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Preface

As a component of food, dietary fibers gained importance when their functional
properties came into the limelight. Their role in gut health was identified to be
significant, and therefore, they are being incorporated into food products in the
market to enhance the health benefits.

This book primarily covers two areas: the fundamentals of dietary fibers and their
health benefits. Under the fundamentals of dietary fibers, the chemical, structural,
and biochemical aspects of a food component are covered. As for health benefits,
emphasis is primarily placed on their benefits imparted to gut microorganisms. The
chapters covering these two areas are positioned in such a way that readers who do
not come from the relevant academic background can go through the content and
realize the importance of dietary fibers for themselves.

As abook that is highly relevant to food chemistry, it is expected that the contents
of the chapters will add to the existing knowledge on dietary fibers and also open
doors to research that would widen the horizons concerning their importance in
health and wellness. From an industrial perspective, it is anticipated that knowledge
shared herein would benefit food manufacturers in making scientific judgments
about the incorporation and processing of dietary fibers in their food products
without causing damage to the functional properties.

I would like to take this opportunity to extend my appreciation to the authors who
have contributed all the wonderful and informative chapters to this book. Also,
heartfelt appreciation goes to the Publisher IntechOpen with whom I have worked
on several publications prior to this one. Last but not least, my appreciation goes to
the Publishing Process Managers Ms. Marijana Francetic and Ms. Marina Dusevic
who were assigned to this book had rendered their fullest support in putting the
materials together and acted on all my requests in a timely manner.

Dr. Viduranga Y. Waisundara
Australian College of Business and Technology,
Kandy Campus, Kandy, Sri Lanka
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Chapter1

Introductory Chapter: The Basics
of Dietary Fibers

Kanchana Samarasinghe, Chamodya R. Dharmadasa
and Viduranga Y. Waisundara

1. Introduction

The purpose of this chapter is to set the stage to the remainder of the content
of the book by providing an overview about dietary fibers, their uses, benefits,
chemistry and biochemical aspects. While the chapters are specific, in-depth and
detailed, the contents of this particular chapter are kept general, so that readers
of the book may gain an understanding of dietary fibers at the very beginning—
especially if they are not familiar with this area of study, and go into a deeper
understanding thereafter.

2. A brief overview of dietary fibers

Dietary fibers are considered a non-digestible form of carbohydrates, due to the
inability of the digestive enzymes to break them down into monomeric units. The
amount of dietary fiber in the diet varies based on the type of food and quantity
consumed by an individual. The solubility of fibers has a significant impact on their
function and therefore, they are classified into two main categories as shown in
Figure1l.

Dietary fibers that are insoluble, such as cellulose, lignin and hemicellulose have
distinct characteristics such as filaments resembling threads, and most insoluble
dietary fibers such as numerous vegetables have a rough feel. Dietary fibers that are
insoluble are less prone to fermentation as compared with soluble dietary fibers [1].
Sources of soluble and insoluble dietary fibers are shown in Table 1. The solubility
of some of the commonly sourced dietary fibers is shown in Table 2. An overview
of non-starch polysaccharides which come under dietary fibers is shown in Table 3.

Dietary Fibers

Soluble Dietary Fibers Insoluble Dietary Fibers

Inulin : { Pectin Cellulose | Lignin
1

p-glucan ‘ | Hemicellulose

Figure 1.
The classification of dietary fibers (insoluble and soluble dietary fibers).
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Soluble dietary fibers Insoluble dietary fibers
Main Pectin Gums Lignin Cellulose Hemicellulose
constituent
Common food Citrus Oats Strawberries Green Bran cereals
source fruits pepper
Apples Cauliflowers Pears Peas Mustard greens
Table 1.

Chemical constituents and common food sources of dietary fibers.

Polysaccharides / food Ingredients Solubility
Locust beans—commonly extracted from carob trees Only soluble in warm water
Carrageenan (lota type) Soluble both in room temperature and warm
water
Carbohydrate gum also generally known as hydroxypropyl Soluble in water in room temperature, but
methylcellulose (HPMC) not in warm water
Table 2.

Common dietary fibers and their solubility.

Non-starch polysaccharides Dietary fibers
Polyglucose Beta-glucan, cellulose and hemi-cellulose
Polyfructose Inulin

Table 3.

Overview of non-starch polysaccharides and their form of dietary fibers.

3. Dietary fibers of importance

Out of all soluble and insoluble fibers, there are some which are of high impor-
tance from a nutritive as well as an industrial perspective which are introduced in
brief as below.

3.1Inulin

Inulin acts as a storage polysaccharide. Inulin has been a component of the
human diet since ancient times. According to BeMiller [2], ancient humans have
consumed a variety of tubers and roots, some of which contain starch and others
which contain inulin or a related gluco-fructan, on all five continents. Thus, it is
very likely that incorporation of inulin in the modern-day diet is of importance as
well due to consistency and exposure.

3.2 Pectin

The proportion of methylation, or the fraction of carboxyl groups bonded
with methanol, is used to categorize pectin products. Pectins are utilized for a
range of jellies and jams in the food industry, due to their unique ability to produce
spreadable gels [2].
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3.3 Beta-glucan

Beta-glucan has been identified as a supportive food ingredient in lowering
cholesterol levels in the blood [3]. In addition, studies have showed that beta-glucan
has the capability to reduce stress level at occasions [4, 5]. The variety of beta-
glucan structures depends on environmental sources. It is a key component of plant
cell walls. Cereal-glucan has been associated with lowering the risk of heart disease,
whereas yeast-glucan has been observed to primarily boost the immune system’s
ability to fight cancer and infections [4, 5].

3.4 Cellulose

As the most well-known dietary fiber of all categories, there are several health
benefits associated with cellulose including reduction of constipation, decrease in
the incidence of diverticulitis, and weight reduction. Owing to its abundance in
plant sources, cellulose is the most common form of dietary fiber that is present
in the mammalian diet and, therefore, is also the most researched dietary fiber
component of all.

3.5 Hemicellulose

Xylose, pentose sugars, and arabinose are components of indigestible hemicellu-
lose [6]. These fibers absorb water while being insoluble and are found in a variety
of fruits and vegetables.

3.6 Lignin

Lignin is thought to have gained its name from the Latin word “lignum,” mean-
ing “wood.” Lignin is composed of phenolic compounds that are covalently linked
to polysaccharides. As lignin-rich food are indigestible, they have a distinct feel than
other food and are sometimes referred to as “woody.” Lignin is an insoluble dietary
fiber that helps prevent the formation of bile stones and lower cholesterol [7]. It also
has aromatic properties.

4. Health benefits of dietary fibers: a summary

Dietary fibers are a very complicated collection of food components. The
consumption of dietary fiber as a whole has several health advantages as it is
linked to lower risk of diabetes, gastrointestinal problems, stroke, and hyperten-
sion [3, 4]. In the small intestine, dietary fibers have an inherent ability to bind
to cholesterol and bile acids, and this ability is hypothesized to be the cause of
the hypolipidemic action [5]. The high fiber content of vegetables, food rich in
protein, various fruits and whole grains make them appealing targets for the
prevention of diseases such as cardiovascular disease and atherosclerosis. Due to
the general importance of food fibers, a huge and prospective market for fiber-
rich foods and components has developed within in the recent years, and there
has been a tendency in recent years to identify specific sources of dietary fiber
that could be utilized in the food industry [8]. Soluble dietary fibers are currently
used as an ingredient in beverages, and it is becoming a global trend in the food
industry at present replacing traditional and other food products that are less in
nutritional value [9].
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In the study of colon cancer formation, the effects of fiber rich diets on
microbial population and fecal matter sterol ratios in the colon have received
much interest at present. This is mainly due to the vital properties of dietary fibers
[10]. Among the shared effects of soluble and insoluble dietary fibers, weight
loss is one of the main benefits that one can experience in addition to decreasing
energy density and inflammation [11]. In addition, dietary fibers prevent syn-
dromes such as bowel syndrome and metabolic syndrome [12]. Adequate dietary
fiber is necessary for the human body to operate properly and to be healthy, free
of NCDs and other diseases and conditions. It is critical that individuals pay closer
attention to their daily fiber intake since fiber plays a vital role throughout the
human body systems.

5. Physiochemical properties of dietary fiber

Dietary fiber is a polysaccharide mixture with several functional abilities that
activates while it moves further in the mammalian gastrointestinal tract. These
actions are a result of its physiochemical structure. Some structural properties of
dietary fiber that helps in its optimal functionality are discussed in the subsequent
sections.

5.1 Particle size and bulk volume

Digestion itself means breaking down of complex molecules into simpler
structures. Equally, for dietary fiber, the size of the molecule plays a major role in
exhibiting its primary functions such as the time taken for fermentation, bacterial
degradation and hydration process.

An experiment conducted on the period of time used for coconut residue to fully
undergo the hydration process showed that reduction of particle size from 1127 pm
to 550 pm enabled them to retain the hydration properties [13]. In addition, it was
observed that the capacity of fat absorption had increased.

5.2 Surface area

The geometrical linkage is an important factor of any molecule, especially in the
instance of dietary fiber as it is capable of resisting digestion unlike other starch-
based molecules. A major reason for this is its characteristic higher surface area.

The availability of dietary fiber to microbial breakdown in the colon is influ-
enced by porosity and accessible surface, whereas the regiochemistry of the surface
layer may play a role in some cases. Moreover, physiochemical characteristics
(certain types of adsorption or binding molecules) are also responsible for some of
the physiological effects of fiber in the diet. The porosity of the material and the
surface area available to bacteria, use of molecular probes such as enzymes or other
molecular probes are all dependent on its surface area. However, the fiber’s architec-
ture is an aspect that is linked to its origin and history of processing [14].

5.3 Solubility and viscosity

Solubility has a significant impact on the functionality of fiber. It is widely
known that soluble, viscous polysaccharides can obstruct nutrient digestion and
absorption in the stomach. The polymer is anticipated to be more energetically
stable in the solid state than in solution if the polysaccharide structure allows
molecules to fit together in a crystalline array [15].
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5.4 Cationic binding and organic molecules

While charged polysaccharides (which including pectins via their carboxylic
acid groups) and related compounds such as phytates in wheat fibers have been
demonstrated to bind metal ions iz vitro, fiber has been associated with limiting
absorption of nutrients. Charged polysaccharides have little influence on mineral
and trace element absorption, although related compounds such as phytates can
be harmful. The capacity of different fibers to sequester and even chemically bind
bile acids has been proposed as a possible mechanism by which dietary fibers rich in
uronic acids and phenolic compounds may have a hypocholesterolemic effect [16].

5.5 The process of hydration

The hydration characteristics of dietary fiber influence their fate in the digestive
tract and explain some of their physiological consequences. Swelling and water
retention capacity give a broad picture of fiber hydration and are relevant for fiber-
fortified diets. Bulk density reveals more about the fiber, including the substrate
pore volume. It contributes to the existing knowledge of how fiber behaves in
food and during the gastrointestinal transit. The physical processes that the fibers
go through before entering the body alter the physical characteristics of the fiber
matrix as well as the hydration properties [17].

6. Physiochemical mechanism of dietary fiber

Dietary fiber metabolizes only through the process of microbial fermentation.
It is a plumber of carbohydrates. This is essentially due to the lack of enzymatic
matter that is essential for breaking the glycosidic bond. The mammalian gastroin-
testinal (GI) tract consists of gut micro-biota, which is capable of fermenting. As
the fiber moves through the GI tract, the gut micro-biota metabolizes it through
fermentation.

