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Abstract

This review summarizes the diverse effects of various Artemisia species on poultry performance,
gut integrity, carcass characteristics, and immunity, as well as their roles as antioxidant, anti-
inflammatory, and anti-coccidial agents. Dietary supplementation with Artemisia species has
been shown to improve growth performance, as evidenced by increased weight gain and reduced
feed conversion ratio. These benefits are primarily attributed to bioactive compounds that
optimize gut health and enhance nutrient absorption. Furthermore, Artemisia species can
improve carcass quality and decrease abdominal fat deposition. Their immunomodulatory and
antioxidant properties have also been demonstrated, including the upregulation of antioxidant
enzymes and mitigation of oxidative stress. The anti-coccidial effects of Artemisia species in
poultry are supported by reductions in oocyst shedding, lesion scores, and droppings scores.
Additionally, feeding poultry Artemisia species may improve hematologic indices and lipid
profiles, indicating better metabolic health. In conclusion, Artemisia species represent a viable
and sustainable alternative to antibiotics, growth promoters, and coccidiostats, increasing
productivity and enhancing immune response, antioxidant and anti-inflammatory status, and
overall health in poultry production systems.

Keywords: Antioxidant, Anti-parasitic, Artemisia spp., Carcass, Gut health, Immunity,

Performance, Poultry

Citation: Abd El-Ghany, W. A. 2026. Artemisia as a multi-targeted phytogenic alternative
in poultry production: A comprehensive review of the impact on health and production. Ger.
J. Vet. Res. 6 (3): 39-55. https://doi.org/10.51585/gjvr.2026.3.0199

Copyright: © 2026 Authors. Published by GMPC as an open-access article under the terms and
conditions of the Creative Commons Attribution 4.0 International License (CC BY-NC), which
allows unrestricted use and distribution in any forums, provided that the original author(s) and
the copyright owner(s) are credited and the original publication in this journal is cited.

Introduction

Approximately 80% of food-producing animals
are administered antimicrobials during part or
most of their rearing period (Mulchandani et al.,
2023). Prolonged use of antimicrobial growth
promoters disrupts gut microbiota balance,
in tissue drug residues, diminishes
immune function, and fosters the emergence of
multidrug-resistant bacteria. These outcomes
present significant risks to public health and
contribute to environmental pollution (Islam et
al., 2024).

The prohibition of antimicrobial growth
promoters in poultry diets in Europe since 2006
has prompted the search for natural alternatives

results
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that enhance animal performance, safeguard
health, and support profitable production. The
development of safe and environmentally friendly
antibiotic substitutes as feed additives has
emerged as a significant research focus (Abd El-
Ghany, 2025). The poultry industry is
increasingly adopting antibiotic alternatives,
such as phytogenic feed additives, to modulate
gut microbiota, improve productivity, and
positively influence feed intake (FI) and digestion
efficiency (Abd El-Ghany, 2024). Natural
phytogenic additives exhibit notable biological
activity (He et al., 2023), including the compound
Artemisia, which serves as a prominent example
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(Wang et al, 2022). Artemisia species
(wormwood), members of the family Asteraceae
(Compositae), comprise over 300 species

distributed globally and have been utilized for
more than 3,000 years (Song et al., 2019;
Zimmermann-Klemd et al., 2020). Numerous
types of wormwood, including Artemisia (A.)
annua, A. absinthium, A. argyi, A. brevifolia, A.
herba-alba, A. cina, A. abrotanum, A. vulgaris, A.
sieberi, A. capillaries, A. ordosica, A. biennis, A.
amygdalina, A. afra, A. frigida, A. asiatica, and A.
ludoviciana, contain aromatic oils and
biologically active compounds. Extracts of
Artemisia species exhibit a wide range of
pharmacological effects, including antimicrobial,
antioxidant, anti-inflammatory, and antiparasitic
properties (Cetin et al., 2019; Sharifi-Rad et al.,
2022). Additionally, Artemisia species can
enhance feed quality, lower feed costs, and
mitigate environmental pollution in animal
production systems. The presence of flavonoids
(such as flavone, quercetin, kaempferol,
apigenin, catechin, myricetin, and artemetin),
phenols, vitamins, minerals, and amino acids in
Artemisia species supports their potential as

Septembre-Malaterre et al., 2020; Amin et al.,
2022; Mashraqi et al., 2024; Ding et al., 2025).
Furthermore, Artemisia species contain high
concentrations of terpenoids (4-terpineol,
camphene, p-pinene, chamazulene, and vy-
terpinene), coumarin, caffeic acid, essential oils
(camphor, B-caryophyllene, eucalyptol,
germacrene D, and cadinol), the sesquiterpene
lactone artemisinin, phytosterols (B-sitosterol,
stigmasterol, campesterol, and ergosterol),
acetylenes, absinthin, anabsinthin, thujone,
tannins, and resinous substances such as malic
and succinic acid (Vieira et al., 2017; Zeb et al.,
2018; Batiha et al., 2020; Shin et al., 2022; Lee
et al., 2023; Wang et al., 2024). The mechanisms
by which these components in Artemisia species
affect performance indices, gut health, carcass
traits, immune response, antioxidant and anti-
inflammatory status, and parasitic infestation
are presented in Figures 1 and 2.

This review summarizes the diverse effects of
various Artemisia  species poultry
performance, gut integrity, carcass
characteristics, and immune function, as well as
their antioxidant, anti-inflammatory, and anti-
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Figure 1: The proposed modes of action and beneficial outcomes of Artemisia spp. bioactive compounds in

poultry production.
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Figure 2: Cellular mechanisms of Artemisia flavonoids and phenolics in upregulating the Nrfz pathway and

enhancing the antioxidant defense system in poultry.

