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Abstract

Modern day livestock production is plagued with many challenges, from feed, health of livestock to
appropriate production systems that will yield good quality livestock products for human consumption.
Amongst these several challenges, health of animals is very vital with regards to meat, eggs and milk for
human consumption without compromising the health of consumers of these products. The gut is a major
immune regulatory organ in monogastric animals, of which the gut associated lymphoid tissues (GALT)
play a major role in its immune modulatory function. The gut portents launch of both innate and acquired
immune response as a means of ensuring organ integrity and body defense. Whichever factors either of
internal or external sources such as toxic insult or feed related factors that disturbs gut homeostatic
balance, triggers gut inflammatory responses which may ultimately affect productivity of animals. Any
product or strategy to maintain gut homeostasis is a step in the right direction of ensuring animal
productivity and sustainable livestock production for health. Phytogenic feed additives (PFA) are the latest
additions to livestock production, however, the role they play in animal health and maintenance of gut
homeostasis in the presence and absence of a disease challenge in monogastric animals is gradually being
elucidated. The PFA have been reported to modulate gut inflammation and consequently gut health by
diverse means. Some PFA targets metabolic and immune pathways of the host, which ultimately affects
disease causing pathogens. Immune modulatory effects of PFA have been adduced to their unique
structures and possibly strong antioxidant properties or perhaps via metabolic responses initiated by
metabolites present in individual PFA. This review was aimed at highlighting the anti-inflammatory and
immune response modulatory effect of a few phytogenic feed additives fed to monogastric animals.
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Running title: Significance of phytogenic feed additives on gut inflammation in monogastric
animals — A Review

Inflammation intestinale chez les animaux monogastriques : les additifs alimentaires phytogéniques
sont-ils bénéfiques ? - Une revue

Résumé

La production animale moderne est confrontée a de nombreux défis, allant de I’alimentation et la santé du

bétail a la mise en place de systémes de production appropriés pour obtenir des produits de qualité destinés

a la consommation humaine. Parmi ces défis, la santé animale est essentielle pour garantir la qualité de la

viande, des ceufs et du lait consommé par [’homme, sans compromettre la santé des consommateurs.

L’intestin est un organe clé de régulation immunitaire chez les animaux monogastriques, ou leS 1issus
lymphoides associés a [intestin (GALT) jouent un réle majeur dans sa fonction immunomodulatrice.
L’intestin déclenche des réponses immunitaires innées et acquises afin de préserver son inteégrité et
d’assurer la défense de I’organisme. Tout facteur interne ou externe, comme une intoxication ou des
problemes liés a [’alimentation, perturbant [’homéostasie intestinale, peut déclencher une réaction
inflammatoire susceptible d’affecter la productivité animale. Tout produit ou stratégie permettant de
maintenir cette homéostasie constitue une avancée vers une production animale durable et une meilleure
santé des animaux. Les additifs alimentaires phytogéniques (PFA) sont des solutions récemment introduites
en production animale. Leur réle dans la santé animale et le maintien de [’homéostasie intestinale, en
présence ou en l’absence de défis pathogenes chez les animaux monogastriques, est progressivement
élucide. Les PFA moduleraient l'inflammation intestinale et amélioreraient ainsi la santé digestive par
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divers mécanismes. Certains PFA ciblent les voies métaboliques et immunitaires de [’hote, affectant
finalement les agents pathogénes. Leurs effets immunomodulateurs pourraient étre liés a leurs structures
uniques, a leurs propriétés antioxydantes puissantes ou encore aux réponses métaboliques induites par
leurs métabolites. Cette revue vise a mettre en lumiere les effets anti-inflammatoires et immunomodulateurs
de certains additifs phytogéniques utilisés dans [’alimentation des animaux monogastriques.

