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Introduction

Since the discovery of antibiotics in 1928 by the Scottish scientist Sir Alexander Fleming, the use of
antibiotics to treat bacterial diseases in humans and animals has become mainstream. In the 1940s and
1950s, researchers found that low (sub-therapeutic) doses of antibiotics exhibited a growth-promoting
effect in chickens. Consequently, using low doses of antibiotics for growth promotion became common
as large-scale poultry production became more widespread.

Over the last few decades, there have been notable surges in antibiotic-resistant bacteria in human and
animal medicine, such as methicillin-resistant Staphylococcus aureus (MRSA), Clostridioides difficile

(C. difficile), vancomycin-resistant Enterococci (VRE), and extended-spectrum B-lactamase (ESBL)
Escherichia coli (E. coli). The increased prevalence of antibiotic-resistant bacteria (or “superbugs”) has
been highlighted as a significant risk to human health. It has resulted in comprehensive shifts in the judicial
use of antibiotics in human and animal medicine. The risk of antibiotic resistance is not a new phenomenon;
the risk of antimicrobial resistance was highlighted in 1945 by Fleming as penicillin-resistant bacteria were
observed within a year of the first commercial penicillin being released. Resistance occurs when a bacterium
can resist the mode of action of an antibiotic (e.g., producing an enzyme that destroys the antibiotic or
having a mutation that makes its cell wall stronger). Increased antibiotic-resistant bacterial populations
occur when the antibiotic creates a natural selection pressure for the resistant bacteria, allowing it to
dominate. Fortunately, research within livestock populations has shown that once antibiotic use is reduced,
antibiotic-resistant bacteria in the environment are reduced as they lose their competitive advantage.

The focus was placed on the livestock industries as a source of antibiotic-resistant bacteria, resulting in the
appeal for reduced antibiotic use. Subsequently, the poultry industry has rapidly reduced the use of both
therapeutic and sub-therapeutic antibiotics over the last few decades. In 1999, a ban on “growth-promoting”
antibiotics (AGPs) was implemented in Europe and became fully effective in 2006 (EC Regulation No. 1831,
2003); many other countries soon followed suit to phase out AGPs and reduce therapeutic antibiotics.
Consequently, some poultry operations no longer use antibiotics in rearing their birds, instead opting for
alternative strategies for promoting bird health and growth. Reducing the use of antimicrobials within the
poultry industry aims to reduce the incidence of antibiotic-resistant bacterial populations.

Promoting Gut Health in Antibiotic-Free and
Reduced Antibiotic Use Poultry Production

Antibiotics provide a very effective means of controlling gut pathogens and enhancing the growth and
efficiency of chickens. When AGPs were first removed from poultry flocks across Europe, there was a surge
in gut-related diseases such as dysbacteriosis and necrotic enteritis, resulting in wet litter and higher levels
of hock burn and pododermatitis. The short-term consequence was an increase in the use of therapeutic
antibiotics that highlighted the need to focus on new strategies for rearing chickens in an antibiotic-free
and reduced antibiotic-use era. Research into how AGPs promoted gut health and growth showed a range
in the modes of action of the AGPs. Some AGPs simply inhibited the growth of pathogens, some reduced
the overall amount of bacteria in the intestinal tract, and others acted like anti-inflammatories. While
natural products for promoting gut health have been around for centuries, removing AGPs from poultry
flocks triggered a massive investment in research to find natural alternative products that performed like
AGPs. These “alternatives to antibiotics” products are selected for their ability to promote bird health and
performance by controlling specific pathogens, stimulating the gut tissues and gut immune system, reducing
intestinal inflammation, and enhancing digestion. While these alternative products are very successful in
promoting gut health, their use could be inconsistent; it soon became apparent that these products do not
offer a “silver bullet,” and more had to be done to promote gut health in an antibiotic-free and reduced
antibiotic-use age.




Gut Function and Physiology

The first step to promoting gut health is understanding gut function and physiology and how they relate
to a bird’s overall health and well-being. The gut’s fundamental function is converting feed into its basic
components and then absorbing all the nutrients for the host to use for growth and maintenance. In its
simplest form, the intestinal tract is a tube that starts at the beak and ends in the cloaca. This tube is
separated into five distinct regions (Figure 1):
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Figure 1. Diagram of the gut.
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The most straightforward view of gut health relies on each gut region’s ability to fulfill it’s specific role to
ensure proper digestion and absorption of nutrients. However, looking deeper into gut health reveals that it is
an intricate and complex subject, combining nutrition, microbiology, immunology, and physiology (Figure 2).