Impacts of Artemisia species on poultry
production systems

Performance parameters

Table 1 provides an overview of the effects of
various Artemisia species on poultry zootechnical
performance. Supplementation of broiler diets
with Artemisia extracts has been demonstrated to
improve feed efficiency and daily weight gain in
broiler chicks (Arab et al., 2006; Dr agan et al.,
2010). The inclusion of 1% A. annua in geese
diets enhances average body weight (BW), daily
gain, and FI, while reducing the feed conversion
ratio (FCR), likely due to increased antioxidant
and immune capacity, as well as improved
intestinal morphology and cecal microbiota
structure (Cui et al., 2024). Polysaccharides from
A. ordosica have also been reported to improve
broiler growth performance (Du et al., 2023).
Dietary supplementation with A. annua water
extract increases final BW and feed efficiency in
broilers (Guo et al., 2023). These improvements
are attributed to Artemisia's stimulatory effects
on appetite, enhanced nutrient digestibility,
reduced gastrointestinal feed retention, and
increased apparent metabolic rate. Additionally,
dietary A. absinthium meal positively influences
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growth rate, FI, FCR, and proteosynthesis in
female broilers (Zapletal et al., 2024). The bitter
compounds present in the plant may enhance
gastric  motility, promote gastric blood
circulation, stimulate acid secretion
(Ibatullin et al., 2022). Furthermore, A. annua
contains bioactive substances with anti-
inflammatory, hepatoprotective, and choleretic
properties that may improve growth performance
and feed utilization (El-Rayes et al., 2025).

(2023) that
supplementation with A. dracunculus water
extract increased BW gain (BWG), final BW, and
growth rate in broilers. The addition of A. annua
leaves or artemisinin extract at various
concentrations prevented weight loss in chickens
compared to those challenged with Eimeria (Allen
et al., 1997; Pop et al., 2015). Kheirabadi et al.
(2014) observed that granulated Artemisia
extract improved BWG, FI, and FCR in 42-day-
old broilers infected with 2 x 105 oocysts of
Eimeria (E. tenella), E. maxima, E. acervulina, and
E. necatrix. Brisibe et al. (2008) further reported
that Artemisia treatment maintained
performance parameters that were otherwise
diminished during Additionally,
broilers infected with E. tenella (1,500 oocysts per
chicken) and treated with A. annua feed powder

and

Guo et al. demonstrated

coccidiosis.



achieved the highest BWG and optimal FCR
among experimental groups at 32 days post-
infection (Dr agan et al., 2010).

Artemisia species have been shown to reduce
colonization by pathogenic microorganisms,
including Enterobacteriaceae, Escherichia coli (E.
coli), Staphylococcus aureus, and Eimeria species,
while simultaneously increasing viable counts of
lactic  acid-producing Dbacteria such as
Lactobacilli (Saracila et al., 2018; Panaite et al.,
2019; Abdullah and Al-Barwary, 2020). Essential
oil from A. argyi alleviated intestinal mucosal
barrier damage and excessive inflammatory
responses induced by Salmonella Pullorum, as
evidenced by improved growth performance,
increased BW, and higher average daily gain in
infected chicks (Ding et al., 2025). Compounds
such as abrotanin and tannic acid in Artemisia
species support digestive function by stimulating
gastric and intestinal secretions, thereby
enhancing BW. Bioactive constituents, including
various forms of artemisinin (I-V), artemisic acid,
Artemisia lactone, artemisinol, and flavonoids,
promote nutrient absorption, digestion, and
metabolism, thereby increasing BWG (Mutlag et
al., 2019; Shi et al., 2022). Additionally, organic
acids and polyphenols present in Artemisia
species stimulate digestive enzyme secretion and
activity, enhance gastric motility and feed
digestion, improve appetite and FI, increase
BWG, and beneficially modulate the intestinal
microbiota.

In laying hens, supplementation with
fermented A. argyi resulted in a 5-6 percentage
point increase in laying rates compared to the
control group, along with a 5 g increase in daily
FI and improved laying performance (Zhou et al.,
2023). The observed increase in egg production
during challenge periods is likely attributable to
artemisinin's antioxidant, antimicrobial, and
antiprotozoal properties (Baghban-Kanani et al.,
2019).

Reduced FI and declines in performance
parameters observed in chickens fed Artemisia
species are frequently attributed to the plant’s
distinct odor and bitter taste. Notably, A.
absinthium exhibits pronounced bitterness that
can decrease feed palatability, although avian
species possess a limited capacity for taste
perception due to a low number of taste buds. Lee
et al. (2010) reported no significant effects of
Artemisia meal supplementation on broiler
performance or weight gain. This lack of efficacy
is likely related to the additive’s form and the

presence of anti-nutritional factors in the whole
plant matrix. In contrast to purified extracts or
essential oils, raw Artemisia meal contains high
levels of crude fiber and bitter secondary
metabolites, such as sesquiterpene lactones and
tannins, which can reduce palatability and
voluntary FI when used as a bulk ingredient.
Under optimal, hygienic, and non-challenged
experimental conditions, the baseline gut
microbial load remains low, enabling control
groups to reach their maximum genetic potential.
As a result, the antimicrobial and
immunomodulatory properties of Artemisia meal
do not confer a distinct performance advantage
in these settings. Instead, dietary energy and
nutrients are primarily allocated to maintaining
physiological homeostasis and antioxidant
defense rather than promoting additional BWG.

