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Phytobiotics incorporation in feed: Case of ruminants and monogastric animals
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Abstract: The ban on growth-promoting antibiotics (GPAs) in livestock feed in 2006 was primarily driven by growing concerns over antibiotic
resistance, which poses a threat to both human and animal health. The widespread use of antibiotics in agriculture led to the development of
resistant bacterial strains, reducing their effectiveness in treating infections. Additionally, the presence of antibiotic residues in animal products
raised significant concerns regarding food safety and consumer health. These challenges prompted the search for alternative solutions that could
maintain or even improve animal health and productivity without contributing to these issues. Phytobiotics have emerged as a promising alternative
to antibiotics. These natural compounds, derived from various herbs, spices, and plants, have long been recognized for their health benefits.
Historically appreciated for their antimicrobial, anti-inflammatory, and digestive properties, they are now being explored for similar uses in animal
nutrition. The renewed interest in phytobiotics reflects their potential to address growing concerns about antibiotic resistance and chemical
contamination in livestock products. This study aims to review the progress of research on the use of phytobiotics as an alternative to antibiotics
in both monogastric species (e.g., poultry) and ruminants (e.g., cattle, sheep, and goats). It also aims to evaluate their impact on key factors,
including animal performance, welfare, and the environmental footprint of farming practices. Previous studies have demonstrated that phytobiotics
enhance animal performance by improving growth rates, feed conversion efficiency, and overall productivity. They also play a crucial role in
maintaining animal health by boosting immune responses and gut health. Additionally, the use of phytobiotics has been linked to reduced
environmental impact from farming, particularly by lowering methane emissions from ruminants and reducing the need for synthetic chemical
additives in animal feed. These benefits highlight the potential of phytobiotics as a sustainable, health-conscious alternative to conventional
antibiotics in livestock farming.
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1. Introduction

The use of antibiotics in animal production has long been a common practice to prevent and treat infectious diseases and enhance
growth performance. However, their intensive and uncontrolled use has led to the emergence of resistant microbial strains,
compromising treatment efficacy and posing a risk to public health (Marazuela, Bogialli, 2009; Nisha, 2008). Chronic exposure to
antibiotic residues in animal-derived products can lead to direct toxic effects and alter the human microbiota, thereby promoting the
development of resistance (Anadon, 2006).

In response to these concerns, the European Union banned the use of antibiotics as growth promoters (AGPs) in 2006, after more
than 50 years of use in livestock farming (Greathead, 2003; Rochfort et al., 2008; Mohammadi Gheisar, Kim, 2018). However, this
ban led to a resurgence of animal infections, compromising livestock productivity and health. At the same time, increasing demand
for sustainable and environmentally friendly farming has promoted the development of alternative methods to synthetic antibiotics,
particularly in organic farming, where their use is strictly limited (Bourgoin et al., 2017; Nagarajan et al., 2017).

In this context, research has intensified to identify efficient substitutes for AGPs. Among the studied solutions, feed additives
play a prominent role. According to the American Feed Control Officials (AFCO), a feed additive is a substance added to animal
feed to meet a specific need, usually in small quantities and requiring careful incorporation (AFCO). These additives can be of plant,
animal, or mineral origin and are widely used to improve digestion, stimulate growth, and enhance animal health (World Health
Organization, 2018).

Among the most studied additives are probiotics (live microorganisms), prebiotics (substrates that promote the growth of specific
bacteria in the digestive microbiota and are indigestible by the host animal), enzymes, organic acids, and natural phytobiotics. The
latter, also known as phytogenic additives, refer to a group of bioactive compounds extracted from plants and incorporated into
animal feed for their beneficial effects on growth and health (Windisch et al., 2008).

Phytobiotics, or phytogenics, are derived from a wide variety of herbs, spices, and plant extracts and are known for their
distinctive aromas and pharmacological properties. They contain secondary plant metabolites—such as essential oils, alkaloids,
flavonoids, and phenolic compounds—which are responsible for a range of biological activities, including antimicrobial,
antioxidant, anti-inflammatory, and immunomodulatory effects (Bakkali et al., 2008; Schwab et al., 2008). These substances are
typically classified as herbs (non-woody, non-perennial plants), plant parts (leaves, roots, bark), essential oils (volatile compounds
obtained by distillation), and oleoresins (solvent-extracted compounds).