Figure 2. The gut health complex.
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The feed enters the crop, is stored briefly, and is partially fermented by the resident bacteria. It then
enters the proventriculus and mixes with acid and pepsin—an enzyme responsible for breaking down
protein—before moving on to the gizzard. The gizzard acts like a grinding mill to break feed into smaller
particles, releasing it to the small intestine once the particles are small enough. While the gizzard grinds
the feed, it is mixed with the acid and enzymes secreted by the proventriculus. This process allows the
breakdown of whole proteins into smaller peptides that precipitate out to be further digested in the small
intestine into amino acids for absorption. Within the small intestine, carbohydrates and fats are also broken
down to be absorbed and used by the bird. During the normal digestion process, by the time the digesta
reaches the last part of the ileum, all the digestible fractions of proteins, fats, and carbohydrates should
have been absorbed, leaving behind the non-digestible components of the feed (e.g., cellulose and
non-starch polysaccharides). This material has two fates; it is either passed out in the feces or taken

up by the ceca, where bacteria ferment these materials to form organic acids, short-chain fatty acids,

and vitamins that the bird can absorb for extra nutrition. At the end of digestion, chickens produce two
types of droppings—a cecal and a fecal, which look very different (Figure 3).
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Figure 3. Normal cecal dropping (left) and fecal (right) from a broiler chicken.

When any part of the gut is compromised, digestion and nutrient absorption are affected, resulting in
a potentially detrimental effect on feed conversion, leading to economic loss and a greater susceptibility
to further disease.

The Gut Health Complex

The gut tissues, microbiota, and immune system have an intricate relationship. Each component
relies on the other for the development of the gut and subsequent gut function. If one fails, all three
will fail. Supporting each of these components is the cornerstone of gut health management.

Gut Tissues

One of the most critical aspects of optimal gut function and health is the correct development and
maintenance of the gut tissues. Correct incubation conditions are essential, as gut development starts in the
egd. The last 3 days of incubation are critical for developing the gut tissues in ovo. Research has shown that
overheating the eggs during this time can inhibit the final stages of embryonic gut development that are
still occurring in the newly hatched chick. Inhibiting this growth can be detrimental to the next stage of gut
development in the chick during brooding. Post-hatch, once the chicks have access to food and water on
the farm, the gut starts to develop rapidly. It has been estimated that the gut develops four times faster than
the rest of the bird during brooding, making it the most critical period of gut development in the bird’s life.




One of the key stages of development of the intestinal tissues post-hatch is the development of the villi;
these are the projections along the small intestine that increase the gut’s surface area to ensure optimal
nutrient absorption (Figure 4). During the brooding period, the villi quickly elongate due to the high
concentration of rapidly dividing cells along the body and at the base of the villi (Figure 5). These cells are
most active during the first 4-10 days of life, making this the period where the most villi development occurs.
After the brooding period, villi growth slows as the cells along the body of the villi stop dividing with new
gut cells, leaving villi growth to occur only at the base. This phenomenon is important because if optimal

villi growth does not happen during brooding, there is no compensatory growth, meaning a chick with
poorly developed villi will always have shorter villi.

Figure 4. Villi. Figure 5. Villi development.
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Brooding conditions play a vital role in the development of the villi, as growth depends upon the presence
of food and water in the gut and the activity of beneficial bacteria. Any stress factors—such as incorrect
temperature or humidity in the poultry house—can inhibit the development of the villi; optimal management
during brooding is critical.

The layer of epithelial cells lining the gut is often called the gut barrier, as it protects against pathogens

invading the deeper gut tissues. These cells are held together by structures called “tight junctions”
or “gap junctions,” which essentially glue the cells together to form this gut barrier (Figure 6).




Figure 6. The gut barrier.
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Gut health relies on the integrity of this barrier. A failure of the barrier can result in the invasion of the gut
tissues by pathogens that can cause localized disease, such as necrotic enteritis. These pathogens can
also enter the bloodstream and cause disease in bones and organs, such as bacterial chondronecrosis with
osteomyelitis (BCO), peritonitis, or endocarditis. Good brooding helps the establishment of a good gut
barrier. Throughout the bird’s life, however, the gut barrier’s integrity can be affected by poor nutrition,
infection (e.g., coccidiosis), heat stress, and mycotoxins.

