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The global poultry industry relies heavily on antibiotics to prevent and treat
diseases and promote growth. However, the rise of antibiotic-resistant bacteria
poses significant risks to both animal and human health, necessitating alternative
approaches to maintain health and productivity. This review systematically
examines the evidence for medicinal plants and their bioactive components as
non-antibiotic interventions and growth promoters in poultry species. Numerous
herbs, spices, plant extracts, essential oils, and isolated phytochemicals
demonstrate beneficial bioactivities relevant to poultry production in vitro and in
vivo, including antimicrobial, anti-inflammatory, immunomodulatory, and
antioxidant effects. While considerable research confirms positive impacts on
performance under experimental conditions, questions remain regarding
bioavailability, mechanisms, efficacy, safety, feasibility, and suitability for
commercial integration that currently impede widespread adoption as antibiotic
alternatives.  Further controlled trials

high-quality directly analyzing

physiological responses, production impacts, safety profiles, and cost-

effectiveness analysis are warranted to support the integration of evidence-based
phytogenic feed additives in poultry production systems.
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1 Introduction

ntibttTiotics and related antimicrobials have been

widely used in commercial poultry production for
disease treatment, prevention of infections, and growth
promotion over the past several decades (1). Antibiotic
growth promoters (AGPs) at sub-therapeutic have been
routinely incorporated into poultry feed to improve feed
efficiency and growth rates by altering gut microbial
populations (2). However, while antibiotics provide health
and productivity benefits, their extensive use has contributed
to the emergence of drug-resistant bacteria. Resistant
pathogens can then be transferred from poultry to humans,
raising significant public health concerns (3).

In response to the risks of antibiotic resistance, many
countries have introduced partial or complete bans on the use
of AGPs and other antibiotics in livestock feed and water (4).
For example, the European Union banned the use of AGPs
in 2006 (5). The United States Food and Drug
Administration introduced guidance in 2013 to phase out
AGPs and bring remaining antibiotic uses in food animals
under veterinary supervision (6). With increasing
restrictions on sub-therapeutic antibiotic administration,
identifying viable alternatives to maintain health and
productivity has become an important focus of research in
poultry medicine (7).

In response to the risks of antibiotic resistance, many
countries have introduced partial or comprehensive bans on
the use of antibiotic growth promoters in livestock
production (8). The European Union began prohibiting
AGPs in animal feed in 2006 (5). The United States Food
and Drug Administration introduced guidance in 2013 to
phase out AGPs and bring remaining antibiotic uses in food
animals under veterinary supervision. Additional countries
instituting partial or complete bans include Australia, Japan,
and Taiwan (9).

While regulations aim to promote the judicious
therapeutic use of antibiotics, limiting AGPs can negatively
impact poultry health and performance if not replaced with
effective alternatives. Thus, identifying novel non-antibiotic
approaches to maintain productivity and prevent disease in
poultry production systems is an important area of
investigation. Using alternatives to antibiotics has been
described as a "global social responsibility” by the poultry
industry to reduce resistance risks (7, 10, 11).

One category of non-antibiotic approaches garnering
interest is phytogenic feed additives derived from medicinal
plants and botanical products. Plants used for centuries in
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herbal medicine contain a variety of bioactive secondary
metabolites, including polyphenols, glycosides, alkaloids,
and volatile oils, which can exert antimicrobial, anti-
inflammatory, analgesic, antioxidant, and
immunomodulatory effects. The long history of traditional
phytotherapy use and understood biological activities make
medicinal plant compounds promising options as substitutes
for AGPs in poultry rations (12-14).

Medicinal plants and their bioactive components are now
being investigated as potential alternatives to antibiotics and
synthetic chemotherapeutics (15). Traditional medicine has
historically used herbs, spices, and botanical extracts to treat
a variety of human and animal ailments (16). Many plants
contain pharmacologically active secondary metabolites
such as polyphenols, flavonoids, alkaloids, and terpenoids
which can exert beneficial effects through mechanisms
including antibacterial, anti-inflammatory,
immunomodulatory, and antioxidant properties (17). The
long historical use and understood bioactivities make
medicinal plants promising options as feed supplements for
non-antibiotic approaches in poultry production (18).

A number of studies over the past two decades have
evaluated the efficacy of various medicinal plants, extracts,
essential oils, and isolated phytochemicals for improving
poultry health, well-being, and productivity. Reported
benefits include increased weight gain and feed efficiency,
enhanced egg production and quality, greater resistance to
bacterial and parasitic infections, anti-inflammatory effects,
and reduced oxidative stress. Administration methods tested
include incorporation into feed or water and individual
dosing regimens (19, 20).

The aim of this review study was to systematically
consolidate and evaluate the current scientific evidence for
using medicinal plants and natural products to enhance
poultry health, disease resistance, and productivity as
alternatives to antibiotics and synthetic chemotherapeutics.
It will summarize the breadth of plants, extracts, bioactive
compounds, and modes of delivery studied in poultry
species. Reported effects on growth performance, egg
production, meat quality, gut health, and pathogen resistance
will be analyzed. Proposed mechanisms of action and
limitations of the existing research will be discussed. By
reviewing and critically appraising the available literature,
this article intends to identify promising phytotherapy
strategies for poultry production, as well as research gaps to
guide future investigations.
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2 Methods
2.1  Literature Search Strategy

A systematic search of the published literature was
conducted using the PubMed, Scopus, and Web of Science
databases to identify relevant studies on the use of medicinal
plants and natural products in poultry production. The
following search terms were used in various combinations:
(medicinal plant OR herbal medicine OR phytotherapy OR
botanical OR phytochemical) AND (poultry OR chicken OR
hen OR broiler OR layer OR chick* OR poult* OR turkey
OR duck OR goose OR avian). Searches were limited to
English-language publications in peer-reviewed academic
journals. No date restrictions were imposed.

2.2 Inclusion and Exclusion Criteria

Studies were included in the review if they investigated
medicinal plants, extracts, essential oils, or isolated
phytochemicals administered to poultry and analyzed effects
on health, growth, feed conversion, egg production, meat
quality, gut microflora, or disease resistance. Both in vitro
and in vivo studies were eligible for inclusion. Review
articles, opinion pieces, conference abstracts, and duplicated
publications were excluded. Studies investigating prebiotics,
probiotics, synthetic compounds, and antibiotics were also
excluded, as the focus was specifically on natural phytogenic
substances as alternatives to antibiotics.

2.3  Data Extraction

Data extracted from the eligible studies included: first
author and year, plant species used, parts of plants tested,
bioactive components identified, poultry species and
production type, route and duration of administration,
dosage levels, measured outcome parameters, and pertinent
results. Tables were generated to categorize findings based
on the type of phytogenic intervention, including studies on
whole plant products, extracts, essential oils, and isolated
compounds. Outcomes were summarized by effects on
growth performance, egg production, meat quality, gut
health and microflora, immune response, disease resistance,
safety, and toxicity concerns.

3 Antibiotic Use Patterns in Poultry Production

Antibiotics are administered to commercial poultry for
therapeutic treatment of bacterial infections, prophylactic
disease prevention in healthy flocks, and as feed additives to
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promote growth and feed efficiency (21). They can be
delivered through water, injection, oral dosing, or feed.
Veterinarians may prescribe antibiotics like penicillins,
tetracyclines, sulfonamides, and macrolides to treat ill
chickens diagnosed with pathogenic infections (22).
However, much antibiotic use in poultry is for
administration to flocks that show no clinical signs of illness
(23).

Prophylactic antibiotics are continuously provided
continuously in feed or water to reduce risks of infection and
outbreaks in intensive production settings (2). Prophylaxis is
primarily aimed at preventing the development of necrotic
enteritis, a disease caused by overgrowth of the bacterium
Clostridium perfringens which can cause significant
morbidity and mortality. Antibiotics used prophylactically
include bacitracin, virginiamycin, tylosin, and lincomycin.
Prophylaxis involves longer duration but lower doses than
therapy (24-26).

Sub-therapeutic antibiotic use refers to the incorporation
of AGPs into poultry feed at doses well below those used for
disease treatment (Gustafson and Bowen, 1997). AGPs have
been routinely fed for growth promotion effects attributed to
their influence on gut microbiota, nutrient absorption, and
immune status. Common AGPs include bambermycin,
penicillin, virginiamycin, tylosin, and bacitracin. While
AGPs improve performance and economic returns, their
extensive use has raised public health concerns over the
selection of antibiotic-resistant bacteria (27-29).

3.1  Antibiotic Resistance Concerns with Nontherapeutic
Use in Poultry

The administration of antibiotics, especially at low doses
over prolonged periods, provides selective pressure that
facilitates the development of resistant strains (30). In
normal microbial populations, a small subset may harbor
mutations or genes that enable them to withstand antibiotics
and proliferate under selection pressure. Resistant bacteria
can then spread between animals via direct contact,
environmental routes, or the food chain. Several pathogenic
species have developed multidrug resistance, complicating
treatment in both veterinary and human medicine (31, 32).

Poultry are recognized as important reservoirs capable of
transmitting antibiotic-resistant foodborne pathogens to
humans, including non-typhoidal Salmonella and
Campylobacter species (33). Most Campylobacter isolates
from conventional poultry are now resistant to tetracyclines,
lincosamides, penicillins, and fluoroquinolones (34).
Fluoroquinolone-resistant Campylobacter jejuni is highly
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prevalent in retail chicken, with resistance attributed to
enrofloxacin use in poultry (35). Multiple antibiotic-resistant
variants of Salmonella have also emerged in poultry
production, posing food safety risks (36).

Antibiotic-resistant  bacterial infections increase
morbidity and mortality in humans by compromising
antibiotic therapy, lengthening hospitalizations for infection
management, and necessitating alternative antimicrobials
that may be less effective, more toxic, or more costly (37).
Reducing nontherapeutic antibiotic use in livestock
production has therefore become a public health priority to
help preserve antibiotic efficacy in human medicine.

3.2 Regulations Restricting Nontherapeutic Antibiotic
Use in Poultry

Concerns over accelerating antibiotic resistance have led
many countries to ban or restrict antibiotic use for growth
promotion and prophylaxis in food animals (5). The United
States Food and Drug Administration introduced guidance
in 2013 that requires pharmaceutical companies to
voluntarily cease selling AGPs for growth promotion and to
shift remaining uses to prescription or veterinary feed
directive status for therapeutic indications only (38).