Mots-clés : Inflammation intestinale, réponse immunitaire, phytogéniques, porc, volaille

Introduction

The gut of monogastric animal takes part in the
critical functions involved in nutrient digestion,
absorption and overall growth performance.
Besides this functions, it is involved in other
functions which ultimately result in appropriate
immune responses. Yang et al. (2015) reported
that epithelial cells of the gut can function as
“watch dogs” for the immune system. When it
comes to gut health, the role of diet interaction
with gut microbiota and the gastrointestinal tract
(GIT) cannot be underestimated. This interaction
ultimately affects the overall performance of
animals. The gut is the largest immune system
which expresses its functionality in diverse ways
and processes. Some of these functions are,
secretion of water and electrolytes in addition to
secretion of mucin, immunoglobulins as well as
acting as a selective barrier for protection against
harmful pathogens and antigens (Lallés et al.,
2004). As a means of ensuring organ integrity and
body defense; the gut portends the launch of both
innate and acquired immune response (Eckmann
et al., 1995; Pitman and Blumberg, 2000). The
obvious difference between the GIT immune-
system and the systemic immune system is the
point of maintaining equilibrium between two
fundamental opposing processes.  Firstly, it
mounts immune feedback to the host regarding
pathogens and secondly upholds tolerance to
antigens from both commensal bacteria and
consumed feed (Pitman and Blumberg, 2000). As
earlier reported, any imbalance in these two
opposing functions results in gut malfunction
which can be evidenced in intolerance to feed,
inflammation and ultimately in gut-related
diseases. Gut inflammation negatively impacts on
growth of the gut itself not to mention the adverse
effect it has on efficient nutrient utilization. This
fact has been reported in different studies
demonstrating a  link  between  GIT
inflammations, chronic inflammatory diseases
with  GIT morphological changes, mucosa
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damage, better mucosa absorbency, poor gut
maturity and lessened nutrient absorption
capability (Waters et al., 1999: Nagura et al.,
2001; Strober et al., 2002; Podolsky, 2002).
Various factors, besides disease causing
pathogens, can trigger gut inflammation in
monogastric animals (Teirlynck et al., 2009;
Teirlynck et al., 2011; Kogut et al., 2018). In
poultry birds for instance, diet related factors
have been reported to cause inflammatory
response in the GIT (Dal Pont et al., 2020).
Factors such as non-starch polysaccharides,
oxidized oils, proteins and mycotoxins are feed
components that elicit negative impact on gut
homeostasis (Dal Pont et al 2020).

Three already identified types of gut
inflammation includes inflammation associated
with infection, diet hypersensitivity—linked and
weaning —linked (pigs). The GIT inflammation
can lead to severe reduction of animal
performance causing economic losses to the
farmer (Yang et al., 2015). In the light of the
impact of gut inflammation on the performance
of animals, various diet-targeted strategies to
inhibit gut inflammatory processes that affect
growth are an immense study focal point.
Phytogenic feed additives (PFA) are no longer
new to the livestock industry. They have been
successfully added to the diet of both
monogastric and ruminant animals. This is
especially noteworthy in poultry nutrition where
various phytogenic feed additives have been
supplemented to poultry diets and reported to
elicit various effects of which anti-inflammatory
effect is one (Salman, 2019; Lee et al., 2021).
Although the antioxidant capacity of
polyphenolic compounds has been investigated in
the food industry and medicine owing to their
prospects to ward off oxidative stress related
diseases (Huang et al., 2018; Mahfuz et al.,
2021). However, antioxidant effectiveness of
polyphenolic compounds for monogastric diets is
yet imprecise even though, they may act together
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with other antioxidant compounds substantially
utilized in animal feed (Bottegal et al., 2024).
This review seeks to present the anti-
inflammatory and immune response modulatory
effect of a few phytogenic feed additives that
have been highlighted in literature.

