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ABSTRACT Important intestinal diseases in young
pigs and chickens, such as diarrhea and enteritis, may be
associated with oxidative stress and inflammatory re-
actions. Especially enteric infectious diseases of weaned
pigs and broiler chickens are responsible for a high an-
tibiotic consumption, and there is a major request for
alternative strategies to enhance animal disease resis-
tance and robustness. The aim of this presentation was
to address the role of oxidative stress and inflamma-
tion to combat infectious pathogens, and to elucidate
how the reactive processes will contribute to normal
immune defense mechanisms of the animal. Further-
more, factors that can enhance oxidative stress (e.g.,
intensive production, heat stress, polyunsaturated fatty
acids, and impaired fat quality), uncontrolled inflam-
matory reactions (e.g., high ratio of n-6 and n-3 in
cellular membranes), and limited immune development

(such as micronutrient deficiency) are addressed. In
addition, the presentation reviews how micronutrient
supplementation during critical phases can support a
normal immune system and modulate resistance to in-
fectious diseases of pigs and poultry. The mechanisms
concern especially modulation of signal transduction in
leukocytes (fat-soluble vitamins and fatty acids) and
protection against immunopathology, as exerted by the
antioxidative vitamins and selenium. Substantial ad-
vances in optimized gut health could be expected by
increasing our understanding on how to foster or inhibit
production of reactive oxygen species and inflammatory
reaction; the relation to enteric pathogens, and how to
monitor the effect of disease prevention in farm animals
by the use of antioxidant therapy and antibacterial
feed components.
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INTRODUCTION

Inflammatory reactions and oxidative stress are in-
volved in frequently observed enteric diseases of broiler
chickens and young pigs. Examples of inflammatory
reactions occurring during the period of 21 to 28 d of
age in broiler chickens are dysbacteriosis (Teirlynck
et al., 2011), and necrotic enteritis caused by toxin pro-
ducing Clostridium perfringens type A (Timbermont
et al., 2011). The nutritional and economic conse-
quences of mounting an inflammatory response in
poultry are inversely related to bodyweight gain and
overall performance (Van Leuwen et al., 2004). In
young pigs, weaning is a critical event frequently as-
sociated with severe enteric infections causing diarrhea
by especially Escherichia coli (colibacillosis). Because
of their antibiotic consumption (DANMAP, 2016), the
major enteric diseases in pig and poultry production are
colibacillosis and coccidiosis, respectively. These enteric
diseases share similar characteristics in the attacked
animals in the form of oxidative stress, inflammation,
diarrhea, nutrient malabsorption, fluid loss, and dehy-
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dration. The purpose of the present paper is to address
the role of oxidative stress and inflammation to combat
infectious pathogens, and to elucidate how the reactive
processes will contribute to normal immune defense
mechanisms of the animal. Furthermore, the paper
addresses factors that can influence oxidative stress,
uncontrolled inflammatory reactions, and limit immune
development. In addition, this presentation will review
how micronutrient supplementation during critical
phases of animal life may support a normal immune
system and modulate resistance to infectious diseases of
pigs and poultry.

ROLE OF INFLAMMATORY RESPONSE
AND OXIDATIVE STRESS IN ENTERIC

DISEASES

Inflammation is part of the complex biological
response of the gut and other body tissues to harmful
stimuli, such as pathogenic bacteria. Inflammation
is a generic response, and therefore it is considered
as a mechanism of innate immunity, as compared to
adaptive immunity, which is specific for each pathogen.
Upon contact with a phagocyte, the pathogens are
engulfed, trapped within an intracellular vesicle, and
targeted for destruction by a complex set of digestive
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enzymes or reactive oxygen species (ROS, such as
free radicals) produced within the cell (Stuart and
Ezekowitz, 2005). Efficient elimination of pathogens
through phagocytosis requires rapid recruitment of
effector cells to the infection site. This process is
often referred to as the inflammatory response (Luster
et al., 2005), which is an important consequence of the
host’s immune response. The process is a protective
response involving immune cells, blood vessels, and
molecular mediators, and its function is to eliminate
the initial cause of cell injury, and to clear out necrotic
cells and tissues damaged from the original insult and
the inflammatory process, and to initiate tissue repair.
These immune responses have to be tightly controlled
to remain beneficial for the host, and suppressors of
cytokine signaling proteins are key regulators herein
(Delgado-Ortega et al., 2013). In addition to the clas-
sical signs of inflammation, loss of tissue integrity and
function is an important consequence of inflammation
in the gut if not tightly controlled.