The FDA policy aims to bring all antibiotic
administration in livestock under veterinary oversight to
encourage more judicious use. This includes limiting
preventative use to specific situations of heightened risk for
the development of a particular bacterial infection, rather
than continuous prophylaxis. Several medically important
antibiotic classes have now been fully phased out as over-
the-counter feed additives in the U.S., including penicillins,
tetracyclines, macrolides, lincosamides, and streptogramins
(39).

Some countries have imposed total bans on using
antibiotics as growth promoters. For example, the sale of
antimicrobial feed additives for growth promotion was
prohibited in Norway beginning in 1995 (40). Strict
restrictions on agricultural antibiotics have also been
adopted in Denmark, Sweden, and the Netherlands.
However, in the U.S. and some other countries, antibiotics
can still be prescribed for disease prevention and therapy as
regulated by recent policies. Although restrictions aim to
promote more judicious therapeutic use in animals, reducing
subtherapeutic administration could negatively impact
health and productivity if viable alternatives are not
available.
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3.3 Impacts of Antibiotic Growth Promoter Restrictions
on Poultry Health and Productivity

Eliminating antibiotic growth promoters and prophylaxis
can adversely affect poultry health, performance, and
mortality rates if not replaced by effective alternatives (5).
AGPs provide measurable production benefits by inhibiting
subclinical infections, reducing inflammation-induced gut
integrity loss, lowering immune system activation, and
enabling animals to achieve full genetic growth potential
(41). Modeling suggests AGP prohibitions reduce broiler
life weight by 2-5% depending on country-specific
production practices, disease pressures, and alternative
disease control measures (42).

Observed adverse impacts after AGP withdrawal include
increased mortality, carcass condemnation, veterinary
therapeutic use, production time, and flock heterogeneity
(21). Removal of AGPs appears to allow increased
proliferation of Clostridium perfringens, leading to higher
incidence of necrotic enteritis, and impaired gut barrier
function. This results in reduced growth rates, increased feed
conversion ratios, diarrhea, and secondary infections.
Economic losses attributed to AGP cessation have been
estimated between 1-15% depending on species, pathogen
load, vaccine use, and compensatory management changes
(43-45).

Sub-therapeutic antibiotics modulate gut microbiota
toward a favorable profile, reducing pathogens, virulence
factors, and antigen load. Withdrawal allows pathogens like
C. perfringens to proliferate, produce harmful toxins, and
damage the intestinal lining (46). The resulting
inflammatory insult impairs nutrient absorption and growth.
Gut permeability changes also allow the translocation of
immunogenic bacteria, endotoxins, and antigens that can
lead to chronic immune activation. The suppressed
immunity and inflammation from microbial imbalance and
gut barrier disruption likely underlie much of the reduced
performance observed after removing antibiotic growth
promoters (47, 48).

While the reasons for detrimental impacts are not yet fully
understood, it is clear that phasing out sub-therapeutic
antibiotics poses health and productivity challenges for
commercial poultry production. Implementing good
management practices like vaccination, probiotics, and
biosecurity measures can help offset adverse effects (49).
However, identifying efficacious alternatives to maintain
performance, control pathogens, support gut health, and
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modulate immunity remains an important field of research
to ensure sustainable poultry production.

3.4  Integrative Health Management
Replace Antibiotic Growth Promoters

Strategies to

Various approaches exist to potentially replace the
productivity-enhancing and prophylactic effects of
antibiotics in poultry production:

Vaccines — Vaccinating against major viral, bacterial, and
protozoan poultry diseases enhances protective immunity to
reduce clinical and subclinical infections that impair growth
(50). Effective vaccination provides defense against
challenges like coccidiosis. However optimal timing and
validated protocols are critical.

Probiotics - Administering beneficial bacteria can help
competitively exclude pathogens, modulate immunity, and
maintain gut barrier integrity (51). Combining probiotic
species provides synergy. But product quality assurance and
validated strains are needed.

Phytogenics — Plants contain a diversity of antimicrobial,
antioxidant, and immunomodulatory metabolites that may
provide alternatives to antibiotics for pathogen control, anti-
inflammatory effects, and growth promotion (15). However,
active compounds, efficacy, and optimal delivery require
research.

Prebiotics — Non-digestible carbohydrates promote the
growth of beneficial commensal bacteria, altering microbial
profiles, metabolites, and immunity (52). However, effects
are inconsistent and require characterization.

Micronutrients — Essential trace minerals like zinc,
copper, and selenium contribute to antioxidant status,
immunity, gut health, and enzyme functions (53). However,
benefits beyond deficiency correction are debated.

Management — Heightened biosecurity measures,
environmental enrichment, low-stress handling, and sanitary
housing help reduce infection risks and stress-related
immunosuppression  (54). However, feasibility and
compliance challenges exist.

Given the complex dynamics underlying poultry health
and growth promotion, multi-component protocols
combining judiciously selected antibiotics as needed for
therapy with vaccines, pre-probiotics, phytogenics,
micronutrients, and management practices may provide
optimal alternative strategies to maintain productivity and
confer robust protection against challenges in antibiotic-free
flocks (49). Of particular interest are naturally derived
phytochemicals with the potential to beneficially modulate
gut health, immunity, and antioxidant status. The following
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sections review the evidence for using medicinal plants and
bioactive compounds from traditional medicine as antibiotic
alternatives in poultry production systems.

35 Medicinal Plants as Alternatives to Antibiotics

Medicinal plants and their isolated phytochemicals are
increasingly being investigated as feed supplements to
replace sub-therapeutic antibiotic use and maintain health
and performance in commercial poultry and other livestock
species (55). Traditional medicine systems utilized herbs,
spices, and botanical extracts to treat diseases long before
the introduction of synthetic pharmaceuticals (56). Many
plants contain bioactive secondary metabolites such as
polyphenols, alkaloids, glycosides, saponins, and volatile
oils that can exert therapeutic effects through mechanisms
including antimicrobial, anti-inflammatory, analgesic,
immunomodulatory, and antioxidant properties (17).

The long history of traditional use provides a foundation
to guide investigation of medicinal plants as viable options
for non-antibiotic approaches in poultry production. Given
rising consumer demand for organic, natural, and antibiotic-
free animal products, phytogenic feed additives also align
with environmental and ethical consumer preferences (15).
If proven effective, functional, and economical, naturally-
derived compounds could provide more acceptable
alternatives to replace productivity-enhancing antibiotics.
The following sections review the existing research on
medicinal plant products for improving health parameters,
growth, egg production, meat quality, and pathogen control
in poultry species (20, 57, 58).

4  Plants and Phytochemicals Investigated in Poultry

A broad range of medicinal herbs, spices, fruit and plant
extracts, essential oils, and isolated phytochemicals derived
from traditional medicine systems have been screened in
vitro and analyzed through in vivo feeding trials for their
effects on poultry health and productivity (59). These
include:

e Whole herbs/spices: Basil, thyme, oregano, cumin,
ginger, cinnamon, pepper, garlic, licorice, ginseng,
turmeric root

e  Fruit extracts: Pomegranate, date, fig, olive, grape
seed, cranberry

e Plant extracts: Neem, moringa,
echinacea, ginseng, green tea, holy basil

e Essential oils: Oregano, thyme, cinnamon, pepper,
anise, lemon, frankincense

marigold,
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e Components: Carvacrol, cinnamaldehyde,
capsaicin, allicin, gingerol, curcumin, quercetin,
ursolic acid.

Some of the most extensively researched plants, extracts,
and bioactive compounds include garlic, ginger, black
cumin, turmeric, oregano, thyme, cinnamon, chili/capsicum,
yucca, licorice, cranberry, anise, eucalyptus, marigold, and
Echinacea (55, 60). Of these, certain plants and compounds

Table 1. Plants and compounds with extensive research in poultry.

JOURNAL OF POULTRY SCIENCES AND AVIAN DISEASES, 2024, VOL. 2, NO. 2, 36-49

have shown particular promise in enhancing parameters such
as body weight, egg production, antioxidant status,
immunity, gut health, and pathogen control. The following
sections summarize some of the key medicinal plants and
their major bioactive components that have been evaluated
in poultry systems (58, 61, 62). Some of plants and
compounds with extensive research in poultry industry is
shown in Table 1.

Plant Plant Parts Used Bird Type Route Key Effects Reference
Garlic Bulb Poultry Feed Antimicrobial, antioxidant, growth promoter (63-65)
Ginger Rhizome Poultry Feed Antioxidant, growth promoter (19, 66-68)
Turmeric Rhizome Poultry Feed Antioxidant, immunomodulatory (69, 70)
Chili Pepper Fruit Poultry Feed Anti-coccidial, immunomodulatory (71)
Echinacea Aerial parts Poultry Feed Immunostimulant (72)
Oregano Leaves Poultry Feed Antimicrobial (73)
Thyme Leaves Poultry Feed Antioxidant, immunomodulatory (74)
Cinnamon Bark Poultry Feed Antimicrobial, anti-coccidial (75)
Yucca Roots Poultry Feed Immunostimulant (76)
Eucalyptus Leaves Poultry Feed Anti-inflammatory 77
Rosemary Leaves Poultry Feed Antioxidant, immunomodulatory (57)
Anise Seeds Poultry Feed Antioxidant, immunomodulatory (78)
Peppermint Leaves Poultry Feed Antibacterial, growth promoter (79)
Fennel Seeds Poultry Feed Antioxidant, antimicrobial (80)
Sage Leaves Poultry Feed Antioxidant (81)
Clove Flower buds Poultry Feed Anti-inflammatory, antimicrobial (82)
Black cumin Seeds Poultry Feed Antioxidant, immunomodulatory (83)
Fenugreek Seeds Poultry Feed Hypoglycemic, hypolipidemic (84)
Ginseng Roots Poultry Feed Anti-stress, immunostimulant (85)
Green tea Leaves Poultry Feed Antioxidant, anti-coccidial (86)
Bitter melon Fruit Poultry Feed Hypoglycemic, immunomodulatory 87)
Neem Leaves, seeds Poultry Feed Antifungal, antiviral (88)
Milk thistle Seeds Poultry Feed Hepatoprotective, antioxidant (89)
Artemisia Leaves Poultry Feed Anti-coccidial (90)
Garlic chives Leaves Poultry Feed Antimicrobial, antioxidant 91)
Holy basil Leaves Poultry Feed Anti-inflammatory, antibacterial (92)
Licorice Roots Poultry Feed Anti-inflammatory, antioxidant (93)
Marigold Flowers Poultry Feed Antioxidant, pigmenter (94)
Moringa Leaves Poultry Feed Antioxidant, hepatoprotective (95)

