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Abstract | Gastrointestinal nematodes (GIN), particularly Haemonchus contortus, pose a persistent threat to sheep
health and productivity, especially in regions where anthelmintic resistance compromises the effectiveness of
conventional chemical treatments. This review evaluates the potential of Saccharomyces cerevisiae as a biological control
agent for GIN. Through a comprehensive analysis of both iz vifro and in vive studies, the review synthesizes findings
on the yeast’s effects on immune modulation, gut health, and parasite load reduction. Evidence shows that §. cerevisiae
enhances immunoglobulin and cytokine production, supports the growth of beneficial gut microbiota, and indirectly
reduces parasite viability. When used in synergy with nematophagous fungi such as Duddingtonia flagrans, . cerevisiae
significantly lowers fecal egg counts, reinforcing its role in integrated pest management (IPM) strategies. These results
highlight the yeast’s multifaceted benefits, including enhanced host immunity, reduced dependence on chemical
treatments, and support for environmental sustainability. Additionally, 8. cerevisiae is easily incorporated into existing
feeding systems and carries a minimal risk of resistance development. This review underscores the need for further
studies on formulation optimization, long-term field trials, and interactions with other biological agents. In conclusion,
§. cerevisiae offers a promising, eco-friendly alternative for managing GIN in sheep farming.
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INTRODUCTION circumcincta, and Trichostrongylus colubriformis primarily
infect the abomasum and intestines of sheep, causing

Gastrointestinal nematodes (GIN) are a major health nutrient depletion and substantial physiological damage.
threat in sheep farming, significantly impacting both  GIN infections lead to reduced growth rates, decreased
animal welfare and agricultural productivity. Key nematode ~reproductive ~performance, and increased mortality,
species such as Haemonchus contortus, Teladorsagia ~particularly in young lambs (Baptista ez a/., 2020; Khattak
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et al., 2018). Beyond individual animals, these infestations
affect herd health and farm sustainability due to escalating
veterinary costsand the need formore frequentinterventions
(Jorge-Neto ez al., 2025; Reyes-Guerrero ez al., 2021).
Nematode infestations are especially problematic in warm,
moist climates that facilitate their life cycle, resulting in
clinical signs such as weight loss, anemia, and diarrhea.
‘These symptoms contribute to higher treatment costs and
reduced productivity, placing significant financial strain
on farmers and reducing profit margins (Silva ez a/., 2018;
Tehrani ez a/., 2024). The rising prevalence of anthelmintic
resistance further complicates efforts to manage these
infestations. As nematode populations become resistant
to conventional chemical treatments, their effectiveness
diminishes, creating additional economic burdens on
farmers who are increasingly in need of alternative solutions
to maintain flock health (Pinto ez a/., 2022; Victoria ez al.,
2022).

Traditional control measures, such as synthetic
anthelmintics, face growing challenges, particularly
due to resistance development. Over-reliance on these
pharmacological agents has led to heightened selection
pressure, favoring resistant nematode populations. Reports
indicate that a significant proportion of sheep farms in
some regions are now dealing with resistant nematodes,
underscoring the urgent need for alternative strategies
(Aguiar er al., 2024; Minguetto ez al., 2021). While
practices such as rotational grazing, pasture management,
and breeding resistant sheep have been explored, their
effectiveness is often limited, especially in regions heavily
affected by nematode infections (Delmilho ez al., 2024
Pinto ez al., 2020; Szewc e al., 2021). Consequently, there
is a growing interest in biological control methods to
complement or replace traditional chemical approaches,
reflecting the increasing need for innovative solutions
in nematode management (Comans-Pérez er al., 2021;

Rodrigues ez al., 2022).

Among the promising alternatives, the wuse of
microorganisms like nematophagous fungi has gained
attention as a viable strategy to combat GIN. Species such
as Duddingtonia flagrans are capable of trapping and killing
free-living nematode stages, disrupting their life cycle and
reducing environmental contamination (Faria ez a/., 2025;
Sander and Neumann, 2025). Additionally, Saccharomyces
cerevisiae has shown potential in enhancing host immunity
and reducing nematode burdens in sheep, thereby mitigating
the negative effects of GIN while improving overall animal
health (Pinto ez a/., 2020; Rodriguez-Esquivel ez al., 2023).
Recent studies have highlighted the synergistic effects
between S§. cerevisiae and nematophagous fungi, which
could lead to more effective and sustainable strategies for
managing nematode infections (Liu ¢z 4/, 2020; Xue ez al.,

2018).

This review aims to consolidate and evaluate current
knowledge on GIN in sheep, with a particular focus on
their impact on health and productivity, the challenges
posed by anthelmintic resistance, and innovative biological
control strategies involving . cerevisiae and nematophagous
tungi. By synthesizing recent advancements and findings,
this work seeks to offer valuable insights into sustainable
practices that farmers can adopt to safeguard animal welfare
and enhance productivity. Furthermore, this review will
propose integrated treatment methodologies to improve
GIN management, ultimately supporting sheep health and
the sustainability of sheep farming as a critical agricultural
practice (Cubides-Cardenas ez al., 2023; Ferguson ez al.,
2018; Hao ef al., 2024; Victoria e al., 2022).

MATERIALS AND METHODS

The methodology for this review involved a systematic
approach focused on compiling and synthesizing existing
literature on the use of §. cerevisize and other biological
control mechanisms against gastrointestinal nematodes
(GIN), particularly in sheep. A comprehensive review of
the literature was conducted using defined keywords to
capture relevant studies exploring S. cerevisiae’s potential
as an anthelmintic agent, specifically its effects against
nematodes like Haemonchus contortus. The search strategy
involved multiple databases, including PubMed, Scopus,
and Web of Science, using combinatorial keywords
such as: (8. cerevisiae, biological control, gastrointestinal
nematodes, sheep) or (8. cerevisiae, and anthelmintic and
sheep) or (biological control, nematodes and sheep).

Inclusion criteria for the selected studies focused on
peer-reviewed research detailing both in wvifro and
in vivo evaluations of §. cerevisiae or its derivatives,
studies examining biological control strategies involving
nematophagous fungi against GIN, and research assessing
the impact of probiotics on sheep health in relation to
nematode infections. Articles evaluating the efficacy of
Duddingtonia flagrans and other nematophagous fungi
were also reviewed to compare their effectiveness and
mechanisms of action with those of . cerevisiae. The
subsequent analyses focused on various interactions
between . cerevisize and GIN, highlighting immune
modulation in sheep, the functional role of probiotics
in enhancing resistance to nematode infections, and
comparisons with other biological control agents.