Uniqueness of gut immune response

One notable attributes of the GIT immune system
which differentiates it from the systemic immune
system is the way the gut prompts inflammation.
The gut brings about inflammation by means of
cytokines which play a strategic role in the
recruitment and activation of neutrophils,
macrophages, T and B cells as well as dendritic
cells (Eckmann et al., 1995; Pitman and
Blumberg, 2000). Furthermore, taking the case of
poultry for example; feed constituents such as
anti-nutritional compounds, oxidized lipids,
mycotoxins, surplus soluble fibre or protein may
bring about low-grade inflammatory reactions
(Dal Pont et al., 2020), or a toxic insult which can
altogether bring about a surge of inflammatory
response inducing events (Broom and Kogut
2017; Kogut, 2017; Kogut et al., 2018; Broom,
2019). Unlike as stated earlier, the innate immune
system primarily functions to recover and repair
tissues that have been infected and or damaged
(Broom and Kogut, 2017). However,
maintenance of intestinal homeostasis in the GIT
is very vital because of the constant contact with
outwardly derived triggers — pathogenic
microbes, food antigens and inflammation
generating toxins (Kogut, 2013). According to
Dal Pont et al. (2020); during homeostasis in the
chicken GIT, intestinal immune tissue continues
to take on gut microbiota and nutritional antigens
which is not the case during infection or
dysbiosis. Earlier literature published by various
authors (Broom and Kogut 2017; Kogut, 2017
Kogut et al., 2018; Broom, 2019) gave detailed
description of the unique role and processes of
inflammatory reaction in poultry. It was also
revealed that innate immune cells, which include
intestinal  epithelial cells express pattern
recognition  receptors (PRRs) or their
downstream portending molecules (Furness et
al., 2013). Other innate immune cells
(macrophages, granulocytes, dendritic cells) also
prompt PRRs together with intestinal epithelial
cells which identify and act in response to
infectious microbial constituents as microbe-
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associated molecular patterns (MAMPSs) (Keestra
et al., 2013; Smith et al., 2014; Wu and Chen,
2014). These authors further stated that, PRRs
also recognize and respond to endogenous host
molecules secreted during cell death or stress.
Earlier research findings asserted that, it is by
means of PRRs, inflammatory response is
induced in poultry during toxic insult (Broom and
Kogut 2017; Kogut, 2017; Kogut et al., 2018;
Broom, 2019). It is in the light of these
mechanisms this review seeks to look at immune
and inflammatory responses triggered by few
phytogenic feed additives. Do they really help?
Immune modulatory action and gut anti-
inflammatory effect of some phytogenics
Tannins

Although tannins are attributed to the bitter taste
of feed, resulting in depressing feed intake due to
diminished palatability (Pizzi, 2019); however,
recent information assert that low concentrations
of several tannin sources can enhance the
nutrition and health standing of monogastric
animals (Huang et al., 2018). Tannins exist as
secondary plant metabolites with potent
antioxidants, described to decrease oxidative and
inflammatory stress in macrophages (Kaur et al.,
2008). A recent study by Tonda et al. (2018)
illustrated that Tris-Acetate-EDTA (TAE) and
Tris-Acetate (TA) minimized intestinal lesions
triggered by Eimeria by means of downgrading
oxidative stress and/or inflammation inside the
intestine, thereby bringing about a more
undamaged intestinal barrier.  According to
Redondo et al. (2014), tannins may be embroiled
in modification of the interaction between gut
microbiota and the GIT by eliciting anti-
inflammatory and anti-parasitic functions. It is
noteworthy to state that the ultimate effect of
Eimeria parasites inside the birds’ intestinal
epithelial cells is gross intestinal lesions,
resulting from reproduction of the parasite,
thereby diminishing intestinal barrier integrity,
absorptive capability finally creating elevated
heights of oxidative and inflammatory stress
inside the intestine (Tonda et al 2018). As such,
the anti-parasitic and anti-inflammatory
properties of tannins make it proper to reduce
parasite number on one hand while reducing
oxidative and inflammatory stress response in the
gut of infected birds. Different plants have
tannins as secondary metabolites of which
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chestnut is one. The study by Lee et al. (2021)
further explained the immune-regulatory and
host- targeted therapy choice of chestnut tannin
for poultry disease. According to the authors,
phytobiotic may be directed at metabolic and
immunologic pathways of the host which may
perhaps ultimately impinge on disease pathogen.
Tannins possess added relevance as favorable
bioactive ingredients to aid the challenges of
antimicrobial growth promoters (AGP) removal
in poultry production as a result of their
antimicrobial, antioxidant and anti-inflammatory
properties (Choi and Kim, 2020). The poultry
industry, though plagued with many problems,
heat stress is among the few key problems in the
industry. It detrimentally influences growth
performance, gut health, meat quality, and
welfare of chickens (Attia et al., 2017; Quinteiro-
Filho et al., 2010). Excessive production of
reactive oxygen species (ROS) by means of
augmented metabolic  responses due to
mitochondrial respiration is a conceivable cause
for negative effects of heat stress in chickens (Lin
et al., 2006; Choi et al., 2020). Under
conventional circumstances, enzymatic along
with non-enzymatic antioxidants know how to
defuse ROS thereby maintaining equilibrium
between oxidants and antioxidants (Lauridsen
2019). In otherwise conditions, such as
disproportion involving oxidants  and
antioxidants in chickens, copious production of
ROS can impair GIT health thereby inducing
inflammation, resulting in reduced growth
performance (Nawab et al., 2018).