Gut inflammatory host response produces reactive
species such as nitric oxide (NO), which shows antimi-
crobial properties (Bäumler and Sperandio, 2016; Zeng
et al., 2016). When released into the intestinal lumen,
NO is rapidly transformed into nitrate. The growth of
E. coli may be favored in nitrate-rich environment of the
inflamed gut as E. coli possess nitrate reductase genes
(Gresse et al., 2017). A recent study reported increased
concentration of ROS in the intestine coupled with an
expansion of the E. coli population 7 d after weaning
of piglets from the sow (Spees et al., 2013). Increased
blood flow may enhance the concentration of oxygen in
the inflamed intestine, whereby facultative anaerobes
may bloom (Gresse et al., 2017). This state is charac-
terized as a disrupted microbiota and is often referred
to as “dysbiosis.” In pigs and broiler chickens it can be
identified as a “gut microbial imbalance” with loss of
gut microbial diversity. In other words, it is the presence
of a qualitatively and/or a quantitatively abnormal mi-
crobiota. Disruption of the intestine is also accompanied
by an increase in permeability, which could favor cross-
ing of toxins and/or pathogenic translocation, and in
parallel results in impaired digestibility and absorption
of nutrients, and impaired intestinal barrier function.
Dysbacteriosis can cause inflammation, and upon in-
jury the intestinal epithelium undergoes a wound heal-
ing process. However, too little inflammation could lead
to progressive tissue destruction by the harmful stimu-
lus (e.g., bacteria) and compromise the survival of the
organism. In contrast, chronic inflammation may lead
to a host of diseases, such as observed in human inflam-
matory diseases as Crohn’s disease and ulcerative coli-
tis. With regard to enteric inflammatory diseases of the
monogastric livestock, it is of specific interest to study
the role of nutrition in relation to the host regulatory
capability in order to prevent excessive inflammation.

Likewise, oxidative stress plays a dual role in infec-
tions. Free radicals protect against invading microor-

ganisms, and they can also cause tissue damage during
inflammation. Oxidative stress is a normal phenomenon
in the body and can be viewed as an imbalance between
prooxidants and antioxidants in the body (Rahal et al.,
2014). Under normal conditions, the physiologically
important intracellular levels of ROS are maintained at
low levels by various enzyme systems participating in
the in vivo redox homeostasis. However, the production
of various ROS in excess of endogenous antioxidant de-
fense mechanisms promotes the development of a state
of oxidative stress, with significant biological conse-
quences. The concept of oxidative stress, i.e., when ROS
accumulate in the body, is becoming very important
in medical and nutritional research (Adams, 2006). In
recent years, evidence has emerged that oxidative stress
plays a crucial role in the development and perpetua-
tion of inflammation, and thus contributes to the patho-
physiology of a number of debilitating diseases in hu-
mans (Lugrin et al., 2014). Evidence of oxidative stress
has been observed in a number of infectious diseases of
farm animals (Lykkesfeldt and Svendsen, 2007). ROS
help the host to cope with the pathogenic microorgan-
isms and are also involved in intermicrobial competition
as reviewed recently (Nathan and Cunningham-Brussel,
2013). Due to this function, which has an important
implication for the onset of infectious diseases, it
seems of major interest to elucidate the mechanisms
of ROS production in relation to intestinal infectious
diseases.