Different species of gut bacteria act upon these large polymers of glucose in
order to break them into monomers. Primary degraders such as Bifidobacterium,
Bacteroides and Ruminococcus bromii that have the ability to ferment glucose from
glucose polymers act upon these large polymers of glucose in order to break them
into monomers [18].

Due to the lack of enzymes that initiate the cleavage of glucose from glucose
polymers, a secondary degrader names Firmicute species rely on primary degraders
to release glucose monomers. This process takes place in the lumen. After degrada-
tion the glucose short-chain fatty acid (SCFA—by-product of fermented dietary
fiber), specifically butyrate is absorbed by the colon epithelial cells (bolonocytes).
Later, the remaining SCFA enters the circulation by the portal vein (blood that
transports to liver) [19].

7. Concluding remarks

The study of dietary fibers remains a vital area of study when it comes to food,
nutrition and health. They have been added to a variety of food products asa whole
as a food ingredient that imparts several health benefits, especially when it comes
to the GI tract and the gut microbiome. As a highly studied area, it is hoped that the
contents of this chapter has provided a general understanding of this food component
and thereby demonstrated its essentiality as a nutrient, bioactive and ingredient.
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Chapter2

Psyllium: A Source of
Dietary Fiber

Ranu Agrawal

Abstract

Dietary fiber is commonly known as roughage. Fibers are mostly present in
vegetables, whole grain, nuts, legumes, and fruits. This is an indigestible part of the
food obtained by plants. It includes polysaccharides such as cellulose, hemicellulose,
pectic substances, mucilages, gums and lignin as well. Dietary fiber has beneficial
physiological effect on health, so it is included in daily diet to decrease occurrence
of several diseases. In this sequence, this chapter describes about the dietary fiber,
psyllium commonly known as Isabgol which is prepared from the seed of the
Plantago ovata Forsk (Psyllium ispaghula). Psyllium is hydrophilic mucilloid, has the
capacity to absorb water and increases in volume while absorbing water. Psyllium
consists of mixed viscous polysaccharide in which about 35% soluble and 65%
insoluble polysaccharides (cellulose, hemicellulose, and lignin) are present. This
can be used as gelling, food thickener, emulsifying and stabilizing agents in some
food products. Psyllium is a natural biopolymer which has high quantity of hemicel-
luloses consist of xylan backbone connected with arabinose, galacturonic acid and
rhamnose units. Since last many years it is being used as therapeutic agent in several
diseases like chronic constipation, inflammation of mucous membrane of GIT tract,
duodenal ulcers, piles or diarrohoea etc. It may be source of renewable and

biodegradable polymer.

Keywords: Psyllium, hemicellulose, dietary fiber, therapeutic, lignin

1. Introduction

The term Dietary fiber was coined by Hipsley in 1953 who explained itas a
plant cell wall constituent which was indigestible [1]. Later, in 1982, Kay defined
the dietary fiber as a plant food component present everywhere and consists of
substance having diverse morphological and chemical structure and also cannot
be affected by human alimentary tract enzymes [2]. Dietary fiber was also defined
by American Association of Cereal Chemists as the edible plant’s part or analogue
carbohydrate that are not digested or absorbed in the human’s small intestine and
partially or completely fermented in the large intestine [3]. There are several types
of dietary fiber available. They may be soluble or insoluble types, or natural or
artificial. Among all dietary fibers, psyllium is one of the important dietary fiber.
From last several years it has been focused by various researchers because it con-
tains beneficial pharmaceutical properties.

1 IntechOpen
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2. Psyllium occurrence

Psyllium is scientifically known as Plantago (family Plantaginaceae), a plant
native to tropical regions. Psyllium word is commonly used for greater than 200
species of the Plantago genus. It is also known as isabgol and ispaghula in common
Indian language. Psyllium was indigenous plant of Persia and Isabgol word has
come from the Persian word “band ghoul” means “horse flower” which expresses
the shape of Psyllium seed [4-6]. This plant is generally 10 to 18 inches short
stemmed annual herb which is known by different names in different regional
language such as isabgol, aspaghol, ashwagolam, bazarqutuna, aspagol, blond
psyllium. This plant is extensively grown in many parts of the world. Normally,
psyllium is cultivated for its mucilage substance, which is a white fibrous substance
having hydrophilic characteristics. Plantago ovata and Plantago psyllium species
are generally cultivated commercially to manufacture mucilage. The psyllium
husk (seed coat) is also commercially employed in food industry as in bakeries, ice
creams and candies. India plays a major role to make psyllium available in world
market. In India, Gujarat and Rajasthan collectively have an area about sixty one
thousand hectares for its cultivation. Some popular global brand names of psyl-
lium are konsyl, modane bulk powder, bonvit, meta-mucilage, perdiem fiber,
siblan, psyllium husk, serutan, fybogel etc.

2.1 Psyllium products
2.1.1 Psyllium seeds

Psyllium seeds are dried ripen seeds obtained from Plantago ovata plant. It is
obtained by cleaning seeds from all dust, wastes, stones, agri farm fibers, iron
particles and other impurities. Psyllium seeds are light brown in color and have
faint odor. These seeds are made up of 40% of an essential fatty acid, Linoleic acid.
Along with that, it may have 18.8% protein content, 19% fiber content and 10-20%
triglycerides. It may contain soluble and insoluble fiber. Seed contains mucilage
polysaccharide fiber, which is soluble in nature. Psyllium seeds are graded on the
basis of purity and quality of the seeds.

2.1.2 Psyllium husk

The psyllium husk is actually the outer coating of seed which is made of
mucilage around the seed. This is the main part of the plant which has nutritional
value and used to manufacture psyllium products. This consists of proteins,
polysaccharides, glycosides, vitamin B1 and choline. It contains high fiber content
which is mainly composed of hemicellulose. Hemicellulose is a complex polysac-
charide found in grains, vegetables and fruits, and although it is indigestible, but
it is partially digested in colon part and nourishes to intestinal flora. Psyllium
husk are obtained by processing of removal of outer coating of seed. It contains
about 70% soluble fiber content and 30% insoluble fiber content. Husk is white
fibrous substance and used in various industries like pharmaceutical, cosmetics
and food product. There are various grades of psyllium husk available according
to user needs on the basis of purity and mesh size. Psyllium husk is used as
raw matter to form psyllium mucilage. It is precipitated with alcohol in aqueous
solution and then washed with acetone and dried. Psyllium husk
powder is also processed from the husk by using grinder of various particle
mesh size.

12
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2.2 Psyllium as a functional food

Psyllium is being used in various commercial industries such as in food, phar-
maceutical and other industries. Psyllium is often added to functional food material
due to its various physiochemical properties such as meal replacements, breakfast
cereals, biscuits, bread and in bakery products. It is also added to shakes, juices,
yogurt, syrups, soups and even in ice creams to improve the fiber content of the
food. It is also used as a thickening agent in drinks or frozen desserts. Psyllium
dietary fiber contains supplementary nutrients and phytochemicals which make it
to be taken as whole food and close the fiber gap. The various efforts are going on to
improve physiochemical, biological, sensory and functional properties of psyllium
to enhance its utilization in food and safety. Psyllium has an extreme water absorb-
ing capacity so it is not dispersed in water or aqueous solutions.

Psyllium has been focused by many researchers giving many approaches to
improve its functionality. Food and drug administration (FDA) in 1998 recom-
mended that cholesterol can be lower or attained in adequate amount by including
lesser amount of fiber in daily diet. Mucilage present in seed husk has significant
property as a thickener that can be used in food industries. It can be used as an
ingredient of chocolate and other foods. It can be utilized as a main stabilizer in
ice-cream. It improves the taste of mouth and feel of drinks or flavored drinks by
making them more consistent and richer. Fiber supplements are demanded by con-
sumers due to its pleasing taste and good storage stability. It can be employed asa
foundation of cosmetics and for sizing functions. The psyllium husk has good bind-
ing capacity so it can be used as good binder and can be disintegrated in compressed
tablets. Psyllium produces jelly like structure when it is treated with hot caustic soda
which may be a substitute of agar-agar gel. Psyllium seed gum has been employed to
prepare germicidal lubricating gel and dry dentifrice powder. It can also be used as
a constituent of petroleum. It can be used as cattle feed and by mixing with jaggery
in case of lactating cattle. The de-husked seed may be used as bird feed which is
about 69% of the total seed crop weight. Husk has been considered very safe for
use in nutraceutical and functional food. The use of psyllium husk in various food
products has been approved by FDA [7]. Psyllium seeds have been used for many
years in traditional medical prescription. Psyllium supplements are used as fiber
formulation in high fiber consumer products including powder, granule, wafer,
and capsule forms. Because psyllium has pharmacological effects, it is used to make
fortified food.

Psyllium consists of a great amount of soluble fiber which fulfills daily dietary
fiber recommendation of the body. The soluble fiber of psyllium effects the body
lipids and proteins and related to metabolic processes. Bakery products are manu-
factured formulating different dosage of psyllium husk up to the possible level
without causing harmful change in quality. The varying dosage of psyllium can
also be given in hypercholesterolemia considering hormonal status in men and
women as pre and post menopausal women. In postmenopausal women, about 15
gm daily dose can significantly decrease total cholesterol level and reduces the risk
of coronary heart diseases whereas no significant decrease of total cholesterol was
observed in premenopausal women. Psyllium dosage did not affect concentration
of triglycerides, apolipoprotein Al and apolipoprotein B in pre and postmenopausal
women. In diabetic patients, higher glucose level and in hyperlipidemia due to more
polysaccharide contents psyllium is added in processed food to control weight by
its gel forming nature. The presence of bioactive substance arabinoxylan in fiber
improves the quality of baking products and marked therapeutic potential. In the
patient of celiac diseases, psyllium is added to bread dough with 93% acceptance

13



Dietary Fibers

rate whereas in non celiac disease patient acceptance rate is 97%. While making
bread dough products having chemical composition less than 42.3% fat and less
than 32% calories, psyllium can replace gluten in composition. By this way, prod-
ucts made with psyllium fiber contain less fat and lower calories. Psyllium fiber
significantly increases water absorption determined by Farinograph (rheological
device), simultaneously as increasing its amount. Psyllium contents increases

the Falling number (FN) index of wheat flour by increasing its water absorption
capacity, in addition to decrease in a« amylase activity. Psyllium is studied for the
development of “spongy dessert” by adding its mucilage powder which is extracted
from the psyllium seeds. This mucilage powder is also added to prepare milk solid
dessert made from low fat cow milk. The developed herbal dessert product may
contain nutrients low in carbohydrate, high protein and dietary fiber, saturated fats,
free from trans fats and lesser calories. It also has the properties to make relief from
acidity and constipation.

Psyllium gums and mucilage are naturally occurring biopolymers. Their applica-
tions in pharmaceutical, neutriceutical and biotechnological fields are increasing
day by day. Psyllium has been successfully used as a thickening agent, colloidal
stabilizer, and as a gelling agent for past many years in the food industries as well
as pharmaceutical industries. Psyllium mucilage characteristics make them unique
for using as a matrix for delivery and/or for entrapment of different drugs types,
proteins and cells. Being a natural polysaccharide it is very important in industrial
applications.