Intestinal ecology and morphometry

Dietary supplementation with Artemisia species
provides a protective effect on intestinal tissue.
Significant improvements in intestinal
morphology have been observed following both
Artemisia and nano-Artemisia supplementation
(Abou Zeid et al., 2025). Damage to the intestinal
lining impairs nutrient absorption, increases
fluid and electrolyte loss, and reduces overall
performance (Guo et al., 2022).
supplementation improves key histological
parameters, such as villus height (VH) and goblet
cell density, likely by promoting epithelial cell
regeneration.

Artemisia

In Eimeria spp.-challenged laying hens,
dietary inclusion of 1% A. annua significantly
decreased the severity of intestinal lesions and
promoted recovery of intestinal villi (Sharma et
al., 2024). The same study reported a 29%
reduction in gut permeability compared to
control Eimeria spp.-challenged hens (Sharma et
al., 2024). Dietary administration of A.
absinthium notably increased the VH to crypt
depth (VH/CD) ratio in the intestines of Eimeria-
challenged broilers, particularly at a 6%
inclusion level (Zapletal et al., 2025). Similarly,
supplementation with 1% A. annua increased the
jejunal VH/CD ratio by 37.2% compared to the
control group, thereby reducing morphological
damage in broilers subjected to heat stress (Song
et al., 2018).
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Table 1: The effects of different Artemisia spp. on the zootechnical performance of poultry.

Artemisia spp.

Species and breeds of birds

Concentration

Effect

Reference

Leaf of A. annua

Laying hens

20% in diet

Increased egg production and the colour intensity of the yolk

Brisibe et al. (2008)

A. annua Broiler chickens challenged 0.5% in diet Reduced BW Engberg et al. (2012)
with Clostridium
Extract of A. absinthium Broiler chickens 4% to 5% in diet Reduced FI Lee et al. (2013)

A. absinthium

Broiler chickens

15% and 20% in diet

Increased life BW without effect on FI and worse FCR

Kostadinovi¢ et al.
(2014)

Enzymatically treated A.
annua

Broiler chickens

1,000 mg/kg in diet

Enhanced average daily BWG but did not affect FI and FCR

Wan et al. (2016)

A. herba-alba powder

Broiler chickens

2% in diet

Improved CR

Ait-Kaki et al. (2018)

A. absinthium

Broiler chickens

1.2%-4.7% in diet

No effect on life BW, FI, and FCR

Cetin et al. (2019)

A. splendens

Broiler chickens challenged
with Eimeria spp.

0.4% in diet

Increased BWG and FCR

Abdullah and Al-
Barwary (2020)

Artemisia powder

Broiler chickens

1% in diet

Improved BW and BWG

Kaab et al. (2022)

Fermented A. argyi Laying hens 1.0X10° CFU/mL in diet Elevated egg production without effect on quality, nutrition, and Zhou et al. (2023)
safety of eggs
A. annua Geese 1% in diet Enhanced average BW, average daily BWG, and average daily FI, Cui et al. (2024)

but reduced FCR

Polysaccharides of A. annua

Broiler chickens challenged
with E. coli

750 mg/kg in diet

Increased BW on day 42, average daily FI, and average BWG on day
36-42

Guo et al. (2024)

Dry A. Capillaris powder

Quail hens

0.5-1.5% in diet

Increased the gross yield of eggs by 2.6-5.6% and the egg weight by
5.6-12.9%, while the feed costs decreased by 2.8%.

Increase in the absolute weight of yolk by 3.0-8.3%, albumen by
2.6-6.5%, and shell by 0.6-1.2%, but a decrease in the egg index by
0.9-4.1%

Increase in palmitic, oleic, linolenic, stearic, eicosanoic, and
arachidonic fatty acids contents in egg yolk by 0.01-6.07%

Sychov et al. (2024)

A. annua Laying hens challenged with 1% in diet Improved the hen-day egg production by 8.1% and FCR Sharma et al. (2024)
Eimeria spp.
Artemisia Quails challenged with P. 10 g/kg of Artemisia or 5 Improved the final BW Abou Zeid et al. (2025)

aeruginosa

g/kg of nano-Artemisia
in diets

A. absinthium

Broiler chickens

0.25, 0.5, and 0.1 ml/L
aqueous extract in
drinking water

Increased BW, BWG, FI, and FCR

Al-Hussany and
Kadhim (2025)

Dihydroartemisinin

Broiler chickens

10 and 20 mg/kg in diet

High average daily BWG and FI

Pu et al. (2025)

A. absinthium

Broiler chickens challenged
with 15,000 live oocysts of E.
acervulina, E. tenella, and E.
maxima

3% and 6% in the diet

No effect on live BW and FCR

Zapletal et al. (2025)
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Additionally, Abdullah and Al-Barwary (2020)
found that dietary supplementation with 0.4% A.
splendens resulted in favorable increases in VH
and VH/CD ratio (12.6% and 73.1%,
respectively) in Eimeria-challenged broilers
compared to controls. Furthermore, the addition
of A. annua to the diet significantly reduced CD
and increased VH in the jejunum (Cui et al.,
2024).