Young animals such as piglets post weaning and
broiler chickens having immature intestine and im-
mune functions are very vulnerable towards invading
microorganisms. Various intestinal disease conditions
damage intestinal epithelium and consequently cause
poor absorption of nutrients. Such diseases of poul-
try include necrotic enteritis, malabsorption syndromes,
and coccidiosis (Ravindran et al., 2016). Especially fat
digestion is impaired the most by epithelial damage
compared to other nutrients as observed in coccidiosis
(Amerah and Ravindran, 2015), which refers to a par-
asitic disease caused by the protozoa Eimeria (Wilz-
Plotz et al., 2013). Eimeria maxima specifically tar-
gets the mid-intestine jejunum (Schnitzler and Shirley,
1999) where the fat absorption is taking place. Likewise
in pigs, the fat digestion is high (96%) during intake
of milk from the sow, but is reduced during the post-
weaning period to around 65% (Cera et al., 1989). Chal-
lenge with E. coli impaired the status of the fat-soluble
vitamin E status of piglets post weaning (Lauridsen
et al., 2011), which is probably caused by a combination
of reduced fat digestion and demand for α-tocopherol
for immune function. There is a lack of knowledge
regarding the burden of oxidative stress for the pro-
gression of infectious diseases in the gastrointestinal
tract of pigs and poultry, and improved understand-
ing of the mechanisms involved in oxidative stress re-
actions may help in preventing development of enteric
infection diseases.
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OTHER FACTORS THAT CAN TRIGGER
OXIDATIVE STRESS AND UNCONTROLLED

INFLAMMATORY REACTIONS

In addition to infectious disease, the genetic improve-
ment of livestock may increase the risk of oxidative
stress. For example, the production cycle of broilers has
been progressively shortened, and broiler chickens can
reach a body weight of 2 kg within 30 to 35 d. The
breeding towards lean phenotype pigs has reduced the
relative percentage of the heart muscle weight compared
to wild boars. Furthermore, lean muscle pigs showed ab-
normally high serum concentrations of reactive oxygen
metabolites (as opposed to rural swine), corresponding
to an oxidative stress level under resting conditions sim-
ilar to that of human beings during intense physical ex-
ercise (Amadori and Zanotti, 2016). The explanation is
the release of ROS by the mitochondrial electron trans-
port chain in the presence of hypoxia, which is probably
also a risk factor in fast-growing broiler chickens be-
cause of their high metabolic rates and hence increased
oxidative stress.

In poultry, the involvement of heat stress in induc-
ing oxidative stress has received much interest, and al-
though oxidative stress that occurs with heat exposure
can be manifested in all parts of the body, mitochon-
drial dysfunction underlies oxidative stress (Akbarian
et al., 2016). Mitochondria are responsible for 90% of
cellular ATP production, i.e., most cellular energy is
produced though oxidative phosphorylation in mito-
chondria. It is believed that under normal physiolog-
ical conditions the ROS generation is not ultimately
harmful and is securely controlled by antioxidant mech-
anisms. ROS are important triggers and modulators of
cell signaling and consequently cell behavior. Several
redox-sensitive downstream pathways culminate in the
activation of transcription factors such as nuclear factor
kappa-light-chain enhancer of activated B and activa-
tor protein 1. Overproduction of ROS in mitochondria
can damage proteins, lipids, and DNA, and further re-
duce energy generation efficacy (Akbarian et al., 2016).
Oxidized molecules can abstract electrons from other
molecules, resulting in a chain reaction and if not con-
trolled, this reaction can cause extensive tissue dam-
age. Importance of heat stress in swine production is
less studied than in poultry production, but it has been
shown that acute heat stress in pigs can lead to oxida-
tive damage and upregulation of antioxidant enzymes
in muscles, but did not trigger a pro-inflammatory re-
sponse (Akbarin et al., 2016).