This synthesis provided a cohesive understanding of
S. cerevisiae’s potential as a biological control agent,
positioning it within the broader context of sustainable
approaches to managing GIN infections in sheep. The
review offers a foundational basis for future experimental
approaches aimed at elucidating specific mechanisms and
enhancements conferred by §. cerevisiae in the context of
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veterinary parasitology and ruminant health.

RESULTS AND DISCUSSION

BIOLOGICAL CONTROL: AN OVERVIEW

DEFINITION AND PRINCIPLES OF BIOLOGICAL CONTROL
Biological control is an approach to managing pest
populations by utilizing natural predators, parasites, or
pathogens to mitigate their effects on ecosystems or
agricultural systems. This strategy offers an environmentally
sustainable alternative to traditional chemical controls,
relying on natural ecological relationships rather than
synthetic compounds, which may harm non-target
organisms and the broader environment (Khattak ez
al, 2018). A thorough understanding of ecological
interactions is essential in biological control, as integrating
this knowledge enables the development of sustainable
pest management programs that remain effective in the

long term (Pinto ez al., 2022).

One of the most promising groups of biological control
agents are nematophagous fungi, which play a key role in
regulating soil nematode populations. These fungi possess
unique predatory capabilities, including the formation
of specialized structures that trap and kill nematodes,
contributing to soil health and fertility (Rodriguez-
Martinez ez al., 2018). By modifying their hyphal networks
into trapping devices, these fungi significantly enhance
their ability to capture nematodes (Baptista ez a/., 2020).
Growing interest in nematophagous fungi has led to
research on their efficacy against various nematode species,
particularly in livestock, highlighting their ecological
viability (Rodrigues ez a/.,2022).

Biological control is especially effective in managing
gastrointestinal nematodes (GIN) in ruminants such as
sheep. Duddingtonia flagrans, a nematophagous fungus,
has been evaluated for its ability to control parasitic
infections in livestock. Studies have demonstrated that it
can significantly reduce fecal egg counts in treated animals,
suggesting its potential for integration into Integrated
Pest Management (IPM) strategies (Aguiar ez al., 2024).
'This approach is particularly valuable in regions where
conventional chemical treatments are becoming less
effective due to rising anthelmintic resistance (Delmilho
et al., 2024). The use of such fungi as biocontrol agents can
enhance the sustainability of sheep farming while reducing
dependency on chemical anthelmintics.

Beyond pest population control, the use of biological
control agents also promotes overall grazing system health
(Reyes-Guerrero ez al., 2021). By supporting soil health
and reducing chemical residues in animal products, these
strategies contribute to global efforts toward sustainable

agricultural practices (Sander and Neumann, 2025).
Therefore, biological control agents like Duddingtonia
flagrans and other nematophagous fungi provide dual
benefits: reducing pest populations and fostering
ecological balance (Hao ez a/., 2024). This shift represents
a transformative change in agricultural pest management,
emphasizing environmental integrity and livestock

productivity.

This review provides a comprehensive overview of
biological control strategies, with a particular focus on
nematophagous fungi for managing gastrointestinal
nematodes in sheep. It synthesizes existing literature to
clarify the mechanisms, benefits, and potential applications
of these biological agents in modern agricultural pest
management (Minguetto ez a/., 2021). The review also
addresses challenges in adopting biological control,
including operational considerations and integration within
farm management systems. By doing so, it emphasizes the
importance of biological control as a viable and sustainable
method for combating nematode infections in livestock,
thereby enhancing agricultural resilience (Comans-Pérez

et al.,2021).

ADVANTAGES OF
CHEMICAL METHODS
Biological control offers several advantages over traditional
chemical methods in managing gastrointestinal nematodes
(GIN) within agricultural systems. Primarily, it provides
an environmentally sustainable alternative by reducing
reliance on synthetic chemicals, which are often associated
with negative ecological impacts and harmful residues in
food products (Khattak ez /., 2018). By utilizing naturally
occurring organisms, biological control promotes ecological
balance while effectively managing pest populations (Pinto
et al.,2022).This shift toward ecological strategies not only
supports biodiversity but also aids in the conservation of
beneficial organisms that play essential roles in agricultural
ecosystems, such as those involved in nutrient cycling.

BIOLOGICAL CONTROL OVER

One of the most significant benefits of biological control
is its ability to mitigate the growing issue of anthelmintic
resistance. The overuse of chemical anthelmintics has
resulted in the selection of resistant nematode populations,
reducing the effectiveness of standard treatments (Jorge-
Neto ez al., 2025; Rodrigues ez al., 2022). Biological
control methods, such as the use of nematophagous
tungi like Duddingtonia flagrans, disrupt the life cycle of
parasites without contributing to resistance development
(Reyes-Guerrero ez al., 2021). Studies have shown that
these fungi can significantly reduce fecal egg counts and
improve livestock health, offering a sustainable solution for
nematode management (Aguiar ez al., 2024).
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Additionally, biological control methods typically require
fewer applications than chemical treatments, providing a
distinct advantage in terms of both cost and labor (Szewc e#
al., 2021). The long-term effectiveness of biological agents
ensures that their impact persists across multiple growing
seasons, reducing the need for frequent reapplication. For
example, research indicates that introducing Duddingtonia
flagrans can result in substantial reductions in nematode
populations with fewer treatments compared to chemical
strategies (Delmilho ez a/., 2024). This not only reduces
operational costs for farmers but also minimizes the labor
intensity often associated with routine pest management.

Another key benefit of biological control is its potential to
improve animal welfare (Silva ¢z a/., 2018). By effectively
reducing the burden of gastrointestinal nematodes,
biological control can enhance growth rates, productivity,
and reduce mortality rates among livestock, particularly
in young or vulnerable populations (Minguetto ez al.,
2021). Integrating biological control into livestock
management systems contributes to healthier animal
populations, helping farmers achieve their production
goals. Ultimately, biological control represents a proactive
strategy for managing nematode infestations, addressing
current challenges in livestock farming, and providing
long-term solutions. The integration of biological control
methods also aligns with global efforts toward sustainable
agricultural practices and environmental stewardship (Hao
et al.,2024). As research continues to advance, the potential
for biological control to combat nematode infections
effectively will expand, offering innovative strategies to
enhance livestock productivity and health in a sustainable
manner (Sander and Neumann, 2025).

HISTORICAL CONTEXT OF BIOLOGICAL CONTROL IN
LIVESTOCK MANAGEMENT

The use of biological control in livestock management
dates back to traditional practices aimed at mitigating
pest populations through natural means. Early evidence
suggests that such methods were employed well before the
20" century, with farmers utilizing various natural enemies
to control pests that affected animal health (Khattak e7
al., 2018). The use of biological control gained significant
momentum with the advent of modern agricultural
practices, especially as the limitations and adverse effects
of chemical control methods became more evident. In
the mid-20th century, synthetic anthelmintics became
the dominant method for controlling gastrointestinal
nematodes in livestock, significantly reducing infection
rates. However, this led to the emergence of anthelmintic
resistance, complicating long-term pest control (Pinto e#

al.,2022).