5 Summary of Key Plants and Their Bioactive
Components

The preceding sections highlighted the broad range of
medicinal plants, extracts, essential oils, and isolated
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phytochemicals that have been evaluated for their potential
to improve health and productivity in poultry species. While
many plants demonstrate beneficial bioactivities, some key
genera and their primary bioactive components can be
summarized as follows based on the extent of research and
reported impacts (Table 2):
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Extract Source Extraction Bird Route  Key Effects Major Components Reference
Solvent Type
Garlic extract Allium species bulbs Not specified  Poultry Feed  Antimicrobial, antioxidant, Allicin, organosulfides  (64)
immunostimulant

Ginger extract  Zingiber officinale Not specified  Poultry Feed  Anti-inflammatory, Gingerols, shogaols (68)
rhizomes antioxidant

Turmeric Curcuma longa Not specified  Poultry Feed  Anti-inflammatory, Curcumin (70)

extract rhizomes antioxidant

Chili pepper Capsicum annum Not specified  Poultry Feed  Analgesic, anti-coccidial Capsaicin (71)

extract fruits

Oregano Origanum vulgare Not specified ~ Poultry Feed  Antimicrobial Carvacrol, thymol (73)

extract leaves

Cinnamon Cinnamomum verum Not specified  Poultry Feed  Anti-parasitic, antioxidant Cinnamaldehyde (75)

extract bark

Echinacea Echinacea purpurea Not specified  Poultry Feed Immunostimulant Alkylamides, (72)

extract aerial parts polysaccharides

Neem extract Azadirachta indica Not specified  Poultry Feed  Anti-parasitic, antiviral Azadirachtin, nimbin (88)
leaves, seeds

Green tea Camellia sinensis Water, Poultry Feed  Antioxidant, antimicrobial Catechins, EGCG (86)

extract leaves ethanol

Garlic chives Allium tuberosum Not specified  Poultry Feed  Antimicrobial, antioxidant Allicin, organosulfides  (91)

extract leaves

Anise extract Pimpinella anisum Not specified  Poultry Feed  Anti-inflammatory, Anethole (78)
seeds antioxidant

5.1  Feed Supplementation
5.2  Water Supplementation

The most common method of administering medicinal
plants to poultry is through direct incorporation into feed as
dietary supplements (68). Mixing dried and ground aerial
parts like leaves, flowers, seeds, roots, or barks allows flock-
wide delivery when voluntarily consumed via standard
feeding regimens (96). Reported inclusion levels range from
1-5% for dried crude plant materials, though concentrations
up to 10% have been tested to discern effects, which may
exceed commercially feasible intakes (97). More potent
forms like hydroalcoholic, aqueous, or ethanolic extracts are
typically included at 0.05-0.5% of finished feed. Essential
oils derived from steam distillation require even lower
supplementation levels of 0.01-0.1% due to their high
bioactive density and potential to impart flavor (98).

To overcome issues with stability and strong taste,
microencapsulation technigques can help mask flavors while
preventing the volatility of oils and sensitive compounds
(99). Combining multiple complementary botanical extracts
or essential oils at reduced individual doses may provide
synergy, but possible negative interactions must also be
assessed through efficacy and safety evaluations (100).
Proper storage trials are prudent to determine stability over
time for commercial feeds containing labile plant
phytochemicals.

42

In addition to direct feed amendment, administering
soluble medicinal plant extracts, essential oils, or powdered
herb suspensions via drinking water provides an alternate
delivery method (101). This allows easy preparation and
uniform flock-wide intake. However, consistency in
delivered doses can be challenging as actual consumption
varies based on environmental factors and palatability.
Therefore, close monitoring of preparation concentrations,
water intake, and residual volumes is necessary to determine
true ingestion (102).

5.3  Individual Dosing

While impractical for commercial flocks, direct
individual administration techniques like oral gavage or
adding measured doses into individual feed allotments
support precision dosing for controlled research trials. This
eliminates variability between birds and reliance on
voluntary intake when discerning efficacy and mechanisms
of action for medicinal plants (103). However, the extensive
labor requirements make individual dosing unsuitable for
practical commercial application.
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5.4  Anti-inflammatory and Analgesic Effects

Several medicinal plants and their bioactive components
have exhibited anti-inflammatory and pain-relieving
properties in poultry. According to (96), chronic
inflammation impairs growth, nutrient absorption, behavior,
and immunity in chickens. Curcumin from turmeric
suppresses pro-inflammatory cytokines like TNF-a and IL-
1B by downregulating NF-kB signaling cascades (104).
Gingerols in ginger inhibit COX-2 and lipoxygenase
enzymes involved in inflammatory mediator synthesis (105).
Capsaicin from chili peppers mediates analgesic effects by
depleting neuropeptides like substance P that transmit pain
signals (106). Additional herbs with anti-inflammatory
activities include holy basil, licorice, green tea, garlic, and
cinnamon (93). However, (17) note that further research
should investigate the bioavailability, pharmacokinetics,
mechanisms, and clinical benefits of isolated anti-
inflammatory phytochemicals in poultry species.

5.5  Antimicrobial and Anti-parasitic Effects

Numerous plant compounds exhibit direct growth
inhibition or inactivation of pathogens through mechanisms
like membrane disruption, virulence factor suppression, and
interference with parasite lifecycles (107). For example,
carvacrol and thymol in oregano and thyme oils
permeabilize bacterial membranes and inhibit efflux pumps
(108). Allicin from garlic blocks cysteine protease activity
vital for protozoal survival and reproduction (109).
However, (110) state that additional in vivo studies are
needed to fully evaluate antimicrobial and anti-parasitic
efficacy, safety, bioavailability, and potential to counter
resistance among poultry isolates.

5.6 Modulation of Gut Microflora

Specific phytogenic compounds may benefit poultry
performance by modulating gastrointestinal microbial
populations through selective toxicity to pathogens and
prebiotic-like promotion of beneficial microbiota (111).
However, (96) notes that research directly analyzing
microbiome impacts of medicinal plants in poultry is
currently limited. Culture-independent techniques could
better elucidate shifts in microbial communities,
metabolites, and inflammation markers (112).
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5.7  Immunomodulatory Effects

Various herbs and isolated phytochemicals exhibit
immunostimulatory properties by activating phagocytes, T
cells, B cells, and natural Killer cells involved in innate and
adaptive immunity (85). Echinacea, garlic, ginger, and holy
basil upregulated measures of humoral and cell-mediated
immunity in poultry (55). However, (113) states that few in
vivo studies directly evaluate immunological markers in
response to phytogenic supplementation. Elucidating
bioactive compounds, pharmacokinetics, and mechanisms
warrants further investigation.

5.8  Antioxidant Effects

Dietary phytochemicals like polyphenols and carotenoids
mitigate free radical damage through activities like hydrogen
donation and glutathione upregulation (114). Herbs
including turmeric, thyme, cinnamon and oregano improved
antioxidant status and reduced oxidative markers in poultry
tissues and eggs. However, (115) note that research is still
needed on factors influencing in vivo bioavailability and
efficacy of natural antioxidants.

6 Effects on Production Parameters
6.1  Growth Promotion

Multiple  studies  have  demonstrated  garlic
supplementation significantly improves weight gain and
feed efficiency in broilers compared to unsupplemented
controls (101). Proposed mechanisms for garlic's growth-
promoting effects include inhibition of pathogenic bacteria
like E. coli and Salmonella, reduction of pro-inflammatory
compounds that depress growth, and enhanced digestion and
absorption of nutrients like proteins and minerals (112).
Typical supplementation levels around 1-2% provided the
greatest enhancements in body weight gain and feed
conversion ratio (97).

Ginger and its bioactive components like gingerols and
shogaols have also exhibited growth-stimulating properties
in broilers attributed to appetite enhancement, increased
gastric secretions, and anti-inflammatory effects in the
gastrointestinal tract (116). Dried ginger powder
supplemented at 5 g/kg feed significantly increased body
weight gain in broilers by up to 12% compared to non-
supplemented controls (117). The gingerols are believed to
enhance protein and mineral absorption and digestion.

Cinnamon oil and cinnamaldehyde improved weight gain
and feed efficiency in broilers infected with Eimeria
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parasites or Clostridium bacteria, indicating anticoccidial
and antimicrobial mechanisms. Cinnamon oil provided at
100-200 mg/kg feed increased growth performance in
challenged broilers to match healthy controls (118).

6.2 Feed Intake and Conversion

Multiple controlled studies report capsaicin and capsicum
oleoresin supplementation significantly increased voluntary
feed intake in broilers compared to standard diets,
potentially by stimulating digestive secretions and blood
flow (71). Capsaicin provided at 200 mg/kg increased feed
consumption by up to 15%, which could translate into
greater growth rates (119).

Garlic, ginger, thyme, turmeric, black cumin, licorice,
and yucca saponins reduced feed conversion ratio in broilers
by 3-10%, indicating improved digestive efficiency and less
wasted feed (120). Enhanced protein, mineral and energy
digestibility are believed to be responsible, though exact
mechanisms require further elucidation.

6.3  Egg Production and Quality

Multiple controlled studies indicate garlic powder or
extract supplementation significantly increased egg
production rate, egg weight, shell thickness and mass output
in laying hens compared to unsupplemented controls (78).
Garlic provided at 1-2% of feed increased total egg numbers
per hen by approximately 8-15% over a 6-8week trial.
Enhanced nutrient absorption, antioxidant status, and liver
health are proposed mechanisms though require further
analysis.

Dried ginger powder supplementation at 5 g/kg feed
significantly increased egg weight and total mass output in
laying hens by up to 12.8% over 6 weeks (120). The
gingerols likely improve protein and mineral absorption and
digestion. Marigold extract also increased egg Yyolk
carotenoid content and color score.

6.4  Meat Quality

Rosemary leaves contain rosmarinic acid and carnosic
acid that inhibit lipid oxidation in broiler meat during
refrigerated storage, preventing rancidity development.
Rosemary decreased production of secondary lipid oxidation
compounds like hexanal by up to 32% compared to control
meat. The enhanced antioxidant capacity extended shelf life
(121).
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Turmeric  supplementation  altered breast meat
composition in broilers toward increased moisture content
and higher unsaturated fatty acids, which could improve
sensory properties (96). Meat from turmeric-fed broilers had
higher polyunsaturated fats and lower saturated fats.
However, consumer sensory analysis is still needed.