When incorporated into animal feed, phytobiotics have been reported to enhance digestive function, stimulate gastric and bile
secretions, improve nutrient absorption, reduce gut pathogen load, and support the immune system (Kamel, 2001; Athanasiadou et
al., 2007; Brenes & Roura, 2010). Their application, however, requires strict regulation and evaluation regarding dosage,
composition, efficacy, and safety for animals, humans, and the environment (Anonymous, 2009).

Since ancient times, medicinal plants have been used to prevent and treat diseases in both humans and livestock (Radkowska,
2013). Advances in biochemistry have enabled the identification and characterization of numerous plant-derived active compounds,
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although their use was gradually abandoned in favor of synthetic antibiotics (Greathead, 2003; Rochfort et al., 2008). However, due
to the health and environmental risks associated with antibiotics, phytobiotics have regained interest as natural alternatives (Ndomou
etal., 2021).

These plant-based compounds, extracted from herbs, spices, and essential oils, exhibit antibacterial, anti-inflammatory,
antioxidant, and immunostimulatory properties (Qin & Hou, 2017; Pandey et al., 2019; Martel et al., 2020; Kikusato, 2021). More
than 5,000 phytobiotic molecules have been identified in various plant sources, including rosemary (o-pinene), oregano (carvacrol),
thyme (thymol), cinnamon (cinnamaldehyde), and citrus fruits (limonoids) (Tsao & Deng, 2004; Liu, 2004; Mountzouris, 2016;
Abd El-Hack et al., 2022).

2. Materials e Methods

This synthesis was developed based on a rigorous selection of scientific publications addressing the incorporation of phytobiotics
into animal feed. The studies consulted focused mainly on the use of plants such as garlic, cloves, rosemary, peppermint, cumin,
and fenugreek, evaluating their effects on digestive health, growth performance, feed efficiency, and immune status in both
ruminants and monogastric animals.

The selected sources were drawn from specialized scientific journals, with particular attention to methodological quality, the
relevance of the results, and the diversity of animal species studied. The publications reviewed describe experimental trials (in vivo
and in vitro) conducted with phytobiotics in various forms (powders, extracts, essential oils), at different dosages and durations.

3. Results

3.1. Effectiveness of some spices used in poultry feed

The ban on antibiotics as growth promoters in broiler chicken feed underscores the need for thorough research into natural
alternatives, such as phytobiotics. These are often added to feed, but can also be added to drinking water. They are widely used in
broilers to improve growth performance, meat quality, and preservation (Windisch et al., 2008; Brenes and Roura, 2010).

Here are some commonly used phytobiotics in broiler diets, along with their beneficial effects. Various studies have investigated
the impact of these substances on various zootechnical and immunological parameters, as well as their antimicrobial and antiparasitic
efficacy. The results of these studies on the main spices and plant extracts used are summarized in Table 1, highlighting their
applications and the beneficial effects observed in poultry.
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Phytobiotics

Scientific Name

Effectiveness

Cinnamon

Cinnamomum
Cinnamomum zeylanicum

cassia /

Used to treat diarrhea and stimulate appetite in Chinese medicine.
Cinnamon extract is effective against various bacteria (Smith-Palmer et
al., 1998).

Oregano,
Thyme,
pepper

Red

Origanum  vulgare, Thymus
vulgaris, Capsicum annuum

phytobiotic additives, such as oregano (5 g/kg), thyme (1.0 g/kg), and red
pepper (1.0 g/kg), have been shown to have a stimulating effect on the
intestines of chickens, particularly by promoting mucus secretion. This
effect could inhibit the adhesion of pathogens, thereby helping to stabilize
the microbial balance in the animals' intestines (Jamroz et al., 2006).

Garlic

Allium sativum

Srivastava et al. (1993) and Kumar and Berwal (1998) demonstrated that
garlic oil (Allium sativum) possesses anti-tumour and antioxidant
properties. In this context, an English study revealed a beneficial effect
of garlic (1.0 g/kg) on growth and feed efficiency in chickens (Lewis et
al., 2003). These authors concluded that garlic is likely to have a
beneficial effect on the intestinal flora by reducing pathogenic bacteria,
which would explain the improved performance in chickens.

Garlic,
Fenugreek

Allium  sativum,
foenum-graecum

Trigonella

A dietary supplement consisting of 1% garlic powder and 1% fenugreek
powder showed a favourable response, particularly by improving blood
parameters and the immune system (Seyed, 2014).

Most studies show that gram-negative bacteria require higher doses of
plant extracts for optimal antimicrobial efficacy (Shelef, 1983; Zaika,
1988; Smith-Palmer et al., 1998; Ceylan and Fung, 2004).