Oxidized fat in the form of lipid peroxides and nu-
trient imbalances can also trigger oxidative stress and
inflammatory reaction and can therefore be detrimental
to gut health, immunity, growth, and development. It
has been estimated that the oxidation rate from C18:0
to C18:1 to C18:2 to C18:3 increases with a factor
2,400 (from oleic to α-linolenic acid), which may be of
special notice when applying vegetable oils in feed for
broilers and pigs. As shown by Engberg et al. (1996),

broilers receiving oxidized vegetable oil had a growth
depression after 2 wk, and the animals had higher
plasma concentrations of thiobarbituric acid reactive
substances and lower antioxidant concentration in
plasma and tissues. Vegetable oils rich in polyunsatu-
rated fatty acids are highly digestible for chickens, but
when added to commercial broiler diets to increase
energy density, the oxidative stability of the feed
should be considered because lipid oxidation products
may not only influence performance of the broilers, but
also the meat quality. The acceptable range in peroxide
value of animal diets is 10 to 20 meq/kg and an upper
limit of 20 meq/kg is generally established (Ravindran
et al., 2016). Thus, in order to optimize animal per-
formance when using supplemental dietary fat, the fat
must be stabilized with antioxidants early in the feed
distribution chain.

In summary, oxidative stress accompanies infectious
diseases, and other stressors (such as heat stress), and
nutrient imbalances (such as micronutrient deficiencies)
or harmful products (such as fat peroxides) can also en-
hance oxidative stress reactions. In addition, young an-
imals such as piglets post weaning and broiler chickens
having immature intestine are very vulnerable towards
invading microorganisms, and as the typical reaction to
an infection is localized inflammation of the gut, which
appears during the immunological reaction to cope with
the pathogens. Some severe human pathologies arising
during infection can be attributed to oxidative stress,
and generation of reactive species or uncontrolled in-
flammation during infection can even have fatal con-
sequences. Hence, there is a need for nutritional inter-
ventions to limit or control both oxidative stress and
inflammatory reactions, and in the following, the role
of dietary fatty acids and antioxidants is described in
accordance with the effect on immunity.

ESSENTIAL FATTY ACIDS AND IMMUNITY

Most research on lipids in poultry and swine nu-
trition has been attributed to the understanding of
the importance of dietary fat as energy source. Se-
lected fatty acids are known to be essential, bioactive
nutrients influencing many important physiological
processes including lipid metabolism, cell division,
and immune function and differentiation. It is rec-
ognized that chickens and pigs require the essential
fatty acids linoleic acid (C18:2n-6) and α-linolenic
acid (C18:3n-3), which are the building blocks of
the n-6 and n-3 series, respectively. These essential
fatty acids (FA) are precursors for the eicosanoids
(Fig. 1). By desaturation and elongation processes,
linoleic acid (C18:2n-6) forms arachidonic acid
(C20:4n-6). By the action of cyclooxygenase, C20:4n-6
is converted to prostaglandins, whereas the action of
lipoxygenase converts the n-6 FA into leukotrienes and
other oxidative products. These eicosanoid products,
the so-called proinflammatory eicosanoids of the n-6
series, have been found to exert clinical efficacy in



INTESTINAL INFLAMMATION AND OXIDATIVE STRESS 4243

Figure 1. Synthesis of long-chain polyunsaturated fatty acids and eicosanoids from C18 precursors.

human diseases, including inflammation. Linolenic acid
is formed to eicosapentanoic acid (EPA C20:5n-3),
which can be further metabolized through desatura-
tion and elongation into docosahexanoic acid (DHA
C22:6n-3), or to the so-called anti-inflammatory
eicosanoids, which have a very similar molecular
structure as the ones originating from arachidonic acid
(ARA) but with different biological activity (Fig. 1).