6.5  Toxicity and Safety Concerns

Excessively high doses of some medicinal plant oils and
extracts can impair liver function in chickens. Oregano and
thyme oils provided at over 200 mg/kg feed induced mild
hepatic lesions and increased serum enzymes indicative of
liver damage (98). Clove doses exceeding 400 mg/kg also
negatively impacted performance measures like growth and
feed intake, potentially due to toxicity and nutrient
interactions reducing digestibility (122). Further research
should continue to identify toxicity thresholds.

Limited residue studies suggest bioaccumulation risks are
low for typical supplementation levels, but some lipid-
soluble compounds could accumulate at higher (102).
Curcumin fed at 5 g/kg did result in measurable liver
residues post-mortem, though rapid depletion also occurred
(123). Additional residue kinetics trials and sensitive
analytical screening methods would support science-based
safety controls.

7  Conclusions and Future Directions
7.1  Knowledge Gaps and Areas for Future Research

While a broad range of medicinal plants have shown
beneficial bioactivities in poultry, there remain considerable
knowledge gaps constraining conclusive assessment of
viability as antibiotic alternatives. Targeted research in the
following areas would help address the limitations of the
current evidence base:

e Dose-response trials to identify optimal
supplementation levels balancing efficacy, cost,
and toxicity

e Analyses of active constituent pharmacokinetics
and bioavailability in target poultry tissues

e Elucidation of mechanisms of action through omics
and assessment of gastrointestinal, immunologic,
and physiologic impacts

e Rigorously controlled long-term productivity
studies under commercial conditions

e Systematic safety and toxicity evaluations,
including maximum tolerated doses
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e Depletion studies and sensitive quantification of
residues in poultry products
e Investigation of potential herb-drug interactions
e  Cost-benefit and process feasibility analysis for
commercial formulation
e Sensory and shelf-life impacts on final poultry
products
By undertaking controlled trials focused on addressing
these research gaps, the viability of prioritized medicinal
plants and bioactive compounds as feed supplements in
poultry production systems can be better established to
support evidence-based use as antibiotic alternatives.

7.2 Feasibility for Commercial Adoption

Realizing viable commercial integration of scientifically
proven medicinal plant additives in poultry will require
addressing feasibility factors including:

e Establishing reliable, large-scale sourcing and
extraction

o Developing cost-efficient stabilization, delivery,
and formulation technologies

e Regulatory approval pathways for feed additives
lacking drug oversight frameworks

e Industry acceptance and marketing incentives for
phytogenic supplements

e Cost-benefit analysis indicating productivity
enhancements offset input costs

While in vivo efficacy studies are still needed, additional
work can begin assessing and addressing challenges for real-
world adoption. Partnerships between research institutions,
phytotherapy suppliers, feed manufacturers, poultry
producers, and regulatory agencies can support a roadmap
for the feasible integration of suitable medicinal plant
compounds. With prudent evidence synthesis and
translation, phytochemical feed additives could provide
poultry production with approved, commercially viable
antibiotic alternatives.

Acknowledgements

The authors thank Dr. Boumendjel Mahieddine
(Research Laboratory on Biochemistry and Environmental
Toxicology, Badji Mokhtar-Annaba University, Annaba,
Algeria) for connecting expert authors.

Conflict of Interest

The authors declared no conflicts of interest.

A

G
L\ SANA®
AVLAN HOSPITAL

JOURNAL OF POULTRY SCIENCES AND AVIAN DISEASES, 2024, VOL. 2, NO. 2, 36-49

Author Contributions

Mohsen Pashaei: Writing an article and doing a search;
Zeroual Faycal: Identification of suitable plant compounds
for poultry feeding; Danial Kahrizi: Identification of anti-
inflammatory and analgesic effects; Sezai Ercisli:
Identification of antimicrobial and anti-parasitic effects.

Data Availability Statement

Data are available from the corresponding author upon
reasonable request.

Ethical Considerations

Considering that this is a review article and research work
has not been done on humans or animals, there was no need
for the approval of the ethics committee.

Funding

This research did not receive any grant from funding
agencies in the public (Universities, Veterinary Service
Organizations), commercial, or non-profit sectors

References

1. Landers TF, Cohen B, Wittum TE, Larson EL. A review
of antibiotic use in food animals: perspective, policy, and potential.
Public Health Rep. 2012;127(1):4-22. [PMID: 22298919] [DOI]
2. Lekshmi M, Parvathi A, Kumar S, Varela M. The Food
Production Environment and the Development of Antimicrobial
Resistance in  Human Pathogens of Animal Origin.
Microorganisms. 2017;5. [PMID: 28335438] [DOI]

3. Silbergeld EK, Graham J, Price LB. Industrial food
animal production, antimicrobial resistance, and human health.
Annu Rev Public Health. 2008;29:151-69. [PMID: 18348709]
[DO1]

4, Van Boeckel TP, Brower C, Gilbert M, Grenfell BT,
Levin SA, Robinson TP, et al. Global trends in antimicrobial use in
food animals. Proc Natl Acad Sci U S A. 2015;112(18):5649-54.
[PMID: 25792457] [DOI]

5. Castanon JI. History of the use of antibiotic as growth
promoters in European poultry feeds. Poult Sci. 2007;86(11):2466-
71. [PMID: 17954599] [DOI]

6. Downing NS, Aminawung JA, Shah ND, Krumholz HM,
Ross JS. Clinical trial evidence supporting FDA approval of novel
therapeutic agents, 2005-2012. Jama. 2014;311(4):368-77. [PMID:
24449315] [DOI]

7. Gadde U, Kim WH, Oh ST, Lillehoj HS. Alternatives to
antibiotics for maximizing growth performance and feed efficiency
in poultry: a review. Anim Health Res Rev. 2017;18(1):26-45.
[PMID: 28485263] [DOI]

8. Zhu Q, Sun P, Zhang B, Kong L, Xiao C, Song Z.
Progress on Gut Health Maintenance and Antibiotic Alternatives in
Broiler Chicken Production. Front Nutr. 2021;8:692839. [PMID:
34869510] [DOI]

9. Centner TJ. Recent government regulations in the United
States seek to ensure the effectiveness of antibiotics by limiting

45


https://jpsad.com
https://jpsad.com
https://pubmed.ncbi.nlm.nih.gov/22298919
https://doi.org/10.1177/003335491212700103
https://pubmed.ncbi.nlm.nih.gov/28335438
https://doi.org/10.3390/microorganisms5010011
https://pubmed.ncbi.nlm.nih.gov/18348709
https://doi.org/10.1146/annurev.publhealth.29.020907.090904
https://pubmed.ncbi.nlm.nih.gov/25792457
https://doi.org/10.1073/pnas.1503141112
https://pubmed.ncbi.nlm.nih.gov/17954599
https://doi.org/10.3382/ps.2007-00249
https://pubmed.ncbi.nlm.nih.gov/24449315
https://pubmed.ncbi.nlm.nih.gov/24449315
https://doi.org/10.1001/jama.2013.282034
https://pubmed.ncbi.nlm.nih.gov/28485263
https://doi.org/10.1017/S1466252316000207
https://pubmed.ncbi.nlm.nih.gov/34869510
https://pubmed.ncbi.nlm.nih.gov/34869510
https://doi.org/10.3389/fnut.2021.692839

)
b Pashaei et al.
L‘ SANA®

AVAR BOSHTAL

their agricultural use. Environ Int. 2016;94:1-7. [PMID: 27182666]
[DOI]

10. Lillehoj H, Liu Y, Calsamiglia S, Fernandez-Miyakawa
ME, Chi F, Cravens RL, et al. Phytochemicals as antibiotic
alternatives to promote growth and enhance host health. Vet Res.
2018;49(1):76. [PMID: 30060764] [DOI]

11. Zou A, Nadeau K, Xiong X, Wang PW, Copeland JK,
Lee JY, et al. Systematic profiling of the chicken gut microbiome
reveals dietary supplementation with antibiotics alters expression
of multiple microbial pathways with minimal impact on community
structure. Microbiome. 2022;10(1):127. [PMID: 35965349] [DOI]
12. Abd El-Hack ME, Alagawany M, Abdel-Moneim AE,
Mohammed NG, Khafaga AF, Bin-Jumah M, et al. Cinnamon
(Cinnamomum zeylanicum) Oil as a Potential Alternative to
Antibiotics in Poultry. Antibiotics (Basel). 2020;9(5). [PMID:
32357577] [DOI]

13. Abdelli N, Sola-Oriol D, Perez JF. Phytogenic Feed
Additives in Poultry: Achievements, Prospective and Challenges.
Animals (Basel). 2021;11(12). [PMID: 34944248] [DOI]

14. Ramdani D, Yuniarti E, Jayanegara A, Chaudhry AS.
Roles of Essential Oils, Polyphenols, and Saponins of Medicinal
Plants as Natural Additives and Anthelmintics in Ruminant Diets:
A Systematic Review. Animals (Basel). 2023;13(4). [PMID:
36830554] [DOI]

15. Grashorn MA. Use of phytobiotics in broiler nutrition —
an alternative to infeed antibiotics? Journal of Animal and Feed
Sciences. 2010;19(3):338-47. [DOI]

16. Nabavi SF, Di Lorenzo A, lzadi M, Sobarzo-Sanchez E,
Daglia M, Nabavi SM. Antibacterial Effects of Cinnamon: From
Farm to Food, Cosmetic and Pharmaceutical Industries. Nutrients.
2015;7(9):7729-48. [PMID: 26378575] [DOI]

17. Chandrasekaran J, Brumin M, Wolf D, Leibman D, Klap
C, Pearlsman M, et al. Development of broad virus resistance in
non-transgenic cucumber using CRISPR/Cas9 technology. Mol
Plant Pathol. 2016;17(7):1140-53. [PMID: 26808139] [DOI]

18. Pliego AB, Tavakoli M, Khusro A, Seidavi A,
Elghandour M, Salem AZM, et al. Beneficial and adverse effects
of medicinal plants as feed supplements in poultry nutrition: a
review. Anim Biotechnol. 2022;33(2):369-91. [PMID: 32744150]
[DOI]

19. Abd El-Hack ME, Alagawany M, Shaheen H, Samak D,
Othman SI, Allam AA, et al. Ginger and Its Derivatives as
Promising Alternatives to Antibiotics in Poultry Feed. Animals
(Basel). 2020;10(3). [PMID: 32182754] [DOI]

20. Salem HM, El-Saadony MT, Abd El-Mageed TA,
Soliman SM, Khafaga AF, Saad AM, et al. Promising prospective
effects of Withania somnifera on broiler performance and carcass
characteristics: A comprehensive review. Front Vet Sci.
2022;9:918961. [PMID: 36118334] [DOI]

21. Diarra MS, Malouin F. Antibiotics in Canadian poultry
productions and anticipated alternatives. Front Microbiol.
2014;5:282. [PMID: 24987390] [DOI]

22. D.F A. Antibiotic Resistance in Poultry. International
Journal of Poultry Science. 2009;8. [DOI]

23. Habibi H, Firuzi S, Nili H, Asasi K, Mosleh N. Efficacy
of Thermostable Newcastle Disease Virus Strain 1-2 in Broiler
Chickens Challenged with Highly Virulent Newcastle Virus. Arch
Razi Inst. 2020;75(1):31-7.

