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Abstract

Phytogenic supplementation has gained attention as a possible method to improve ruminant feedlot fattening and lactation efficiency due to
the increased demand for sustainable and effective livestock production. This chapter explores the potential benefits of phytogenic
supplements, derived from plants like herbs, spices, and essential oils, in enhancing animal development, nutrient use, and milk production.
Phytogenic additions increase feed efficiency and nutrient absorption, which in turn leads to increased production, by modifying the gut flora
and improving the activity of digestive enzymes. Important bioactive substances including flavonoids, tannins, and saponins have antioxidant
and antibacterial qualities in addition to stimulating metabolic processes, which lowers the risk of oxidative stress and infections.
Furthermore, there is evidence that phytogenic supplementation lowers methane emissions, which promotes environmental sustainability.
This chapter discusses the practical aspects of implementing phytogenic supplementation, including its economic viability, dose optimization,
and potential synergistic effects with other feed additives. The quantifiable effects on daily weight growth, feed conversion ratio, and carcass
quality are demonstrated by case studies and experimental data from feedlot operations. Phytogenic supplementation proves to be a
comprehensive strategy for establishing a connection between ecological care and high-performance animal production, opening the door to
a sustainable agricultural future.
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Introduction

A group of different feed additives derived from plants and containing spices, herbs, fruit, and other parts of plants are known as
phytogenic (Singh & Gaikwad, 2020). Broad activities of these feed additives involve growth boosters, immune modulators, antioxidants,
antimicrobials, and anthelmintic.

Apart from these activities feed additives are also documented to activate feed consumption and endogenous emission and increase
production (Salami et al., 2019). Feed additives involve many heterogeneous bio-active elements like tannins phenolics, allicin, thymol,
alkaloids, cineole, capsaicin, polyphenol, piperine, terpenoids, saponins, mucilage, bitters, glycosides, flavonoids and allyl isothiocyanate
(Upadhaya & Kim, 2017).

Phytogenic supplements (also pointed out as phytochemical or phytobiotics) are often described as plant-obtain natural mixtures, plant
extracts, herbal formulas, or bioactive mixtures that have the function of improving feed goods, stimulate the performance of animal
productivity, and increase the quality of animal product. The phytogenic feed additives enhance the production performance and growth
performance of ruminants, boost health, enhance the quality of products of livestock (milk quality and meat quality), enhance the reproduction
function (female animal and male sperm), reduce toxicity and reduce emission (Kholif et al., 2021; Kumar et al., 2022).

Phytogenic substances as possible antibiotics are different in the production of livestock animals. As a common product, phytogenic
substances have various benefits above antimicrobial agents, including low cost and lower chance of restricted growth (Wang et al., 2024). So,
those are recognized as the perfect materials for antimicrobial agents. Phytogenic substances have good indicators and advantageous impacts
on performance, health, growth, reproduction, production, and emission reduce and reducing toxicity in both ruminants and monogastric
animals. Fastly growth in the possible use of phytogenic substances has happened mostly depending on the 2006 EU prohibition on the
utilization of antibiotic substances as a development stimulator and positive effect the animal outcomes and their quality (Kotsampasi et al.,
2024). Involve the phytogenic substances, based on special extracts, essential oils, ground herbs and spices in cows' feed to enhance ruminal
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fermentation, milk production, and feed utilization, and greatly influence the animal health and nutrition. Adding phytogenic in feed that
improve milk composition and quality, increase UFA (unsaturated fatty acid) and reduce SCC in milk, and keep safe for mammary gland by
Streptococcus species bacteria (Caroprese et al., 2023).

For long-term use of antibiotics find antibiotic residues in milk and meat outcomes that increase antibiotic restriction in human beings.
The EU (Reg.No. 1831/2003/EC) bans the utilize of antimicrobial agents for growth performance in livestock animals. Phytogenic are
originating from plants and are made up of spices, fruit, herbs, and other parts of plants. Phytogenic substances

stimulate positive daily weight gain, feed utilization, and feed intake in developing animals to enhance the performance of growth
(Rahimian et al., 2018; Chen et al., 2023).