The gut microbiota

The community of microorganisms in the gut is referred to in many ways:

* Friendly bacteria
* Gut flora

* Gut microbiota

*  Gut microbiome

It is a diverse community comprised mainly of bacteria, fungi, protozoa, and viruses. Modern DNA-based
technologies have given a much more accurate picture of the bacterial species in the gut, and it has
become increasingly evident that many bacteria in the gut are currently unknown and unclassified.
Recent poultry studies have proposed that a broiler chicken’s gastrointestinal tract (GIT) is colonized

by an estimated 600-800 species of bacteria. The abundance and diversity of the microbiota vary along
the GIT. Predictably, the regions with less tolerable conditions and faster passage of gut contents have
lower numbers of bacteria. (Figure 7).




Figure 7. Retention time for digesta in the GIT of broilers.
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The developing embryo is not entirely sterile; bacteria can be isolated from the embryonic gut. However,

it is generally considered that the development of the adult gut microbiota begins at hatch, where bacteria
are picked up from the hatchery and farm environments. The crop is rapidly colonized within 24 hours, and
24 hours post-hatch, the ileum and ceca are both dominated by bacteria. After 3 days, the level of bacteria
in the small and large intestines increases tenfold. The first bacteria to enter the GIT can be considered the
pioneering bacteria, as they rapidly multiply and colonize the gut environment. The composition of the
pioneering bacterial community goes through a succession of changes as the gut develops and oxygen
levels fall. It can take up to 3-4 weeks for the microbiota to form the climax (or adult) microbiota. However,
during this period, stability is seen in the gut after 7-10 days if chicks are provided with optimal brooding
conditions along with good-quality feed and water.

Within the GIT, there are multiple interactions between the host (bird) cells, the intestinal environment,
bacterial cells, and feed components. These interactions emphasize the extremely important role of gut
microbiota in the health and well-being of the host, and there is still ongoing research on both human and
animal species to understand these interactions. One of the most fundamental interactions of the microbiota
with the host is the stimulation of the gut tissues. Research has found that beneficial gut microbes stimulate
the development of the villi and the integrity of the gut barrier. Furthermore, the beneficial bacteria in the
gut stimulate the renewal of the gut cells, which ensures the cells lining the gut are healthy, leading

to optimal nutrient absorption and making the gut more resilient against disease.




The gut microbiota forms a protective barrier within the gut, preventing the growth of less favorable or
pathogenic bacteria such as Salmonella spp., Campylobacter jejuni, E. coli, and Clostridium perfringens.
This principle is most commonly known as competitive exclusion. Theories suggest that the commensal
(i.e., friendly) microbiota dominate attachment sites on the gut cells, reducing the opportunity for
attachment and colonization by pathogens. Another proposed mechanism is that the intestinal microbiota
can secrete compounds, including volatile fatty acids, organic acids, and natural antimicrobial compounds
(known as bacteriocins) that either inhibit the growth of or make the environment unsuitable for less
favorable bacteria.

Studies using germ-free animals have also shown the importance of intestinal microbiota in stimulating
and developing the immune system. The gut microbiota is thought to keep the gut immune system

alert, allowing it to react quickly to invading pathogens. The gut microbiota plays an essential role in the
overall development and maturation of the immune system. Research has shown that animals lacking gut
microbiota are more susceptible to disease and have poorly developed immune tissues. The microbiota
development in a young chick is essential for proper immune system development.

In addition to protecting against disease and stimulating the immune system, the intestinal microbiota
can influence host growth rates by producing extra nutrients through the fermentation of indigestible
plant fibers and non-digestible carbohydrates that birds cannot digest.

Gut immunity

Another key feature of the gut, often overlooked, is its role as an immune organ. Around 70% of an animal’s
circulating immune cells are estimated to reside in the gut tissues. Considering the gut as an immune organ
makes it one of the primary interfaces of the bird. As such, the ability of a bird to defend against disease

is intrinsically linked to the function and activity of the gut.

As previously mentioned, the gut microbiota constantly stimulates the immune system, keeping it alert and
ready to react to pathogens. The two primary methods by which the immune system interacts with the gut
contents are outlined in Figure 8. In simpler terms, the immune cells lining the gut examine the gut contents
and process the material to decide if any action needs to be taken.