Oregano,
Thyme
essential oils

Origanum  vulgare, Thymus

vulgaris

Burt and Reinders (2003) observed an antibacterial effect of oregano and
thyme essential oils against E. coli (gram-negative) at a dose of 0.6 ml/I.
Moreover, some plant extracts are effective against parasites, particularly
chicken coccidia (genus Eimeria), which are responsible for significant
economic losses in the poultry industry worldwide (Sharkey, 1978;
Christaki et al., 2004; Giannenas et al., 2005; Naidoo et al., 2008)

Turmeric
(Curcumin)

Curcuma longa

At a dietary level of 1%, turmeric improved weight gain and reduced
intestinal lesions in chickens infected with E. maxima. Its active
compound, curcumin (1-5%), has antioxidant, anti-inflammatory, and
anti-tumour properties (Allen et al., 1998).

Mix of
essential  oils:
oregano,

laurel, sage,
anise, citrus

Origanum  vulgare, Laurus
nobilis,  Salvia  officinalis,
Pimpinella anisum, Citrus spp.

Supplementation of 24 mg/kg of this essential oil blend significantly
improved feed conversion ratio in broilers. (Cabuk et al., 2006).

fenugreek

Trigonella foenum-graecum

The inclusion of fenugreek at levels ranging from 0.01% to 4.0% in
broiler diets improves zootechnical performance and immune response.
Its extract, rich in steroids, stimulates digestive enzymes, enhances
digestion, and protects the intestinal mucosa (Oueslati, 2015; Seyed,
2014). It also contains compounds that stimulate appetite and lower blood
cholesterol, helping to prevent atherosclerosis (Adil, 2015).

Green anise

Pimpinella anisum

At doses between 0.5 g/kg and 1.5%, green anise improved all
zootechnical parameters in broilers and enhanced liver and kidney
function. Its essential oil showed in vitro antibacterial activity against B.
cereus, S. aureus, and E. coli (0.98 mg/ml), and promoted both humoral
and cellular immunity (Mahmood, 2014; Al-Kassie, 2008; El-Deek et al.,
2002; Al-Shammari, 2017; Barakat, 2016.)

Table 1 — Summary of the main phytobiotics used in poultry feed and their beneficial effects.

3.2. Phytobiotics commonly used in layer diets, and their beneficial effects:

Laying hens benefit from various dietary supplements that help improve their health, production performance, and egg quality.
Among these supplements, phytobiotics are gaining increasing interest due to their beneficial effects. The main impacts of some
phytobiotics used in laying hens are summarized in Table 2.
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Phytobiotics | Scientific Name Effectiveness

Cinnamon Cinnamomum zeylanicum Immunostimulant properties likely linked to antioxidant activity;
increased antibody levels in eggs (Lee et al., 1999).

Ginger Zingiber officinale Increased egg weight, improved egg quality, reduced yolk cholesterol,

antioxidant and immunomodulatory effects, and stimulation of growth
hormone (El-Hack et al., 2020; Kafi et al., 2017; Wen et al., 2019).
Turmeric Curcuma longa Improved production performance, egg quality, intestinal morphology,
immune response, and economic efficiency (Azouz, 2020; Kinati et al.,
2021; Kosti et al., 2020; Mousa et al., 2019; Rahman et al., 2021).
Table 2 — Effects of selected phytobiotics on performance, egg quality, and health parameters in laying hens.

3.3. Efficacy of some phytobiotics used in ruminant nutrition

Phytobiotics, additives classified as growth-promoting factors, are emerging as a promising solution (Hashemi S.R., Davoodi
H., 2010). This category of additives has proven its advantage in stimulating animal growth by inducing significant changes in the
dynamics of the ruminal ecosystem and the microbiota that thrive. Improved production performance, egg quality, intestinal
morphology, immune response, and economic efficiency (Azouz, 2020; Kinati et al., 2021; Kosti et al., 2020; Mousa et al., 2019;
Rahman et al., 2021). They improve the metabolism of the animal organism by improving digestion and nutrient absorption,
stimulating immune activity and antioxidant activity, and consequently improving animal performance and well-being (Zeweil et
al., 2016).

3.3.1. Effect of phytobiotics on the digestive process
The effect of phytobiotics on digestion is briefly illustrated in Figure 1.