2. Herbal Based Bioactive Components

The phytogenic supplements (also pointed out as phytochemical or photobiotic) are often described as plant-obtain natural mixtures, plant
extracts, herbal formulas, or bioactive mixtures that have the function to improve feed goods, stimulating the performance of animal
productivity, and increasing the quality of animal product (Rollin, 2014; Tang, 2015).

Example: Phytogenic supplements like herbs and their extracts; Moringa oleifera, rosemary, honey bell, ginger, yucca, Echinacea extracts,
purslane abstract, and green tea (Swelum et al., 2021).

The classification of phytogenic feed additives according to the (plant parts) whole plant, stem Root, leaf, fruit flower, or seed, growth of
the plant (sedges, grasses, herbs, climbers, shrubs or trees) (Wang et al., 2024), plant environment (temperature, sub-tropical or tropical),
therapeutic effects (antioxidant, antibacterial, antiviral, anticancer, antifungal, anti-inflammatory, immune-stimulatory or antiulcer) (Banik et
al., 2020). In addition, phytogenic feed additives are classified into acids glucosides, polysaccharides, polyphenols, flavonoids, alkaloids, and
terpenoids depending on their major fundamental components and into the extract, vegetable oil, lens, or powder depending on the form of
product (Wang et al., 2024). These can also be divided into immune boosters, hormone stimulators, antistress factors, anti-microbial factors,
insect repelling, appetite regulator, reproductive stimulators, fattening factors, lactation stimulators, disease-protecting agents, and feed
conservation factors depending on their implementation features.

Phytogenic Mechanism in Animals

The addition of phytogenic in animals’ diets can increase animal reproductive efficiency and improve overall performance (Swelum et al.,
2021). The anti-oxidant reaction of phytogenic supplements like herbs and their abstract in the feed of animals as probiotics is one more
biological action of great application.

The ability of phytogenic supplements to provide hydrogen ions and delocalized apart electrons within ring of phenolic aroma structure
is based on antioxidant properties and the basic mechanism of protection of biological particles as opposed to oxidation. Using phytogenic
supplements as feed additives to increase the reproductive performance (RP) of animals. Phytogenic supplements like herbs and their abstract
have potential anti-oxidant reactions.

Products obtained from Moringa oleifera, rosemary, honey bell, ginger, yucca, Echinacea extracts, purslane abstract, and green tea due to
their phenolic compounds (Swelum et al., 2021).

Many functional compounds have been a part of these herbs like rosemary, propolis, eugenol, menthol, quercetin, rosmarinic acid,
carvacrol, and thymol. These are powerful anti-inflammatory, antioxidant, and antibacterial reactions. Phytogenic supplements for animals to
improve (RP) and promote the function and health of the intestinal tract (Shehata et al., 2022).

3. Phytogenic and Lactating Efficiency

The chemical composition analysis of milk, count of bacteria, and somatic cell count is executed by the FCM (Flow Cytometry Method).
The calibration of lactose, total solid, defatted dry extract, protein, and fat is calibrated using the MISM (Mid Infrared Spectrometry Method)
(Gunasekera et al., 2003). The SCC (somatic cell counts) in milk is low in cattle that fed on phytogenic substances during lactation. With
phytogenic supplements have little effect on SCC, lactose, TS, fat, protein, and DDE in early and mid-lactation. But an important contrast is
observed in urea values 17.0 mg/dL and 19.3 mg/dL without and with phytogenic supplements, respectively in milk. But important contrast is
observed in urea and SCC values are 17.0 mg/dL and 19.3 mg/dL or 72.5(x1000/mL) and 44.9(x1000/mL) without and with phytogenic
supplements, respectively in milk (de Vitt et al., 2024).