Psyllium functions as prebiotics which is a substance required for the healthy
microbial colonies of probiotics growing in the gut. These are gut microbiome
which make an essential ecosystem of microorganism inside the colon. Healthy
colony of microorganisms in gut is also necessary for strong immune system and
makes your body efficient to fight against infection, maintain healthy cells and
tissues and reduce inflammation. In addition to, prebiotics make easier bowel
movement in patients suffering constipation. Psyllium husk support the gut micro-
biome and it is beneficial for gut microflora particularly in constipated patients
[8]. Psyllium plays an important role to increase the production of short chain
fatty acids such as propionate and butyrate that are required for microbial health.
Another characteristic of psyllium is to retain water in the small intestine, in this
way water flow increases into the ascending colon.

3. Characterization of Psyllium

Various researchers investigated morphology and thermal behavior of psyllium
using spectrophotometric method like FT-IR and thermo-gravimetric analysis. The
FT-IR spectrum of psyllium shows an absorption peak at 3401 cm™ which attri-
butes —OH (alcohol) stretching. An absorption band at 2926 cm™ is credited to C-C
stretching band of alkanes, on the other hand band at 1050 cm™ is due to C-O-C
stretching of ether representing polysacchrarides. The absorption band at 896, 714
and 613 cm ™" may be attributed to polymer chain bending [9].

Scanning electron microscopy study of psyllium reveals its surface structural
morphology. The powder form of psyllium shows irregular shape matrix of unequal
size which are structural constituents of fiber. There are not significant differences
in physical structure of fiber and show irregular matrix of protein and fiber. At
higher magnifications, the psyllium’s complex ultra-structure shows a hard surface
deficient with granular structures, which presents proteinaceous and fiber material
of psyllium. Micrograph shows presence of small cavities or pores which may affect
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the physicochemical properties like water holding and oil absorption capacity of
psyllium [9-11].

Thermal characterization reveals broad information about thermal transi-
tion and thermal stabilities behavior of psyllium. DSC (Differential scanning
Calorimetry) technique is useful for providing thermodynamic property of
conformation transition state of polysaccharides. During conformation transition
in DSC measurements obtained endothermic peaks show melting of structural
domains [11].

4. Physicochemical properties

The physiological properties of dietary fiber are associated mainly with its
solubility, viscosity, water-holding capacity, bulking ability, binding ability, fer-
mentability and so on [11, 12].

4.1 Solubility

According to solubility in water, dietary fiber may be of two type i.e. soluble
fiber and insoluble fiber. This nature of dietary fiber makes them technologically
and physiologically functional. Presence of soluble fiber content increases solubility
of dietary fiber and reduce plasma cholesterol and glycemic response [13]. Insoluble
fiber content provides porosity and low density which increase fecal bulk when
ingested in diet and decrease in intestinal transit. In food processing procedures,
use of soluble fiber in food products formulate them more beneficial because
psyllium gives viscosity, which makes them able to form gel or they can also act as
emulsifiers in comparison to insoluble fiber.

4.2 Viscosity and gel formation

Viscosity is a physicochemical characteristic which is associated with soluble
dietary fiber contents like pectins, gums, and glucans. Viscosity and gel formation
capacity is linked to soluble fiber’s capacity of absorbing water and formation of
gelatinous mass [14]. Soluble fiber forms gel and increases the viscosity of gastro-
intestinal tract contents. This phenomenon may clear the delayed gastric clearance
often linked with fiber ingestion. This viscous nature of fiber also gives lubrication
of stool [15].

4.3 Water-holding capacity

Water holding capacity (WHC) term is defined as the quantity of water which
is held by known mass of dry fibers or hydrocolloid under certain conditions as
temperature and time duration of soaking. In general, the polysaccharide contents
of dietary fiber are hydrophilic in nature and water is retained on the hydrophilic
sites on the fiber on surface or in void spaces of the fiber molecules [16].

4.4 Binding ability
Dietary fiber can trap bile acids secreted in small intestine by gall bladder. These

soluble fibers make gel matrix that finally exit in feces. The physical entrapment

comes into view in the terminal part of small intestine where bile acids are usually
reabsorbed [17].
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4.5 Fermentability

The fermentation ability of fiber is highly variable which ranges from non ferment-
able lignin to almost complete fermentable pectin. The fermentation of soluble fiber
takes place to greater extent by colonic bacteria but insoluble fiber are not fermented.
The ability of soluble fiber to be fermented makes the psyllium physiologically effective.
Plants have different proportions of fiber on the basis of fermentability such as rapidly
fermented, slowly fermented and unfermented fiber. Some fruits as apples and bananas
and vegetables like beans and potatoes contain rapidly fermented fiber and may contrib-
ute less to bulk feces in comparison to other fiber. Psyllium and wheat bran are consid-
ered to ferment at slow rate at the entire length of colon and contribute more fecal mass.

4.6 Bulking ability

Insoluble fiber, like lignin and cellulose, generally may remain unfermented by
microflora present in colon and take part to increase fecal bulk by forming particles
and holding water. Wheat bran is considered as the best bulking agent. Some fer-
mentable fiber as hemicellulose present in cabbage can increase fecal bulk by rising
fecal flora. On the other hand, extremely fermentable fiber like pectin shows very
little effect to increase fecal bulk.

5. Chemical composition

Psyllium fiber is viscous in nature and beneficial for human health, in preven-
tion as well as treatment of diseases. Psyllium contains soluble and insoluble fiber
contents. Psyllium fiber contains mainly mucilage, which is found in seed coat. The
mucilage is extracted by grinding of outer coat of the seed. It is clear, colorless and
gel forming agent. Psyllium is a mixture of polysaccharides, for example, hexoses,
pentoses, and uronic acid. Mucilage is composed of about 15% non-polysaccharides
matter such as fat and protein and remaining 85% yields a single polysaccharide
containing D-xylose (~62%), L-rhamnose (~9%), L-arabinose (~20%), and
D-galactouronic acid (~9%). The 3-D-xylose residues in the pyranose ring form a
linear backbone of polysaccharide. Disaccharide side chain is linked with terminal
a-D-galactouronic acid and O-2- of a-L-rhamnose. In the polymer backbone, all the
three side chains are linked to either O-2 or O-3 of xylose. The backbone has both
p (1>3) and p (1>4) glucosidic linkage (Figure 1). Total protein fraction is about
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Figure 1.
Avabinoxylan structure.
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globulin 23.9%, albumin 35.8%, and prolamin 11.7%. Psyllium seeds also yield oil
which has high content of unsaturated fatty acids such as oleic acid (39.1%) and
linoleic acid (40.6%) and small amount of linolenic acid (6.9%).

Psyllium husk also has a high quantity of hemicellulose which consists of a
xylan backbone associated with rhamnose, arabinose, and galacturonic acid units
(arabinoxylans). The seed is composed of 35% soluble fraction and 65% insoluble
polysaccharides such as cellulose, hemicellulose, and lignin. Psyllium is a hydro-
philic mucilloid and highly branched arabinoxylan polysaccharide consisting of
high water holding and gel formation ability. Gel-forming fraction of the polysac-
charides consists of xylose, arabinose, and other sugars in trace amount.

6. Drug delivery studies

Drugs are not often administered in the body as only pure chemical substances,
but are generally given through drug delivery system (DDS). The DDS should
consist of active pharmaceutical component in association with inert or excipients
substances. Drugs are transformed to dosage forms by adding one or more sub-
stances which may be referred as excipients, essentially these materials must be
pharmacologically inert. These ingredients may be used to achieve certain goals
such as to modify appearance, improve handling, enhancing physical property like
absorption, efficiency, retention time. In different kind of diseases such as chronic
constipation, inflammation of mucous membrane of gastrointestinal and genito-
urinary tracts, diarrhea, and duodenal ulcer, piles, gonorrhea, etc. Psyllium is used
as bulk forming, demulcent, non-irritant laxative drug and as a cervical dilator etc.
So, the psyllium plays an important role in drug delivery system or pharmaceutical
application as well as dietary supplements.

A large number of polysaccharides containing excipients that are obtained from
natural sources possess their own importance. They have different properties which
makes them to be used in variety of applications like binding agents, suspending
agents, coating materials, granulating agents, rising viscosity of aqueous solution
and easily dispersible material in pharmaceutical industry. Natural occurring poly-
saccharides are hydrocolloid polymer, which can be used as gel forming substance,
binder, sweetener, flavoring agent, taste masking agent, lubricants to make easy to
swallow component. A recent need of this area is to study such natural occurring
useful substances which tend to have the property of biodegradability, biocompat-
ibility and non-toxicity.

Psyllium seeds and husk are broadly used in pharmaceutical application as an
emollient laxative, demulcent, drug therapy to regulate lipid and glucose levels
and various diseases. There are several drug delivery systems have been explored
to deliver drug for the therapeutic purposes, for example hydrogel, which is made
of natural polymer and proved as an excellent carrier for the drug molecule by
controlling its release and target. Psyllium has been attracted by researchers due
to having a neutral pH, extended transportation time and reduced enzymatic
activity.

Psyllium acts as an anti-ulcer agent itself. Singh and coworker investigated
that using psyllium with rabeprazole drug as drug carrier, may increase the drug
therapeutic potential [18]. Psyllium fiber is one of the important gel having glucose
dropping effect. Psyllium reduces hyperglycemia by inhibiting glucose absorp-
tion in intestine and also improves motility. As per pharmacological view, its
polysaccharides have significance to decrease glucose absorption. Drug delivery
strategies which are associated with hydrogel psyllium and properly modified for
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the synthesis of hydrogel can efficiently function as high potential candidate to

get better drug delivery systems [19]. Anderson and colleaguesinvestigated use of
psyllium for long term action of mild to moderate hypercholesterolemia [16]. Daily
tolerate dose of psyllium was observed i.e., 11.5 gm and side effects were for short
duration or minor or not related to treatment.

A grafted natural polymer of psyllium has been synthesized and used to formu-
late in different types of drug delivery system. The haemocompatibility of psyllium
was checked by learning the blood relations with graft copolymer with context to
thrombogenicity and haemolytic potential also. Thrombogenicity results indicated
non-thrombogenic effect of graft copolymer as the thrombus percentage and
weight of clot shaped of polymer was in lesser amount in comparison of positive
control [20].

In recent studies, colon specific drug delivery systems have been significant. It is
investigated that treatment of colon associated diseases requires more colonic con-
centration of drug in the colon. So, there should be a flexible approach for effective
therapy to deliver drug to colon. In conventional therapy system does not complete
pharmacokinetic profile, especially for the poisonous drugs having good thera-
peutic index. Therefore, in ideal situation a good profile can be achieved by using
natural polysaccharides matrix which can preserve good therapeutic index as well
as controlled drug delivery. The optimum pH for drug release medium was studied
for drug loaded hydrogel at different pH medium. The amount of drug tetracycline
hydrochloride, tyrosin and insulin were released maximum at pH 7.4 in comparison
to pH 2.2 buffer and distilled water. The observation was considerable for colon
specific drug delivery systems. Polysaccharides based drug delivery devices can be
considerably better candidates than different hydrogels for controlling drug release
[21]. It may be used as fabricated acrylic based graft copolymer for colon precise
drug delivery. The model drugs as tetracycline hydrochloride, tyrosine and insulin
dynamics were let out from tailored psyllium with acrylic acid cross linked copoly-
mer drug laden hydrogel. The tailored psyllium was formed with methacrylamide
poly (MAAm), 2-hydroxylethylmethacrylate (2-HEMA), acrylamide (AAm),
poly(vinyl alcohol) and poly(acrylic acid) based polymeric networks. In this case,
the released contents of water soluble drug get trapped in hydrogel when water
moved in the network of swelled polysaccharides and drug get dissolved followed
by aqueous pathways along with diffusion to the device surface. The amount of
released drug was found more at pH 7.4 buffer solution.