Imbalances in the gut microbiota lead to
diminished immune function, increased
inflammatory responses, and compromised
intestinal (Silva et al., 2015).
Consequently, maintaining gut microbiome
stability in avian species is crucial for preventing
bacterial infections (Li et al., 2024). Studies have
demonstrated that A. annua supplementation
increases the diversity and abundance of cecal
microbiota, including Bacteroides,
Faecalibacterium, and Paraprevotella, in
chickens compared to controls (Cui et al., 2024).
Essential oils from A. argyi support gut
microbiota homeostasis and reduce bacterial
infections in poultry. Polyphenols derived from A.
argyi have been shown to alleviate dextran
sulfate sodium-induced ulcerative colitis by
modulating the gut microbiota (Zhang et al.,
2024). Furthermore, ethanol extracts of A. argyi
ameliorate liver fibrosis through the modulation
of gut microbiota and hepatic signaling pathways
(Erdenebileg et al., 2024). Fecal microbiota
transplantation from A. argyi essential oil donors
facilitated recovery from Salmonella Pullorum
infection in chickens, resulting in decreased
intestinal inflammation (Ding et al., 2025).
Additionally, 16S rRNA sequencing indicated an
increased abundance of Lactobacillus reuteri and
activation of Wnt/p-catenin pathways, both of
which are vital for health improvement in
Salmonella Pullorum-infected chicks treated with
A. argyi essential oil (Ding et al., 2025). The
Wnt/B-catenin signaling pathway plays a pivotal
role in intestinal development, maintenance of
the intestinal microenvironment, and mitigation
of intestinal injury (Garrett et al., 2022).

function

A. argyi essential oil significantly elevates
proliferating cell nuclear antigen mRNA levels in
the ileum of chickens, serving as a key marker of
cell proliferation that correlates with crypt cell
numbers (Zhang et al., 2024). Alterations in VH
and CD in the ileum further indicate that A. argyi
essential oil supplementation promotes
proliferation and maturation of the ileal
epithelium during Salmonella Pullorum infection.
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This essential oil also upregulates the expression
of endogenous antimicrobial peptides, thereby
supporting immunomodulation and reinforcing
the intestinal barrier (Huang et al., 2024).
Supplementation with A. annua has been shown
to increase the proliferation of viable lactic acid-
producing bacteria in the broiler gut (Panaite et
al., 2019). The bactericidal activity of Artemisia
species is attributed to the destruction of
bacterial membranes in both Gram-negative and
Gram-positive bacteria (Kshirsagar and Rao,
2021). Artemisinin and its derivatives from
Artemisia species exhibit potent antioxidant
activity, including strong radical-scavenging
effects against hydroxyl radicals and hydrogen
peroxide. Laying hens treated with fermented A.
argyi for four months demonstrated increased
gut counts of  probiotics such as
Faecalibacterium, Prevotellaceae,
Intestinimonas, and Lachnospiraceae (Zhou et
al., 2023). The antibacterial properties of isolated
compounds from A. argyi against various Gram-
positive bacteria suggest its potential to inhibit
Clostridium perfringens in vitro (Kukhtenko et al.,
2024). A. annua aqueous extract inhibits the
proliferation of E. coli and promotes the growth of
(Guo et al., 2023).
Similarly, A. annua polysaccharide has been
shown to alleviate intestinal damage caused by
E. coli challenge by reducing serum diamine
levels, of
permeability, and by improving intestinal villus
morphology (Guo et al., 2024). Dietary
supplementation with A. annua polysaccharide
also mitigates the reduction in Mucin-2 mRNA
expression levels in the intestine induced by E.
coli (Guo et al., 2024).

Lactobacillus in broilers

oxidase an indicator intestinal

Carcass characteristics

Table 2 presents the effects of various Artemisia
species on broiler chicken carcass traits. Diets
supplemented with both A. absinthium and
Allium sativum resulted in increased carcass
weight and gizzard relative weight in broilers
(Pistova et al., 2017). Supplementation with A.
argyi flavonoids enhanced antioxidant capacity
and improved meat quality (Yang et al., 2021).
Dihydroartemisinin supplementation reduced
drip loss in broiler carcasses (Pu et al., 2025).
Similarly, dietary A. splendens increased the
relative weights of the gizzard and liver in 24-day-
old broilers (Abdullah and Al-Barwary, 2020).
Inclusion of 3% A. absinthium in the diet elevated
the content of all assessed amino acids in the



breast meat of 42-day-old broiler chickens by
25% and 34% compared to controls, respectively
(Zapletal et al., 2025). Supplementation with
enzymatically treated A. annua under high-
temperature conditions reduced drip loss in
breast and thigh muscles, likely attributable to
the antioxidant properties of dihydroartemisinin
(Wan et al., 2017, 2018; Pu et al., 2025).
Additionally, varying dietary levels of A.
absinthium did not negatively affect carcass
composition or the chemical and physical
properties of the meat (Zapletal et al., 2024).
Supplementation with A. annua extract was
associated with increased spleen and giblet

weights in broilers (Guo et al.,, 2022).
Physiologically active compounds, such as
polyphenols present in herb extracts, exert

antioxidant effects and can enhance chicken
meat quality (Salami et al., 2015). Diets
containing 1% Artemisia and 0.5% nano-
Artemisia significantly reduced thiobarbituric
acid reactive substances levels in breast muscles
(Abou Zeid et al., 2025), indicating improved
oxidative  stability likely attributable to

Artemisia’s antioxidant properties (Mahasneh et
al., 2024).