Role in Enhancing Nutrient Utilization

The 3g of phytogenic/day/cow can improve intake silage of corn and dry matter, on the other hand, the 6g phytogenic/day/cow can reduce
the intake as compared to without phytogenic. Large nutrient utilization is observed for 3g phytogenic than without phytogenic. The 6g
phytogenic reduces nutrient utilization (Muhammad et al., 2019). The basic aim of adding herbs, spices, and essential oils is to enhance the
taste and digestibility of nutrients. Phytogenic supplements like essential oils extract from plants and bioavailable lipid complexes which high
in menthol impact nutrient utilization and animal activities depending on the amount. The small number of phytogenic upgrades the ruminal
volatile fatty acid and acetate, then a high amount reduces ruminal propionate. The mass of total volatile fatty acid and their separate portion
are based on mainly feed utilization and rumen micros performance (Ahmed et al., 2024). The higher VFA mass is such as a result of increased
ruminal agitation then increased ruminal acetate might be because of the increased fiber digestibility with 3g phytogenic. The higher ruminal
propionate along 3g phytogenic and reduced mass with 6g phytogenic are equal along nutrient utilization, specifically organic matter (Kour, 2022).

Effects on Animal Health and Lactation Performance
Conventional botanic medicines have been utilized for >2000, and > 3000 years because of their crucial impact on animal and human
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health respectively. Phytogenic feed additives effect as an antimicrobial, immune boosters, increase performance, and also affect as an
antioxidant. The magnificent plant extract anti-oxidants are obtained from oregano, marjoram, olive leaves, sage, thyme, rosemary, etc.
(Giannenas et al., 2020).

A few herbs, fruits, and spices like garlic, cinnamon, berries, plum, caraway, turmeric, ginger, pine bark extract, clove, and pomegranate
are all have antioxidant properties. In food, the request for natural anti-oxidants is rise because of its health well-being as opposed to a number
of diseases and oxidative stress Plant extract feed premixes have been extensively analyzed as antibiotic another to use in animal production,
enhance meat flavor, better milk or egg quality and health. Phytochemicals, total phenolics, and condensed tannins increase immunity and
milk production in buffalos. Phytogenic feed premixes can maintain intestinal microbes which impact on growth promotion and health (Charles
& Charles, 2013).

14 cows were split into 2 groups (with and without phytogenic) for a test along 2 lactation stages of forty-five days each (early and
mid-lactation). Experimental period, milk yield is high at different times in cattle that consume phytogenic feed additives. These animals
have better feed regulation. In mid-lactation, phytogenic feed additives intake high nutrient palatability (Kumar et al., 2022). In early
lactation, the consumption of feed by per cow was 14.34 kg/day and 14.01 kg/day and produce milk per cow was 23.3 kg/day and 24.8
kg/day without and with phytogenic supplements, respectively. In mid-lactation the consumption of feed by per cow was 15.17 kg/day
and 15.21 kg/day and produce milk per cow was 19.7 kg/day and 20.8 kg/day without and with phytogenic supplements re spectively
(Jantzi, 2021).

4. Phytogenic in Feedlot Fattening

A phytogenic feed addition was assessed by the current study. Which is made from a blend of fructo-oligosaccharides, oregano, cinnamon,
and citrus peel extricate. In addition to assessing how phytogenic feed supplements affects broiler growth, the current study aims to inspect
possible modes of action through immunological response, the digestive activity of the enzyme, nutrient transporter gene expressions, and the
digestibility of nutrients.

The addition of phytogenic feed additives increased broiler FCR by promoting ileum immunity.

Phytogenics are derivatives of plants or combinations of plant-producing substances that are found as natural growth promoters. They
are also named or termed as botanical or Phytobiotics (Abdelli et al., 2021). Their mentioned mechanisms of action are different and include
stimulating feed intake and the production of gastric secretions in addition to having anti-inflammatory, antioxidant, and antibacterial
properties (Patra et al., 2019).

All things supposed, minor is known about how metabolism is affected by phytogenics and introvert with other feed elements and animal-
related variables like age. As an effect, every effect of phytogenic additives on growth and health must be thoroughly examined, and the findings
cannot be applied to different livestock species or different canalization stages

Role in improving carcass quality and meat characteristics:

Due to the positive of phtytogenics impact on organism’s health traditional herbal methods have been used for over 3,000 years
(Giannenas et al., 2020). They have been used in livestock organisms for about two millennia. Mechanisms finally observed that introducing
phytogenic feed additives reduced animal concert, shown through accommodations in body mass conversion of feed ratio, and quality of meat
(Shi et al., 2023).