Psyllium was studied for delivery of anticancer drug 5-fluorouracil [18]. Drug
could be released in different pH buffer with psyllium and that was pH unrespon-
sive. This drug was released from drug laden hydrogel (per gram) psyllium. The
other drug tetracycline hydrochloride and rifampicin could be released from the
tailored psyllium which was developed by radiation crosslinked polymerization
with methacrylamide. Rifmapicin is a broad spectrum antibiotic used for the
treatment of Mycobacterium contagions as tuberculosis and laprosy and also it is
used against methicillin-resistant Staphylococcus aureus bacteria in combination
with fusidic acid. Hydrogel composed of crosslinked macromolecular chain which
makes entangled mesh structure, forming a matrix for the entrapment of the drugs.
When drug laden matrix comes in touch with solvent, polymeric backbone of
hydrogel become relaxed and liquefied drug get diffused into the outside discharg-
ing medium. The more swelling of gel makes the fast release of drug from the
polymer matrix.

Thrombogenicity as well as haemolytic potential of psyllium hydrogels was
studied for accessing the blood connection with graft copolymer and found there
was very low percentage of clot and thrombus formed. The clot formation was
lesser in the membrane in comparison of positive control so these polymer were
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classified as non-thrombogenic. Psyllium PVA-hydrogel may be partial hemolytic
as studied suggested. Psyllium-poly(acrylic acid) was studied for electrical stimulus
sensitive drug delivery system. The swelling property of psyllium hydrogel polymer
was measured comparing with artificial biological fluid. Maximum swelling was
observed in artificial biological fluid. On electrolysis, rapid swelling was observed
due to dissociation of solvent system into ions which made easy entrance into the
gel network. Swelling property of graft copolymer was a main function of chemical
architecture.

7. Pharmaceutical uses

Psyllium is naturally found swellable biomaterial. It has been used as a traditional
medicine since a long time. It is currently being of great interest for utilizing in
pharmaceutical industry. Seeds of psyllium are used to thicken tablets and capsules
at the time of manufacturing, because it contains hexoses, pentoses and uronic
acids. Some studies reported antioxidant properties of psyllium which may be very
effective for the treatment of inflammatory bowel disease. Phytochemical stud-
ies revealed that biological activity of psyllium attributes to the presence of some
secondary metabolic products such as aucubin glycosides, flavanoids, fixed oil
contents, tannin, sugar, sterols and proteins as well as hydrocolloidal mucilage which
is present in the outer seed coat [22]. It has been found most effective to cure various
physiological disorders for example, it reduces blood cholesterol levels thus decrease
risk factors of cardiovascular system diseases. Cardiovascular diseases are the num-
ber one cause of death globally. Earlier studies showed that psyllium seeds affect
the immune system of rabbits by reducing anti-HD antibodies and increases white
blood cells amount in the blood as well as spleen leucocytes. It has been also shown
the extract of psyllium may be used in diabetes treatment. It can control blood sugar
level by reducing hyperglycemic condition in type 1 and type 2 diabetes. This dietary
fiber is also used as fiber supplements to regulate bowel function in intestine.

8. Therapeutic benefits

Psyllium is much more beneficial for healthy life. It is extensively considered
safe, medically secure and efficient for treatment of certain type of diseases when
recommended dose is taken.

8.1In hepatic diseases

In cell, due to over generation of free radical oxidative stress developed which
may lead to cell damage resultantly various disorders can happen as liver dysfunc-
tion. The natural antioxidants present in psyllium as polyphenols and flavanoids
may prevent cells from oxidative stress and damage. So, it may act as free radical
scavenger and may be used to cure various disorders. Mekky and coworkers inves-
tigated antioxidant activity of psyllium seeds to protect against CCl, (free radical)
induced-hepatotoxicity experimentally [23]. It also has enhanced endogenous
antioxidant capability of hepatic tissue and inhibited lipid peroxidation.

8.2 Bowel diseases

Psyllium fiber supplementation may be useful to cure irritable bowel diseases,
inflammatory bowel disease and ulcerative colitis. This useful effect is most likely
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associated with its anti-constipation action. Psyllium fiber when reaches to intes-
tine, is digested by anaerobic fermentation and resultantly short chain fatty acids
like butyrate, acetate and propionate are produced, which have antioxidant and
anti inflammatory property. Increased concentration of short chain fatty acids may
yield high energy to colonic mucosa because they act as a substrate for oxidation.
So along with constipation activity increased level of short chain fatty acids have
helpful effects on ulcerative colitis and inflammatory bowel disease. Chaplin and
colleague showed psyllium supplementation which might be applicable in diseases
like hemorrhoids and diverticulitis [24]. It may be beneficial to cure hemorrhoids by
reducing bleeding when come in contact and of congested hemorrhoidal cushions
[25]. Psyllium dietary fiber supplement regulates bowel function. It may reduce
the risk of diseases like diabetes, obesity, and certain gastrointestinal disorders by
taking sufficient quantity in daily diet.

8.3 Gastrointestinal disorders

Most dietary fiber sources activate laxation which increase conic contents and
stimulate propulsion in intestine. Fiber undergoes for anaerobic fermentation
and incompletely fermented or unfermented fibers associate with moisture holds
and increases mass of stool. These fibers also function as substrate for microbial
growth and this additionally bacterial mass also increases total colonic content [16].
Unfermented gel of psyllium fiber also functions as an emollient and lubricant
which leads to easy passage of the stool movement. Psyllium fiber is used widely as
a fiber supplement to cure constipation as it increases moisture level and total mass
of dry stool. It has been proposed that 1 gram of psyllium fiber can increase 5.9-6.1
gram of stool weight. This was more effective in comparison with oat bran fiber and
wheat bran fiber. Psyllium fiber has the great ability to hold water so it has also been
shown to slow the time of gastric empty and colon transit. This is the opposite of
the preferred effect against constipation but it is beneficial for persons with diar-
rhea or uncontrolled fecal defecation with liquid stools [26].

8.4 Cardiovascular diseases

Psyllium fiber intake in daily diet reduces risk of coronary heart diseases. It
was approved by the US Food and Drug Administration (USFDA) in 1998 under
the Nutrition Labelling and Education Act which was linking with study of psyl-
lium fiber. Psyllium fiber has the properties to lower cholesterol. LDL-cholesterol
and total cholesterol are recognized as biomarkers or risk factors for heart disease.
Program in food safety, nutritional and regulatory affairs (PFSNRA) in 2006
suggested that 7 grams of psyllium soluble fiber intake in diet resulted significant
physiologically reduction of LDL-cholesterol which ranges from 0.047% to 0.86%
per gram fiber basis.

9. Conclusion

Psyllium is obtained from the seed of the Plantago ovata Forsk (Psyllium ispa-
ghula), a rich source of dietary fiber. Psyllium consists of mixed viscous polysac-
charide in which about 35% soluble and 65% insoluble polysaccharides (cellulose,
hemicellulose, and lignin) are present. Psyllium is a natural biopolymer which has
high quantity of hemicelluloses. It may be a source of renewable and biodegradable
polymer. The physiological properties as solubility, viscosity, water-holding capac-
ity, bulking ability, binding ability, fermentability make psyllium effective for the
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use as medicine and functional food. Psyllium is much more beneficial for healthy
life. It is extensively considered safe and secure medically and efficient for treat-
ment of certain type of diseases such as hepatic diseases, gastrointestinal diseases
and cardiovascular diseases. Psyllium has been currently being of great interest for
utilizing in pharmaceutical industry.
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Chapter 3
Dietary Fiber and Dyslipidemia

I. Gusti Ayu Nyoman Danuyanti and Z.S. Ahmad Fahrurrozi

Abstract

Fibers are abundantly found in vegetables, fruit, beans, cereals, seeds, and tubers.
Beans and seeds, alongside prevailing as both of the fiber sources, are the sources of
vegetable protein as well. Whereas tubers are a carbohydrate source, which people
deem as a staple food. Fiber intake in diets, particularly soluble fibers, has the ability
to produce gel in the intestines, inhibiting glucose and cholesterol absorption.
Dietary fibers have the ability to bind bile salts in the digestive tract, and disturbed
bile reabsorption will stimulate bile synthesis in the liver. Dyslipidemia has a signifi-
cant role in systemic responses and inflammation in adipose tissues. Inflammation
can increase intestinal permeability and adipose tissues. Dyslipidemic management
is carried out by altering lifestyles, intervening in suitable diets to reduce LDL levels,
and increasing HDL levels. The degree of compliance with diet interventions is
seminal to ensure successful dyslipidemic management.

Keywords: Fiber, Dyslipidemia, Management

1. Introduction

Dyslipidemia as one of the risk factors of metabolic syndrome is the abnormality
condition of lipid profile, marked by the increased triglyceride levels (TG), total
cholesterol, low density lipoprotein (LDL) cholesterol, and low level of high density
lipoprotein (HDL) cholesterol. Dyslipidemia is triggered by lifestyle changes with
the tendency of consuming high fat but low fiber food and sweet beverages with
high level of fructose alongside with the lack of physical activity [1-4].

High fat dietary with saturated fatty acid and trans fatty acid substance initiates
the rising of LDL cholesterol, reduces the level of DHL cholesterol, and arouses oxi-
dative stress on endothelium blood vessel as the result of over production of reactive
oxygen species (ROS) that will oxidize extracellular LDL, developing oxidized LDL
[5, 6]. On the other hand, high fructose dietary initiates insulin resistance through
the reduction of insulin receptor sensitivity [7, 8]. Insulin functions as expression
control of sterol regulatory element binding protein (SREBP), roles in the regula-
tion and biosynthetic of fatty acid and cholesterol in liver [1, 9, 10]. As a result, it
can increase SREBP expression and appropriately stimulates liver lipogenesis and
triglyceride synthesis enhancement in liver.

2. Dietary fiber and dyslipidemia
2.1 Fiber

Fibers are mostly found in food with a low glycemic index [11], so the higher the
fiber level contained in the food, the lower the glycemic index. This is because fibers
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bring the food bolus into a more viscous condition (gel-formed), thereby slowing
down the food digestion process [12-14].

Fibers are abundantly found in vegetables, fruit, beans, cereals, seeds, and
tubers. Beans and seeds, alongside prevailing as two fiber sources, are also the
sources of vegetable protein, whereas tubers are a carbohydrate source, which
people deem as a staple food. An example of fiber sources from tubers is sweet
potatoes (Ipomoea batatas), which contain fibers of 3-4.2% [15, 16]. Meanwhile,
fibers in sweet potato starch are 5.54% [17]. In addition to sweet oranges, yellow
pumpkins belong to the vegetable group possessing beta carotenes and considerable
high fibers. Previous research attested that yellow pumpkin starch contained fibers
by 10-12.24%, while fresh yellow pumpkins contained fibers by 2-3% [15, 18, 19].