In contrast, Marume et al. (2024) found that
supplementation with A. afra oil did not affect the
dressing percentage of chicks, and Saracila et al.
(2018) reported no significant differences in
carcass cuts between A. annua-supplemented
and control groups. These inconsistencies in
carcass traits and meat yields are likely due to
the polygenic nature of carcass composition and
dressing percentages, which are primarily
determined by genetic potential, dietary energy-
to-protein ratios, and overall nutrient intake
rather than the physiological effects of
phytogenic  additives. = Although  bioactive
compounds in Artemisia essential oils, such as
thujone, cineole, and flavonoids, can enhance
nutrient digestibility and intestinal morphology
by optimizing the gut microenvironment, these
localized digestive benefits do not necessarily
result in increased skeletal muscle deposition or
altered tissue distribution unless the dietary
amino acid profile is limiting.

Table 2: The effects of different Artemisia spp. on the carcass traits of chickens.

Artemisia spp. Concentration Effect Reference
A. absinthium powder 1.17% in diet A high proportion of the liver Cetin et al.
(2019)

A. annua 0.6% in diet Increased breast, giblet, skeleton, total Mamdouh
vield, and net return et al. (2024)

A. absinthium  leaf 1-2% in diet No differences in slaughter Nissa et al.

powder characteristics, except for the dressing (2022)
percentage

Fermented A. argyi 3% in diet Improved slaughter  performance, Wang
dressing percentage, and relative weight et al. (2024)
rates of edible internal organs

Artemisia and nano- 1% Artemisia and 0.5% Reduced thiobarbituric acid reactive Abou Zeid

Artemisia nano-Artemisia in diet substances levels in breast muscles et al. (2025)

A. absinthium aqueous 0.25, 0.5, and 0.1 ml/L No effect on dressing percentage Al-Hussany

extract in drinking water Increased relative weight of liver, heart, and Kadhim
and gizzard (2025)

A. absinthium

3% and 6% in the diet

High gizzard relative proportion and

Zapletal et

meat colour score without effects on
meat sensory attributes

al. (2025)

Furthermore, the absence of environmental or
pathogenic challenges in these studies suggests
that the control birds had already achieved their
maximum genetic potential for growth and
muscle accretion. Therefore, under homeostatic
and thermoneutral conditions, the metabolic
effects of Artemisia supplementation primarily

enhance systemic antioxidant and mucosal
immunity rather than increasing carcass yield or
muscle hypertrophy.

The mode of action of Artemisia species versus
the effects on performance and carcass traits of
poultry are presented in Table 3.

Table 3: The mode of action of Artemisia spp. versus the effects on performance and carcass traits of poultry.

Bioactive Mode of action

Effect on performance

Effect on carcass traits
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compound

Artemisinin Antimicrobial Improved FCR Reduced surface Dbacterial
Reduced microbial load contamination
Flavonoids Antioxidant Reduced stress and mortalities Lowered lipid peroxidation

Better meat colour

Essential oils Modulation of gut

depth

Increased villi

height and crypt Increased dressing %

Improved absorption

Phenolics Enhancing
enzymes

activity

Improved proteins digestibility

Improved amino acids profile

Immunomodulatory effects

Dietary supplementation with 0.5-1.5% A. annua
extracts or leaf powder led to significant nutrient
partitioning in the thymus glands and bursa of
Fabricius, as well as increased serum
immunoglobulin G (IgG) concentrations in Cobb
broilers compared to controls (Sani et al., 2013).
Yang et (2021) reported that dietary
administration of A. argyi flavonoids at 750
mg/kg elevated the bursa of Fabricius index in
lipopolysaccharide-challenged broiler chickens
relative to those fed a basal diet. Similarly,
broilers receiving diets supplemented with 750
and 1,000 mg/kg alcohol extract of A. ordosica
exhibited increased relative spleen weights (Shi
et al., 2022). The highest relative weights of the
bursa of Fabricius and thymus glands were
observed in Eimeria-challenged broilers fed a diet
containing 3% A. absinthium compared to
controls (Zapletal et al., 2025). Inclusion of 1% A.
annua  enhanced  cell-mediated immune
responses by increasing monocyte and cluster of
differentiation (CD8+) cell counts, which are
essential for eliminating intracellular pathogens
(Liu et al., 2023; Shah et al., 2023). Furthermore,
dietary inclusion of 0.5% A. annua reduced the

al.

expression of interferon-gamma (IFN-y) and
interleukin-10 (IL-10) compared to control
chickens, suggesting suppression of the

inflammatory response and support for normal
physiological and humoral immune functions
(Song et al., 2017; Yang et al., 2021).
Interleukin-10  (IL-10) upregulates the
humoral immune response and attenuates cell-
mediated immune responses, with these
functions mediated by both innate and adaptive
immune cells. Polysaccharides or flavonoids
derived from A. argyi leaves have been shown to
enhance Concanavalin  A-induced  T-cell
proliferation (Zhang et al., 2017; Liu et al., 2019).
Dietary supplementation with fermented A.
argyi extract stimulated immune responses in
laying hens, resulting in increased IgA and IgM
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levels and decreased IgG content (Zhou et al.,
2023). Inclusion of A. annua polysaccharide in
the diet significantly elevated serum IgA and
mitigated reductions in serum IgM and jejunal
IgG in broilers challenged with E. coli (Guo et al.,
2024). the study, A.
polysaccharide  supplementation  effectively
reduced proinflammatory cytokine levels in E.
coli-challenged broilers (Guo et al., 2024). Broiler
chickens administered A. brevifolia extract at
100, 200, and 300 mg/kg BW exhibited improved
cellular and humoral immunity against a mixed
E. tenella challenge (Hussain et al., 2021).
Supplementation with A. annua leaf meal at up
to 0.9% in broiler diets enhanced immune
responses by increasing IgA, IgG, and IgM during
the growing period (Eldamrawy et al., 2023).
Similarly, higher levels of IgA, IgG, IgM, and
lysozyme activity were observed in the A. annua
leaf-treated group compared to controls (Cui et
al., 2024).