3.3.2. Effect of phytobiotics and animal welfare

In the literature, medicinal plants are reported to be effectively used to treat a wide range of disorders and diseases, such as
bloating (Brassica campestris L.), ectoparasites (Azadirachta indica A.), infertility (Phoenix dactylifera L.), milk production
problems (Cuminum cyminum L.), diarrhea (Plantago lanceolata L.), retained placenta (4//ium sativum L.), etc. This is also supported
by the findings of Meena et al. (2015), who aimed to quantify the extent of ethno-veterinary practices in India. Their study revealed
that a wide range of local herbs and plants (turmeric, lemon, neem, mustard, ajowan, etc.) were used appropriately to treat diarrhea,
bloating, endo- and ectoparasites, mastitis, retained placentas, foot-and-mouth disease, and lameness.

Even in newborns, medicinal plants also retain their immunomodulatory properties. Shokrollahi et al. (2015) reported that the
addition of garlic extract significantly improved immunity in goat kids, resulting in a significant increase in defence cells in the
blood. This in vivo study aimed to visualize the effect of adding different doses (100 and 200 mg/kg body weight per day) of aqueous
rosemary extract to newborn milk. The results showed that adding rosemary to the kids’ milk significantly improved their immunity
by increasing the number of leukocytes, which are heavily involved in the body's defence.

PHYTOBIOTICS
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Figure 1 — Effect of phytobiotics on the digestive process.

3.3.3. Effect of phytobiotics on livestock performance

Phytobiotics have notable effects on zootechnical performance, particularly on growth and production.

Effect on growth:

In sheep, a study showed a significant improvement in the growth performance of lambs born to ewes supplemented with
chamomile flowers (Chamaemelum nobile) and black cumin seeds (2 g per animal per day), with a higher average daily gain (ADG),
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attributed to better quality of maternal milk, especially in terms of protein content (EL-Ghousein, 2010). Furthermore, adding cumin
to lambs' diets (7% and 14% of the basal diet) improves their growth (Jami et al., 2015).

In goats, supplementing kids' milk with aqueous garlic extract (250 mg/kg body weight) for 42 days significantly increases their
ADG (Shokrollahi et al., 2016). Adding clay (3%) and thyme (3%) to the diet of growing goats significantly improves voluntary
dry matter intake (Okali-Usur, 2019).

In cattle, garlic extract (250 mg/kg body weight) significantly improves growth in calves (Ghosh et al., 2010). In dairy cows,
supplementation with a complex of essential oils (eucalyptus oil (Eucalyptus globulus) and menthol crystals, and peppermint
essential oil) at increasing doses (16 and 32 mg/l in drinking water) improves growth parameters (Soltan et al., 2009).

Effect on production:

In sheep, the addition of 10 g/day of chamomile or black cumin flowers improves milk quality and quantity during lactation,
with higher protein (PC) and mineral content (EL-Ghousein, 2010). The addition of rosemary extract (1200 mg per animal per day)
also significantly increases milk production (Chiofalo et al.,2010).

In goats, a methanolic cumin extract (1.27% of dry matter intake) significantly improves milk yield (+13%) (Miri et al., 2013).
Milk production increases by 11% to 15% in goats receiving dry lemongrass (Cymbopogon citratus) and rosemary leaves (10
g/head/day) in the concentrate (Kholif et al., 2017).

In dairy cows, the use of phytobiotics affects milk quantity and quality. Thus, a complex of essential oils (mint, eucalyptus, and
menthol crystals) administered at 32 mg/l of drinking water to Holstein cows increases PC (Soltan et al., 2009). Similarly,
supplementation with cumin seeds (200 g/day) in the diet of these cows significantly improves milk production, both in quantity
and quality (Ghafari et al., 2015).

3.3.4. Ecological impacts of phytobiotics

The development of livestock farming has been the subject of debate, focusing on its impact on climate change and
environmental protection. Methanogenesis is a metabolic process that eliminates hydrogen released during ruminal fermentation
(Rizzoli D.J., Baxter R., & Reeve J.L., 1976; McDonald P., 2002; Claude J-B., 2002; Reyaud J.L. et al., 2014). Through this
mechanism, ruminants produce significant amounts of methane (CHa4), a greenhouse gas, accounting for about 33% of global
emissions of this gas, and contributing significantly to global warming by generating 4% of total greenhouse gas emissions (FAO,
2010, cited by Cobellis et al.; Shokrollahi et al., 2015). Several studies have examined the effectiveness of phytobiotics in reducing
the environmental impact of ruminant farming. Kongmun et al. (2010) observed significant reductions of about 22% in
methanogenic activity (p <0.001) and about 5% in ammoniogenesis (p < 0.05) in an in vitro test using garlic powder. This reduction
helps to reduce energy losses in the form of methane and nitrogen losses in the form of urea. Similarly, Cobellis et al. (2015) reported
a similar effect in an in vitro test using 2 g/L. of oregano and rosemary essential oils, reducing methanogenesis by 70% and 9%
(p<0.01), respectively, and ammoniogenesis by 78% and 70% (p<0.001), respectively. There was also a remarkable reduction in
CO2 emissions. Galindo et al. (2016) reported a significant decrease in ammoniogenesis of around 42% (p<0.05) in sheep fed a diet
containing 12% dry matter concentrate in the form of coconut essential oil.