In the 1970s and 1980s, researchers began to recognize
the potential of microorganisms, particularly fungi, as

biological control agents against nematodes. Species like
Duddingtonia flagrans were identified for their ability to
trap and kill nematode larvae in sheep feces, reigniting
interest in using microbial agents for pest control (Baptista
et al., 2020). Studies from this period provided critical
insights into how nematophagous fungi impact nematode
populations, including through mechanisms such as cuticle
degradation and enzymatic activity (Rodriguez-Martinez
et al.,2018). These findings expanded the understanding of
biological control and laid the foundation for its integration
into Integrated Pest Management (IPM) systems.

By the early 2000s, integrating biological control strategies
into livestock management became increasingly relevant,
especially due to the growing challenge of anthelmintic
resistance. Researchers advocated combining traditional
pest management practices with biological methods to
develop sustainable solutions for controlling gastrointestinal
nematodes. Studies have shown that integrated approaches
can significantly reduce nematode burdens while
minimizing the ecological footprint (Faria e al., 2025;
Jorge-Neto er al., 2025). For example, the development
of commercial products containing Duddingtonia flagrans
enabled farmers to effectively incorporate biological control
within their existing management systems, providing an
alternative to synthetic anthelmintics (Minguetto ez al/.,

2021).

Recent advancements in biological control have focused
on refining application techniques for nematophagous
fungi and exploring their interactions with other microbial
agents (Silva ez al., 2018). For instance, the integration
of probiotics like §. cerevisiae has been studied for its
complementary role in enhancing sheep immunity against
nematodes, further supporting the potential of biological
control strategies (Comans-Pérez ¢ al, 2021). 'This
paradigm shift highlights the growing recognition that
sustainable livestock management requires multifaceted,
integrative approaches that leverage natural ecological
interactions to effectively control parasites (Delmilho e#

al.,2024).

The historical trajectory of biological control in livestock
management reflects a continuous evolution, from early
empirical observations to sophisticated, research-driven
applications. It underscores the collaborative relationship
between scientific research and traditional agricultural
practices, where modern innovations are built upon long-
standing knowledge. As challenges such as anthelmintic
resistance continue to escalate, the historical context
provides a foundation for ongoing exploration of biological
control methods (Faria ez a/., 2025; Tehrani et al., 2024).
This trajectory emphasizes the necessity of sustainable
livestock management and highlights the potential for
future advancements in biological control, which promise
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to enhance animal health and productivity while protecting
environmental integrity.

S. CEREVISIAE: CHARACTERISTICS AND MECHANISMS
TAXONOMY AND BIOLOGY OF S. CEREVISIAE

§. cerevisiae, commonly known as baker’s yeast or brewer’s
yeast, plays a crucial role in biotechnology and food
production, primarily due to its fermentative properties.
This eukaryotic microorganism belongs to the kingdom
Fungi, specifically the phylum Ascomycota and the class
Saccharomycetes (Khattak ez a/., 2018). While the genus
Saccharomyces includes several species, S. cerevisiae is the
most studied and widely used, mainly due to its ability
to efficiently metabolize sugars into ethanol and carbon
dioxide (Victoria ez al., 2022). Its simple cellular structure,
rapid reproduction via budding, and adaptability to diverse
environmental conditions make it an ideal organism for
both scientific research and practical applications across
various industries (Pinto ez a/., 2020).

This classification highlights its relationship with other
yeast species, with evolutionary evidence suggesting a
divergence from other Saccharomyces species around 80
million years ago (Delmilho ez a/., 2024). Phylogenetic
analyses indicate that S. cerevisiae shares close relatives with
other budding yeasts, and common metabolic pathways
contribute to their ecological roles in fermentation and
nutrient cycling (Rodriguez-Martinez ez al., 2018).

Biologically, S. cerevisiae exhibits a well-defined life cycle,
predominantly characterized by asexual reproduction
through budding. Under certain conditions, it can also
undergo sexual reproduction, forming asci that contain
ascospores, facilitating genetic diversity and adaptation
in changing environments (Baptista ¢z a/., 2020). While
the yeast typically thrives in oxygen-rich environments,
allowing for aerobic respiration, it can switch to anaerobic
fermentation when oxygen is limited, which distinguishes it
from many other eukaryotic organisms (Pinto ¢z 4/., 2020).
'This metabolic flexibility allows §. cerevisiae to utilize a wide
variety of substrates, enhancing its resilience and ability to
colonize various environments, including fruit surfaces and
industrial fermentation settings (Aguiar ez a/., 2024).

The ecological roles of §. cerevisize extend beyond
fermentation. It significantly contributes to the microbiota
of the gastrointestinal tracts of various animals, including
livestock. Recent research has demonstrated that .
cerevisiae can positively influence host immune responses,
particularly in sheep, by modulating cytokine levels and
enhancing mucosal immunity against gastrointestinal
pathogens like Haemonchus contortus (Silva et al.,2018). By
promoting a robust immune system, S. cerevisiae can reduce
the prevalence and severity of parasitic infections, thus

supporting overall flock health and productivity (Jorge-

Neto ezal.,2025). Thisimmunological interaction represents
avaluable application of §. cerevisiae in sustainable livestock
management, linking its biotechnological properties to
practical benefits in animal husbandry.

In summary, 8. cerevisiae is a well-characterized organism
with a rich taxonomic background and significant biological
roles. Its fermentation capacity, metabolic flexibility, and
positive effects on host health make . cerevisiae crucial in
both industrial applications and promoting animal health.
'This dual role underscores its importance in contemporary
agricultural practices and warrants further investigation into

its multifaceted benefits (Rodriguez-Esquivel ez a/., 2023).

MECHANISMS OF ACTION AGAINST GASTROINTESTINAL
NEMATODES

§. cerevisiae, particularly as a biological control agent
in livestock, employs several mechanisms to manage
gastrointestinal nematodes, including Haemonchus contortus.
One of the primary mechanisms is the enhancement of
the host’s immune response. Studies have shown that
supplementing sheep diets with S. cerevisiae stimulates the
production of essential immunoglobulins and cytokines,
boosting the sheep’s ability to combat infections (Pinto
et al., 2020; Szewc et al., 2021). The immunogenic effects
of 8. cerevisiae modulate the immune system, promoting a
stronger response to nematode infections and reducing the
proliferation and harmful effects of parasites on host health
(Pinto ez al., 2020). Another significant mechanism is the
improvement of gut health through modulation of the gut
microbiota. By incorporating . cerevisiae into sheep diets,
beneficial microbial populations can thrive, outcompeting
pathogenic strains and potentially reducing nematode
burdens (Szewc ez al., 2021). The fermentation processes
induced by §. cerevisiae lead to the production of volatile
fatty acids, which provide nutrients for the host and create
an environment less favorable for nematode survival and
reproduction (Szewc ez al., 2021). This alteration in the
gut ecosystem limits the load of gastrointestinal parasites,
preventing their establishment and reducing fecal egg
counts (Braga ez a/., 2011).