Fibers, by definition, are carbohydrate polymers which indigestibled in small
intestines but are managed to be fermented by bacteria in the colon [11]. Following
their characteristics, fibers are classified into eight, as listed in detail in Table 1.

Referring to the Dietary Reference Intake (DRI), fibers are classified into three
[12, 21]:

1. Dietary fibers are carbohydrates and lignin, which in terms of intrinsic, intact
in plants, and indigestible.

2. Functional fibers are carbohydrates, which indisgestibled but beneficial
for humans.

3.Total fibers are a combination of dietary fibers and functional fibers.

Food products with 2.5 g of fibers/portion are considered as a good source of
fibers, and those with 5 g of fibers/portion are considered an excellent one [20, 22].
Dietary fibers are not correlate with energy building, however, after experiencing
fermentation in the colon, the fibers were capable of increasing the volume of feces,
enhancing laxative products, softening stool consistency, and forming a short-chain
fatty acid (SCFA) contributive to health [11, 23, 24].

2.1.1 Dietary fiber

Dietary fibers are a part of plants, which consumabled and collated from carbo-
hydrates and lignin in plants, resistant to the digestive and absorption in the small
intestines and experiencing a partial or simultaneous fermentation in the colon
(Brownlee, 2009). The sources of dietary fibers are not only vegetables and fruit but
also beans, cereals, seeds, and tubers [24, 25].

The fermentation process, undergone by dietary fibers in the colon, broke down
dietary fibers into SCFA, giving the physiological functions, beneficial for health
[26]. Primary short-chain fatty acids created by acetate, butyrate, and propionate
simultaneously contributing to the mineral absorption process, fat metabolism,
and anti-inflammation [26]. The degree of fiber fermentation which creates SCFA
products is presented in Table 2.

Some factors which affected fiber fermentation were types of substrate (the
chemical structure of fibers and solubility), specific microbes (gut microbial activi-
ties and population), and transit time in the digestive tract [27, 28].

Butyric acid is needed in maintaining the balance of colon cells by increasing
the growth and differentiation of cells and demonstrates higher anti-inflam-
mation than acetate and propionate. Acetate is imperative in increasing ileal
motility as well as blood flow to the colon and increasing lipopolysaccharides
in relation to Tumor Necoris Factor (TNF), Interleukin-6 (IL-6), and Nuclear
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Classification

Types of fiber

1. Dietary fibers

Lignin

Cellulose

p-glucan

Hemicellulose

Pectin

Gums

Resistant starch

2. Functional fibers

Resistant dextrin

Psyllium

Fructooligosaccharides

Polydextrose

Isolated gums

Isolated resistant starch

3. Soluble fibers

B-glucan

Gums

Wheat dextrin

Psyllium

Pectin

Inulin

4. Insoluble fibers

Cellulose

Lignin

Several types of pectin

Several types of hemicellulose

5. Fermentable fibers

6. Non-fermentable fibers

Wheat dextrin

Pectin

p-glucan

Guar gum

Inulin

Cellulose

Lignin

7. Viscous fibers

Pectin

p-glucan

Guar gum

Psyllium

8. Non-viscous fiber

Polydextrose

Inulin

Table 1.
Classification by-characteristic of Fibers [20].
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Sources of fibers Fermentation (%)

Mono/oligosaccharides

Pectin

Bran

Cellulosa

Lignin

Table 2.
Degree of Fiber fermentation [27, 28].

Factor Kappa Beta (NFxp) by increasing periphery antibody production.
Propionic fatty acid decreased food intake and increased satiety by suppressing
leptin activities and activating G protein-coupled receptor-43 and -41 (GPCR-43
and GPCR-41) [22, 24, 26].

Dietary fibers, classified by the solubility properties, were soluble dietary fibers
and insoluble dietary fibers [20, 25, 26]. Soluble dietary fibers contributed to
forming thick solution (viscous), slowing down gastric emptying and absorption of
nutrients including glucose so as to control plasma glucose levels, whereas insoluble
dietary fibers functioned to overcome digestive tract disorders, increase the volume
of feces, and shorten the transit time of feces in the colon [14, 20].

2.1.2 Soluble dietary fiber

Inulin, resistant starch, and soluble polysaccharides are soluble dietary fibers.
Inulin is a fructooligosaccharide (FOS) class of carbohydrates important to the
digestive system, increase the number of intestinal L cells in the proximal part
of the colon, elevate SCFA production, decline the pH of the colon so inhibit the
growth of pathogenic bacteria, increase the volume of feces, and avert constipa-
tion. Inulin is customarily used in food industries as a substitute for fat and sugar,
specifically in low-fat food products [14, 29, 30].

Resistant starch is kind of starch or a starch-degraded product undigested in the
human small intestine [31] and could be categorized into four [32]:

1. Resistant starch 1 (RS1) is starch whose resistance formed after encapsulated
in an indigestible matrix.

2. Resistant starch 2 (RS2) is starch whose granules are not gelatinized so they
were slowly hydrolyzed by a-amylase.

3. Resistant starch 3 (RS3) is starch formed when food containing a cooked and
cooled starch.

4. Resistant starch 4 (RS4) is starch which has been chemically modified.

Starch is composed of amylose and amylopectin which could experience gelatini-
zation when being cooked and is easily hydrolyzed by amylase enzymes [22, 31, 33].

Water-soluble polysaccharides (WSP) were water-soluble dietary fibers as a
plant’s component which could not be enzymatically degraded into a subunit which
could be absorbed in the stomach and small intestine. Water-soluble polysaccha-
rides were primarily used by food industries to achieve food quality in regard to
viscosity, stability, texture, and appearance [34].

30



Dietary Fiber and Dyslipidemia
DOI: http://dx.doi.org/10.5772/intechopen.98838

Dioscorea contained glucomannan, including in the WSP group which could
develop and thicken in water [14, 34].

2.1.3 Insoluble dietary Fiber

Insoluble dietary fibers comprised carbohydrates which contained cellulose,
hemicellulose, and non-carbohydrates with lignin [20, 33]. Insoluble dietary fibers
were more frequently found in vegetables, wheat, cereals, and beans. They have
several functions, e.g., increasing the volume of feces and shortening the transit
time of feces in the colon. Because of these functions, they were often exerted
to treat digestive tract disorders, such as constipation, diverticular diseases, and
irritable bowel syndrome [24, 25, 33].

What is contained by insoluble dietary fibers tremendously determines the
physiological effects of the fibers. For instance, cellulose and hemicellulose retained
water in feces, enhanced peristalsis of the colon, escalated the colon performances,
and reduced the colon intraluminal pressure; whereas lignin is physiologically
pivotal in binding minerals, increasing the secretion of bile acids, and acting as an
antioxidant [24, 35].

2.1.4 Functional fibers

Functional fibers were also insoluble dietary fibers which were indigestible
and has beneficial effects as some other dietary fibers has different psychological
effects [22, 25]. It is because rich-fiber food also contained bioactive phyto-
chemicals which has additional benefits [33, 36]. Components of dietary fibers
considerably determined psychological effects bred. Psychological functions of
dietary fibers could bring on the occurrence of some diseases protective effects,

e.g. [32]:

1. Giving glycemic controls and insulin responses to patients with diabetes
mellitus.

2.Improving intestinal health through the functions of fibers as prebiotics and
protagonist cultures in patients with colon cancer, ulcerative colitis, inflamma-
tory bowel disease (IBD), diverticulitis, and constipation.

3. Fixing blood lipid profile in cardiovascular disease and dyslipidemia.
4.Increasing satiety and reducing energy intake in obesity.

5.Increasing micronutrient absorption in patients with osteoporosis.

2.2 Fiber and dyslipidemia

One of the indicators of dyslipidemia is an increase in LDL-cholesterol levels and
a decrease in LDL-cholesterol levels so the first target of a dyslipidemic therapy is
LDL management. Dyslipidemic management is carried out by altering lifestyles,
intervening in suitable diets to reduce LDL levels, and increasing HDL levels
[14, 37]. The degree of compliance with diet interventions is seminal to ensure
successful dyslipidemic management. Recommended dietary patterns for dyslipid-
emia are listed in Table 3 [14, 37].
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No. Nutrition Recommended intake

1. Total fat 25-35% of the total calorie

2. Saturated fat Less than 7% of the total calorie

3. Trans fatty acid 0

4. Polyunsaturated acid Maximal 10% of the total calorie

5. Monounsaturated acid Maximal 20% of the total calorie

6. Carbohydrate 50-60% of the total calorie

7. Fiber 25-30 g/day

8. Protein +15% of the total calorie

o. Cholesterol Less than 200 mg/day

10. Total calorie (energy) Energy intake and expenditure should be in balance to maintain the

desired body weight and prevent weight gain.

Table 3.

Recommended dietary patterns for patients with Dyslipidemia [14, 37].

The recommended dietary patterns should be in control using the following
indicators [14, 24, 28]:

1. An increase in saturated fat in the diet by 1% would increase LDL by about 2%.
A decrease in saturated fat intake would decrease LDL levels by 8%.

2. High saturated fat intake correlated with high coronary heart disease within a
population.

3.Trans fatty acid is able to increase serum LDL levels so it would be better not to
consume or consume it at a minimum intake level.

4.1f monounsaturated, fatty acid changed saturated one, it is able to reduce LDL
but not HDL or increase triglycerides.

5.1f polyunsaturated fatty acid changed saturated one, it is managed to reduce
LDL and, at a high dose, HDL too.

6.1f saturated fat and trans fat intake are minimal, restricting total fat intake is
unnecessary.

7.Carbohydrate intake should be less than 60% to reduce risks of decreased HDL
and increased serum triglycerides.

8.Consuming 5-10 g/day of soluble fibers is managed to decrease LDL
levels by 5%.

Fiber intake in diets, particularly soluble fibers, has the ability to produce gel
in the intestines, inhibiting glucose and cholesterol absorption [38]. Dietary fibers
have the ability to bind bile salts in the digestive tract, and disturbed bile reab-
sorption will stimulate bile synthesis in the liver. Cholesterol is a precursor to bile
synthesis, so increased bile synthesis would decrease cholesterol levels in the blood
[39]. Short-chain Fatty Acid (SCFA), yielded from fiber fermentation in the colon,
is also substantive in inhibiting the activity of hydroxymethyl GLUTaryl-CoA
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reductase (HMG-CoA reductase) enzyme which is needed in forming mevalonates
as the primary product for cholesterol synthesis [24, 38, 40].

Dyslipidemia has a significant role in systemic responses and inflammation in
adipose tissues. Inflammation can increase intestinal permeability and adipose
tissues. A dyslipidemic condition also influences the composition of intestinal
microflora and has a direct impact on body weight. Intestinal microbes were the
primary sources of several molecules, e.g., lipopolysaccharides and peptidoglycan,
as the causes of inflammation in periphery tissues [41]. An increase in Short-chain
Fatty Acid (SCFA) in the intestines could reduce the intestinal pH, which indirectly
altered the composition of intestinal microflora by cutting the number of harm-
ful/pathogenic bacteria. In terms of the inflammatory process brought about by
dyslipidemia, butyrates and propionates suppressed NF«f \activation through the
inhibitory pathway for the activation of the IkB Kinase (IKK) protein complex,
decreasing synthesis and cytokine secretion and proinflammatory adhesion mol-
ecules [28, 42, 43].