The eicosanoids act as hormone-like regulators of
cell function of the immune system, and thus influence
lymphocyte proliferation, T-cell mediated cytotoxicity,
and inflammatory response. Similar to the n-6 fatty
acids, very long chained n-3 polyunsaturated fatty acids
(PUFA) can be synthesized from dietary linolenic acid.
With regard to poultry and pig nutrition, there is a
recommendation of linoleic acid in the official guide-
lines (NRC, 1994, 2012) whereas this is not the fact
for α-linolenic acid. Typical swine diets likely contain
adequate amounts of this fatty acid, but it is noted
that definitive data are lacking (NRC, 2012), and this
may also be the case for poultry. The importance of
n-3 and n-6 fatty acids for chickens and the hatching
egg has been reviewed by Cherian (2015), and herein
it was noted that a typical poultry breeder ration con-
tains 50% linoleic acid of total fatty acids compared to
3 to 3.5 % of α-linolenic acid. Pigs have a limited ca-
pacity for desaturation and elongation of C18:3n-3 into
longer-chained PUFA, or of C18:2n-6 into C20:4n-6 as
indicated in a study with lactating sows, which were
provided different dietary fatty acid compositions at a
level of 8% of the diet (Lauridsen and Danielsen, 2004).
The overall fatty acid composition of the sow milk could
easily be attributed to the given dietary fatty compo-
sition, for example rapeseed oil fed sows had a high
amount of milk C18:3n-3, and sunflower oil fed sows
had a high content of C18:2n-6. However, inclusion of
rapeseed oil into diets of lactating sows was not as ef-

ficient in transferring and depositing long-chain fatty
acids of the n-3 family to the sow milk compared with
the inclusion of fish oil. Likewise, the content of C20:4n-
6 was not higher in sow milk or piglets of the sunflower
group. The low conversion of α-linolenic acid into EPA
and DHA is mostly explained by the rate-limiting en-
zyme Δ-6-desaturase. This is also the fact in poultry
that the efficacy of the formation of long-chained n-3
PUFA from α-linolenic acid depends on factors such
as the concentration of n-6 fatty acids, because n-6 and
n-3 long-chained PUFA share the same metabolic path-
way. Hence, the accretion of DHA during embryogenesis
occurs from the maternal sources (egg yolk), and post
hatching the accretion is highly influenced by dietary
fatty acid concentration (Cherian, 2015). In a recent
study using lactating sows, the effect of increasing levels
of hemp oil relative to soya bean oil was investigated in
a dose-response trial (Lauridsen, C., unpublished data).
Although the basal diet or the hemp and soya bean oil
did not contain any longer-chained PUFA, the sow milk
contained arachidonic acid, EPA, and DHA, probably
indicating the need for these fatty acids for the develop-
ment of the piglet. However, in accordance with studies
concerning transfer of fatty acids from hens to chicks
(Cherian, 2015), feeding α-linolenic acid rich vegetable
fat sources to sows (the parent n-3 fatty acid precursor)
was considerably lower than provision of fish oil to sows
(Lauridsen and Danielsen, 2004). There is a strong re-
lationship between early dietary exposure to n-3 and
n-6 PUFA through egg (Cherian, 2015) or sow milk
(Lauridsen et al., 2007) on tissue/immune cell fatty acid
content, and consequently production of inflammatory
mediators in progeny chickens or piglets. Early expo-
sure to essential n-3 and n-6 fatty acids influences the
different immune responses, and this knowledge can be
applied in developing dietary strategies to improve im-
mune health and performance of chicks and piglets.
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ROLE OF ANTIOXIDANTS IN IMMUNITY