Additionally, §. cerevisiae contributes directly to the
digestive process by facilitating nutrient breakdown,
improving feed efficiency, and enhancing overall energy
utilization in sheep. Improved digestive efficiency means
that sheep are less likely to experience the physiological
effects associated with high nematode burdens (Silva ez a/.,
2018). A healthy, efficiently functioning digestive system,
therefore, reduces the adverse impacts of gastrointestinal
nematodes, promoting better health and productivity
in livestock (Silva ez a/., 2018). Another crucial aspect is
the potential metabolic interactions between §. cerevisiae
and gastrointestinal nematodes. While . cerevisiae does
not directly exhibit nematophagous characteristics, its
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presence in the gastrointestinal tract may influence the
overall microenvironment, making it more favorable
for predatory organisms (such as nematophagous fungi)
and less hospitable for parasitic nematodes. This indirect
mechanism could contribute to nematode population
control by enhancing the effectiveness of existing biological
control agents (Aguiar ez al., 2024).

Supplementation with §. cerevisize may also reduce
pathogenic pressures by limiting the nutrient availability
that nematodes rely on for growth and reproduction.
It has been suggested that S. cerevisiae can lower the
overall burden of available nutrients in the gut, reducing
nematode metabolism and contributing to diminished
larval viability, thereby lessening their ability to establish
within the host (Pinto ez 4/, 2020). This multifaceted
approach highlights the significance of incorporating
S. cerevisiae into integrated pest management (IPM)
strategies aimed at combating gastrointestinal nematodes
in sheep. In conclusion, §. cerevisiae exerts its action against
gastrointestinal nematodes through various mechanisms:
enhancing host immunity, modulating gut microbiota,
and improving digestive efficiency. These actions provide
a sustainable approach to managing nematode infestations
and significantly contribute to the health and productivity
of livestock (Pinto ez al., 2020; Silva ef al., 2018; Szewc ef
al.,2021).

IMMUNE MODULATION IN SHEEP

'The role of §. cerevisiae as an immune modulator in sheep
is particularly significant, given the ongoing challenges
posed by gastrointestinal nematodes, such as Haemonchus
contortus. Recent studies have highlighted §. cerevisiae’s
ability to enhance immune responses in sheep, improving
their resistance to parasitic infections (Pinto ez a/., 2020).
When incorporated into the diet, S. cerevisize has been
shown to stimulate the production of immunoglobulins,
cytokines, and other essential immune markers that are
crucial for mounting an effective defense against these
pathogens (Pinto ez a/., 2020; Santana e al., 2023). The
mechanisms underlying this immune modulation appear
to be multifaceted. S. cerevisiae serves as a source of beta-
glucans, polysaccharides that activate immune cells such as
macrophages and dendritic cells. Once activated, these cells
enhance the host’s immune surveillance, strengthening the
overall immune response to infections, including those
caused by nematodes (Pinto ¢z a/., 2020).

One study showed that supplementation with &
cerevisiae increased concentrations of immunoglobulins
(IgA and IgG) and promoted the production of pro-
inflammatory cytokines, which are crucial for combating
helminthic infections (Pinto ez o/, 2020). Additionally,
§. cerevisiae contributes to improved gut health, which

is vital for maintaining a functional immune system.
The yeast promotes the growth of beneficial bacteria
that can outcompete pathogenic organisms and enhance
intestinal barrier integrity (Silva ez a/., 2018). A robust gut
microbiota is associated with enhanced immune function,
particularly in ruminants exposed to high parasitic loads.
By fostering a balanced gut environment, §. cerevisiae
indirectly supports the host’s ability to combat infections
through improved nutrient absorption and enhanced
immune responses (Santana ez a/., 2023; Silva ez al., 2018).
Nutrient availability is another critical factor in immune
modulation. The fermentation process facilitated by §.
cerevisiae leads to the production of short-chain fatty acids
(SCFAs), which have beneficial effects on immune function
(Ahmed ez al., 2014a). SCFAs serve as energy sources for
colonic epithelial cells and help maintain the integrity of
the gut barrier. A stronger gut barrier reduces the risk of
systemic infections and promotes a stronger local immune
response against pathogens, including nematodes (Hoste
and Torres-Acosta, 2011; Sagtiés ez al., 2020).

Strategic supplementation with §. cerevisiae has also
demonstrated promise in reducing parasitic burdens.
Trials have shown that sheep supplemented with S.
cerevisiae exhibit a significant reduction in fecal egg
counts of H. contortus. This reduction is likely due to the
enhanced immune response, which disrupts the lifecycle
of the nematodes and reduces their ability to proliferate
(Liu ez al., 2020; Pinto ez al., 2020). Thus, incorporating §.
cerevisiae into sheep diets represents a proactive strategy
for improving health outcomes by modulating the immune
response and reducing parasitic challenges. The immune
modulation effects of §. cerevisiae in sheep are characterized
by increased production of immunoglobulins, enhanced
gut health, and the promotion of beneficial microbial
profiles. These factors collectively contribute to improved
resilience against gastrointestinal nematodes. Ongoing
research into these mechanisms is essential for developing
integrated pest management (IPM) strategies that leverage
S. cerevisiae as a natural tool to enhance sheep health and
productivity (Liu ez a/., 2020; Pinto ez a/., 2020; Rodrigues
et al., 2020).

NUTRITIONAL
IMPROVEMENT
The incorporation of §. cerevisiae into sheep diets is
primarily recommended for its potential to enhance
nutritional benefits and improve overall gut health, both of
which are crucial in managing gastrointestinal nematodes
such as Haemonchus contortus. 'This yeast supports
digestive efficiency by improving nutrient breakdown
and absorption in the gastrointestinal tract. When
added to sheep diets, . cerevisiae promotes a favorable
fermentation environment, leading to the production of

BENEFITS AND GUT HEALTH
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short-chain fatty acids (SCFAs), which serve as essential
energy sources for enterocytes and support the health of
the gut lining (Khattak ez a/., 2018). One of the primary
nutritional benefits of §. cerevisiae supplementation is
its ability to enhance feed efficiency. The yeast aids in
fermenting sugars and starches into volatile fatty acids and
other beneficial byproducts, improving the digestibility
of fibrous feed ingredients commonly used in sheep diets
(Pinto ez al., 2020). Several studies have shown that sheep
supplemented with . cerevisiae demonstrated higher
average daily gains and better body condition scores
compared to control groups (Wang ez al., 2016). These
improvements are particularly relevant in pasture-grazing
systems, where the availability and quality of feed can vary.