Previous studies argued that propionates could reduce free-plasm fatty acid
levels through a lipolysis inhibition process in adipose tissues, reducing TLR4
receptor expressions to be able to bind with a free fatty acid, which consequently
reduced TLR4 expression which could stimulate NFkp activation and translocation.
The ratio of butyrate effects to inhibition in an inflammatory process is higher than
propionates [43, 44].

2.3 Fiber, dyslipidemia and its relationship with autoimun disease

Inflammation is one of the immune response which if it does excessive can
cause autoimmune diseases. Inflammation is often followed by an increase in ESR,
CRP, cytokines and complement activation which is able to result in tissue damage.
Dyslipidemia is a potential trigger for chronic inflammation. Thereby, dyslipidemia
is associated with autoimmune diseases. Although it is not clear whether dyslip-
idemia is a predisposing factor or an outcome of autoimmune disease. In line with
this, an obesity is managed to increase the incidence and severity of several autoim-
mune diseases, such as psoriasis and rheumatoid arthritis. Cytokines in the form
of IL-17a are known to be pathogenic in psoriasis and RA. For this reason, IL-17a
blocking is used as the treatment of autoimmune diseases [45].

Furthermore, the autoimmune condition plays a role in the development of
dyslipidemia and atherosclerotic plaque formation in patient with autoimmune
rheumatoid disease (ARD), such as RA. This is related to the formation of auto-
antibodies and chronic inflammation which occured. As in SLE, ox-LDL is also
frequently find in synovial biopsy specimens of RA patients. The product of
ox-LDL is able to be recognized by the scavenger receptor and influence the action
of macrophages. Meanwhile, the results of ox-LDL digestion by macrophages can be
toxicable to endothelial cells, chemotaxis of inflammatory cells and cause changes
in smooth muscle function. In the state of dyslipidemia, especially hyperlipidemia,
serum LDL levels are elevated [46].

Additionaly, increasing endogenous butyrate production is managed to be
avaluable strategy in the prevention of obesity and related metabolic diseases.
However, in the other side, this also can increase exogenous intake through butyrate
supplements. Most likely, the causative lack of randomized controlled trials proving
the efficacy of butyrate in these metabolic disorders is mainly due to the poor palat-
ability of the actual butyrate preparations available on the market. Nevertheless,
there is an urgent need for products that mask the unpleasant organoleptic
properties of butyrate, in oder to facilitate clinical studies in children and in adult
patients [47].
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Increasing interest in the effect of dietary fiber, on lowering the blood lipid
concentration. There are various mechanisms by which serum and hepatic lipids are
reduced by dietary fiber: binding to bile, viscosity, and bucking in the small intes-
tine caused the suppression of glucose and lipid absorption, increased production
of SCFAs, and modulation of lipid metabolism-related genes. In addition, dietary
fibers, classified as the seventh nutrients, are generally considered safe, but over-
consumption could cause intestinal discomfort. From the above evidences, dietary
fibers could be used as alternative supplements to exert health benefits, including
lipid-lowering effects on humans. However, more clinical evidence is needed to
strengthen this proposal and its fully underlying mechanism still requires more
investigation. Only if we fully understand the mechanism and dose relationship of
each kind of DFs we are able to apply them in the intervention of hyperlipidemic
patients [48].

In populations who habitually consume diets rich in plant foods, great adher-
ence to three types of plant-based diets were differentially associated with risk of
incident dyslipidemia. Study result strongly supports considering the quality of
plant foods for dyslipidemia prevention. Prospective studies are needed to confirm
the relationship between a plant-based diet and dyslipidemia in diverse populations
with different dietary habits [49].

3. Conclusions

Dyslipidemia has an important role in systemic and inflammatory responses in
adipose tissue. Inflammation can increase the permeability of the intestines and
adipose tissue. One indicator of dyslipidemia is an increase in LDL cholesterol
levels and a decrease in LDL cholesterol levels so that the first target of dyslipidemia
therapy is LDL management. Dyslipidemic management is carried out by changing
the lifestyle, intervening in an appropriate diet to reduce LDL levels, and increas-
ing HDL levels. The level of adherence to dietary interventions is critical to ensure
successful dyslipidemic management. The recommended dietary pattern should
be controlled using the following indicators. Increasing saturated fat in food by 1%
will increase LDL by about 2%. Decreasing saturated fat intake will reduce LDL
levels by 8%.
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Abstract

The risk factors associated with low dietary fiber intake and the synergy with
its role in colon prebiotic activity has stimulated a re-awakening in the scientific
research. Dietary fiber intake has reduced all over the world, and so it has been
labelled as a major shortfall nutrient of important in public health. Changes in
lifestyle and improved standard of living have affected the diet of consumers in
so many ways. Observation of these facts have spurred a special interest in the
search for functional foods that contains essential nutrients like dietary fiber whose
nutritional value improves the health of the consumer, enhances their physical and
mental state and prevent lifestyle diseases. Fruits and vegetables are a modest source
of total dietary fiber with nutrients such as vitamins, minerals, and phytochemicals,
including polyphenols, which provide support for their biological plausibility and
enhance their health benefits. This chapter therefore reviews existing literature on
the utilization of fruits and vegetables as rich sources of fiber; their fiber concentra-
tion, their appropriateness in meeting the adequate fiber intake for daily consump-
tion and their overlapping roles as a fiber source and as nutraceuticals.

Keywords: Dietary fiber, chronic diseases, fruits, vegetables, functional fiber,
adequate intake

1. Introduction

Diets of most industrialized nations have become sophisticated, transiting from
the nutritious traditional diet to high-energy density and low nutrient diversity
diet. This is largely reinforced by changes in lifestyle and improved standard
of living, which in turn has resulted into an upsurge in lifestyle diseases such as
diabetes [1], obesity, hypertension [2], intestinal cancer [3], obstructive sleep
apnea and cardiovascular disease, caused by imbalanced diet [4]. In addition to the
premature-mortality cases recorded for these diseases, they are also known to have
a great impact on psycho-social functioning [5], work productivity [6], and global
healthcare expenditure [7, 8]. These concerns have stimulated a special interest in
the search for functional foods which benefits the consumer’s physical and mental
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state; and with the ability to prevent lifestyle diseases. Research in this regard has
occurred primarily in western societies where a high prevalence of these chronic
diseases has been observed and ultimately address the more frequent and severe
malnutrition among lower-income countries [9].

Significant advances have been made recent years regarding the search for
functional foods for metabolic regulations and medical therapeutic approaches to
various chronic diseases. However, regardless of therapeutic choice for the man-
agement of most of these diseases, ultimately, the solution stems from behavioral
change at an individual level [4]. One of the important factors that can guarantee
an overall healthy lifestyle of an individual, is the consumption of adequate, but not
excessive, levels of nutrient. While daily nutritional requirements for every indi-
vidual varies depending on sex, size, age, and activity levels [10, 11]. An individual’s
exact requirement for a specific nutrient is generally unknown, with multiple
confounding factors such as variations in genetic, metabolic, and gut microbial
factors. All these factors combine to create much uncertainty regarding the optimal
dietary needs for the individual [4]. Therefore, assessment of dietary adequacy for
an individual can be a cumbersome task, due to the ambiguities associated with
estimating an individual’s usual intake and the lack of knowledge of an individual’s
actual nutrient requirements [11].

In this chapter, current knowledge on:

1. Dietary fiber definition

2. Dietary fiber intake among western population

3.Recommended adequate intake for total fiber.

4. Dietary fiber food sources: fruits and vegetables for daily fiber target provision.

5.Health promoting properties of dietary fiber.

2. Dietary fiber

Since the mid-twentieth century, when the term “dietary fiber” was coined by
Hipsley [12], there has been concern about accurate and meaningful definition
of this macronutrient component of the human diet. Due to the complexity of
its varying composition in different food, it was formerly referred to as the non-
digestible component of plant cell wall that resist digestion by secretions of the
human alimentary tract (cellulose, hemicelluloses, pectin, and lignin) [12]. In 1998,
1998 American Association of Cereal Chemists International (AACCI) referred
to Dietary fiber as the edible parts of plants or analogous carbohydrates that are
resistant to digestion and absorption in the human small intestine with complete
or partial fermentation in the large intestine. Like the AACCI definition, Codex
Committee on Nutrition and Foods for Special Dietary defined dietary fiber as
carbohydrate polymers with a degree of polymerization not lower than 3 which are
neither digested nor absorbed in the small intestine [13]. Its definition was further
stretched to include indigestible plant material that are not cell-wall components
such as gums, algal polysaccharides, mucilage, and carrageenan were also included
as dietary fiber [14]. Analytically, dietary fiber is a non-starch polysaccharide with
three or more monomeric units and lignin from plants. Lignin, being a complex
polymer of phenylpropane residues; the remaining dietary fiber components
are polysaccharides. These polysaccharides resist digestion because they are
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non-a-linked-glucan-polysaccharides, whereas the human digestive tract appears
to secrete only a-glucosidases [15]. The European Food Safety Authority (EFSA)
defined dietary fiber as non-digestible carbohydrate plus lignin. An extensive list of
substances that constitute dietary fiber, such as hydrocolloids, non-starch polysac-
charides, cellulose, fructo-oligosaccharides (FOS), and other resistant oligosaccha-
rides were provided by EFSA [16].

Furthermore, dietary fiber is known to be the combination of “dietary” and
“functional” fiber. It is classified into two basic categories based on water solubility:
soluble fiber (pectins, gums and mucilage) and insoluble fiber (cellulose, hemicel-
lulose, and lignin). This is because their physiological benefit differs based on their
sources. However, most dietary sources of naturally occurring fiber contain both
soluble and insoluble fiber, but in varying amounts [17]. Soluble fibers are known
to be an active compound in the regulation of digestion and absorption in the gut
and are known to be present in fruits, vegetables, legumes, sugar beet, potato, seed
plants and seaweed extracts. In contrast, insoluble fibers are less fermented and
will primarily act in the large intestine where it effectively increases fecal weight
and volume, dilutes colonic contents, and decreases intestinal transit time. Its main
food sources are vegetables, sugar beet, various bran, cereal grains, and wood plants
[18-20]. Functional fiber refers to fiber sources (nondigestible carbohydrates)
that are either synthesized, extracted, or isolated and manufactured from natural
sources and been reported to show health benefits. They include f-glucans, cellu-
lose, chitins, and chitosan, fructans, gums, lignin, pectin, polydextrose and polyols,
psyllium, resistant dextrin, and resistant starches [21, 22]. Consumption of total
fiber is considered as the sum of dietary fiber and functional fiber.

2.1 Dietary fiber intake among western population

The beneficial health effects associated with dietary fiber consumption and its
synergy with the role of human intestinal microbiota has caused a re-awakening in
the scientific research of its prebiotic properties [17]. Food composition tables from
many countries now contain values for the dietary fiber content of foods. Several
observational studies have established the link between fiber intake and the risk
reduction of coronary heart disease, stroke, hypertension, diabetes, and diver-
ticular diseases [23-25]. Low fiber intake is perhaps the most studied dietary risk
factor responsible for the development of most cardiovascular diseases and other
diverticular diseases [26].