Plant extracts (Jiang et al., 2019; Yang et al.,
2019), are among several antioxidants (Sahin et
al., 2003; Yun et al., 2012; Kumbhar et al., 2018;
Shakeri et al., 2019; Terruzi et al., 2019)
experimented to lessen heat and oxidative stress.
In animals, tannins are thought to mitigate effects
of oxidative stress, by foraging ROS thereby
regulating enzymatic antioxidants in animals
(Yang et al., 2019). According to Ramnath and
Rekha (2009); adding Brahma rasayana
comprising diverse kinds of tannins improved
activities of enzymatic antioxidants plus
superoxide dismutase (SOD), glutathione
peroxidase (GPx), glutathione reductase (GR),
and decreased glutathione (GSH) in plasma of
chickens reared under temperate conditions.
Another study with grape (Vitis vinifera) pomace,

65

loaded with condensed tannins (CT), improved
antioxidant enzyme activities (GPx and SOD);
intestinal morphology, and upgraded relative
weight of bursa of Fabricius and thymus in heat-
stressed broiler chickens (Hosseini-Vashan et al.,
2020). Thus, augmenting suitable concentrations
of tannins in practice may be an effective
approach to mitigate oxidative stress in heat-
stressed birds (Choi and Kim 2020). It is
noteworthy to state here that the bursa of
Fabricius is part of the GALT which plays a
significant role in immune responses in poultry
birds.

Furthermore, adding tannins at suitable quantities
can enrich the immune system, gut ecosystem and
gut microbiota of chickens reared in conventional
surroundings (Choi and Kim 2020). Tannins are
valuable in maintaining factors of mucosal
immunity in chickens by up-regulation of IgA
and mucin 2 (Karaffova et al., 2019). Erlejman
et al. (2008) similarly established that CT can
merge with tumor necrosis factor-o (pro-
inflammatory cytokines) receptors in the bid to
slow down inflammatory reactions. This implies
a direct modification of the immune system by
tannins  without provoking or prompting
antimicrobial and antioxidant activities (Choi and
Kim 2020). Furthermore, Diaz Carrasco et al.
(2018) described a mixture of chestnut
(hydrolysable tannins - HT) and quebracho
tannins (CT) to modulate multiplicity in cecal
microbiome in chickens. The resultant effect was
a decline in the genus Bacteroides genus with
specific members of the order Clostridiales; -
mostly the Ruminococcaceae and
Lachnospiraceae families’ increasing. According
to Shang et al. (2018); a meticulous connection
exists between the chicken’s microbiota and the
GIT ecosystem, consequently, the microbiome —
modifying effects of tannins may help to explain
its gut health-improving outcomes in chickens.
Furthermore, in-vitro trial by Brus et al. (2018)
revealed that chestnut tannins improved the anti-
oxidative qualities of chicken small intestine
epithelial cells and furthered the growth of
enterocytes.

In an experiment with pigs fed oxidized oil, Koo
and Nyachoti (2019) showed how tannic acid
effectively altered microbial metabolites.
Tannin’s selective antimicrobial properties would
amend the animals gut microbiome (Pacheco-
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Ordazet et al., 2018). Viveros et al. (2011)
similarly mentioned that tannins most likely have
prebiotic effects by invigorating large numbers of
beneficial bacteria. Bilic’-Sobot et al. (2016)
verified HT to decrease causing cell debris inside
large intestine of pigs, leading to dwindled
production of skatole, a member of the indole
family. It has been suggested that carob’s
flavonoids and tannins vyield anti-diarrheal
aftereffect in piglets by means of up surged
reabsorption of water and electrolytes within the
colon (Spoljaric et al., 2019).