In addition to improving feed efficiency, S. cerevisiae acts
as a prebiotic, promoting the growth of beneficial gut
microbiota that outcompete pathogenic microorganisms
(Kaschny ez a/., 2015). This prebiotic effect is essential for
maintaining a balanced gut flora, which directly influences
immune function and nutrient absorption. The presence
of well-established beneficial bacteria reduces intestinal
permeability, helping prevent pathogen translocation and
enhancing immune responses against infections (Acevedo-
Ramirez ef al., 2015). Research has shown that when .
cerevisiaeis included in the diet, it leads to significant health
improvements in sheep, including better resilience against
nematode infections and other gastrointestinal pathogens
(Molento ez al.,2017). Moreover, the fermentation process
facilitated by §. cerevisiae generates essential metabolites
that improve the gut environment for sheep. While direct
evidence linking §. cerevisiae supplementation to reduced
gastrointestinal nematode prevalence is limited, enhanced
gut health likely confers resilience during periods of high
infestation risk (Cai ez a/., 2015). Improved gut health
from §. cerevisiae supplementation is also associated with
better mucosal immunity, potentially improving resistance
against nematode infections (Silva ez a/., 2010).

Consistency in using S. cerevisiae as part of dietary strategies
ensures that livestock maintain optimal nutritional health
and a robust immune system, allowing farmers to adopt
less chemically reliant management methods (Sinott ez a/.,
2014). As the livestock industry faces challenges related to
anthelmintic resistance, the role of S. cerevisiae as both a
nutritional supplement and a gut health enhancer becomes
increasingly important. Research continues to support
the strategic inclusion of this yeast in ruminant diets as
a holistic approach to managing gastrointestinal health
(Ahmed ez al., 2014b; Sagiiés e al., 2011). In conclusion,
S. cerevisiae offers numerous nutritional benefits and
promotes gut health in sheep, contributing to improved
performance and better management of gastrointestinal
nematodes. Its prebiotic properties, along with its ability to

stimulate beneficial bacterial growth, play a critical role in
enhancing overall health and productivity, while reducing
the reliance on traditional chemical control methods

(Saumell e al., 2015; Victoria ez al., 2022).

DIRECT ANTAGONISTIC EFFECTS ON NEMATODES

While 8. cerevisiae is primarily recognized for its
beneficial roles in immune modulation and gut health
improvement, emerging research suggests that it may
also exhibit direct antagonistic effects on gastrointestinal
nematodes, particularly Haemonchus contortus. This aspect
of §. cerevisiae broadens its applicability in integrated
pest management (IPM) strategies targeting nematode
infestations in livestock. One proposed mechanism by
which §. cerevisiae may exert direct effects on nematodes
is through the production of antifungal and potentially
anti-nematode compounds during fermentation. These
compounds can inhibit the hatching of nematode eggs
and impair larvae development, ultimately leading to
decreased parasite viability. Studies have shown that §.
cerevisiae cultures exhibit a degree of larvicidal activity
against certain nematode species, suggesting a competitive
edge when introduced into the gastrointestinal tract of
ruminants (Khattak ez a/., 2018; Pinto ez al., 2022).

Moreover, S. cerevisiae can influence the intestinal
environment in ways that directly hinder parasitic larvae.
The yeast’s ability to alter pH levels, improve nutrient
absorption, and produce short-chain fatty acids (SCFAs)
may reduce the competitiveness of nematodes, creating
an inhospitable environment for their survival and
reproduction (Pinto ez a/., 2022). By promoting a more
beneficial gut microbiota, §. cerevisiae may enhance the
survival of beneficial microorganisms while simultaneously
reducing the likelihood of nematode infections (Silva ez
al., 2010). The antagonistic effects of S. cerevisiae might
also stem from its interactions with nematophagous fungi,
such as Duddingtonia flagrans and Monacrosporium spp.
These fungi are well-known for their nematode-trapping
capabilities,and §. cerevisiae could complement their action
by enhancing environmental conditions in both soil and
the gut that are conducive to fungal growth, optimizing
the fungi’s larvicidal activity against nematodes (Molento
et al., 2017). 'These synergistic relationships illustrate a
holistic approach to managing gastrointestinal nematodes,
suggesting that integrating various microorganisms may
be more effective than relying on singular treatments.

Recent studies have emphasized the importance of
exploring the synergistic applications of S§. cerevisiae
alongside nematophagous fungi. The combined use
of these microorganisms could amplify the overall
reduction in nematode burdens in ruminant populations.
Research indicates that utilizing microbial communities,
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including §. cerevisiae, may facilitate enhanced biological
control measures, effectively mitigating the impact of
nematode infections while reducing reliance on chemical
anthelmintics (Molento ez a/., 2017; Wang ez al., 2016).
In conclusion, while the primary role of §. cerevisiae
in livestock health management focuses on immune
modulation and nutritional improvement, its potential
for direct antagonistic action against gastrointestinal
nematodes warrants further investigation. Leveraging
its known properties to affect nematode viability and
enhance the effectiveness of existing biological control
strategies could pave the way for sustainable and effective
management practices in sheep farming (Cai ez a/., 2015;
Silva e# al., 2010).

EFFICACY OF §. CEREVISIAE IN NEMATODE CONTROL
REVIEW OF EXPERIMENTAL STUDIES AND FINDINGS
Numerous experimental studies have investigated the
efficacy of . cerevisiae in controlling gastrointestinal
nematodes, particularly focusing on Haemonchus contortus.
The evidence from these studies supports the notion
that §. cerevisiae plays a vital role in managing nematode
infections in sheep through various mechanisms, including
immune modulation, gut health improvement, and direct
antagonistic effects. A notable study by Pinto ez a/. (2020)
highlights the immune-modulatory properties of &§.
cerevisiae in sheep populations infected with H. contortus.In
this study, sheep supplemented with §. cerevisiae (Y'T001)
showed significant increases in specific immunoglobulin
levels and cytokine production, which correlated with
reduced nematode burdens, as measured by fecal egg
counts. These findings suggest that the yeast enhances the
host’s immune defenses against nematodes, contributing
to improved resilience against gastrointestinal infections

(Pinto ez al., 2020).