Figure 8. Immune system interaction with gut contents.

o008 080 o008 080
4N N7 N7 4 UK N7 7 4
07 777, 7 77,
N N7 7 4 N N7 7 4

o
' 4

o
' 4

Through recognition of
bacterial cell receptors
immune cells decide whether
bacteria is friend or foe

Gut
epithelia




The education of the immune system as to whether a bacterium is a friend or foe happens early in the

bird’s life when the chick is ingesting many novel bacteria from the environment. Beneficial bacteria, such
as Lactobacilli, have markers on their cell wall that instruct the bird that they are not a threat. Conversely,
the immune cells recognize markers on pathogenic bacteria (e.g., E. coli) as a threat. As the chick gets
older, the education of the immune system slows, meaning any novel bacteria the host comes into contact
with is more likely to be seen as a pathogen, even if it is harmless. For this reason, the development of the
microbiota must be supported early in the life of the chick. The use of probiotics during the first week of life
is a very effective way to promote the development of the microbiota. In addition, many probiotic species
are selected for their ability to interact positively with the immune system.

Another fundamental feature of early immune system development and education of the immune system is
the role of maternal antibodies present in the yolk. As the chick absorbs the nutrients from the yolk during the
first few days of its life, it also absorbs the maternal antibodies that help promote the immune repertoire of
the chick. Consequently, the conditions must be correct to optimize yolk sac absorption and ensure the chick
absorbs all the yolk. Several factors can influence yolk sac absorption, but the major two are environmental
conditions and access to feed and water. First, if the conditions in the hatchery holding area, during transport,
or on the farm are not optimal, the movement of the yolk through the yolk sac is reduced, possibly resulting
in a retained yolk sac. Second, full absorption of the yolk sac is stimulated by the presence of feed and water
in the gut, which is why feed and water access on the farm are so important. If the chick doesn’t get access to
enough protein during its first few days of life, the antibodies present in the yolk—which are proteins—may be
broken down and used by the chicks as nutrients instead of promoting immunity.

Gut Imbalance

Gut health relies on the balance between all three components of the gut health complex: gut tissues, the
gut microbiota, and the gut immune system. An imbalance results in the gut if there is an issue with any
of these components; there are many factors that influence gut balance (Figure 9). When rearing poultry
without antibiotics or with reduced antibiotic use, it is essential that close attention is paid to all of these
factors. It is also important to recognize that these factors are additive. Therefore, if there is more than
one issue on the farm, the impact on gut health is greater.

Figure 9. Factors influencing gut balance.
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Compromised gut balance most commonly manifests as reduced growth rates, poor flock uniformity,

wet droppings/litter, and increased mortality (in severe cases). The result of a challenge to the gut is
fundamentally the same; there is malabsorption of nutrients that results in more nutrients being available
to the microbiota, leading to bacterial overgrowth. Many bacteria that take advantage of the sudden
increase in nutrients are not favorable and produce compounds that can cause inflammation in the gut

or growth depression if the bird absorbs them. The result is further malabsorption and overgrowth of
bacteria, impacting the entire flock as litter conditions deteriorate. Antibiotics worked well to cure most
gut problems by helping to rebalance the microbiota. However, unless the initial challenge is not rectified,
the imbalance can return once antibiotic therapy is completed. In poultry production, the aim is not to have
any gut imbalances, but in antibiotic-free (ABF) production, it is even more important, and care must be
taken to ensure optimal management of the birds. Every farm has strengths and weaknesses; therefore,

it is important to identify the root cause of gut health issues to resolve the causal factor and offer the birds
support accordingly. In the event of a gut imbalance with ABF production, it is important to recognize issues
as early as possible to allow for intervention with non-antibiotic strategies to return the gut to its balance.

Water and Feed Quality

Water and feed quality are critical for the gut health management of birds of all ages in ABF production
systems, and a range of Aviagen® documents discuss these subjects in depth.