In 2014, the Food Survey Research Group Dietary (FSRG), recorded the mean
dietary fiber intake of all individuals two years and older, in US population, to
be 15 grams per day (excluding breastfed children). While intakes of males and
females were reported to bel8 and 15 grams per day, respectively. The 2015-2020
Dietary Guidelines for Americans named fiber as a major shortfall nutrient of
important public health concern [27, 28]. Despite the efforts in the past years to
promote sufficient fiber consumption through fruit, vegetable, whole-grain, and
other fiber sources, fiber intake has remained low when compared to the adequate
recommended amount. Blacks had significantly lower dietary fiber intake (13 gm)
compared to Whites (16 gm) and Hispanics (17gm) [29]. The National Health and
Nutrition Examination Survey of 2009-2010 (NHANES), recorded vegetables and
fruits as the highest contributors to the dietary fiber intake of the US population.
They both accounted for the over one-quarter (28%) of the population intake
(Table1) [29].

The World Health Report of 2016 acknowledged high intake of saturated fatty
acids, high total fat intake and inadequate consumption of dietary fiber as being
among the world’s most serious health risk factors [30]. In Australia, Dietary
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Food categories Individuals Contribution to
reporting (%)* dietary fiber (%)

Vegetables: fresh, frozen, and canned vegetables, including 67 16

potatoes

Fruits: fresh, frozen and canned fruit 48 12

Breads, rolls, tortillas: yeast breads and rolls, flour and corn 66 12

tortillas, bagels, English muffins

Grain-based mixed dishes: pasta dishes, macaroni and 33 9
cheese, burritos, tacos, tamales, fried rice,

Cereals: cooked and ready to eat cereals 33 8

Plant-based protein foods: beans, peas, legumes, nuts and 28 8
seeds, processed soy products

Sweet bakery products, candy, other desserts: cakes, pies, 65 7
cookies, snack/meal bars, ice cream

Savory snacks and crackers: potato chips, tortillaand corn 46 6
chips, popcorn

Pizza: fast food/restaurant and frozen pizza 14 4

Data are from National Health and Nutrition Examination Survey (NHANES) 2009-2010 “What We Eat in
America” (Fiber intake of the U.S population).

*Percentage of individuals reporting the foods in the category at least once on the reporting day.

"Food categories not listed including soups, milk and dairy, burgers, and meat, poultry, seafood mixed dishes,
contributed 3% or less to fiber intake.

"SOURCE: Hoy and Goldman [29].

Table 1.
The 2011—2012 National Nutrition and physical activity survey, showing vegetables as the food category with the
highest contribution to dietary fiber consumption.

fiber is regarded as a nutrient of concern in diets, especially among adolescents,
young adults and generally among the lower socio-economic status individuals
falling short of recommendations. From the 2011-2012 National Nutrition and
Physical Activity Survey, only 28.2% of children met the adequate fiber intake
and less than 20% of adults met the suggested dietary target to reduce the risk
of chronic disease [31]. The survey also showed that fruits and vegetables con-
tributed greatly to dietary fiber intake (Table 1), as they accounted for 28% of
population intake.

2.2 Recommendation for adequate intake (AI) level for dietary fiber

The compelling evidence of the health benefits associated with the consumption
of dietary fiber has led to the emphasis on the increment of its inclusion in daily
diet. According to the Institute of Medicine “the recommended Dietary Reference
Intake (DRI) daily allowance for individuals aged 50 years and younger is 25 to 38
g/day (14g/1,000 kcal/day). For men aged 19-50 years the daily recommendation
is 38 g/day and women 25 g/days, and for men ages > 51 is 31 g/day and women ages
> 51is 21 g/day. The recommendation for children ages 1-3 is 19 g/day and ages
4-8 is 25 g/day. For boys, ages 9-13, the DRI recommendations are 31 g/day, and
38 g/days for ages 14-18. For girls ages 9-18, the DRI recommendations is 26 g/day
and 25 g of dietary fiber is the recommended amount in a 2000-kcal diet [32, 33].
Manufacturers are allowed to call a food a “good source of fiber” if it contains 10%
of the recommended amount (2.5 g/serving) and an “excellent source of fiber” if
the food contains 20% of the recommended amount (5 g/serving). It is assumed
that once the lay public knows of the benefits of a given functional food then they
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Recommended intake (g/MJ)

Recommended intake (g/d)

Country Children Adults Children Adults
Belgium F:30
M 15-18 years: 40
M 19->75 years: 30
Estonia 5+ age 25-35
Europe 3 >25
France 5+age 30
Germany/Austria F:3 >30
Switzerland M:24
Greece EC1993
recommendations
Hungary 25"
Ireland 25-35
Italy Developmental 3-4
age (> 1year):2 (RI)
Latvia No recommendation
Lithuania No recommendation
Luxembourg No recommendation
The Netherlands 13 years: 2.8 34 32-45g/d
4-8 years: 3.0
9-13 years: 3.2
14-18 years: 3.4
Nordic countries 1-17 years: 2-3, 3 >6 years F:25
from school (school age): 10,
age (6 years)
increasing to level
recommended for
adults
Increasing M:35
gradually
to adult
recommended
level
Poland 1-3 years:0 19-30 years:25
4-6 years: 19 31-50 years:25
7-9 years: 19 51-65 years:25
10-12 years:16 66-75 years:20
13-15 years:19 >75 years:20
16-18 years:21
Portugal 27-40
Romania 25-357
Solvakia 0-6 months: 1 F 19-54 years:22-26>

7-12 months:3

M 19-34 months
26-32°

1-3 years: 10

M 35-59 years: 24-30°
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Recommended intake (g/MJ)

Recommended intake (g/d)

Country Children Adults Children Adults
4-6 years: 14 M 35-39 years: 20
7-10 years:17 M 60-74 years: 22
F 11-14 years:18 F > 75years: 18
M 11-14 years: M > 75 years: 20
20
F 15-18 years: Pregnant F: 26
18-22
M 15-18 years: Lactating F: 28
22-25
Solvenia 24 F:3 30
M2.4
UK 18 (range 12-24)*
USA All ages >1 years: All 1-3 years:19 F 19-50 years: 25
34 ages
21
Years: 4-8 years: 25 M 19-50 years: 38
3-4
F 9-13 years: 26 F > 51years:21
M 9-13 years:31 M > 51 years: 30
F 14-18 years:26
M 14-18 years:
38
1-3 years:14 F:25
Australia/New 4-8 years: 18 M: 30
Zealand
F 9-13 years: 20
M9-13 years: 24
F14-18 years: 22
M14-18 years:
28
WHO >25

F female; M, male; RI, recommended intake.; 1-Insoluble fiber: soluble fiber ratio 3:1; 2-75% insoluble, 25%
soluble; 3- Depending on physical activity; 4 NSP.
Source: Stephen et al. [23].

Table 2.
Recommendations (adequate intake) for average population total fiber intake in diffevent age groups in Europe.

will embrace the dietary change. Table 2 provides recommendations for adequate
intake for dietary fiber in different countries for different age groups.

Despite the beneficial health effects of dietary fiber, its intake is far below recom-
mendations globally. Although there is no known deficient state of dietary fiber
reported worldwide, trends in recent studies of adherence to healthy lifestyle habits
have strongly influence food choice, which in turn affect daily total fiber intake. This
trend is common among the young adults, for their preference in the consumption of
soft drinks, snacks, prepared and pre-cooked meals and other ready-to-eat products,
most of which are rich in sugars and fats, and deficient in fiber [34, 35]. This has
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led to the creation of strategies, such as the formulation of dietary guidelines model
to increase fiber intake to improve American people’s health [24, 29, 35, 36]. Low
fiber intake has also been reported for other countries like Tunisia [37], Spain [38]
and Australia [39] where only 29.5% of women reported to meet the recommended
Adequate Intake (AI) of dietary fiber during pregnancy of 28 g/day. In terms of
tolerance level for fiber intake, there is no upper tolerable level, but it varies by
individual, and overconsumption can lead to common side effects such as bloating
and abdominal discomfort.

2.3 Dietary fiber food sources: fruits and vegetables for daily fiber target
provision

Dietary fiber food sources are characterized with high total fiber, low in mois-
ture and lipid content, low caloric value, and neutral flavor [40]. With dietary
fiber being undoubtedly an essential part of a healthy diet, numerous studies in
food science field and human nutrition have constantly encouraged that the public
should include adequate amount of food rich in dietary fiber into the diet. Fruits,
and vegetables, grains, legumes, nuts, bread, pasta, cereals, and seeds contribute
significant amounts of fiber to the diet. These food groups account for more than
70% of dietary fiber in the food supply [41, 42]. Other fiber sources include over-
the-counter laxatives containing fiber, fiber supplements, and fiber-fortified
foods. Several surveys have reported the contribution from these major sources of
dietary fiber in the diet [23, 29, 43]. However, the contribution of fiber proportion
from each food source varies for different nations of the world. Although Some
uniformity exists and hence some general statements, like “grain products provide
the largest proportion of fiber in the diet” were reported in most reports, with
bread being the largest grain source, with smaller contributions from cereals, pasta,
biscuits, and pastries [29, 44]. White flour and potatoes have also been reported
to be the major fiber sources in American diets because they are widely consumed
in the United States [45]. Table 3 gives information on the main dietary fiber food
sources, components of dietary fiber found in different fiber food sources and their
total fiber in gram per 100 g. Apart from nuts and seeds, dried fruits and vegetables
are seen at the top of the chart with total dietary fiber of 0.1-11.4 and 0.5-8 g/100 g,
respectively.

3. Fruit and vegetables for daily target provision

Fruits and vegetables have historically held a place in dietary guidance as
most countries have dietary recommendations that include fruits and vegetables.
Compared with grains products and other fiber sources, fruits and vegetables
are a very good and cheap source of dietary fiber mainly because of their avail-
ability, relatively higher soluble/insoluble fiber ratio, higher fat retention capacity,
enhanced colonic fermentability, and improved functionality [40-42]. The nutri-
tional assessment of fruits and vegetables in terms of dietary fiber was calculated
using The Harvard University food composition database, derived from the US
Department of Agriculture (USDA) data, and were categorized as “high in fiber”
[46]. Dietary guidelines for Americans (2010) recommend that one-half of the
food plate should be fruit and vegetables because commonly consumed vegetables
provide about 1 to 3 g dietary fiber per 100 g and supply vitamins and minerals
to the diet. Additionally, fruit and vegetables are sources of phytochemicals that
functions as phytoestrogens, anti-inflammatory agents, and other protective
mechanisms [43].
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Recent focus on fruit and vegetables as a promising source of dietary fiber
resides not only in their important role of lowering the risk of chronic diseases, but
also as rich sources of carbohydrates, fats, proteins, energy, vitamins A, B1, B2, B3,
B6, B9, B12, C, folic acid, and minerals [45]. The energy and fiber content (soluble
and insoluble) of 10 commonly consumed fruits and vegetables are presented in
Table 4. Most fruits and vegetables are not only consumed raw, some are consumed
in the cooked form, and sometimes fried or prepared with other ingredients prior to
consumption form. Potato is known to be one of the nutrient dense vegetable with
high fiber content. Cooking methods, including frying, do not diminish dietary
fiber content of potato. Fried and oven-baked potato with skin is reported to have
fiber concentration ranging from 0.6 to 5.1 and may contribute a great amount
of sodium and fat to the diet (Table 3). Similarly, cooked broccoli, green beans,
spinach, and corn contains 3.3 g, 3.2 g, 2.4 g, 2.4 g respectively [45]. Regardless of
the variation in the nutritional composition of fruits and vegetables varies widely,
but they are known to be good sources of fiber and potassium [47].