Additionally, research by Silva ez a/. (2018) explored the
effects of hydrolyzed §. cerevisiae on nematode control in
goats, revealing similar benefits. The study reported notable
reductions in fecal egg counts and improvements in overall
health parameters in goats, further supporting the idea
that yeast supplementation could serve as an effective
alternative to conventional anthelmintics. The mechanisms
of action appeared linked to improved digestive efficiency
and gut health, allowing for better nutrient absorption,
which indirectly enhances immune responses against
parasitic challenges (Silva ez a/., 2018). Furthermore, a
systematic review by Faria ez a/. (2025) assessed various
studies on the use of §. cerevisiae alongside nematophagous
fungi. This review emphasized the synergistic potential
of combining §. cerevisiae with biological control agents
such as Duddingtonia flagrans. These combinations not
only provide direct action against nematodes via fungal
antagonism but also optimize conditions within the

gastrointestinal tract that enhance the effectiveness of
nematophagous fungi, thereby establishing a multifaceted
approach to nematode control.

The predatory capacity of nematophagous fungi, as
observed in studies involving Duddingtonia flagrans
and Monacrosporium thaumasium, demonstrates direct
efficacy in reducing H. contortus larval stages. For
example, Graminha ez /. (2005) reported that these fungi
achieved up to an 85.57% reduction in H. contortus larvae
under controlled In wvifro conditions, suggesting that S.
cerevisiae may enhance or complement these biological
control properties (Graminha ez /., 2005). Consequently,
integrating fungal-based control strategies featuring .
cerevisiae emerges as a promising approach for managing
gastrointestinal nematodes. Moreover, the work of
Minguetto ez al. (2021) specifically addressed the biological
control of gastrointestinal nematodes in young ewes treated
with various fungal species, highlighting the necessity of
monitoring interactions between these microorganisms
and §. cerevisiae for optimal efficacy. The results indicated a
significant decrease in larval viability and fecal egg counts,
reinforcing the potential for a synergistic partnership in
biological control applications, particularly in commercial
sheep farming (Minguetto ez a/., 2021).

A substantial body of experimental studies emphasizes
the multifaceted efficacy of §. cerevisiae in controlling
nematodes in sheep through immune modulation,
improved gut health, and potential direct antagonistic
effects. The evidence underscores the viability of using §.
cerevisiae as part of an integrated pest management (IPM)
strategy to combat gastrointestinal nematodes, offering a
sustainable alternative to chemical anthelmintics, which are
increasingly threatened by resistance issues (Mederos ez a/.,
2012; Sinott ez al., 2012). These findings encourage further
research aimed at optimizing formulations and practical
applications of §. cerevisiae in ruminant management.

IN vITRO STUDIES IN SHEEP

The efficacy of §. cerevisiae in controlling gastrointestinal
nematodes has been investigated through various In vitro
studies, demonstrating its potential as a biological control
agent. Research highlights the multifaceted mechanisms
by which §. cerevisize may inhibit or reduce the viability
of nematodes, particularly Haemonchus contortus, through
immunostimulatory effects, gut health improvements, and
potential antagonistic actions. Table 1 summarizes the
findings from various experimental studies that examine
the role of §. cerevisiae in nematode control. Each study
contributes to understanding the effectiveness of .
cerevisiae in conjunction with nematophagous fungi as
an integrated pest management (IPM) strategy targeting
gastrointestinal nematodes in sheep and other ruminants.
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Table 1: In vitro studies on the efficacy of §. cerevisiae in nematode control.

Objective Methodology
Evaluate the activity of Duddingtonia In vitro assays using
Slagrans and Monacrosporium thauma- infective larvae

sium on Haemonchus contortus

Assess biological control of nema-
todes by nematode-trapping fungi  sis

Investigate biological control of
Haemonchus contortus

In vitro experiments
to assess efficacy

Reinforced the role of fungi in controlling
nematodes, though did not specifically address . 2018)

Findings Reference
M. thaumasium showed an 85.57% reduction in  (Silva ef al.,
larvae, demonstrating nematocidal activity. 2010)

In vitro activity analy- Demonstrated the capacity of nematophagous fun- (Graminha e al.,
i gi to significantly reduce nematode populations

2005)
(Khattak ez al.,

cerevisiae.

Examine immune response modula-
tion due to §. cerevisiae

Fecal egg count anal-

plementation
Review nematophagous fungi as
biological controls meta-analysis

Isolate and characterize Monacro-
sporium salinum

Laboratory isolation
and testing

Identified the predatory capabilities against
trichostrongylid larvae, suggesting synergy with §.

Supplementation led to a smaller number of nem- (Pinto ez a/.,
ysis pre and post-sup- atodes recovered, linked to immune effects.

2022)

Literature review and Discussed the efficacy of various biological control (Chandrawathani
agents, including . cerevisiae.

et al.,2002)
(Liu et al., 2015)

cerevisiae.

Investigate 8. cerevisiae’s role in mod- Fecal recovery studies §. cerevisiae supplementation resulted in reduced

ulating the immune response

(Pinto ez al.,

larvae recovery from feces, suggesting antagonistic 2020)

effects.

Evaluate In vitro and in vivo effects Comprehensive
of §. cerevisiae on goat nematodes

cultures
Evaluate nematophagous fungi Controlled lab
against gastrointestinal nematodes experiments

Suggested effective combinations with biological
control agents; 8. cerevisiae shows promise for

Showed a significant reduction in nematode num- (Silva ez 4/,
trials with nematode bers and improved production in livestock.

2018)

(Waller, 2006)

enhanced strategies.

Assess biological control methods
using fungi

Investigating in-
tegrated biological
control strategies

The referenced studies underscore that, while direct
research on §. cerevisiae focusing specifically on nematode
control is somewhat limited, its integration with other
biological agents and its impacts on livestock health
present valuable avenues for further investigation. Through
synergistic applications and enhanced immune responses,
§. cerevisize holds significant potential within holistic
control strategies in sustainable agricultural practices.

IN vIvo STUDIES IN SHEEP

'The following Table 2 summarizes key findings from in
vivo studies that evaluate the efficacy of §. cerevisiae in
controlling gastrointestinal nematodes in sheep, with a
particular focus on Haemonchus contortus. These in vivo
studies demonstrate the potential of S. cerevisiae as an
effective agent in controlling nematodes in sheep. By
enhancing immune responses, reducing fecal egg counts,
and complementing the actions of nematophagous fungi,
§. cerevisiae provides a multifaceted approach to managing
gastrointestinal nematode infections. As more studies
validate these findings, S. cerevisiae may play an integral
role in sustainable livestock management practices aimed
at mitigating nematode infestations and reducing reliance
on chemical anthelmintics.