24. Abd El-Hack ME, El-Saadony MT, Elbestawy AR, El-
Shall NA, Saad AM, Salem HM, et al. Necrotic enteritis in broiler
chickens: disease characteristics and prevention using organic
antibiotic alternatives - a comprehensive review. Poult Sci.
2022;101(2):101590. [PMID: 34953377] [DOI]

25. Liu X, Diarra MS, Zhang Y, Wang Q, Yu H, Nie SP, et
al. Effect of encapsulated carvacrol on the incidence of necrotic

46

JOURNAL OF POULTRY SCIENCES AND AVIAN DISEASES, 2024, VOL. 2, NO. 2, 36-49

enteritis in broiler chickens. Avian Pathol. 2016;45(3):357-64.
[PMID: 27245304] [DOI]

26. Wei B, Cha SY, Zhang JF, Shang K, Park HC, Kang J, et
al. Antimicrobial Susceptibility and Association with Toxin
Determinants in Clostridium perfringens Isolates from Chickens.
Microorganisms. 2020;8(11). [PMID: 33228100] [DOI]

27. Mysara M, Berkell M, Xavier BB, De Backer S,
Lammens C, Hautekiet V, et al. Assessing the Impact of
Flavophospholipol and Virginiamycin Supplementation on the
Broiler Microbiota: a Prospective Controlled Intervention Study.
mSystems. 2021:0038121. [PMID: 34463581] [DOI]

28. Paul SS, Rama Rao SV, Hegde N, Williams NJ,
Chatterjee RN, Raju M, et al. Effects of Dietary Antimicrobial
Growth Promoters on Performance Parameters and Abundance and
Diversity of Broiler Chicken Gut Microbiome and Selection of
Antibiotic Resistance Genes. Front Microbiol. 2022;13:905050.
[PMID: 35783415] [DOI]

29. Robinson K, Becker S, Xiao Y, Lyu W, Yang Q, Zhu H,
et al. Differential Impact of Subtherapeutic Antibiotics and
lonophores on Intestinal Microbiota of Broilers. Microorganisms.
2019;7(9). [PMID: 31443457] [DOI]

30. Marshall BM, Levy SB. Food animals and
antimicrobials: impacts on human health. Clin Microbiol Rev.
2011;24(4):718-33. [PMID: 21976606] [DOI]

31. Stefanska I, Kwiecien E, Jozwiak-Piasecka K,
Garbowska M, Binek M, Rzewuska M. Antimicrobial
Susceptibility of Lactic Acid Bacteria Strains of Potential Use as
Feed Additives - The Basic Safety and Usefulness Criterion. Front
Vet Sci. 2021;8:687071. [PMID: 34277757] [DOI]

32. Vidovic N, Vidovic S. Antimicrobial Resistance and
Food Animals: Influence of Livestock Environment on the
Emergence and Dissemination of Antimicrobial Resistance.
Antibiotics (Basel). 2020;9(2). [PMID: 32023977] [DOI]

33. Giguére S. Antimicrobial therapy in veterinary medicine
/ edited by Steeve Giguére [and others] ; with thirty-one
contributors. Fourth edition. ed. Ames, lowa: Blackwell Pub.;
2006.

34. Noormohamed A, Fakhr MK. Molecular Typing of
Campylobacter jejuni and Campylobacter coli Isolated from
Various Retail Meats by MLST and PFGE. Foods. 2014;3(1):82-
93. [PMID: 28234305] [DOI]

35. Kim J, Park H, Kim J, Kim JH, Jung JI, Cho S, et al.
Comparative Analysis of Aerotolerance, Antibiotic Resistance, and
Virulence Gene Prevalence in Campylobacter jejuni Isolates from
Retail Raw Chicken and Duck Meat in South Korea.
Microorganisms. 2019;7(10). [PMID: 31658662] [DOI]

36. Haque MH, Sarker S, Islam MS, Islam MA, Karim MR,
Kayesh MEH, et al. Sustainable Antibiotic-Free Broiler Meat
Production: Current Trends, Challenges, and Possibilities in a
Developing Country Perspective. Biology (Basel). 2020;9(11).
[PMID: 33238534] [DOI]

37. Smith R, Coast J. The true cost of antimicrobial
resistance. Bmj. 2013;346:f1493. [PMID: 23479660] [DOI]
38. Zagrodney KAP, Sheikhan NY, Pinto A, Sheikhan T,

Witek TJ, Jr. Drug Advertising Violations: A Longitudinal Trend
Analysis of FDA Enforcement Letters from 2005 to 2019.
Pharmaceut Med. 2021;35(1):31-8. [PMID: 33453042] [DOI]

39. Mullard A. 2017 FDA drug approvals. Nature Reviews
Drug Discovery. 2018;17(2):81-6. [PMID: 29348678] [DOI]
40. Simonsen GS, Urdahl AM. NORM/NORM-VET 2016-

Usage of Antimicrobial Agents and Occurrence of Antimicrobial
Resistance in Norway. 2017.

41. Niewold TA. The nonantibiotic anti-inflammatory effect
of antimicrobial growth promoters, the real mode of action? A
hypothesis. Poult Sci. 2007;86(4):605-9. [PMID: 17369528] [DOI]

)

G
l\ SANA®
AVIAN HOSPITAL


https://jpsad.com
https://jpsad.com
https://pubmed.ncbi.nlm.nih.gov/27182666
https://doi.org/10.1016/j.envint.2016.04.018
https://pubmed.ncbi.nlm.nih.gov/30060764
https://doi.org/10.1186/s13567-018-0562-6
https://pubmed.ncbi.nlm.nih.gov/35965349
https://doi.org/10.1186/s40168-022-01319-7
https://pubmed.ncbi.nlm.nih.gov/32357577
https://pubmed.ncbi.nlm.nih.gov/32357577
https://doi.org/10.3390/antibiotics9050210
https://pubmed.ncbi.nlm.nih.gov/34944248
https://doi.org/10.3390/ani11123471
https://pubmed.ncbi.nlm.nih.gov/36830554
https://pubmed.ncbi.nlm.nih.gov/36830554
https://doi.org/10.3390/ani13040767
https://doi.org/10.22358/jafs/66297/2010
https://pubmed.ncbi.nlm.nih.gov/26378575
https://doi.org/10.3390/nu7095359
https://pubmed.ncbi.nlm.nih.gov/26808139
https://doi.org/10.1111/mpp.12375
https://pubmed.ncbi.nlm.nih.gov/32744150
https://doi.org/10.1080/10495398.2020.1798973
https://pubmed.ncbi.nlm.nih.gov/32182754
https://doi.org/10.3390/ani10030452
https://pubmed.ncbi.nlm.nih.gov/36118334
https://doi.org/10.3389/fvets.2022.918961
https://pubmed.ncbi.nlm.nih.gov/24987390
https://doi.org/10.3389/fmicb.2014.00282
https://doi.org/10.3923/ijps.2009.404.408
https://pubmed.ncbi.nlm.nih.gov/34953377
https://doi.org/10.1016/j.psj.2021.101590
https://pubmed.ncbi.nlm.nih.gov/27245304
https://doi.org/10.1080/03079457.2016.1138281
https://pubmed.ncbi.nlm.nih.gov/33228100
https://doi.org/10.3390/microorganisms8111825
https://pubmed.ncbi.nlm.nih.gov/34463581
https://doi.org/10.1128/mSystems.00381-21
https://pubmed.ncbi.nlm.nih.gov/35783415
https://doi.org/10.3389/fmicb.2022.905050
https://pubmed.ncbi.nlm.nih.gov/31443457
https://doi.org/10.3390/microorganisms7090282
https://pubmed.ncbi.nlm.nih.gov/21976606
https://doi.org/10.1128/CMR.00002-11
https://pubmed.ncbi.nlm.nih.gov/34277757
https://doi.org/10.3389/fvets.2021.687071
https://pubmed.ncbi.nlm.nih.gov/32023977
https://doi.org/10.3390/antibiotics9020052
https://pubmed.ncbi.nlm.nih.gov/28234305
https://doi.org/10.3390/foods3010082
https://pubmed.ncbi.nlm.nih.gov/31658662
https://doi.org/10.3390/microorganisms7100433
https://pubmed.ncbi.nlm.nih.gov/33238534
https://doi.org/10.3390/biology9110411
https://pubmed.ncbi.nlm.nih.gov/23479660
https://doi.org/10.1136/bmj.f1493
https://pubmed.ncbi.nlm.nih.gov/33453042
https://doi.org/10.1007/s40290-020-00370-9
https://pubmed.ncbi.nlm.nih.gov/29348678
https://doi.org/10.1038/nrd.2018.18
https://pubmed.ncbi.nlm.nih.gov/17369528
https://doi.org/10.1093/ps/86.4.605

4

b Pashaei et al.
L‘ SANA®
AVAR BOSHTAL

42. Laxminarayan R, Boeckel TV, Teillant A. The Economic
Costs of Withdrawing Antimicrobial Growth Promoters from the
Livestock Sector. 2015.