Water and feed can be a source of pathogens that can disrupt gut health and cause disease in the birds;
therefore, effective pathogen control and sanitation are essential. The mineral content of water varies

from region to region and must be considered when it comes to gut health, as it can impact gut function

or the activity of bacteria in the gut. For example, high sodium levels can increase water intake and urine
output, causing wetter feces and litter, which can impact gut health. Bacteria such as E. co/i have a high
affinity for iron; thus, iron-rich water can result in increased E. coli activity in the gut of birds. Water pH is
also important, as a pH greater than 7 can increase the risk of limescale formation in the water lines. It also
provides a more advantageous environment for the survival of pathogens such as E. coli and Sa/monella spp.

Gut health is also affected by poor quality feed and feed materials due to direct effects on gut function.
For example, high levels of fines result in poor gizzard function and impaired protein digestion, leading to
poor nutrient utilization by the bird and bacterial overgrowth. There can also be effects on the gut tissues,
such as inflammation and immunosuppression by mycotoxins. Oxidized fats or poor-quality proteins can
cause oxidative stress and inflammation in the gut, leading to loss of integrity of the gut barrier.

The gut and stress factors

When an animal has prolonged exposure to stress factors or discomfort, the result can be highly
detrimental to gut health.

* Environmental pressures (e.g., heat) can cause the gut barrier to fail, allowing bacteria
to invade the gut tissues and cause disease.

* Prolonged exposure to an uncomfortable environment or incorrect management can result
in increased levels of stress hormones being released by the birds, which has a dampening
effect on the immune system and can inhibit proper immune development in the chick
or cause immunosuppression in birds of any age.

«  When faced with a challenge at the gut level, certain neurotransmitters are released, which
can stimulate specific bacteria, such as E. coli, Enterococcus spp. and Campylobacter spp.,
to either increase their growth rates or become more virulent.




Gut Health Monitoring

Daily monitoring of gut health in a chicken flock is an essential component of ABF production. Bird behavior,
along with body weights and uniformity, is an easy way to monitor flock performance and gut health.
However, if bird behavior indicates disease or if body weights start to drop, it is likely that any gut health
issue has been affecting the flock for a few days and is well established in the birds. In ABF production,

it is critical that problems are identified and rectified before the gut becomes extensively imbalanced,

as restoring balance with non-antibiotic strategies can be more of a challenge in severely affected flocks.

As such, it is important to look for other indicators of potential gut health issues, such as:

Water and feed intake

Sudden changes in water and feed intake, whether an increase or decrease, can be a very good indicator of a gut
health problem. In the early stages of a gut challenge, water intake may increase, and feed intake may decrease.
Even if the change in water and feed intake is not linked directly to gut health (e.g., extreme temperatures in hot
weather), any change in feed and water in the gut can disrupt the gut environment if it is not rectified.

Fecal and cecal droppings

As previously mentioned, chickens produce two types of droppings, fecal and cecal, which give an instant
insight into the status of the gut at any given time. Figure 3 shows examples of normal fecal and cecal
droppings; if a bird excretes normal droppings, the gut is working correctly, and there is no imbalance.
Therefore, when walking through the poultry house, examine the quality of droppings on the floor

and look for changes in the consistency and color. If the quality of the droppings starts to deteriorate,
there is a possible gut health issue in the birds, and intervention is needed.

Shank color

Shank color is only applicable in regions where birds are fed corn or pigments to increase the yellow color of the
birds’ skin. The yellow color comes from the deposition of carotenoid pigments, which are responsible for the
color of corn and plants such as marigolds. During digestion, the pigments are absorbed along with fats from
the diet into the bloodstream, where they are deposited around the body. Therefore, optimal pigmentation of
the legs requires optimal fat absorption from the gut. If there is a gut imbalance and fat absorption is impaired,
the amount of carotenoid present in the bird starts to decline, and the legs start to become pale. Figure 10
shows an extreme case of a broiler with pale legs next to a broiler with good pigmentation. The bird on the

left suffered from coccidiosis, which caused damage to the gut tissues and reduced fat absorption.

3

Figure 10. Bird with pale legs (left) compared to a normal broiler (right).
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Therefore, leg color can be a very good indicator of the birds’ gut health status and nutrient absorption.
If a gut health challenge is suspected, it is recommended to react quickly while an investigation is carried
out to ascertain the cause. A quick and straightforward strategy is to start administering a gut health
product (e.g., probiotics, organic acids, or plant extracts) to help control bacterial overgrowth and
support the gut tissues. There are many gut health additives on the market, and if used correctly, they
can help rebalance the gut. In most cases, a minor gut health challenge is resolved around 3-4 days after
administration of a gut health product. A time period of 3-4 days is suggested, as this is the time it takes
for the cells of the gut barrier to go through complete renewal. It is imperative, of course, that the cause
of the gut health challenge is identified to prevent it from causing further issues. However, despite all of
the ongoing industry and veterinary efforts to prevent poultry diseases, some flocks may become ill, and
antibiotic treatment is then a necessary and justifiable option for the poultry veterinarian.

