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It is well known that dietary fiber plays a significant role in preventing
non-communicable diseases such as Cardiovascular Disease, Type 2
Diabetes, and certain types of cancers. A lesser known, but emerging fact
about dietary fiber is the important role it plays in maintaining our gut
health. While the entire gastrointestinal tract encompasses numerous
organs, the small and large intestine are of particular interest when
evaluating our gut health. The three pillars of gut health include our ability
to properly digest and absorb nutrients from food,
the integrity of our gastrointestinal barrier, and the
composition of our microbiome. Scientific research
focusing on gut health has exploded over the past
few decades, and we are beginning to see how our
gut health can affect the function of our immune
system, our weight, and our risk for intestinal diseases.
Human Digestion and the Gut Microbiota
As humans, we inherently consume food and
beverages to sustain life through the extraction of
essential nutrients like water, proteins, carbohydrates,
and fats during the digestion and absorption
mechanisms that occur throughout our body. While
these processes begin in our mouth, the bulk of
digestion and absorption occurs in our small intestine.
When food enters the small intestine, a variety of
enzymes work to break down large macronutrients
into smaller compounds that can be absorbed for use
in a variety of different cellular mechanisms. Food
that is not digested or absorbed in the small intestine
travels to the large intestine, where it may undergo
further breakdown by the bacteria in our gut microbiota.
Figure 1: Overview of the human digestive system.

The gut microbiota is an ecosystem of over a thousand different
species of bacteria, viruses, and archaea that take up residency
in our large intestine. Recent scientific discoveries suggest that
the gut microbiome, which includes these microbial species and
the metabolites they generate, contributes significantly to our
health and well-being.

Figure 2: Bacteria, virus, and
archaea residents in the human
large intestine.

While there are thousands of different bacterial species that
reside in the microbiota, some species are of specific interest
because of their unique beneficial effects on our physiology.
The presence of these bacterial species alone and in combination with
the thousands of others that reside in our gut yields a diverse microbiome
that produces a number of different metabolites.

Bacteria

Effect on host health

Bifidobacterium genus12 Produces short chain fatty acids, improves gut mucosal barrier
Lactobacillus genus12

Produces short chain fatty acids, anti-inflammatory

Roseburia genus12

Produces short chain fatty acids

Ruminococcus bromii 8

Produces short chain fatty acids

Eubacterium rectale12

Produces short chain fatty acids

Figure 3: Select beneficial bacterial genera and/or species with their respective functions.

The metabolites produced by specific bacterial species are highly
substrate specific, stressing the importance of dietary patterns that provide
adequate fuel for the bacteria in our gut. Diets high in animal protein and
saturated fat often fail to provide food sources for our beneficial bacteria,
and will often promote the growth of pathogenic bacteria that produce
toxic bi-products12,10. However, dietary fiber from a plant-based diet that
incorporates a variety of whole grains, fruits, and vegetables will provide
food sources for multiple beneficial bacterial species in our gut and help
keep the population of pathogenic bacteria to a healthy minimum. The
unique metabolites produced in response to bacteria consuming dietary
fiber can act systemically or locally, and influence the function of our digestive
system, immune system, and numerous other metabolic processes.

One group of metabolites generated by the fiber-degrading bacteria in
our gut are the short chain fatty acids butyrate, acetate, and propionate2.
Acetate and propionate may aid in the prevention of a number of chronic
diseases such as obesity, Type 2 Diabetes, and Cardiovascular Disease
due to their ability to increase fatty acid oxidation, increase glucose
uptake into the cells, and lower cholesterol synthesis2. Butyrate is particularly
important for preventing the development of colon cancer because it
provides energy to the colonocytes and has the ability to communicate
with the immune system and act as an anti-tumorigenic agent11. Other
beneficial metabolites generated by bacteria in response to different
dietary compounds include Vitamin K, B vitamins and neurotransmitters,
all of which contribute to overall energy production and homeostasis.
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Figure 4: Overview of the three pillars of gut health.

Antibiotic use, dietary patterns, and various environmental
exposures significantly influence the composition of our
microbiome. The death of numerous bacterial species
in the gut through antibiotic use or inadequate dietary
patterns can be detrimental to our health if we do not
work to restore the balance of our microbiological
ecosystem. The loss of multiple bacterial species
decreases our diversity in the gut and puts us at risk
for developing infections, gastrointestinal diseases, and
losing our ability to generate vitamins and other
metabolites in the large intestine. Resistant starch, a
type of insoluble dietary fiber, has the ability to positively
influence our microbiome and undergo fermentation
in our gut to yield beneficial metabolites. Consuming
resistant starch may not only increase the population of
Bifidobacterium in the gut, but it may also increase the
levels of Ruminococcus bromii and Eubacterium rectale;
two key species that play pivotal roles in the fermentation
and degradation of dietary fiber6.