Since the decennary, antibiotic growth promoters have been broadly used in animal production to increase growth and feed conversion.
Even so, because of various documented dangerous side effects on birds, people, and animals. They have been prohibited in most of the world
(Verma & Saroop, 2024). Finding a safe, cheap, and accordingly, replacement for antibiotics is one of the most popular research trends.

5. Mechanisms of Action

The significance of antioxidants present in meals and feeds is well recommended for both curing the food and supplying necessary
antioxidants in-vivo. Oxidation of lipids during feed processing and preservation is crucial. Since polyunsaturated lipids oxidize and make
hydroperoxides, which are vulnerable to other oxidation or denaturing to secondary reaction outcomes, such as short-chain aldehydes, ketones,
and other oxygenated compounds. These may hardly affect the quality of feed, containing, taste, flavor, nutritional value, concentrations of
toxic substances and keeping the quality.

Gut Health Modulation

The tight junction structures consist of transmembrane proteins including claudins (e.g., CLDN1, CLDN2, CLDN3), occluding (i.e., OCLN),
junctional adhesion molecule-A (JAM-A) and intracellular proteins such as zonula occludes (i.e. 301, ZO2) that serve as a barrier and control
par acellular permeability (Dithmer et al., 2024). A compromised border is joined with reduced intestinal permeability and the translocation of
microorganisms and toxic substances through the paracellular way. These may overcome as dangerous local, and perhaps systemic processes.
This condition is simply termed a "leaky gut" supposing all the above, gut barrier integrity is fundamental in regulating the gut health of the
host (Nichols & Faass, 2005).

Anti-inflammatory Properties

The PFAs can cure chronic stress-like diseases in animals, and therefore help in improving their growth rate by reducing the total blood
cholesterol of animals, and also by inhibiting reading C. perfringens and E. coli grow rapidly in intestines (Brenes & Roura, 2010).

Although, there is no “magic bullet” for passing these targets. Instead, several nutraceuticals are currently utilized as “alternative
antibiotics” to increase performance and gut health in the farming of animals. More commonly for high-level poultry, nutraceuticals such as
phytochemicals claimed promising effects, making better the intestinal microbial balance, metabolism, and integrity of the gut due to their
antioxidant, anti-inflammatory, immune modulating, and bactericidal effects (Alagawany et al., 2021).
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6. Comparative Analysis with Conventional Additives

Phytogenic feed additives consist of plant origin and are useful for animal production. The efficiency of plants can also be Influenced as
levels of these compounds can change by source medium. Leaves, bark, root, geographic origin, and stage of puberty (Rahman et al., 2022).
The PFA contains a herb that is useful in the manufacturing of animals The bioavailability of these compounds is largely Thought to be a result
of their interlinkage and chemical structure with receptors (Jiménez-Osorio et al., 2023). Necessary oils that present in licorice, cinnamon, and
vanilla. The anatomical influence of PFA cannot be allotted to a solo element given for additive, Many good traits have been allotted to these
elements. Licorice has been indicated to increase complex proteins, so that improving gut coherence when exposed to stress (Rdikkonen et al.,
2011). Necessary oils applied between 0.4 and 1.6 g/d, have been seen to have a dependent influence on DMI OM intelligibility.

In baby sheep, mashed caraway ingests at 30 ppm DM increased food intake and body mass attain, and decreased oxidative pressure, Oils
of vanilla are closely related to edibility improvement whereby addition at 0.2% energizing before DMI, which gave to the development of
stomach and feed adjustment, allowing young to keep an ADG beneficial diet transition.

Feeding a mixed PFA of the same structure as this series at 0.5 and 1.0 g/d, A decrease in liver ulcer and good effects on DMI and ADG of
ranch pilot. Stated neither mixture consists of either eugenol, thymol, and vanilla or linalool, a-pinene provides for at 1 g/d affected DMI, and
ADG feed proportion, showing the difficulty in comprehension of the group of cells to stop the breakdown of glucose as indicated in the pilot
which would lead to enhanced ATP formation from the decomposition of propionate and holding back of ingestion (Hochachka & Somero,
2002). The part of the PFA with regards to increased DMI, whether through stomach movement and antioxidative and irritant influence ability
to be made clear use the same PFA as the present inquiry, these additives can increase animal growth, they can enhance diet consumption by
boosting edibility.