Gut Health Strategies

Optimal gut health in any poultry production system relies on understanding the needs of the bird
throughout its life. This understanding is especially important in ABF production. When it comes

to gut health products, there are often discussions about alternatives to antibiotics; however, these
products work differently from antibiotics, and it may be better to consider gut health management
from the perspective of alternative strategies.

The gut has three predominant stages: development, transition, and maintenance (Figure 11).

Figure 11. Development, transition, and maintenance of the gut.
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The gut undergoes different processes through each stage and, therefore, has different requirements.

It is also worth noting that there is not one strategy that fits all flocks and farms; this is why understanding
the principle of gut development and function is so important to enable the correct approach to be
implemented in a given flock.
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Development

During the development stage, the aim is to stimulate gut tissue and immune development and establish

a beneficial microbiota. Therefore, it is essential that brooding conditions are optimal to ensure the chick

is comfortable and has good access to feed and water. The establishment of a healthy microbiota can

be facilitated during the first week of life by using probiotics that provide pioneering beneficial species
(e.g., Lactobacillus spp. or Enterococcus spp.) that colonize the gut or probiotics that modulate the gut
environment to favor colonization by beneficial bacteria from the environment. Organic acids can also be
used to aid the colonization of favorable bacteria by reducing the pH in the gut. Whichever method is used
to promote the beneficial microbiota must be done from the moment the chicks reach the farm;

otherwise, less favorable bacteria may colonize first.

Transition

The transition stage refers to the periods where there are fluctuations in the gut environment in response to
impacting factors such as feed change, vaccination, and handling. These events are normal processes during
the rearing of poultry; however, they can sometimes cause a change in the intestinal environment and increase
the risk of malabsorption and bacterial overgrowth. For example, when there is a feed change, there is an
alteration in feed ingredients or nutrient densities; this alters the nutrients available to the bacteria, and there
can be a change in the balance of bacterial communities, as they all respond differently to alternations in

feed. During vaccination, the immune system has extra work to do, which can result in imbalances in the gut
environment. With broiler breeders, there are times when they are handled (e.g., during grading or transport
to another farm); these processes can put pressure on the birds, increasing the release of stress-related
hormones and neurotransmitters in the birds. Certain bacteria have receptors for these compounds, and when
activated, their growth or virulence can increase, resulting in disease. Gut health can be successfully supported
through these events by strategically administering gut health additives during the event (Figure 12). Another
strategy can be limiting the number of bird processes at a given time so that the gut does not get overloaded
(e.q., it is not advisable to do a feed change and vaccination on the same day).

Figure 12. Strategic application of gut health additives.
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Sudden changes in environmental conditions, such as spikes in environmental temperature, can impact the
gut, causing loss of integrity of the gut barrier and bacterial invasion through the gut tissues. Strategies can
be implemented to support the gut through the hot periods of the year, such as increased antioxidants in
the feed or waterline administration of antioxidants during sudden spikes in temperature. Antioxidants can
help limit the impact of heat stress on the gut tissues.




Maintenance

The maintenance stage refers to the period when the gut has stopped developing and reached balance.
However, there is still the risk of disruption due to management or pathogen challenges, so it is important
to maintain the support of the gut tissues. Optimal bird management is central to maintaining gut health,
as is water and feed quality. Regular monitoring of gut health, as mentioned earlier in the document,

is essential to ensure that any minor fluctuations in gut health are resolved quickly. Gut health additives
may or may not be necessary during this period; it is highly dependent on the farm or flock, and regular
monitoring of gut health can dictate the need.

Conclusion

Successful gut health management and optimal bird performance are possible in antibiotic-free and
reduced antibiotic-use production systems. Understanding the function and biology of the gut and its
components is fundamental to promoting gut health. By focusing on the relationship between the three
major components of gut health (tissues, immune system, and microbiota), the needs of the gut can

be identified at all points in the bird’s life and supported accordingly.
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