Liu et al. (2009) demonstrated that A. annua
inhibits the proliferation of Newcastle disease
virus (NDV) in chicken embryos in vivo. Similarly,
Kaab et al. (2022) reported that dietary Artemisia
powder at 1% significantly increased antibody
titers against NDV. Furthermore, AL-Saeedi et al.
(2018) observed increased antibody titers in
vaccinated laying hens that received A. herba-
alba extract in conjunction with NDV and
Infectious Bronchitis virus vaccines.

In same annua

Dietary administration of Artemisia species
has demonstrated both immunostimulatory
effects (Mubashir et al., 2013) and modulation of
the inflammatory immune response following
coccidiosis in broilers (Abdullah and Al-Barwary,
2020; Sharma et al., 2024). Serum globulin
concentrations were significantly higher in A.
splendens-treated, Eimeria spp.-infected broilers
compared to controls (Abdullah and Al-Barwary,
2020). Additionally, Kaab et al. (2022) reported
that 0.5% Artemisia powder reduced aspartate
aminotransferase levels in broilers relative to
controls, indicating a protective effect on liver



function.

The immunological response to Artemisia is
dose-dependent and may exhibit suppressive
effects under certain inflammatory conditions.
Shi et al. (2022) reported a significant reduction
in the relative weight of the bursa of Fabricius in
lipopolysaccharide-challenged 28-day-old
broilers fed diets containing A. ordosica alcohol
extract at 500 and 750 mg/kg compared to

controls. This reduction is attributed to the
potent anti-inflammatory properties of A.
ordosica secondary metabolites, particularly

flavonoids and polyphenols, which inhibit the
Toll-like receptor 4 (TLR4)/nuclear factor kappa
B (NF-kB) signaling  pathway. During
lipopolysaccharide challenge, severe systemic
inflammation to hyperactivation and
hyperplasia of immune organs, including the
bursa of Fabricius, as a defense against
endotoxin. Suppression of pro-inflammatory
cytokines such as IL-1 and IL-6 by higher doses
of A. ordosica alcohol extract mitigates immune
overactivation and subsequent tissue edema or
inflammatory hypertrophy. Additionally, elevated
concentrations of specific sesquiterpene lactones
in the extract may induce localized apoptosis in
lymphoid tissues or redirect energy resources
toward metabolic homeostasis and intestinal
barrier integrity, resulting in lower relative bursa
weight without compromising immune
competence.

leads

Antioxidant and anti-Inflammatory properties

Various Artemisia species, such as A. argyi (Zhao
et al., 2016; Li et al., 2018; Zhang et al., 2020;
Chen et al., 2022; Zhang et al., 2022; Chen et al.,
2023), contain diverse aromatic compounds with
anti-inflammatory and antioxidant properties.
The antioxidant effects of A. annua in broilers are
well-documented  (Cherian et al.,, 2013;
Gholamrezaie et al., 2013). A. annua also inhibits
the production of inflammatory cytokines (Hunt
et al., 2015; Niu et al., 2020). IL-10, a potent anti-
inflammatory cytokine, inhibits the production of
major pro-inflammatory cytokines.

The antioxidant  enzymes superoxide
dismutase (SOD), catalase (CAT), and glutathione
peroxidase  (GSH-Px) are  essential for

maintaining redox balance and protecting cells
from oxidative stress (Li and Trush, 2016).
Artemisia species extracts have been shown to
elevate the expression of SOD, CAT, and GSH-Px,
thereby supporting redox equilibrium, cellular
homeostasis, and protection against oxidative
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damage. Supplementation of quails with 1%
Artemisia increased serum SOD and CAT
activities, likely due to the high phenolic
compound content that enhances antioxidant
defenses (Gholamrezaie et al., 2013; Abou Zeid et
al., 2025). Excessive production of reactive
oxygen species (ROS) causes significant damage
to DNA, proteins, and lipids. Cellular antioxidant
defense systems, including SOD, GSH-Px, CAT,
and glutathione, protect against ROS-induced
damage (Omara et al., 2020). Enhanced activities
of SOD, CAT, and GSH-Px in the liver, along with
reduced malondialdehyde (MDA) accumulation,
indicate decreased oxidative stress (Baghban-
Kanani et al., 2019). Improved CAT and SOD
activities in serum and liver under thermoneutral
conditions have been reported following A. annua
supplementation in broiler diets (Wan et al.,
2017). Artemisia supplementation can increase
CAT, SOD, GSH-Px, and total antioxidant
capacity  (T-AOC) reducing MDA
concentrations in serum, liver, and spleen (Guo
et al., 2020). Enhanced liver enzyme activities
improved health status. The
phenolic and flavonoid content in A. annua
further augments antioxidant capacity in
supplemented birds (Lang et al.,, 2019).
Decreased MDA levels in serum and liver samples
reflect enhanced protection against oxidative
stress. Increased expression of CAT, SOD, and
GSH-Px in the liver and spleen was observed in
broiler chickens receiving 0.6% A. annua in the
diet (Mamdouh et al., 2024).