Important for establishing practical applications
in ruminant production systems.

(Besier and Love,
2003)

COMPARISON WITH TRADITIONAL ANTHELMINTICS

'The efficacy of §. cerevisiae in controlling gastrointestinal
nematodes presents a compelling alternative to traditional
anthelmintics used in sheep management. This section,
along with Table 3,compares the effectiveness, mechanisms,
and implications of using . cerevisiae in contrast to
conventional chemical treatments, particularly focusing on
the management of Haemonchus contortus. Both S. cerevisiae
(yeast) and traditional anthelmintics have demonstrated
effectiveness in controlling gastrointestinal nematodes.
However, S. cerevisiae offers additional health benefits, such
as immune modulation and improvements in gut health,
which enhance livestock resilience against nematodes
(Ahmed ez al., 2014b; Silva et al., 2010). Traditional
anthelmintics, while providing rapid results, carry the
risk of resistance development when used repeatedly,
which undermines their long-term efficacy (Sinott ez o/,
2014). Moreover, the use of S. cerevisiae shows a lower
likelihood of resistance due to its multifaceted actions
that complement host defenses, making it a promising
alternative to chemical treatments (Kaschny ez 4/, 2015;

Pinto ez al., 2022).
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Table 2: In vivo studies on the efficacy of S. cerevisiae in nematode control.

Objective

Evaluate the effect of S. cerevisiae
on nematode counts

Assess the impact of S. cerevisiae
on sheep under natural grazing

conditions

Explore synergistic effects of
combining S. cerevisiae with

Methodology

Sheep supplemented with 8. cerevisiae
(Y'T001), measured fecal egg counts
(FEC) pre and post-supplementation

Grazing sheep supplemented with S.
cerevisiae, monitored for health and
parasitic loads

monitored FEC and health status

nematophagous fungi

Investigate the biological control
potential of S. cerevisiae against

H. contortus

Determine the influence of S.
cerevisiae on nematophagous

fungi efficacy

Combine novel treatment ap-
proaches including 8. cerevisiae

Assess 8. cerevisiae alongside
other biological agents

Examine the immune response
effects of S. cerevisiae

Sheep administered S. cerevisiae over
several periods, measuring infection
rates

Administered 8. cerevisiae to grazing
sheep along with fungal treatments

extracts and S. cerevisiae on nematode
burdens

Implemented supplementation in a
control setting

Lambs supplemented with yeast for
immune markers

Investigate 8. cerevisiae effects on  Sheep monitored for larval popula-

larval stages in vivo

tions post—supplementation

Table 3: Comparison of S. cerevisiae and traditional anthelmintics.

Aspect
Efficacy

Mechanism of
Action

Resistance
Development

Environmental
Impact

Cost-
Effectiveness
Ease of

Integration

Research and
Development

S. cerevisiae

Demonstrated reductions in fecal egg counts and
larval populations in treated sheep (Ahmed ez al.,
2014b; Silva ez a/.,2010)

Modulates immune responses, enhances gut
microbiota, improves nutrient absorption, and may
exert direct antagonistic effects (Khattak ez a/., 2018)

Lower risk of developing resistance; works on
enhancing host defenses and promoting health
(Kaschny ez al., 2015; Pinto et al., 2022)

Considered eco-friendly, as it enhances health
without chemical residues (Ahmed ez a/., 2014b)

May reduce overall costs in the long run by improving
growth rates, feed efficiency, and health without the
need for repeated chemical treatments (Kaschny e# a/.,
2015)

Can be supplemented easily within existing feeding
strategies; potential for synergistic effects with other
biological agents (Victoria ef al., 2022)

Increased interest in utilizing S. cerevisiae within inte-
grated pest management frameworks; ongoing studies
are required to optimize use (Faria ez a/., 2025; Sagués
etal.,2011)

Supplemented lambs with both agents;

Investigated combined effects of plant

Findings Reference

Statistical reductions in fecal egg (Pinto ez al.,

counts (FEC) in supplemented groups 2020)
compared to controls

Improved weight gain and reduced (Khattak ef al.,
FEC observed 2018)

Notable reduction in FEC and im-
proved health parameters compared to
control groups

(Silva ez al.,
2010)

Decreases in larval recovery from feces (Silva ez al.,

following treatment periods with S. 2009)
cerevisiae

Enhanced larval reduction observed;  (Ahmed ez a/.,
complemented fungal action signifi- ~ 2013)

cantly

Involvement of S. cerevisiae led to (Ahmed ez al.,
reductions in larval viability and im- ~ 2014a)

proved animal health

Improved health and reduced parasitic (Gives ez al.,
loads compared to traditional methods 2006)

Enhanced production of immunoglob- (Victoria e al.,
ulins correlated with reduced infections 2022)

Notable reduction in H. contortus larval (Hay et al.,
stages in feces of supplemented sheep 1997)

Traditional anthelmintics

High efficacy for immediate reduction in nematode
populations. Resistance development is a major concern

(Reyes-Guerrero ef al., 2021; Sinott ez al., 2014)

Direct toxicity to nematodes, disrupting their

metabolism, nervous system, or general physiology
(Hoste and Torres-Acosta, 2011)

Resistance is an increasing problem, with many species
of nematodes showing resistance to multiple drug classes,
diminishing effectiveness (Reyes-Guerrero e a/., 2021;
Sinott ef al., 2014)

Chemical residues may impact the environment and
human health; potential for contamination of soil and
water (Silva e al., 2010)

Often incurs high costs related to repeated applications
and potential losses from ineftective treatments due to
resistance (Kearney e a/., 2016; Molento ez al., 2017)

Requires careful management due to resistance impli-
cations and potential negative impacts on non-target
species (Cai ef al., 2015)

Established, but ongoing research is needed to address
growing resistance (Rodrigues ez al., 2022)
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Table 4: Factors influencing efficacy of S. cerevisiae.

Impact on efficacy

Reference

Higher dosages tend to improve immune response and (Silva ez a/., 2018)

visige administered (e.g., from 10* nematode suppression; however, a balance is crucial to

Factor Details

Dosage Varying concentrations of . cere-
to 10” CFU per sheep)

Administra-  Oral supplementation via feed,

tion Methods water, or as a pellet

Different methods can affect the survival of yeast
through the gastrointestinal tract; mixing in feed often

avoid gastrointestinal disturbances.

(Silva e al.,2018)

shows better results.