Nuamah et al. (2024) asserted in their meta-
analysis report of studies with tannins in pigs that
tannins promoted amounts of glutathione
peroxidase, superoxide dismutase, along with
total antioxidant volume in the serum. Generally,
this approach may also be a consistent feed-based
method to mitigate oxidative stress. Furthermore,
their meta-analysis similarly indicated tannin-
associated upturn of immunoglobin G and M.
Appending tannins to weaned piglets’ diet,
specifically  chestnut and grape  seed
proanthocyanidins, may well serve as good feed-
based means to enhance then support healthy
GIT, thereby ultimately alleviating diarrhea
incidences (Nuamah et al., 2024). A possible
explanation for this phenomenon could be the
capability of polyphenols, comprising tannins, to
reduce the activity of inflammatory mediators
NF-kB and Nrf2 by means of inhibiting NF-
kB/P38 signaling pathways (Huang et al., 2019;
Capelli et al., 2021), thereby reducing the risk of
intestinal diseases (Gessner et al., 2013). The
global immunomodulation effects of
supplementing diets with tannins in Nuamah et
al. (2024) meta-analysis suggest tannins as
possible  nutritional additive to abate
inflammatory mediators. Granting the precise
metabolic mechanisms of polyphenols, plus
tannins, is yet to be completely explained in pigs
(Lipin“ski 2017). Nonetheless, the results
observed in Nuamah et al. (2024) meta-analysis
denotes that digestion and uptake of ingested
tannins in GIT of weaned piglets are afterwards
transported to the bloodstream thereby function
as exogenous antioxidants.

The amount of glutathione peroxidase,
superoxide dismutase, and total antioxidant
capacity (P< 0.01) were raised in the serum of
weaned pigs in  response to tannin
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supplementation (Nuamah et al., 2024) whereas
malon-dialdehydes concentration was decreased
(P<0.01). Likewise, improved immunoglobin M
and G levels (P< 0.01) were noticed as reported
by Nuamah et al. (2024). Lastly, including
tannins in diets of weaned piglets’ specifically
chestnut and grape seed proanthocyanidins,
increased  vyield of weaned  piglets.
Simultaneously, it is a promising dietary method
for mitigating oxidative stress thereby
stimulating GIT health.

Quercetin

Quercetin is a component of various foods,
especially vegetables, green tea, fruits, wine
apples, onions and tomatoes. Quercetin has been
reported to exert positive effect on poultry
production and health (Saeed et al., 2017). The
properties it exerts when included in poultry diet
includes not just growth promoting but anti-
inflammatory, anti-lipolytic, antioxidant,
immune boosting effect and enhancing gut health
(Parmar et al., 2019). The pivotal C-ring of
quercetin coupled alongside its numerous
hydroxyl groups coupled with conjugated ‘p’
orbitals as its structural components has been
attributed to observed strong antioxidant
properties of quercetin (Saeed et al., 2017).
Possibly this plant metabolite is one of the unique
phytobiotic exhibiting multidimensional
properties when consumed by poultry (Parmar et
al., 2019). Results of several broiler studies have
pointed to this fact with regards to its
immunomodulator potential (Manach et al, 2004;
Huang et al., 2010; Surai and Fisinin, 2016;
Kamboh. et al.,2018; Rehman et al., 2018a;
Rehman et al., 2018b). In the same line, Kamboh
and Zhu, (2014) suggested that flavonoids like
genistein and hesperidin stimulated intestinal
morphology along with absorptive functions in
growing broilers. This gut modifying action is not
precisely established for quercetin nevertheless it
could be owing to its poly-phenolic configuration
and robust antioxidant prospective (Parmar et al.,
2019).