The consumption of whole grains, which contain soluble and insoluble dietary
fiber, may enhance bacterial diversity and increase the abundance of
important beneficial bacterial genera such as Roseburia and Bifidobacterium,
both of which are important producers of short chain fatty acids7. Based
on this research, it is clear that the human body and the gut microbiome
have an undeniable symbiotic relationship. In order to ensure this
symbiotic relationship remains mutualistic, we provide the proper food
sources (dietary fiber) that our beneficial bacteria need to flourish.

Figure 5: Overview of “leaky gut”.

Mucosal cells joined by tight junctions line the base membrane of our small
intestine. Healthy tight junctions between mucosal cells function as a
selectively permeable transport system and allow the passage of essential
nutrients into the blood for distribution to the cells where they perform their
necessary functions. A common pathology increasing within Westernized
society is “leaky gut”; a phenomenon in which the tight junctions are
compromised, and the protective mucus layer lining the intestinal cells has
been damaged, thus allowing for the passage of larger molecules, such as
undigested food particles and pathogenic microorganisms, into the blood
stream. The entry of such molecules into
the blood stream sets off a massive immune
response that can cause issues ranging from
chronic low-grade inflammation to the onset
of autoimmune disease or food sensitivities.
Leaky gut likely plays a role in a number of
Westernized diseases such as food allergies/
sensitivities, chronic pain, autoimmune disease,
Irritable Bowel Syndrome, Inflammatory
Bowel Disease, and obesity1. Diets deficient
in dietary fiber degrade the protective mucus
layer that lines our intestinal cells and tight
junctions, thus contributing to leaky gut by allowing pathogens into the
blood stream3. However, the consumption of resistant starch and wheat
bran fibers can reverse this process by increasing mucus production in the
intestinal epithelium of mice4. Butyrate, a bi-product of dietary fiber
fermentation, can also strengthen the intestinal barrier because of its
ability to regulate tight junction proteins9. The overwhelming complexity
of leaky gut poses significant challenges for its prevention and treatment,
but both interventions should ensure an adequate amount of dietary fiber
consumption, as it may help strengthen tight junctions and preserve our
thick, protective mucus layer.

Nutrient deficiencies, medication overuse, and dietary fiber intake all affect our
ability to digest and absorb food effectively. Poor dietary choices and nutritional
inadequacies will contribute to digestive irregularities like constipation and
diarrhea, two conditions that have plagued societies worldwide. Consuming
fermentable dietary fiber sources help restore balance by promoting bacterial
diversity and enhancing mineral absorption5. The fermentation of dietary fiber
sources like resistant starch, commonly found in whole grains, whole seeds, high
amylose grains, and cooked/cooled starchy foods yields short chain fatty acids
that lower the pH of our large intestine and allow for optimal mineral absorption.
In addition, the incorporation of dietary fiber into your diet can also help
standardize digestion through its ability to regulate transit time. A common
recommendation for those suffering from chronic constipation is to increase
consumption of insoluble fiber, as it can help bulk up your stool and speed up
transit time. Conversely, recommendations for those suffering from diarrhea
often include the consumption of soluble dietary fiber because it helps slow
down your overall transit time. Because of this notable characteristic, soluble
fiber also allows for enhanced satiety and a slower, more regulated release of
nutrients into the intestinal lumen.
How Can I Get More Fiber?

Figure 6: Food sources that contribute
to dietary fiber consumption.

A diet deficient in dietary fiber, a common occurrence
observed in Westernized societies, has grave implications
for the health of our gut. Even though the research is still
in its infancy, there is strong evidence to show that the
composition of our microbiome, the integrity of our tight
junctions, and our digestion and absorptive mechanisms
play a key role in preventing disease and maintaining our
health. Embracing a plant based diet and incorporating
more flavorful whole grains, fruits, and vegetables into
our daily routine is a simple way to increase dietary fiber
consumption and keep our gut happy and healthy!
Bay State Milling Company is a leading supplier of
plant-based, whole food ingredients that can be
incorporated into any plant-based diet. To learn more
about our plant-based ingredient solutions, including
HealthSense High Fiber Wheat Flour, please contact
Bay State Milling Company.
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