Dietary inclusion of an aqueous extract of A.
annua can enhance the antioxidant capacity of
broiler chickens via activation of the nuclear
factor erythroid 2-related factor 2 (Nrf2) signaling
pathway in the small intestinal mucosa. This
results in significantly increased activities of
CAT, GSH-Px, and SOD enzymes, elevated T-
AOC, and decreased MDA content in intestinal
tissues (Guo et al., 2022). Similarly, dietary A.
annua upregulates IL-10, CAT, SOD, and GSH-
Px mRNAs while downregulating IL-1 and tumor
necrosis factor-alpha (TNF-a), thereby reducing
inflammation and enhancing immunological
responses through its antioxidant properties
(Mamdouh et al., 2024). The expression of the
anti-inflammatory IL-10 gene in the spleen was
significantly increased in broilers supplemented
with 0.6% and 0.9% A. annua compared to

while

contribute to

controls (Mamdouh et al., 2024). Artemisia
supplementation also mitigated intestinal
inflammation in heat-stressed broilers,



increasing IL-10 production (Song et al., 2017).

Dietary supplementation with 1 g/kg of
enzymatically digested A. annua reduces MDA
content and increases mRNA expression of the
GSH-Px enzyme in the intestinal tract of heat-
stressed broilers (Song et al., 2018). A. annua
also enhances the activities of CAT, GSH-Px, and
SOD in serum and intestinal tissues (Cui et al.,
2024). Artemisinin extracted from A. annua
inhibits the production of IL-6 and IL-1,
demonstrating anti-inflammatory properties (Li
et al., 2012). In addition, A. annua modulates
immune responses via the TLR4 /NF-kB signaling
pathway (Fu et al.,, 2020), affects mitogen-
activated protein kinase activity, reduces NF-xB
activity, and inhibits the inflammatory cascade
(Shinyuy et al., 2023). Modulation of TNF-a gene
expression by Artemisia further supports its anti-
inflammatory potential in broilers (Abate et al.,
2021). Moreover, ethanol extract of A. annua
downregulates the expression of IL-6 and IFN-y
by reducing CD36 expression and inhibiting the
NF-kB signaling pathway in bovine mammary
epithelial cells (Song et al., 2022; Cui et al.,
2024).

In vitro studies indicate that A. annua
significantly suppresses the production of IL-6
and TNF-a in murine RAW 264.7 macrophages
stimulated by lipopolysaccharide (Zhang et al.,
2022). Similarly, polysaccharides from A.
ordosica reduce lipopolysaccharide-induced
overproduction of IL-1 and IL-6 by inhibiting the
TLR4 /NF-kB pathway and counteract decreases
in CAT and GPx activity by activating the
Nrf2 /kelch-like = ECH-associated protein 1
(Nrf2 /Keapl) pathway, thereby improving jejunal
morphology (Xing et al., 2023). Dietary inclusion
of A. annua polysaccharide alleviates reductions
in antioxidant enzyme activity and increases in
MDA content, while modulating mRNA
expression levels of CAT, SOD, GPx, Nrf2, and
Keapl in the jejunum during E. coli challenge
(Guo et al., 2024). of
dihydroartemisinin at 10 and 20 mg/kg induces
hepatic mRNA expression of heme oxygenase-1
and increases CAT mRNA expression in the liver
compared to controls (Pu et al., 2025). IL-6
increases endothelial cell permeability by altering
the ultrastructure of tight junction proteins and
zonula occludens-1 (Desai et al.,, 2002).
Furthermore, polyphenols, particularly the
flavonoid-rich fraction from A. annua, exhibit
strong antioxidant activity (Yang et al., 2009;
Song et al., 2016; Hu et al., 2021; Yang et al.,

Administration

2021; Wang et al., 2023).

Anti-Coccidial properties

Artemisia species exhibit strong anti-coccidial
effects, primarily attributed to antioxidant
compounds that disrupt the parasite life cycle
(Arab et al., 2006; Wiedosari and Wardhana,
2017; Coroian et al., 2022; Hussain et al., 2023;
Wardhana and Wiedosari, 2023). Artemisinin, a
principal bioactive compound in Artemisia leaves,
inhibits the growth of multiple developmental
stages of Eimeria species. The leaves contain
approximately 89% of the plant’s total
artemisinin content (Czechowski et al., 2019).
Artemisinin is considered safe for the prevention
and treatment of coccidiosis in chickens, likely
due to its relatively slow systemic absorption
(Shahbazfar et al., 2011; Kheirabadi et al., 2014).
Additionally, artemisinin compounds directly
affect the parasite's developmental stages and
inhibit the activation of pro-inflammatory factors
and the host immune response to Eimeria
infection (De Almeida et al., 2012).

Artemisinin compounds inhibit the formation
of oocyst walls, resulting in the death of
developing oocysts and a reduction in total oocyst
numbers (Del Cacho et al., 2010). This inhibition
is mediated by decreased expression of the
macrogamete sarco/endoplasmic  reticulum
calcium ATPase, which is critical for maintaining
Disruption of calcium
homeostasis delays oocyst wall formation and
leads to parasite death. The application of
Artemisia species and their extracts, including
artemisinin, has demonstrated anti-coccidial
effects against E. tenella in single-species
infections (Kalemba et al., 2002; Del Cacho et al.,
2010; Dr agan et al., 2014; Jiao et al., 2018;
Hussain et al., 2021; Abdel-Fattah et al., 2025).
Additionally, Artemisia or extracts
containing artemisinin have shown potential to
reduce lesion scores, oocyst shedding, and
sporulation, and to modulate the humoral
immune response in Eimeria-infected chickens
(Allen et al., 1997; Brisibe et al., 2008; Arab et
al., 2012; Messai et al., 2014; Mo et al., 2014,
Wan et al., 2016; Song et al., 2017; Yang et al.,
2021; Hezil et al., 2024).