Enhanced type 1 interferon-regulated genes
(IRGs) and type 1 and 2 interferon (IFN) was
demonstrated by quercetin ex vivo showcasing
significant decrease in pro- and anti-
inflammatory cytokine characteristics in highly
pathogenic porcine reproductive and respiratory
syndrome virus (HP-PRRSV) -inoculated
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monocyte-derived macrophages (Ruansit and
Charerntantanakul, 2020). In-vivo porcine study
by the authors further evaluated the immune-
modulatory effect of oral administration of
guercetin by improving cross defense of porcine
reproductive as well as respiratory syndrome
virus-1 (PRRSV-1) modified-live virus (MLV)
vaccine against highly pathogenic (HP)-PRRSV-
2 challenge. Immune modulatory parameters
monitored in pigs administered quercetin
demonstrated significant increase of IFN
regulatory factor 3, stimulate IFN genes, [FNa,
and drastically diminished transforming growth
factor beta (TGFB) mRNA expressions.
Furthermore, quercetin up-regulated IRGs, IFNa,
and down-regulated TGFp mRNA expressions
which can participate towards additional reduced
extent of viremic pigs and HP-PRRSV viremia
given by PRRSV-1 MLV vaccine. According to
their report (Ruansit and Charerntantanakul,
2020) quercetin possibly will serve as a valuable
oral immunomodulator for enhancing cell-
mediated immune protection to HP-PRRSV.
Other researchers also had earlier stated few
probable means of action triggering the
advantageous outcomes of quercetin on
inflammation and immunity. According to
Penissi et al., (2003), quercetin has mast cell
maintenance and gastrointestinal cytoprotective
action, while Chirumbolo (2010) stated it can also
play a modulating, biphasic and regulatory action
on inflammation and immunity. Zou et al.
(2016a) reported the protective effect of quercetin
on pig intestinal integrity after transport stress to
be associated with regulation of oxidative status
and inflammation.

Further to this, quercetin was reported to have an
immunosuppressive effect on dendritic cells
function (Huang et al., 2010). The results
obtained from an earlier study (Nair et al., 2002)
suggested that the helpful immuno-stimulatory
effects of quercetin may be mediated by setting
off Th-1 derived cytokine, IFN-y, and inhibition
of Th-2 derived cytokine, IL-4. Li et al. (2016);
further stated that more studies are required to
describe well the processes of action that lie
behind the advantageous outcomes ensuing
guercetin addition on inflammation besides
immunity.

Thymol
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Thymol is also one of the secondary metabolites
found in Ocimum gratissimum with antioxidant,
free radical scavenging, anti-inflammatory,
analgesic, antispasmodic, antibacterial,
antifungal, antiseptic and antitumor activities
(Nagoor Meeran et al., 2017). Thymol (2-
isopropyl-5-methylphenol) is a  colorless
crystalline monoterpene phenol. It can be found
in some other plants besides O. gratissimum
(Pandey et al., 2014, Ofongo, 2022 — unpublished
data). These are Thymus vulgaris (Amiri, 2012
and Thymbra capitata (Miguel et al., 2015) just
to mention a few. Thymol has been catalogued by
the United States Food and Drug Administration
as GRAS (Generally Recognized as Safe) for use
as a food additive, with negligible toxicity
(Nagoor Meeran et al., 2017). Several poultry
studies with thymol have reported its immune
regulatory activity. Hashemipour et al. (2013)
asserted that thymol can heighten immune
response in broiler chickens by increasing
immunoglobulin G (IgG) and tolerance to
hypersensitivity. ~ Further studies with the
essential oil of Zataria multiflora (containing
thymol) supplementation of chickens’ diet was
reported to promote humoral immune reactions
by means of improving antibody titres (Mosleh et
al., 2013).

Results obtained from pig studies have also
elucidated the anti-inflammatory and immune
regulatory activities of thymol. According to
Trevisi et al. (2010); supplementing 1% thymol
in weaning pigs’ diet improved amounts of
immunoglobulin A (IgA) and immunoglobulin M
(IgM) within sera of Salmonella typhimurium
challenged pigs. This finding may have been
further confirmed by the report of Li et al. (2012)
which stated that thymol increased levels of IgA
and IgM in the GIT of pigs thereby improving the
immune system. Taranu et al., (2012) further
explained the immune regulatory effect of thymol
in handling low-weight growing-finishing pigs.
According to the authors, utilization of thymol
increased the CD4C, CD8C, plus MHC-II
percentage within peripheral 4CC blood. It was
observed that thymol was able to down regulate
tumour necrosis factor-a (TNF-a) expression in
GIT of post-weaned pigs (Taranu et al., 2012).
Amirghofran et al. (2016) in their study
established that 10mg/mL of thymol attenuated
maturation of dendritic cells, constrained
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mitogenic plus allogenic T cell reactions besides
secretion of (interferon) IFN- and (interleukin)
IL-g4 cytokines. While Chauhan et al. (2014) had
earlier stated that the potent immuno-stimulatory
effect of thymol was by augmenting
phagocytosis.