43. Diaz Carrasco JM, Redondo LM, Redondo EA,
Dominguez JE, Chacana AP, Fernandez Miyakawa ME. Use of
Plant Extracts as an Effective Manner to Control Clostridium
perfringens Induced Necrotic Enteritis in Poultry. Biomed Res Int.
2016;2016:3278359. [PMID: 277472271 [DOI]

44, Gaucher ML, Perron GG, Arsenault J, Letellier A,
Boulianne M, Quessy S. Recurring Necrotic Enteritis Outbreaks in
Commercial Broiler Chicken Flocks Strongly Influence Toxin
Gene Carriage and Species Richness in the Resident Clostridium
perfringens Population. Front Microbiol. 2017;8:881. [PMID:
28567032] [DOI]

45, Wang B, Zhou Y, Mao Y, Gong L, Li X, Xu S, et al.
Dietary  Supplementation ~ With  Lactobacillus  plantarum
Ameliorates Compromise of Growth Performance by Modulating
Short-Chain Fatty Acids and Intestinal Dyshiosis in Broilers Under
Clostridium perfringens Challenge. Front Nutr. 2021;8:706148.
[PMID: 34722602] [DOI]

46. Timbermont L, Lanckriet A, Dewulf J, Nollet N,
Schwarzer K, Haesebrouck F, et al. Control of Clostridium
perfringens-induced necrotic enteritis in broilers by target-released
butyric acid, fatty acids and essential oils. Avian Pathol.
2010;39(2):117-21. [PMID: 20390546] [DOI]

47. Obianwuna UE, Agbai Kalu N, Wang J, Zhang H, Qi G,
Qiu K, Wu S. Recent Trends on Mitigative Effect of Probiotics on
Oxidative-Stress-Induced Gut Dysfunction in Broilers under
Necrotic Enteritis Challenge: A Review. Antioxidants (Basel).
2023;12(4). [PMID: 37107286] [DOI]

48. Swaggerty CL, Bortoluzzi C, Lee A, Eyng C, Pont GD,
Kogut MH. Potential Replacements for Antibiotic Growth
Promoters in Poultry: Interactions at the Gut Level and Their
Impact on Host Immunity. Adv Exp Med Biol. 2022;1354:145-59.
[PMID: 34807441] [DOI]

49, Huyghebaert G, Ducatelle R, Van Immerseel F. An
update on alternatives to antimicrobial growth promoters for
broilers. Vet J. 2011;187(2):182-8. [PMID: 20382054] [DOI]

50. Lee JJ, Wedow R, Okbay A, Kong E, Maghzian O,
Zacher M, et al. Gene discovery and polygenic prediction from a
genome-wide association study of educational attainment in 1.1
million individuals. Nat Genet. 2018;50(8):1112-21. [PMID:
30038396] [DOI]

51. Kizerwetter-Swida M, Binek M. Assessment of
potentially probiotic properties of Lactobacillus strains isolated
from chickens. Polish Journal of Veterinary Sciences. 2016(No 1).
[PMID: 27096783] [DOI]

52. McKeen S, Young W, Mullaney J, Fraser K, McNabb
WC, Roy NC. Infant Complementary Feeding of Prebiotics for
theMicrobiome and Immunity. Nutrients. 2019;11(2). [PMID:
30744134] [DOI]

53. Bhattacharya PT, Misra SR, Hussain M. Nutritional
Aspects of Essential Trace Elements in Oral Health and Disease:
An Extensive Review. Scientifica (Cairo). 2016;2016:5464373.
[PMID: 27433374] [DOI]

54. Brenninkmeyer C, Dippel S, Brinkmann J, March S,
Winckler C, Knierim U. Hock lesion epidemiology in cubicle
housed dairy cows across two breeds, farming systems and
countries. Prev Vet Med. 2013;109(3-4):236-45. [PMID:
231742171 [DOI]

55. Abbas Q, Hassan M, Raza H, Kim SJ, Chung KW, Kim
GH, Seo SY. Invitro, invivo and in silico anti-hyperglycemic
inhibition by sinigrin. Asian Pac J Trop Med. 2017;10(4):372-9.
[PMID: 28552107] [DOI]

56. Diaz-Sanchez S, D'Souza D, Biswas D, Hanning I.
Botanical alternatives to antibiotics for use in organic poultry

7

G
K SANA®
AVIAN HOSFITAL

JOURNAL OF POULTRY SCIENCES AND AVIAN DISEASES, 2024, VOL. 2, NO. 2, 36-49

production. Poult Sci. 2015;94(6):1419-30. [PMID: 25743421]
[DO1

57. Alagawany M, Abd El-Hack ME, Farag MR, Sachan S,
Karthik K, Dhama K. The use of probiotics as eco-friendly
alternatives for antibiotics in poultry nutrition. Environ Sci Pollut
Res Int. 2018;25(11):10611-8. [PMID: 29532377] [DOI]

58. El-Sabrout K, Khalifah A, Mishra B. Application of
botanical products as nutraceutical feed additives for improving
poultry health and production. Vet World. 2023;16(2):369-79.
[PMID: 37041996] [DOI]

59. Kuralkar P, Kuralkar SV. Role of herbal products in
animal production - An updated review. J Ethnopharmacol.
2021;278:114246. [PMID: 34052352] [DOI]

60. Hashemi SR, Davoodi H. Phytogenics as New Class of
Feed Additive in Poultry Industry. Journal of Animal and
Veterinary Advances. 2010;9:2295-304. [DOI]

61. Gholami-Ahangaran M, Ahmadi-Dastgerdi A, Azizi S,
Basiratpour A, Zokaei M, Derakhshan M. Thymol and carvacrol
supplementation in poultry health and performance. Vet Med Sci.
2022;8(1):267-88. [PMID: 34761555] [DOI]

62. Habibian M, Sadeghi G, Ghazi S, Moeini MM. Selenium
as a feed supplement for heat-stressed poultry: a review. Biol Trace
Elem Res. 2015;165(2):183-93. [DOI]

63. Chen J, Wang F, Yin Y, Ma X. The nutritional
applications of garlic (Allium sativum) as natural feed additives in
animals. PeerJ. 2021;9:e11934. [PMID: 34434661] [DOI]

64. Shang A, Cao SY, Xu XY, Gan RY, Tang GY, Corke H,
et al. Bioactive Compounds and Biological Functions of Garlic
(Allium sativum L.). Foods. 2019;8(7). [PMID: 31284512] [DOI]

65. hosseini mansoub N. Comparison of Effects of Using
Nettle (Urtica dioica) and Probiotic on Performance and Serum
Composition of Broiler Chickens. Global Veterinaria. 2011;6.

66. Dalsasso RR, Valencia GA, Monteiro AR. Impact of
drying and extractions processes on the recovery of gingerols and
shogaols, the main bioactive compounds of ginger. Food Res Int.
2022;154:111043. [PMID: 35337584] [DOI]

67. Maghraby YR, Labib RM, Sobeh M, Farag MA.
Gingerols and shogaols: A multi-faceted review of their extraction,
formulation, and analysis in drugs and biofluids to maximize their
nutraceutical and pharmaceutical applications. Food Chem X.
2023;20:100947. [PMID: 38144766] [DOI]

68. Karangiya VK, Savsani HH, Patil SS, Garg DD, Murthy
KS, Ribadiya NK, Vekariya SJ. Effect of dietary supplementation
of garlic, ginger and their combination on feed intake, growth
performance and economics in commercial broilers. Vet World.
2016;9(3):245-50. [PMID: 27057106] [DOI]

69. Sharifi-Rad J, Rayess YE, Rizk AA, Sadaka C, Zgheib
R, Zam W, et al. Turmeric and Its Major Compound Curcumin on
Health: Bioactive Effects and Safety Profiles for Food,
Pharmaceutical, Biotechnological and Medicinal Applications.
Front Pharmacol. 2020;11:01021. [PMID: 33041781] [DOI]

70. Yadav S, Teng PY, Souza Dos Santos T, Gould RL,
Craig SW, Lorraine Fuller A, et al. The effects of different doses of
curcumin compound on growth performance, antioxidant status,
and gut health of broiler chickens challenged with Eimeria species.
Poult Sci. 2020;99(11):5936-45. [PMID: 33142511] [DOI]

71. Abd El-Hack ME, El-Saadony MT, Elbestawy AR, Gado
AR, Nader MM, Saad AM, et al. Hot red pepper powder as a safe
alternative to antibiotics in organic poultry feed: an updated review.
Poult Sci. 2022;101(4):101684. [PMID: 35168162] [DOI]

72. Christaki E, Bonos E, Giannenas |, Florou-Paneri P.
Aromatic Plants as a Source of Bioactive Compounds. Agriculture.
2012;2(3):228-43. [DOI]

73. Roofchaee A, Irani M, Ebrahimzadeh M, Akbari MR.
Effect of dietary oregano (Origanum vulgare L.) essential oil on
growth performance, cecal microflora and serum antioxidant

47


https://jpsad.com
https://jpsad.com
https://pubmed.ncbi.nlm.nih.gov/27747227
https://doi.org/10.1155/2016/3278359
https://pubmed.ncbi.nlm.nih.gov/28567032
https://pubmed.ncbi.nlm.nih.gov/28567032
https://doi.org/10.3389/fmicb.2017.00881
https://pubmed.ncbi.nlm.nih.gov/34722602
https://doi.org/10.3389/fnut.2021.706148
https://pubmed.ncbi.nlm.nih.gov/20390546
https://doi.org/10.1080/03079451003610586
https://pubmed.ncbi.nlm.nih.gov/37107286
https://doi.org/10.3390/antiox12040911
https://pubmed.ncbi.nlm.nih.gov/34807441
https://doi.org/10.1007/978-3-030-85686-1_8
https://pubmed.ncbi.nlm.nih.gov/20382054
https://doi.org/10.1016/j.tvjl.2010.03.003
https://pubmed.ncbi.nlm.nih.gov/30038396
https://pubmed.ncbi.nlm.nih.gov/30038396
https://doi.org/10.1038/s41588-018-0147-3
https://pubmed.ncbi.nlm.nih.gov/27096783
https://doi.org/10.1515/pjvs-2016-0003
https://pubmed.ncbi.nlm.nih.gov/30744134
https://pubmed.ncbi.nlm.nih.gov/30744134
https://doi.org/10.3390/nu11020364
https://pubmed.ncbi.nlm.nih.gov/27433374
https://doi.org/10.1155/2016/5464373
https://pubmed.ncbi.nlm.nih.gov/23174217
https://pubmed.ncbi.nlm.nih.gov/23174217
https://doi.org/10.1016/j.prevetmed.2012.10.014
https://pubmed.ncbi.nlm.nih.gov/28552107
https://doi.org/10.1016/j.apjtm.2017.03.019
https://pubmed.ncbi.nlm.nih.gov/25743421
https://doi.org/10.3382/ps/pev014
https://pubmed.ncbi.nlm.nih.gov/29532377
https://doi.org/10.1007/s11356-018-1687-x
https://pubmed.ncbi.nlm.nih.gov/37041996
https://doi.org/10.14202/vetworld.2023.369-379
https://pubmed.ncbi.nlm.nih.gov/34052352
https://doi.org/10.1016/j.jep.2021.114246
https://doi.org/10.3923/javaa.2010.2295.2304
https://pubmed.ncbi.nlm.nih.gov/34761555
https://doi.org/10.1002/vms3.663
https://doi.org/10.1007/s12011-015-0275-x
https://pubmed.ncbi.nlm.nih.gov/34434661
https://doi.org/10.7717/peerj.11934
https://pubmed.ncbi.nlm.nih.gov/31284512
https://doi.org/10.3390/foods8070246
https://pubmed.ncbi.nlm.nih.gov/35337584
https://doi.org/10.1016/j.foodres.2022.111043
https://pubmed.ncbi.nlm.nih.gov/38144766
https://doi.org/10.1016/j.fochx.2023.100947
https://pubmed.ncbi.nlm.nih.gov/27057106
https://doi.org/10.14202/vetworld.2016.245-250
https://pubmed.ncbi.nlm.nih.gov/33041781
https://doi.org/10.3389/fphar.2020.01021
https://pubmed.ncbi.nlm.nih.gov/33142511
https://doi.org/10.1016/j.psj.2020.08.046
https://pubmed.ncbi.nlm.nih.gov/35168162
https://doi.org/10.1016/j.psj.2021.101684
https://doi.org/10.3390/agriculture2030228

7

b Pashaei et al.
L‘ SANA®
LN BOSPITAL

activity of broiler chickens. African Journal of Biotechnology.
2011;10:6177-83.