Limitations and Challenges

A Mixture of EOs with OAs has been detailed that phytogenic additives with different roles and actions lock up the most favorable solution
to restore antibiotics in feed mainly for these 3 causes: (i) All beneficial results of antibiotics are unexpected to be overlaid by an individual
choice ; (ii) alternatives have a synergetic influence that lowers the required amount thought as economical (iii) Existing the antibiotics must
be a united approach that consists of feeding, biosecurity, and management quite than the addition of feed additives (Bengtsson-Palme &
Larsson, 2016). The use of hydrophobic EOs with lipophilic OAs together has been thought the best method to replacement of antibiotics for
the possible additive better effects on the intestine and growth compared with single EOs or OAs (Helmy et al., 2023). Moreover, gram bacteria
can assimilate MCFA and LCFA and afterward metabolize them. Such differences in the plasma membrane constitution make EOs strong in the
control of gram-positive bacteria in contrast to gram-negative ones.

After different studies estimating the order and protection of PFAs is 1 difficult because of their complicated constitution. unpredictability
in the results may be attributed to different factors associated either to the variability per se of PFA, consisting of source and bioactive
compounds of the PFAs which may rely on the plant, vegetal source growing sites, developed procedures, the storing settings, and the actual
amount; or to the environmental settings, controlling and background conditions (challenge vs. no trial and differences in the original microbial
trial if useful, age, genetic. Some writers also described that the suitable smallest protective concentration (MIC) for most pc is higher than the
level thought as economic (Bengtsson-Palme & Larsson, 2016). On the other side, different phytogenic compounds like EOs can evaporate fast
because of their fast reactivity producing in large concentrations in the finishing FA. Complementary interlinkages with other material from
feed have been described as lower biological influences of PFA present in diets containing high protein (Friedman et al., 1997) technologies
have been discovered to save PFAs from the denaturation and decomposition process in feed-making and depot, ease the grasping, make able
a slower secrete and fix on the lower GIT (Stockwell, 2009).

7. Case Studies or Research Evidence

A direct drop-in DMI was established, also a direct rise in milk/DMI, and a mode for a direct decrease in FPCM/DMI and FPCM in retaliation
to tannin addition. In inclusion, a drop in DMI and a direct rise in milk/DMI were observed with a rising volume of tannin. Short studies have
described a small influence of chestnut or quebracho tannin withdrawal to the feed on milk production and DMI (Dschaak et al., 2011) and
established that chestnut and quebracho tannins didn’t influence DMI or milk production of lactating animals when intake 0.45 or 1% of DM,
subsequently. In the same way, (Aguerre et al., 2016) showed no influence on feed intake and milk production when tannin of chestnut was
involved at 0.49% of DM. ( Aguerre et al., 2020) discovered that adding tannin of quebracho at 3% of DM feed drop both milk/DMI and DMI
of milk-producing cows but not milk production. Thus, established on this detail, the bad effect of the tannin on DMI at the amount used in this
challenge was unbelievable, and the causes for which it left unclear.

lactose, Milk fat, yield (kg/d), and SNF content (%) were not influenced by tannin adding. Based on the discovered response, the mmp
concentration was forecast to be 2.89% with a tannin conc, of 0.47%. Milk production yield decreases directly with the amount of tannin.
Thus, the useful influence of tannin on proteins conc. Didn’t convert into higher milk yield. Different writers (Tseu, 2019; Assumpc&o, 2021)
have described no interchange in milk constituents conc. and yield when chestnut or quebracho were included to the diet.

BUN and Milk urea N2 directly when tannin in the diet was raised from 0-1.80% of DM. Other writers have reported the same response
to the addition of tannin which shows decreased animal protein.