Immune regulatory effect of other phytogenics
Several other phytogenic feed additives have
been supplemented in diets of monogastric
animals having potent immune regulatory
properties. According to Dhama et al. (2015);
immune activation via herbal extracts can
possibly lessen an animal’s vulnerability to
infectious  diseases. In the light of
immunodeficiency which could occur by several
factors such as misuse of antimicrobials,
vaccination lapses or immune-suppressive
infective ailment (Gholami-Ahangaran et al.,
2013); boosting immunity becomes a key
objective to avert virulent infections (Gholami-
Ahangaran et al., 2014). From the perspective of
how vital the health of animals is to livestock
producers; it is pertinent to mention that the
potent immune regulatory properties of
phytogenic feed additives need to be better
understood for application purposes Gholami—
Ahangaran et al. (2022).

This section attempts to cite a few studies
reporting such data either in poultry or pigs.
Several research reports have revealed
phytogenic compounds such as purple sweet
potato anthocyanin (Hwang et al., 2011) and
epicatechin (Bahia et al., 2008) to modify Nrf2
and Nf-B pathways. The implication of such
modification is protection against oxidative stress
and reducing inflammation which eventually
culminates in improved animal health and growth
performance (Yang et al., 2015). An earlier report
stated a down-regulation of numerous pro-
inflammatory genes in the mucosa within
different sections of the GIT may possibly play a
part to increased feed efficiency observed in pigs
fed polyphenol-rich plant products (Fiesel et al.
2014). Dietary supplementation with cinnamon
oil also indicated its potential to alleviate LPS-
induced injury by repressing inflammation
(Wang et al., 2015). The presence of the alkaloid
sanguinarine in feed of weaner pigs demonstrated
its beneficial outcomes on growth performance
and furthered anti-inflammatory activity (Kantas
et al., 2015).
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Oregano

Oregano is another phytogenic product used in
livestock feed. Results obtained in a study in
which Oregano essential oil (OEO) was
administered to pigs, made known that OEO
improved the integrity of intestinal barrier (Zou
et al., 2016b). Significantly (P< 0.05) lower
population of Escherichia coli in the jejunum,
ileum and colon was observed in OEQO — treated
pigs which was in accordance with greater
inactivation (P < 0.05) of inflammation reflected
by mitogen-activated protein kinase (MAPK),
protein kinase B (PKB or Akt), and nuclear factor
Kk B (NF-k B) signaling pathways culminating in
expression of inflammatory cytokines in the
jejunum (Zou et al., 2016b). The results provide
illustration of intestinal barrier integrity
promoting effect of OEO possibly by means of
modulating intestinal bacteria and immune status
in pigs.

Studies with poultry have also reported the
Immune regulatory effect of other phytogenics
with or without disease challenge. Administration
of small amounts of carvacrol, cinnamaldehyde
and capsicum was reported to show immune-
boosting qualities to shield broiler chickens from
live coccidiosis challenge (Lillehoj et al., 2011).
However, not all studies with carvacrol showed
improved response (Botsoglou et al. 2002) as
envisaged due to declared antioxidant,
antibacterial and antiviral actions of carvacrol. It
was asserted by Perez-Roses et al. (2015); that the
phagocyte system, humoral and cellular immune
reactions may possibly be increased by
consuming essential oils. According to the author
this intensifies the capacity of the defense system
towards managing infectious organisms besides
the immuno-stimulating action of polyphenol
fractions of thymol and carvacrol.