74. Zaazaa A, Mudalal S, Alzuheir I, Samara M, Jalboush N,
Fayyad A, Petracci M. The Impact of Thyme and Oregano Essential
Oils Dietary Supplementation on Broiler Health, Growth
Performance, and Prevalence of Growth-Related Breast Muscle
Abnormalities. Animals (Basel). 2022;12(21). [PMID: 36359189]
[DOI]

75. Ali A, Ponnampalam EN, Pushpakumara G, Cottrell JJ,
Suleria HAR, Dunshea FR. Cinnamon: A Natural Feed Additive
for Poultry Health and Production-A Review. Animals (Basel).
2021;11(7). [PMID: 34359154] [DOI]

76. Saeed M, Arain MA, Naveed M, Alagawany M, Abd EI-
Hack ME, Bhutto ZA, et al. Yucca schidigera can mitigate
ammonia emissions from manure and promote poultry health and
production. Environ Sci Pollut Res Int. 2018;25(35):35027-33.
[PMID: 30368697] [DOI]

77. Petrolli TG, Sutille MA, Petrolli OJ, Stefani LM,
Simionatto AT, Tavernari FdC, et al. Eucalyptus oil to mitigate heat
stress in broilers. Revista Brasileira de Zootecnia. 2019;48. [DOI]
78. Mohiti-Asli M, Ghanaatparast-Rashti M. Dietary
oregano essential oil alleviates experimentally induced coccidiosis

in broilers. Prev Vet Med. 2015;120(2):195-202. [PMID:
25864115] [DOI]
79. Abou-Elkhair R, Ahmed HA, Selim S. Effects of black

pepper (piper nigrum), turmeric powder (curcuma longa) and
coriander seeds (coriandrum sativum) and their combinations as
feed additives on growth performance, carcass traits, some blood
parameters and humoral immune response of broiler chickens.
Asian-Australas  J  Anim  Sci. 2014;27(6):847-54. [PMID:
25050023] [DOI]

80. Nassar F, El-Sayed O, Ouassaf S, Abbas A. Effect of
fennel seed supplementation into broiler diet on their growth,
physiological, and immunological performance. Adv Anim Vet
Sci. 2024;12(2):239-48. [DOI]

81. Béliikbast SC, Erhan MK, Kaynar O. The effect of
feeding thyme, sage and rosemary oil on laying hen performance,
cholesterol and some proteins ratio of egg yolk and Escherichia coli
count in feces. Arch fur Geflugelkd. 2008;72:231-7.

82. Suliman GM, Alowaimer AN, Al-Mufarrej SI, Hussein
EOS, Fazea EH, Naiel MAE, et al. The effects of clove seed
(Syzygium aromaticum) dietary administration on carcass
characteristics, meat quality, and sensory attributes of broiler
chickens. Poult Sci. 2021;100(3):100904. [PMID: 33518337]
[DOI]

83. Manjunatha V, Nixon JE, Mathis GF, Lumpkins BS,
Guzel-Seydim ZB, Seydim AC, et al. Nigella sativa as an antibiotic
alternative to promote growth and enhance health of broilers
challenged with Eimeria maxima and Clostridium perfringens.
Poult Sci. 2023;102(8):102831. [PMID: 37356299] [DOI]

84. Yang L, Chen L, Zheng K, Ma YJ, He RX, Arowolo MA,
et al. Effects of fenugreek seed extracts on growth performance and
intestinal health of broilers. Poult Sci. 2022;101(7):101939.
[PMID: 35691048] [DOI]

85. Guo F, Savelkoul H, Kwakkel R, Williams B, Verstegen
M. Immunoactive, medicinal properties of mushroom and herb
polysaccharides and their potential use in chicken diets. World's
Poultry Science Journal. 2003;59(4):427-40. [DOI]

86. Khan SH. The use of green tea (Camellia sinensis) as a
phytogenic substance in poultry diets. Onderstepoort J Vet Res.
2014;81(1):el1-e8. [PMID: 24833345] [DOI]

87. Ahmadpour A. Effect of silymarin and bitter melon on
abdominal fat and performance of broiler chickens 2011.
88. Ali E, Islam MS, Hossen MI, Khatun MM, Islam MA.

Extract of neem (Azadirachta indica) leaf exhibits bactericidal

48

JOURNAL OF POULTRY SCIENCES AND AVIAN DISEASES, 2024, VOL. 2, NO. 2, 36-49

effect against multidrug resistant pathogenic bacteria of poultry.
Vet Med Sci. 2021;7(5):1921-7. [PMID: 33955693] [DOI]

89. Janocha A, Milczarek A, Pietrusiak D. Impact of Milk
Thistle (Silybum marianum [L.] Gaertn.) Seeds in Broiler Chicken
Diets on Rearing Results, Carcass Composition, and Meat Quality.
Animals (Basel). 2021;11(6). [PMID: 34073190] [DOI]

90. Arab H, Rahbari S, Rassouli A, Moslemi M, Khosravirad
F. Determination of artemisinin in Artemisia sieberi and
anticoccidial effects of the plant extract in broiler chickens.
Tropical Animal Health and Production. 2006;38:497-503. [PMID:
17243478] [DOI]

91. Lee W-D, Kothari D, Moon S-G, Kim J, Kim K-1, Ga G-
W, et al. Evaluation of Non-Fermented and Fermented Chinese
Chive Juice as an Alternative to Antibiotic Growth Promoters of
Broilers. Animals. 2022;12(20):2742. [PMID: 36290128] [DOI]
92. Sheoran N, Kumar R, Kumar A, Batra K, Sihag S, Maan
S, Maan NS. Nutrigenomic evaluation of garlic (Allium sativum)
and holy basil (Ocimum sanctum) leaf powder supplementation on
growth performance and immune characteristics in broilers. Vet
World. 2017;10(1):121-9. [PMID: 28246456] [DOI]

93. Alagawany M, Elnesr SS, Farag MR, Abd El-Hack ME,
Khafaga AF, Taha AE, et al. Use of Licorice (Glycyrrhiza glabra)
Herb as a Feed Additive in Poultry: Current Knowledge and
Prospects. Animals (Basel). 2019;9(8). [PMID: 31394812] [DOI]
94. Hasin B, Ferdaus A, Islam M, Uddin M, Islam M.
Marigold and orange skin as egg yolk color promoting agents.
International Journal of Poultry Science. 2006;5(10):979-87. [DOI]

95. Abbas TE. The use of Moringa oleifera in poultry diets.
Turkish Journal of Veterinary & Animal Sciences. 2013;37:492-6.
[DO1]

96. Abbas G, Arshad M, Saeed M, Imran S, Kamboh A, Al-

Taey D, et al. An update on the promising role of organic acids in
broiler and layer production. J Anim Health Prod. 2022;10(3):273-
86. [DOI]

97. Kim G-B, Seo Y, Kim C, Paik I. Effect of dietary
prebiotic  supplementation on the performance, intestinal
microflora, and immune response of broilers. Poultry science.
2011;90(1):75-82. [PMID: 21177446] [DOI]

98. Hashemipour H, Kermanshahi H, Golian A, Veldkamp
T. Effect of thymol and carvacrol feed supplementation on
performance, antioxidant enzyme activities, fatty acid composition,
digestive enzyme activities, and immune response in broiler
chickens. Poult Sci. 2013;92(8):2059-69. [PMID: 23873553]
[DO1]

99. Ravindran V, Adeola O, Rodehutscord M, Kluth H, van
der Klis JD, van Eerden E, Helmbrecht A. Determination of ileal
digestibility of amino acids in raw materials for broiler chickens —
Results of collaborative studies and assay recommendations.
Animal Feed Science and Technology. 2017;225:62-72. [DOI]
100. Bello SF, Adeola AC, Nie Q. The study of candidate
genes in the improvement of egg production in ducks - a review.
Poult Sci. 2022;101(7):101850. [PMID: 35544958] [DOI]

101. Mansoub NH. Comparison of effects of using nettle
(Urtica dioica) and probiotic on performance and serum
composition of broiler chickens. Global veterinaria. 2011;6(3):247-
50.

102. Moorthy M, SR, M R, KV, S.C E. Ginger, Pepper and
Curry Leaf Powder as Feed Additives in Broiler Diet. International
Journal of Poultry Science. 2009;8. [DOI]

103. GHOLAMREZAIE SL, Mohammadi M, JALALI SJ,
Abolghasemi S, ROOSTAEI AM. Extract and leaf powder effect
of Artemisia annua on performance, cellular and humoral immunity
in broilers. 2013.