Oil obtained from plants in feedlot food can have many useful influences on animal production. As another allotted source of energy, these
oils can rise the density of lipids in feedlot baby sheep diets to alternative parts of carbohydrates and employ the fatty acid account of the
product. Use of plant oils containing a high proportion of unsaturated fats could negatively influence meat quality with a raised sensitivity to
lipid decomposition. Using natural antioxidants in feed is a new trend because synthetic antioxidants are harmful to animal and human health.
This study's aim is to investigate the influence of low addition levels of PO and natural antioxidants on the manufacturing, yield production
and quality of meat of feedlot animals (Fruet et al., 2016). A ratio of carbohydrates (mashed maize) with a sunflower-soybean oil mixture
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(1.62%) had no influence on the feedlot activity of lambs intake for 52 days (N = 120). The enhanced CLA content dropped the decomposition
stability of meat over seven days. The plant oils badly influenced the LTL color, and natural antioxidants and synthetic both successfully reduce
this color drop. For the feedlot animals greater weight gain was possible because the production systems of animals include feed consisting of
a greater ratio of highly scummy carbohydrates or ensure fast finishing (Tait et al., 2021). By energy supply increases, the amount of VFA
production also rises, which raises the metabolizable energy amount (Fruet et al., 2016). Sormunen-Cristian (2013) reported that the grain of
oats has a layer of fibrous that cover the endosperm and germ, and the grain is more proof against the digestion of microbes.

8. Challenges and Future Perspectives

Controlled Quality maintains the goods’ quality by attaching to requirements and is well structured. Handbooks, official pharmacopeias,

monographs, and other standard parameter information are available (Santillo & Lagarce, 2023). Various techniques may be useful to find out
the herbal materials’ quality. The validity, accuracy, resilience and precision, of approach, must be examined while choosing different analytical
methods. It is now achievable to quantify and identify the chemical using modern methods such as high-performance liquid chromatography
(HPLC), gas chromatography (GC), and gas chromatography-mass spectrometry (GC-MS) (Lehotay & Hajslova, 2002).
Management Issues: This produces notable difficulties in explaining the idea of NRHM, while surprising customers and patients (Dwivedi,
2015). In the US under the Dietary Supplement Health and Education Act (DSHEA) are regulating natural products Since 1994, A nutritional
supplement is stated as an eatable material that has a “element which is dietary in nature” and is meant to add to the feed. Herbs, vitamins,
and minerals are among the nutritional components of these outcomes. Further studies are not essential under the DSHEA for the herbs present
in the market before 1994. The FDA is responsible for an herbal product or “dietary elements” is harmful to human intake. In several countries
such as India, another difficulty is the change of regulatory information on medications of herbal between safety monitoring and regulatory
agencies (Kumar et al., 2025).

The body mass of the individual was noted at the start (1 D old) and at the end (36D old) of the study by subtracting by of a day (w1)
old from by at 42 D (w2) old for Single tagged birds mass gain was determined. The FCR, feed intake, and mortality ratio were noted at the
end of the practical (Mengistu et al., 2020).

Based on GC/MS/examination of the necessary oils, 32 constituents were identified, which amount to 99.66% of the total detected
constituents. The trans-anethole and thymol were the major in thyme and anise besides some constituents of phenols (Wang et al., 2008).

Conclusion

Phytogenic supplementation is a new approach in animal nutrition that improves feedlot fattening and lactation efficiency. It contains
bioactive substances that support immune system performance, enhance food metabolism, and reduce environmental impact by reducing
greenhouse gas emissions. It increases milk supply, daily weight growth, and feed efficiency without compromising animal health or product
quality. Phytogenic supplements also offer disease prevention and oxidative stress management benefits due to their antibacterial and
antioxidant properties. They also reduce production costs by reducing reliance on artificial additives. However, the application of phytogenic
supplements requires careful consideration of dose, formulation, and compatibility with current feeding regimens. Future studies should focus
on understanding molecular processes and exploring synergistic effects of integrating phytogenic supplements with other dietary approaches.
Collaboration between policymakers, researchers, and industry stakeholders is crucial for incorporating phytogenic supplements in cattle
production systems.
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