Dietary supplementation with A.
improves laying hen performance, enhances
intestinal barrier function, and strengthens the
immune response against Eimeria species
(Sharma et al., 2024). Broilers administered A.
brevifolia extract at 100, 200, and 300 mg/kg

calcium homeostasis.

leaves

annua
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demonstrate reduced lesion scores, lower
dropping scores, decreased mortality rates, and
improved FCR (Hussain et al., 2021). In vitro
studies show that A. absinthium essential oil
exerts a destructive effect on Eimeria oocysts
(Remmal et al., 2011). Immersion of sporulated
oocysts in an A. annua medium inhibits
sporulation and destroys the oocysts (Titilincu et
al., 2008). Furthermore, dietary administration
of A. absinthium essential oil reduces Eimeria
oocyst output in broiler droppings from the third
to the ninth day post-infection compared to a
positive control group (Kostadinovic et al., 2016).

Dietary administration of A. annua leaf
powder decreases the fecal output of E. tenella
oocysts (El-Shall et al., 2022). The aqueous
extract of A. absinthium exhibits significant in
vitro anticoccidial activity by inhibiting Eimeria
oocyst sporulation, reducing oocyst counts, and
damaging the parasite (Gharbi et al., 2025).
Dose-dependent inhibitory effects of aqueous-
methanolic extracts of A. absinthium (Zaman et
al., 2015) and A. annua (Fatemi et al., 2015) on
E. tenella sporulation have also been
documented. Additionally, a 22.5% inhibition of
sporulation is observed after 72 hours of
treatment with A. absinthium (Habibi et al.,
2016).

The Eimeria protozoan parasite manipulates
host cellular pathways to prevent apoptosis of
infected cells by upregulating NF-kB and anti-
apoptotic factors. In contrast, artemisinin
derived from Artemisia species suppresses NF-kB
signaling and promotes apoptotic pathways,
thereby limiting Eimeria infection and
inflammation (Jiao et al., 2018). Artemisinin also
disrupts calcium homeostasis in developing
oocysts, impairs cell wall formation, and induces
oocyst death, resulting in reduced sporulation
rates (Del Cacho et al., 2010). Disruption of
calcium homeostasis affects calcium-dependent
pathways in protein secretion and
differentiation, which prevents cell wall formation
and causes degeneration of microgametes and
macrogametes, further reducing sporulation
rates and oocyst shedding (Del Cacho et al.,
2010). Artemisinin reduces oocyst shedding by
altering oocyst wall formation, leading to oocyst
death and decreased sporulation (Del Cacho et
al., 2010; Pop et al., 2015). Additionally,
artemisinin exerts pro-oxidant effects by
increasing oxidative stress and generating free
radicals within host cells harboring Eimeria
species, which can destroy intracellular parasites

involved
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(Kaboutari et al., 2014; Jiao et al., 2018).

A. brevifolia extract improves hematological
parameters, including packed cell volume, red
and white blood cell counts, and hemoglobin
levels, in E. tenella-infected chicks (Hussain et
al., 2021). Oral administration of A. brevifolia
liquid extract (200 mg/kg) reduces E. tenella
oocyst counts and cecal lesions, and enhances
both hematological (hemoglobin, packed cell
volume percentage, white blood cell counts, and
differential leukocytic counts) and biochemical
parameters (IgM and IgG) (Abdel-Fattah et al.,
2025).

The anti-coccidial effects of Artemisia are
primarily attributed to its bioactive constituents,
including absinthin, B-thujone, 1, 8-cineole, and
p-cymene (Remmal et al., 2011; Muthamilselvan
et al., 2016). Absinthin, a sesquiterpene lactone,
disrupts enzymatic pathways essential for oocyst
development and sporulation, likely by
interfering with mitochondrial function and
reducing parasite metabolism (Kostadinovi¢ et
al., 2016). Thujone, a monoterpene ketone,
induces neurotoxicity by modulating gamma-
aminobutyric acid type A receptors, blocking
chloride channels, and causing disturbances in
parasite neuronal signaling, oxidative stress, and
oocyst inactivation (Kostadinovi¢ et al., 2014).
However, high dietary levels (3% and 6%) of A.
absinthium do not reduce oocyst shedding by
Eimeria species in infected broiler chickens
(Zapletal et al., 2025). This lack of efficacy is
likely due to the use of whole-plant powder rather
than concentrated extracts or essential oils,
which may limit the bioavailability of active
parasiticidal compounds. Furthermore, A.
absinthium contains lower levels of the primary
sesquiterpene lactone responsible for disrupting
macrogamete sarco/endoplasmic  reticulum
calcium ATPase expression and inhibiting cell
wall formation compared to A. annua. Therefore,
while high dietary levels provide significant anti-
inflammatory and antioxidant support that
protects and restores host intestinal morphology,
they do not reach the therapeutic threshold
necessary to directly inhibit the Eimeria life cycle
and eliminate the parasitic load.

Conclusions

The diverse bioactive compounds present in
Artemisia species offer a dual-action strategy for
improving livestock health. Artemisia
supplementation enhances physiological
defenses, particularly immune function and gut



barrier integrity, while providing direct
antioxidant and anti-coccidial effects against
pathogens such as Eimeria. Documented
improvements in performance and carcass

characteristics support Artemisia as a promising
approach for sustainable, antibiotic-free poultry
production. To facilitate the integration of these
botanical benefits into standardized industry
practices, future research should prioritize
optimizing inclusion levels and standardizing
extraction methods to ensure consistent efficacy
across various livestock species and
environmental conditions.
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