104. Buhrmann C, Brockmueller A, Mueller AL, Shayan P,
Shakibaei M. Curcumin Attenuates Environment-Derived

)

G
l\ SANA®
AVIAN HOSPITAL


https://jpsad.com
https://jpsad.com
https://pubmed.ncbi.nlm.nih.gov/36359189
https://doi.org/10.3390/ani12213065
https://pubmed.ncbi.nlm.nih.gov/34359154
https://doi.org/10.3390/ani11072026
https://pubmed.ncbi.nlm.nih.gov/30368697
https://doi.org/10.1007/s11356-018-3546-1
https://doi.org/10.1590/rbz4820160306
https://pubmed.ncbi.nlm.nih.gov/25864115
https://pubmed.ncbi.nlm.nih.gov/25864115
https://doi.org/10.1016/j.prevetmed.2015.03.014
https://pubmed.ncbi.nlm.nih.gov/25050023
https://pubmed.ncbi.nlm.nih.gov/25050023
https://doi.org/10.5713/ajas.2013.13644
https://doi.org/10.17582/journal.aavs/2024/12.2.239.248
https://pubmed.ncbi.nlm.nih.gov/33518337
https://doi.org/10.1016/j.psj.2020.12.009
https://pubmed.ncbi.nlm.nih.gov/37356299
https://doi.org/10.1016/j.psj.2023.102831
https://pubmed.ncbi.nlm.nih.gov/35691048
https://doi.org/10.1016/j.psj.2022.101939
https://doi.org/10.4102/ojvr.v81i1.706
https://pubmed.ncbi.nlm.nih.gov/24833345
https://doi.org/10.4102/ojvr.v81i1.706
https://pubmed.ncbi.nlm.nih.gov/33955693
https://doi.org/10.1002/vms3.511
https://pubmed.ncbi.nlm.nih.gov/34073190
https://doi.org/10.3390/ani11061550
https://pubmed.ncbi.nlm.nih.gov/17243478
https://pubmed.ncbi.nlm.nih.gov/17243478
https://doi.org/10.1007/s11250-006-4390-8
https://pubmed.ncbi.nlm.nih.gov/36290128
https://doi.org/10.3390/ani12202742
https://pubmed.ncbi.nlm.nih.gov/28246456
https://doi.org/10.14202/vetworld.2017.121-129
https://pubmed.ncbi.nlm.nih.gov/31394812
https://doi.org/10.3390/ani9080536
https://doi.org/10.3923/ijps.2006.979.987
https://doi.org/10.3906/vet-1211-40
https://doi.org/10.17582/journal.jahp/2022/10.3.273.286
https://pubmed.ncbi.nlm.nih.gov/21177446
https://doi.org/10.3382/ps.2010-00732
https://pubmed.ncbi.nlm.nih.gov/23873553
https://doi.org/10.3382/ps.2012-02685
https://doi.org/10.1016/j.anifeedsci.2017.01.006
https://pubmed.ncbi.nlm.nih.gov/35544958
https://doi.org/10.1016/j.psj.2022.101850
https://doi.org/10.3923/ijps.2009.779.782

4

b Pashaei et al.
L‘ SANA®
AVAR BOSHTAL

Osteoarthritis by Sox9/NF-kB Signaling Axis. Int J Mol Sci.
2021;22(14). [PMID: 34299264] [DOI]

105. Yu HL, Mao SH, Zhao TF, Wu H, Pan YZ, Shu CY.
[Antagonistic effect of gingerols against TNF-alpha release, ROS
overproduction and RIP3 expression increase induced by lectin
from Pinellia ternata]. Zhongguo Zhong Yao Za Zhi.
2015;40(18):3630-5.

106. Barker C, Elston DM. Botanical Briefs: Handling the
Heat From Capsicum Peppers. Cutis. 2023;111(5):241-3. [PMID:
37406329] [DOI]

107. Ferreira JF, Luthria DL, Sasaki T, Heyerick A.
Flavonoids from Artemisia annua L. as antioxidants and their
potential synergism with artemisinin against malaria and cancer.
Molecules. 2010;15(5):3135-70. [PMID: 20657468] [DOI]

108. Nostro A, Papalia T. Antimicrobial activity of carvacrol:
current progress and future prospectives. Recent Pat Antiinfect
Drug Discov. 2012;7(1):28-35. [PMID: 22044355] [DOI]

109. Arzanlou M. Inhibition of streptococcal pyrogenic
exotoxin B using allicin from garlic. Microb Pathog. 2016;93:166-
71. [PMID: 26911644] [DOI]

110. Arshad N, Neubauer C, Hasnain S, Hess M. Peganum
harmala can minimize Escherichia coli infection in poultry, but
long-term feeding may induce side effects. Poultry science.
2008;87(2):240-9. [PMID: 18212366] [DOI]

111. Rashid Z, Mirani ZA, Zehra S, Gilani SMH, Ashraf A,
Azhar A, et al. Enhanced modulation of gut microbial dynamics
affecting body weight in birds triggered by natural growth
promoters administered in conventional feed. Saudi J Biol Sci.
2020;27(10):2747-55. [PMID: 32994734] [DOI]

112. Chowdhury R, Ramond A, O'Keeffe LM, Shahzad S,
Kunutsor SK, Muka T, et al. Environmental toxic metal
contaminants and risk of cardiovascular disease: systematic review
and meta-analysis. Bmj. 2018;362:k3310. [PMID: 30158148]
[DoI]

113. Yang C, Chowdhury MA, Huo Y, Gong J. Phytogenic
compounds as alternatives to in-feed antibiotics: potentials and
challenges in application. Pathogens. 2015;4(1):137-56. [PMID:
25806623] [DOI]

114. Singh B, Singh JP, Kaur A, Singh N. Phenolic
composition, antioxidant potential and health benefits of citrus
peel. Food Res Int. 2020;132:109114. [PMID: 32331689] [DOI]
115. Jaworska D, Rosiak E, Kostyra E, Jaszczyk K,
Wroniszewska M, Przybylski W. Effect of Herbal Addition on the
Microbiological, Oxidative Stability and Sensory Quality of
Minced Poultry Meat. Foods. 2021;10(7). [PMID: 34359407]
[DOI]

116. Olanrewaju H, Miller W, Maslin W, Collier S, Purswell
J, Branton S. Interactive effects of light-sources, photoperiod, and
strains on growth performance, carcass characteristics, and health
indices of broilers grown to heavy weights. Poultry Science.
2019;98(12):6232-40. [PMID: 31420665] [DOI]

117. Akhavan-Salamat H, Ghasemi H. Effect of different
sources and contents of zinc on growth performance, carcass
characteristics, humoral immunity and antioxidant status of broiler
chickens exposed to high environmental temperatures. Livestock
science. 2019;223:76-83. [DOI]

118. Qaid MM, Al-Mufarrej SI, Azzam MM, Al-Garadi MA.
Anticoccidial effectivity of a traditional medicinal plant,
Cinnamomum verum, in broiler chickens infected with Eimeria
tenella. Poult Sci. 2021;100(3):100902. [PMID: 33518353] [DOI]
119. Li Z, Zhang J, Wang T, Zhang J, Zhang L, Wang T.
Effects of Capsaicin on Growth Performance, Meat Quality,
Digestive Enzyme Activities, Intestinal Morphology, and Organ
Indexes of Broilers. Front Vet Sci. 2022;9:841231. [PMID:
35265697] [DOI]

7
G
K SANA®
AVIAN HOSFITAL

JOURNAL OF POULTRY SCIENCES AND AVIAN DISEASES, 2024, VOL. 2, NO. 2, 36-49

120. Emami NK, Greene ES, Kogut MH, Dridi S. Heat stress
and feed restriction distinctly affect performance, carcass and meat
yield, intestinal integrity, and inflammatory (chemo) cytokines in
broiler chickens. Frontiers in Physiology. 2021;12:707757. [PMID:
34366895] [DOI]

121. Sierzant K, Korzeniowska M, Orda J, Wojdyto A,
Gondret F, Potbrat T. The Effect of Rosemary (Rosmarinus
officinalis) and Blackcurrant Extracts (Ribes nigrum)
Supplementation on Performance Indices and Oxidative Stability
of Chicken Broiler Meat. Animals (Basel). 2021;11(4). [PMID:
33920629] [DOI]

122. Liu JD, Doupovec B, Schatzmayr D, Murugesan GR,
Bortoluzzi C, Villegas AM, Applegate TJ. The impact of
deoxynivalenol, fumonisins, and their combination on
performance, nutrient, and energy digestibility in broiler chickens.
Poult Sci. 2020;99(1):272-9. [PMID: 32416811] [DOI]

123. Rajput N, Naeem M, Ali S, Zhang J, Zhang L, Wang T.
The effect of dietary supplementation with the natural carotenoids
curcumin and lutein on broiler pigmentation and immunity. Poultry
Science. 2013;92(5):1177-85. [PMID: 23571326] [DOI]

49


https://jpsad.com
https://jpsad.com
https://pubmed.ncbi.nlm.nih.gov/34299264
https://doi.org/10.3390/ijms22147645
https://pubmed.ncbi.nlm.nih.gov/37406329
https://pubmed.ncbi.nlm.nih.gov/37406329
https://doi.org/10.12788/cutis.0761
https://pubmed.ncbi.nlm.nih.gov/20657468
https://doi.org/10.3390/molecules15053135
https://pubmed.ncbi.nlm.nih.gov/22044355
https://doi.org/10.2174/157489112799829684
https://pubmed.ncbi.nlm.nih.gov/26911644
https://doi.org/10.1016/j.micpath.2016.02.010
https://pubmed.ncbi.nlm.nih.gov/18212366
https://doi.org/10.3382/ps.2007-00341
https://pubmed.ncbi.nlm.nih.gov/32994734
https://doi.org/10.1016/j.sjbs.2020.06.027
https://pubmed.ncbi.nlm.nih.gov/30158148
https://doi.org/10.1136/bmj.k3310
https://pubmed.ncbi.nlm.nih.gov/25806623
https://pubmed.ncbi.nlm.nih.gov/25806623
https://doi.org/10.3390/pathogens4010137
https://pubmed.ncbi.nlm.nih.gov/32331689
https://doi.org/10.1016/j.foodres.2020.109114
https://pubmed.ncbi.nlm.nih.gov/34359407
https://doi.org/10.3390/foods10071537
https://pubmed.ncbi.nlm.nih.gov/31420665
https://doi.org/10.3382/ps/pez476
https://doi.org/10.1016/j.livsci.2019.03.008
https://pubmed.ncbi.nlm.nih.gov/33518353
https://doi.org/10.1016/j.psj.2020.11.071
https://pubmed.ncbi.nlm.nih.gov/35265697
https://pubmed.ncbi.nlm.nih.gov/35265697
https://doi.org/10.3389/fvets.2022.841231
https://pubmed.ncbi.nlm.nih.gov/34366895
https://pubmed.ncbi.nlm.nih.gov/34366895
https://doi.org/10.3389/fphys.2021.707757
https://pubmed.ncbi.nlm.nih.gov/33920629
https://pubmed.ncbi.nlm.nih.gov/33920629
https://doi.org/10.3390/ani11041155
https://pubmed.ncbi.nlm.nih.gov/32416811
https://doi.org/10.3382/ps/pez484
https://pubmed.ncbi.nlm.nih.gov/23571326
https://doi.org/10.3382/ps.2012-02853

