultry production, future research must prioritize the following four
pillars: standardization and critical research needs, long-term and large-scale commer-
cial trials, mechanistic insight through “omics” approaches, regulatory framework and
safety-oriented research.

A primary impediment to the widespread adoption of phytobiotics is the built-in
variability in their chemical composition and efficacy. Future research must establish
rigorous standardization protocols for active principles (e.g., thymol, carvacrol, allicin) to
ensure consistent biological outcomes. Systematic investigations are required to establish
precise dose–response curves for different poultry strains, life stages and type of primary
production (meat or eggs). There is a critical need for systematic studies on the synergistic
effects of phytobiotic blends. While combinations are often more effective than single
compounds, the specific interactions between different classes (e.g., essential oils mixed
with spices or herbs) are not yet fully understood.

Most current evidence is derived from small-scale, controlled laboratory experiments.
To bridge the gap between the “proof of concept” and “industrial reality” research, we must
move toward commercial validation and multi-cycle impact. Large-scale trials conducted
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in commercial poultry environments are essential to evaluate the cost-effectiveness and
consistency of phytobiotics under real-world stressors, such as high stocking density and
varying environmental conditions. Longitudinal studies spanning multiple production
cycles are not technologically realistic because at the end of each production cycle, the
house is cleaned and disinfected so that the microbial chain is interrupted, to prevent the
transmission of diseases from one series of birds to another. From a zootechnical point of
view, the only longitudinal studies that can be carried out over a longer period of time
are those on breeding flocks or laying hens that have a longer production cycle than the
38–42-day cycle of broilers.

Future studies should utilize advanced biological tools to reveal the complex molec-
ular mechanisms behind phytobiotic efficacy. Specifically, metagenomics can profile the
gut microbiome’s functional capacity, while transcriptomics elucidates host gene expres-
sion related to barrier integrity and inflammatory pathways. Additionally, metabolomics
should be employed to identify specific metabolic fingerprints and biomarkers that reflect
health, growth and antioxidant status. Together, these approaches provide a comprehen-
sive understanding of how plant-derived additives influence poultry physiology at the
molecular level.

The transition to a post-antibiotic era requires a transparent and robust regulatory
framework to ensure food safety and consumer trust. Although phytobiotics are con-
sidered “natural”, certain plants with their components can exert adverse effects at high
concentrations, such as reduced feed palatability or potential toxicity, so comprehensive
safety studies are required to define upper safety limits for the use of phytobiotics. From
the residue and stability analysis point of view, researchers must focus on the stability
of the phytobiotics during feed processing (e.g., pelleting) and the potential for residue
in meat and eggs. Establishing clear guidelines for “phytobiotic-labeled” products will
facilitate global trade and meet the growing consumer demand for “antibiotic-free” and
“safe” poultry products.

In conclusion, a multidisciplinary approach involving farmers, nutritionists, re-
searchers and regulatory agencies is necessary for transforming phytobiotics from ex-
perimental subjects into a cornerstone of safe and reliable poultry production.

11. Conclusions
The transition toward antibiotic-free poultry production has pointed to phytobiotics

as a significant focus of contemporary nutritional research. A comprehensive synthesis of
peer-reviewed data from 2014 to 2025 suggests that these plant-derived compounds offer a
multifaceted approach to enhancing poultry performance and health, though their efficacy
remains subject to various biological and technical contingencies.

The evidence indicates that phytobiotics contribute to improved growth performance
and feed efficiency primarily by optimizing nutrient digestibility and mitigating the
metabolic costs associated with subclinical inflammation and pathogen defense. Histologi-
cal assessments frequently reveal positive modification in intestinal architecture—notably
increased villus height and improved villus-to-crypt ratios—which support enhanced
absorptive capacity and mucosal integrity.

Furthermore, phytobiotics appear to influence the intestinal ecosystem through the
selective modulation of microbiota, favoring beneficial commensal taxa while suppressing
potential pathogens. These shifts, coupled with documented antioxidant and immunomod-
ulatory properties, contribute to improved flock livability and animal welfare. The resulting
enhancement in systemic resilience potentially reduces the necessity for therapeutic inter-
vention. Regarding product quality, data suggest favorable trends in carcass composition
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and meat functional properties, alongside improvements in eggshell quality and the lipid
profile of the yolk in laying hens.

However, the widespread commercial adoption of phytobiotics is currently moderated
by significant challenges. The inherent variability in the chemical composition of raw
botanical materials, the lack of universal standardization protocols, and the complexity
of synergistic interactions between bioactive fractions present obstacles to achieving con-
sistent results. Furthermore, the optimization of dosage schemes for diverse commercial
environments remains an ongoing area of inquiry.

In summary, while phytobiotics represent a promising and sustainable alternative to
antimicrobial growth promoters (AGPs), their integration into global poultry production
requires a more rigorous, standardized approach. Future research must prioritize the de-
velopment of highly standardized formulations and large-scale and long-term commercial
trials. By addressing these current limitations through targeted scientific investment, the
poultry industry can better harness the potential of phytobiotics to meet the rising global
demand for safe, high-quality and antibiotic-free animal products.
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The Impact of a Phytobiotic Mixture on Broiler Chicken Health and Meat Safety. Animals 2023, 13, 2155. [CrossRef]

69. Ndoye, B.; Dicko, M.H.; Gill, C. Exploring the spoilage microbiota of raw and processed meats under different storage environ-
ments and its related profiling methods: A review. Cogent Food Agric. 2025, 11, 2562177. [CrossRef]

70. Dokou, S.; Vasilopoulou, K.; Bonos, E.; Grigoriadou, K.; Savvidou, S.; Stefanakis, M.K.; Skoufos, I.; Christaki, S.; Kyriakoudi, A.;
Mourtzinos, I.; et al. Effects of dietary supplementation with phytobiotic encapsulated plant extracts on broilers’ performance
parameters, welfare traits and meat characteristics. Ann. Anim. Sci. 2023, 23, 1105–1118. [CrossRef]
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