Duration of
Treatment

Length of time sheep are supple-
mented with S. cerevisiae
Timing of Synchronizing with lambing sea-
administration son or peak nematode seasons
Combination
with other
agents

gi or other probiotics

Environmental Impact of temperature and humid- Optimal conditions enhance yeast functionality, par-
ticularly in fostering a supportive gut environment.

conditions ity on yeast survival and activity

Host factors
of the sheep

Formulation
(e.g., alginate pellets)

In addition to its effectiveness, S. cerevisiae offers
environmental and  economic  benefits.  Unlike
traditional chemical anthelmintics, which can introduce
harmful residues into ecosystems, S. cerevisiae is more
environmentally sustainable. The inclusion of yeast may
also be cost-eftective in the long term, reducing the need
for costly treatments and improving overall livestock
productivity (Ahmed ez a/., 2014b; Silva ez al., 2010).
Furthermore, §. cerevisize can be easily integrated into
existing feeding regimens without requiring significant
changes to current practices (Victoria ez a/, 2022). In
contrast, traditional chemical treatments often necessitate
complex management systems to address resistance.
Therefore, while traditional anthelmintics remain
important for immediate nematode control, incorporating
§. cerevisiae offers a sustainable solution for livestock
health management.

FACTORS INFLUENCING EFFICACY

The effectiveness of . controlling
gastrointestinal nematodes, particularly Haemonchus
contortus, is influenced by multiple factors, including
dosage, administration methods, duration of intervention,
and interaction with other biological agents. Table 4
outlines key factors that can affect the efhicacy of §.
cerevisiae in sheep nematode control. The efficacy of §.
cerevisiae is significantly influenced by several factors, with
dosage and administration playing a crucial role. Optimal
concentrations of §. cerevisiae can enhance immune
modulation and help avoid adverse gastrointestinal
effects in sheep. Higher concentrations may lead to a

cerevisiae In

Longer treatment durations may yield reductions in
fecal egg counts and improvements in sheep health.

Use alongside nematophagous fun- Synergistic effects can amplify nematode control effi-
cacy, leveraging multiple biological mechanisms.

Age, nutritional status, and health Younger or historically healthy sheep may respond
better due to inherent immunity and nutritional ab-
sorption rates.

'The matrix or carrier used for yeast Formulation impacts the delivery and absorption of
yeast, critical for ensuring effectiveness post-ingestion.

(Silva ez al.,2018)

Timing can enhance benefits during high infestations, (Aguilar ez al., 2008)
helping prevent detrimental impacts on lambs or ewes.

(Aguilar ez al., 2008;
Ahmed e al., 2014b)

(Cruz et al.,2011)

(Jorge-Neto ez al.,
2025)

(Silva ez al., 2018)

more pronounced immune response and a reduction in
nematode burdens (Silva es a/., 2018). However, proper
dosage ensures that the yeast’s effects are maximized
without overwhelming the animal’s digestive system,
which is essential for long-term success in nematode
control.

In addition to dosage, the synergistic use of S. cerevisiae
in combination with other biological agents, such as
nematophagous fungi like Duddingtonia flagrans, can
significantly improve the overall eflicacy of nematode
control strategies. These combined treatments enhance
conditions for fungal activity, helping to suppress nematode
populations while also promoting better sheep health
(Aguilar ez al.,2008; Ahmed ez al.,2014b). This interaction
highlights the potential of integrated pest management
systems (IPM) that incorporate biological agents to tackle
parasitic infections in livestock.

Environmental conditions also play a critical role in the
effectiveness of S. cerevisiae. Temperature and humidity
influence the survival and activity of the yeast, with
optimal conditions leading to increased yeast activity
and, consequently, better outcomes in nematode control.
‘These environmental factors must be carefully considered
to ensure that the yeast remains active and effective in
controlling nematode populations (Cruz es 4/, 2011).
Moreover, the timing of administration, especially during
peak parasitic infestation periods, is crucial for reducing
reinfection rates. Prolonged supplementation can enhance
immunity and fortify the sheep’s response to nematode
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challenges, ultimately contributing to improved farm
productivity and animal health (Aguilar ez 2/., 2008; Jorge-
Neto ez al., 2025).

Finally, the health status and nutritional background of
the sheep also affect the yeast’s efficacy. Healthier, younger
animals tend to show a more responsive immune system
that works synergistically with the yeast’s effects (Jorge-
Neto ez al., 2025). The effectiveness of S. cerevisiae as a
biological control agent for Haemonchus contortus and
other gastrointestinal nematodes is influenced by factors
such as dosage, administration methods, environmental
conditions, timing, and the health status of the host
animal. Proper management of these factors is essential
to optimize the benefits of using . cerevisiae in sheep
farming as part of an integrated and sustainable approach
to nematode control.

CONCLUSION

This review consolidates current scientific evidence
supporting the potential of §. cerevisiae as a viable
biological ~control agent against gastrointestinal
nematodes (GIN), particularly Haemonchus contortus,
in sheep. The yeast’s multifaceted mechanisms of action
including immune modulation, enhancement of gut
health, and potential direct antagonistic effects position it
as an effective and sustainable alternative to conventional
anthelmintic treatments. Experimental data from both
In wvitro and in vivo studies consistently show reductions
in fecal egg counts, improved nutrient absorption, and
enhanced immune responses in supplemented sheep.
Importantly, S. cerevisiae also demonstrates synergistic
potential when combined with nematophagous fungi
such as Duddingtonia flagrans, thereby enhancing overall
biological control efficacy. These findings have significant
implications for sustainable livestock management.
As an alternative or complement to synthetic drugs, S.
cerevisiae helps reduce anthelmintic resistance, minimizes
environmental contamination, and improves animal
welfare and farm productivity. The integration of this yeast
into feeding regimens aligns with the goals of integrated
pest management (IPM) and supports global efforts toward
eco-friendly agriculture. This review contributes to the
expanding body of knowledge advocating for microbiota-
based approaches in animal health. Future research should
focus on optimizing dosage, formulations, and synergistic
combinations with other biological agents. Long-term
field studies are also necessary to confirm efficacy across
diverse ecological conditions and sheep breeds. Overall, .
cerevisiae presents a promising avenue for sustainable and
effective GIN management, offering a potential solution
that benefits both livestock health and farm sustainability.
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sponse to the increasing issue of anthelmintic resistance.
Supplementing sheep diets with S. cerevisiae has been
shown to enhance immune responses and significantly re-
duce nematode burdens, especially for Haemonchus con-
tortus. The yeast improves gut health, digestive efficiency,
and modulates host immunity, leading to a reduction in
tecal egg counts and improved overall flock health. Both
in vivo and in vitro studies validate these benefits, support-
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control strategies, contributing to more sustainable live-
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all, S. cerevisiae represents a valuable tool for sustainable
livestock management, underscoring the need for further
research to optimize its use and explore synergistic combi-
nations with other biological agents.
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