In association with a larger antioxidant network, the
chain-breaking antioxidant vitamin E (α-tocopherol)
protects cellular membranes from lipid peroxidation. In
brief, vitamin E refers to 2 groups of compounds, the to-
copherols and the tocotrienols, and all forms of the vita-
min contain 2 parts, a “head” (the chromanol part with
the hydroxyl group) and a “tail” (phytyl group). The
tail serves to anchor the vitamin in lipid membranes, in
the lipids of adipose tissue, and in the lipid surface and
core of the lipoproteins. Of these forms, α-tocopherol
is the most biologically active form, and it is most
concentrated in membrane-rich fractions such as mi-
tochondria and microsomes, where it protects notably
ARA and DHA. In fact, animal α-tocopherol require-
ments increase in parallel with dietary PUFA consump-
tion or with increasing index of fatty acid unsaturation
(Atkinson et al., 2010). α-Tocopherol is postulated to
co-localize with PUFA-rich phospholipid domains of the
cell membrane (Atkinson et al., 2010), and once it has
reduced lipid peroxyl radicals to lipid hydroperoxides,
the selenium (Se)-dependent enzyme phospholipid hy-
droperoxide gluthathione peroxidase (GSH-PX) con-
verts the hydroperoxides to less toxic lipid peroxides
at the expense of glutathione. The α-tocopherol radical
can be regenerated by ascorbate (vitamin C) to its ac-
tive form α-tocopherol (Buettner, 1993). Subsequently,
ascorbate is regenerated at the expense of glutathione.
During an infectious disease, or oxidative stress, injury,
or presence of toxins, it is crucial that the developed
free radicals are scavenged and detoxified into harmless
products. The initial levels of defense are the water-
soluble antioxidant enzymes (GSH-PX, superoxide dis-
mutase (SOD), and catalase (CAT) and metal-binding
proteins). The antioxidative enzymes depend on the
presence of Se, copper (Cu), and zinc (Zn), which are
important for the antioxidative enzymes. Hence, any
deficiency in these micronutrients or the antioxidative
vitamins will provoke the oxidative stress. Early life de-
velopment is a stressful period for pigs as the immature
intestine of young animals is very vulnerable towards
invading microorganisms. Pigs are born vitamin E de-
ficient and without any fat depots. The sow milk is
the main transmission vehicle of vitamin E (Lauridsen
et al, 2002) that provides the newborn piglet with the
first defenses against oxidative damage, and vitamin
E deficiency or oxidative stress in piglets can be pre-
vented by appropriate dietary vitamin E level for the
lactating sows. In fact, pigs of poorer Se status at birth
encounter Se deficiency sooner after weaning (Mahan,
2000). Early nutrition in the form of micronutrient pro-
vision to lactating sows can influence the immune func-
tion of the piglets. The eicosanoids of piglets’ immune
cells ex vivo were enhanced by provision of high level
of vitamin E to sows (Lauridsen et al., 2007).

Early nutrition is also of major importance in chick-
ens: there is a rapid uptake of different lipid compo-
nents by the embryo starting from the second week

of incubation and continues till residual yolk is com-
pletely absorbed. This provision of energy and essential
fatty acids, PUFA, and antioxidants in the hatching egg
serves as the first meal for the developing chicken em-
bryo (Cherian, 2015). The level of stores of most of the
vitamins and trace minerals in the hatchling is highly
correlated with the level in the hen’s diet, and the im-
mune system is sensitive to deficiencies as well as ex-
cesses of nutrients (Klasing, 1998). Chicks hatched from
hens fed fish oil had the lowest level of vitamin E com-
pared to flax or sunflower oil (Vericel et al., 1991) and
in piglets, the lowest vitamin E concentration was ob-
tained in fish oil compared to sunflower and rapeseed oil
fed pigs (Lauridsen et al., 2013). The amount and type
of dietary fat can modulate immune function both at
the intestinal and systemic level as shown in pigs (Lau-
ridsen, 2010; Lauridsen et al., 2013). Supplementation
of fish oil (rich in long-chain n-3 fatty acids) altered
the release of proinflammatory cytokines, which may
lead to improved pig performance during immunological
challenge (Liu et al, 2003). Møller and Lauridsen (2006)
showed that dietary fish oil supplementation at a level
of 5% without vitamin E supplementation decreased
the inflammatory responses in alveolar macrophages
isolated from weaned pigs. Other antioxidants such as
ascorbic acid can reverse deleterious effects of ROS on
immune functions, and can enhance the antioxidant
protection during stress full conditions via the regener-
ation of vitamin E. For example, in heat-stressed broil-
ers, the requirement of antioxidant vitamins and en-
zymes is increased because increasing ROS-detoxifying
capacity remains the primary target (Akbarin et al.,
2016), and this can be achieved by protecting endoge-
nous antioxidant defense. Since many antioxidative en-
zymes have metals as a co-factor (Se-GSH-Px; Cu/Zn-
SOD), dietary supply of these co-factors seems to be of
specific concern during heat stress conditions. Vitamin
C and vitamin E are the antioxidants of first choice to
combat heat stress (Akbarian et al., 2016), and due to
their relatively short half-life in the animal’s body they
should be provided through feed or drinking water.