Unpublished in - vitro assays reported by Lillhoj
et al. (2018) revealed spearmint and peppermint
essential oils possess cellular antioxidant
activities involved in intensifying intracellular
glutathione amount in H,O.-stimulated gut
epithelial cells. In addition, Vaccinated chickens
fed diets supplemented with
carvacrol/cinnamaldehyde/capsicum  presented
heightened intestinal numbers of macrophages,
while addition of Capsicum/Curcuma/oleoresin
alone resulted in augmented intestinal T cell
numbers in contrast to untreated chickens (Kim et
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al., 2010). Although many studies have reported
disease prevention or immune-enhancement
properties of phytogenics, however, limited
research has examined the mechanisms involved
in observed results (Kim and Lillhoj 2019).
Going further, (Pirgoliev et al., 2019); reported
that feeding phytogenic additive to broiler birds
significantly down regulated the expression of
CDA40LG, interferon G (IFNG) and interleukin 6
(IL6). The CD40LG gene is a gene that provides
instructions for making a protein called CD40
ligand, which is found on the surface of immune
system cells known as T cells. According to the
authors, dietary inclusion of phytogenic additives
improved overall performance variable and
intestinal  cytokines expression in broiler
chickens. In another broiler study, aqueous
extracts of Azadirachta indica and Vernonia
amygdalina were reported to elicit positive
impact on humoral immune response (Ahmed et
al., 2018). Nameghi et al. (2019) in their work
stated improved humoral immunity when a blend
of thyme, peppermint and eucalyptus essential
oils was administered to broiler chickens.
According to Acamovic and Brooker (2005)
herbs abundant in flavonoids - thymol, carvacrol
- may possibly upgrade immune functions by
functioning as antioxidants as a result increasing
Vitamin C activity.

The aqueous extract of V. amygdalina has been
shown to have positive effect on peripheral
lymphoid tissues (spleen and proventriculus)
(Young-Man et al., 2021a, Young-Man et al.,
2021b). It can be said or postulated that
phytogenic feed additives modulate immune
response via distinct pathways which ultimately
boost animal health. Adams et al. (2023);
asserted that modification of avian innate
immune system using immuno-stimulatory
composites offers a favorable way out for
augmenting poultry immune reactions to an
extensive bacterial infection devoid of the
possibility of engendering antibiotic resistance.

Conclusion

Plant derived products in different PFA modulate
gut inflammation cum gut health by diverse
means. Primary data from pig and poultry
experiments cited here make evident how
phytogenic feed additives help with gut
inflammation in both pigs and poultry. It is

obvious from earlier works in literature cited that
some phytogenic feed additives cum secondary
plant metabolites do help with gut inflammation
in pigs and especially poultry birds. In addition,
phytogenics or phytobiotics can target metabolic
and immunologic pathways of the host which
may ultimately affect disease pathogen. Plant
extracts can improve the immunity of
monogastric animals thereby decreasing their
susceptibility to infectious disease by acting as
immune stimulators when consumed. It can be
said that PFA are potential diet targeted strategy
to inhibit gut inflammation processes which can
impact performance of monogastric animals.
Stimulation of intestinal morphology including
absorptive functions in broiler chickens or gut
regulating action of PFA is another positive effect
of PFA supplementation to broiler diet. Certain
PFA such as quercetin may perhaps help as a
valuable oral immunomodulator for better cell-
mediated protection against HP-PRRSV in pigs.
Thymol stimulates humoral immune response by
increasing antibody titres in chickens. In the case
of pigs, thereby increasing levels of IgA and IgM
in the GIT thereby improving the immune
system. Immune modification by means of PFA
can possibly lessen wvulnerability of farmed
animals to infectious diseases.
Immunomodulatory effects of PFA may be
adduced to their unique structure and possibly
strong antioxidant properties. Discriminatory
antimicrobial mode of action of tannins would
help alter the microbiome of poultry birds and
pigs. Immune and inflammatory responses
triggered by few phytogenic feed additives show
they really help in one way or another however
the implications of these findings on current
research thrust is vital. Current research thrust on
impacts of livestock gut microbiome in livestock
production implies understanding the effect of
different feed additives including PFA on the gut
microbiome of monogastric animals. Although
microbiome studies are not inexpensive, they
shed light on specific microbiome function in
modulating growth and health in animals
regardless of the type of feed additive utilized.
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