4. Discussion

The results obtained from various studies clearly highlight the promising potential of phytobiotics as natural alternatives to
conventional antibiotics in animal nutrition. Whether used in poultry or ruminants, these plant-derived compounds have
demonstrated beneficial effects on growth performance, immune function, digestive efficiency, product quality, animal welfare, and
even environmental sustainability.

In poultry, particularly broilers and laying hens, the incorporation of phytobiotics such as garlic, oregano, thyme, turmeric, and
fenugreek has improved feed conversion ratio, body weight gain, egg quality, and immune response. Several studies confirm their
antimicrobial and antiparasitic properties, especially against Gram-negative bacteria and coccidia, which enhance intestinal health
and zootechnical performance. Essential oils and spice-derived compounds (e.g., curcumin from turmeric, allicin from garlic, and
thymol and carvacrol from thyme and oregano) contribute to these effects by modulating the gut microbiota, stimulating enzyme
secretion, and exerting antioxidant and anti-inflammatory activities. These benefits also translate into economic advantages through
improved feed efficiency and reduced disease incidence. In ruminants, phytobiotics exhibit an even broader spectrum of action. On
the digestive level, additives such as cumin, fenugreek, garlic, and clove have significantly improved dry matter digestibility, energy
retention, and nitrogen utilization. These effects suggest enhanced microbial fermentation and nutrient absorption, which are
essential for optimal ruminal function. Moreover, certain phytobiotics help stabilize the ruminal ecosystem by reducing ammonia
production, as observed with garlic, peppermint, and cumin supplementation. Such reductions not only improve nitrogen use
efficiency but also reduce nitrogen excretion and the potential for environmental pollution. Animal welfare is also positively
influenced by phytobiotic supplementation. Various medicinal plants have traditionally been used to treat digestive and reproductive
disorders in livestock, and recent studies have confirmed their immunomodulatory potential. For example, garlic and rosemary
extracts have been shown to enhance neonatal immunity by stimulating leukocyte production, thereby strengthening early-life
defense mechanisms.

Livestock performance has also been favorably affected, particularly regarding growth and milk production. Phytobiotics such
as chamomile, black cumin, lemongrass, and rosemary have been shown to improve daily weight gain and enhance milk yield and
composition in various species, including kids, lambs, and dairy cows. These improvements are often attributed to better nutrient
availability, enhanced metabolic activity, and, in some cases, hormonal modulation.
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5. Conclusion

Phytobiotics represent a promising alternative to antibiotics, particularly for their ability to promote sustainable, environmentally
friendly animal production. They help reduce dependence on conventional chemical products and veterinary medications, thereby
contributing to more ethical farming practices and better ecosystem health. The use of phytobiotics as feed additives can be
optimized by combining them with other beneficial compounds, such as prebiotics, which nourish beneficial gut bacteria, or
probiotics, which support microbial balance. This synergy can enhance the positive impact of phytobiotics on digestive health and
animal production performance, particularly by improving feed conversion, growth, and the quality of animal products. However,
while phytobiotics offer clear benefits, further research is needed to precisely determine the optimal dosage, as it may vary across
animal species and production conditions.

Additionally, it is essential to gain a deeper understanding of the cellular mechanisms of action of these substances to ensure
more targeted and practical use. This includes studying their interactions with biological receptors and their effects on physiological
processes, such as the immune response and anti-inflammatory mechanisms. Moreover, the formulation of additive blends
combining several spices or plants with complementary effects could offer even more effective solutions to improve the nutritional
efficiency of animal diets. Such an approach could maximize the benefits of phytobiotics by promoting digestive health, disease
prevention, and optimizing zootechnical performance.

Finally, although phytobiotics are promising, their integration into farming practices requires close monitoring by manufacturers
and regulatory authorities to ensure their safe use. It is essential to ensure the safety of the products, particularly the dosage and
purity of the compounds, as well as their traceability throughout the production chain. Manufacturers must also ensure compliance
with legal standards and health requirements to ensure the effectiveness of their products while protecting the health of both animals

and consumers.
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