Another example in which enforcement of the host’s
capacity to detoxify the ROS is the post-weaning
period, i.e., the weaning of the suckling piglet from the
sow is a special challenge for the young pig because
this period may be compounded by several stressors,
e.g., change of diet (milk to solid feed) and change
of environment. The age at weaning (around 4 wk)
occurs during an immunological gap, i.e., when active
and passive immunity is at the lowest level. During
the post-weaning period, the pig is especially vulnera-
ble towards pathogenic bacteria, and E. coli infection
presents a major challenge as diarrhea is responsible for
economic losses due to mortality, morbidity, decreased
growth rate, and cost of medication (Fairbrother et
al., 2005). The gastrointestinal mucosa is constantly
exposed to a variety of pro-oxidants (increasing oxida-
tive stress) derived from ingested food materials. In
addition, immune reactions to cope with the burden
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of pathogens, such as activation of resident cells and
phagocytes, may contribute to the generation of oxi-
dants, for example when activated neutrophils release
ROS to target pathogens. Thus, enteric pathogens may
reduce the ability of animals to resist oxidative stress
and exacerbate the “natural occurrence” of ROS gener-
ation, and may result in damage of the gut epithelium.
In parallel, the piglet’s endogenous synthesis of antioxi-
dants (vitamin C and enzymes) may be reduced during
the post-weaning period according to the depressed
feed intake. Hence, it appears that there is potential for
antioxidant therapy in prevention of infectious disease
development in piglets, considering the substantial
number of apparently oxidative stress-mediated con-
ditions. α-Tocopherol is most concentrated in cell
fractions such as mitochondria and microsomes, and
it is possible by dietary means to further increase the
concentration as demonstrated in pigs (Lauridsen and
Jensen, 2012). However, the optimal level of vitamin E
supplementation for mitochondrial health still has to be
determined. Incorporation of α-tocopherol and other
antioxidants into mitochondria and other cellular com-
partments is important in order to maintain oxidative
stability of the membrane-bound lipids, and prevent
damage from the ROS. Many studies regarding mito-
chondrial disease and dysfunction have been performed
in relation to deficiency of vitamin E and other antioxi-
dants, whereas relatively sparse information is available
regarding the eventual beneficial effects of antioxidant-
enriched mitochondria in terms of gut function
and signaling pathways.

CONCLUSION

Mitochondria are the sites for major oxidative pro-
cesses and are important in fat oxidation and energy
production. A side effect is leakage of ROS, which may
be toxic. However, ROS originating from mitochon-
dria may also modulate various signaling pathways,
including inflammation. Oxidative stress and inflam-
matory reactions are part of normal defense mecha-
nisms against pathogens. There are several mechanisms
by which fatty acids, antioxidative vitamins, and en-
zymes can influence immune responses. However; there
is a lack of scientific research regarding effects of the
supplementation on the immune function. Interventions
targeted at ameliorating oxidative stress in relation to
enteric infectious diseases of chickens and pigs have
been few, probably because further pathophysiologi-
cal mechanisms underlying negative aspects of oxida-
tive stress in these disease processes should be eluci-
dated before new targets for medical intervention can be
identified.
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