Several studies have endorsed fruits and vegetables as a suitable and healthy
source for adequate fiber intake. World Health Survey (2002-2003) report gotten
from the interviews of 196,373 adults from 52 countries with mainly small and mid-
dle income showed that about 78% of the men and women consumed <5 portions

Common Serving Kcal Total Insoluble Soluble dietary
fruit /vegetable dietary dietary fiber fiber
fiber
Potato, boiled 1med, 167 g 144 3.0 1.6 14
Iceberg lettuce lcup,57¢g 8 0.7 0.6 0.1
Tomato NLEA, 148 g 27 18 16 0.2
Onion NLEA, 148 ¢ 47 13 0.8 0.5
Carrot NLEA, 85¢g 30 2.5 21 04
Celery NLEA,110 g 18 18 17 0.1
Sweet corn lear,77g 74 18 17 0.1
Broccoli NLEA, 148 ¢g 50 38 3.0 0.8
Green cabbage lcup,89g 22 2.2 17 0.1
Cucumber with 1 cup, slices 16 0.6 0.5 01
peel
Banana 1 med, 118 g 105 31 21 1.0
Apple with skin 1med, 182 g 95 44 31 13
Watermelon NLEA,280 g 84 11 0.8 0.3
Orange NLEA, 154 g 75 34 14 2.0
Cantaloupe NLEA, 134 g 46 1.2 09 0.3
Green grapes NLEA, 126 g 87 11 0.6 0.5
Grapefruit NLEA, 154 ¢g 65 25 0.9 1.6
Strawberry NLEA 147 g, 47 29 22 0.7
Peach NLEA, 147 g 57 2.2 1.2 1.0
Pear NLEA, 166 g 96 51 3.6 15

Source: [43].

Table 4.
Ten commonly consumed fruits and vegetables in.
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of vegetables and fruit daily as recommended by the World Health Organization
(WHO, according to the WHO: 400 g/day) [48]. In a 24-year study, Bertoia et al.
[46] found that the consumption of all fruits and most vegetables contributed
substantially to meet the daily adequate fiber intake by combining an increase of
one-to-two servings of vegetables and one-to-two servings of fruits daily.

To meet the recommended (DRI) daily allowance of 25 to 38 g/day, Hornick
and Weiss [49] found that a diet with mean fruits and vegetables of 2 daily serv-
ings intakes (servings/d) of 5.16 servings 3.5 portions (men); and 4.7 servings, 3.8
portions (women) will help an individual to meet the daily target. About 10% of the
western population have been found to achieve the recommended adequate fiber
intake by consuming whole fruits like apples/pears and prunes during mealtimes
[50]. Fruits and vegetables are modest for synthetizing functional fiber. By-products
from processing of fruits and vegetables like orange, apple and peach, carrot, potato,
green pea, pepper, artichoke, onion, and asparagus that contains both soluble and
insoluble fiber compounds have been reported to have a great potential for enrich-
ment of foods or for providing techno-functional properties to food [51].

Likewise, dietary fiber content of fruits and vegetables have been implicated
with several health-promoting properties. Prentice and Jebb [52] reported dietary
fiber from fruits and vegetables to be involved in the regulation of hunger and satu-
ration and hence prevented obesity. In a meta-analysis of cohort studies, Kan et al.
[53] showed that dietary fiber from fruits and vegetables reduce the risk of diabetes.
Dietary fiber from Fruits was also found to be associated with a reduced risk of
chronic obstructive pulmonary disease [54]. Boeing et al. [55] reported that the
dietary approaches to stop hypertension consists of a high proportion of vegetables
and fruit in the diet. Some types of dietary fiber which are not present in most fiber
food sources, are found in some fruits. For example, resistant starch that is only
present in starchy foods is also present in fruits like green banana. Likewise, pectic
substances are found in most fruits and vegetables but absent in major fiber sources
(Table 3). The Los Angeles Atherosclerosis Study observed that a higher intake of
pectin significantly slowed intima-media thickness IMT progression which appears
to be the leading cause of cardiovascular disease [56].

It is a known fact that dietary fibers obtained from different sources, vary in fiber
content and in composition of other nutrients that may impact their health benefits.
For example, fiber from different food sources behave differently during their transit
through the gastrointestinal tract, depending on their chemical composition and
physicochemical characteristics [33, 57, 58]. Higher intake of dietary fibers from fruits
like red apples, pears and prunes were reported to be associated with a lower the risk
of diverticulitis [59]. Recent research found that dietary fiber from white potatoes
plays a role in the production of fecal short-chain fatty acids concentration, which
is important for immune regulation and maintaining gut health [45]. Studies have
also established that most vegetable fiber, especially potato fiber has antiproliferative
functions that may act as chemo preventive agents and protect the small intestinal wall
against ingested compounds formed during cooking, such as melanoidins and acryl-
amide [60].

3.1 Health promoting properties of dietary fiber

The physiological functionalities and health benefits of dietary fiber has been
extensively studied. Deficiency of dietary fiber in the diet may lead to several
diseases such as gastrointestinal disorder [58], metabolic syndrome [61], appendi-
citis [62], inflammatory bowel syndrome [63], diabetes [64], obesity [65], cardio-
vascular disease [24], gallstones [66], etc. Table 5 summarizes the functional health
effect of dietary fiber.
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Source Isolated dietary fiber Functions Effects

Potato, lentils, Somalto-oligosaccharides Reduction of LDL and Reduced risk of

peas total cholesterol heart disease and
cholesterolaemia

Apples, Pectin Blood lipid lowering; May reduce onset risk or

carrots, attenuates blood glucose symptoms of metabolic

oranges, syndrome and diabetes

grapefruits,

and lemons

Treated Methylcellulose, Adds bulk to stool Alleviates constipation.

vegetable

cellulose

artichokes, Inulin, Balances intestinal pH May reduce the risk of

asparagus, fructooligosacchaides and stimulates intestinal colorectal cancer

bananas, fermentation.

chicory root, production of short-chain

garlic, onions

fatty acids

Konjac roots Glucomannan Speeds the passage Facilitates regularity
of foods through the
digestive system

Corn Resistant starch, Adds bulk to the diet, May reduce appetite

beta-glucan

making feel full faster

Apples, oats,

Psyllium, $-glucans, and

Increases gut transit

Lowers variance in blood

and Barley pectin rate and reduces the sugar levels
amount of time available
for colonic bacterial
fermentation of non-
digested foodstuff
Green banana Cellulose Delayed colonic transit Prolonged post-meal
time satiety and satiation
Beans Induction of Balances intestinal pH
cholecystokinin and stimulates intestinal
fermentation
Psyllium husk Psyllium Reduction of the Lower the risk of

glycaemic response

diabetes

Sources: [19, 51, 67].

Table 5.

Source, types of fiber, functions, and health benefits of dietary fiber.

4, Conclusion

Dietary fiber is an active component of fruits and vegetables. They have been
recognized nutritionists and public health as the cheapest and most commonly
available fiber source all over the world. Apart from their dietary fiber composi-
tion, fruits and vegetables contain nutrients such as vitamins, minerals, and
phytochemicals, including polyphenols, which provide support for their biological
plausibility and enhance their health benefits. Increase in the consumption of
fruit and vegetable fiber increases post-meal satiety and a decrease in subsequent
hunger. Addition of fruits and vegetables servings to the diet can provide the daily
recommended adequate fiber intake, therefore public health recommendations and
nutritional guidelines should emphasize adequate consumption of specific fruits
and vegetables and provide practical dietary guidance that maximizes the potentials
their dietary fiber content and composition.
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Chapter 5

Prebiotic Dietary Fibers for
Weight Management

Ceven Geger and Gozde Okburan

Abstract

While all prebiotics are accepted as dietary fibers, not all dietary fibers are
accepted as prebiotics. Fructo-oligosaccharides and galacto-oligosaccharides are
significant prebiotic dietary fibers related with the regulation of weight manage-
ment. They, selectively stimulate the growth of bifidobacteria and lactobacillus, thus
help to modulate gut microbiota. Since bifiodobacteria population are responsible
for energy scavenging they are playing a vital role in the weight management. In
addition, prebiotics fermented to short chain fatty acids by gut microbiota, whose
presence in the large intestine is responsible for many of the metabolic effects and
prevent metabolic diseases such as obesity. Short chain fatty acids via different
mechanisms also stimulate satiety hormones such as GLP-1 and PYY, and shift glu-
cose and lipid metabolism. To conclude, prebiotic dietary fibers beneficially impact
the gut microbiota thus can be effective on regulation of weight management. There
is a need for further clinical trials to explain more comprehensively the effects of
dietary prebiotics on weight management.

Keywords: prebiotics, dietary fiber, obesity, weight management, short chain fatty
acids, gut microbiota

1. Introduction

Over the few past decades, the prevalence of obesity has been seen to increase
dramatically and thus this increase lead the attention towards environment. As a
result of socioeconomic development, especially in Western countries, increased
sedentariness, nearby abundant presence of cheap high-energy dense foods have
all been concerned as significant contributing factors [1]. In this context, the
modified fatty acid composition of a Western diet, often rich in saturated and
trans fatty acids, raises serum total and low density lipoprotein (LDL) cholesterol
levels, increasing the risk of chronic vascular diseases. Furthermore, diets high in
sodium and low in potassium can lead to a variety of chronic diseases, including
hypertension and stroke. Another factor is the presence of dietary fibers such as
inulin, resistant starch and beta-glucan, which are important food components that
are reduced in the Western diet and can delay gastric emptying, reduce appetite and
therefore help regulate dietary energy intake [2].

The dietary fiber firstly defined in 1950s as non-digestible components of
plant cell wall, then in late 1970s dietary fiber defined as polysaccharides and
lignin which are resistant to enzymatic digestion [3]. So, the definitions are mainly
focusing on non-digestibility. During years, dietary fiber description and assess-
ment methods has been improved. In 2001, in addition to the non-digestibility,
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American Association of Cereal Chemists defined dietary fiber as which is also
show partial fermentation in colon. In 2008, the European Commission defined
dietary fiber as carbohydrate polymers have the degree of polymerization three

or more monomeric units and not digest in small intestine by enzymes. In 2009
Codex Alimentariius also defined dietary fiber as carbohydrate polymers with the
degree of polymerization ten or more monomeric units which not digest in small
intestine by enzymes [4]. Fiber can be classified according to chemical composi-
tion, solubility and fermentability. According to chemical composition, dietary
fiber can be classified as non-starch polysaccharides, resistant oligosaccharides,
resistant starch, lignin and other substances such as saponins, tannins, etc. [5].
Related with their chemical composition, solubility and fermentability of each
dietary fiber type has been shown different physiological effects such as lowering
gastric emptying and blood cholesterol level, production of short-chain fatty acids
by fermentation. Thus, dietary fiber has been demonstrated potential prevention
from chronic diseases such as cancer, cardiovascular diseases, diabetes and obesity
[4]. Some fibers which fermented in colon are classified as prebiotics. Prebiotics
has been defined as “substrate that is selectively utilized by host microorganisms
conferring a health benefit” by International Scientific Association for Probiotics
and Prebiotics in 2017 [6]. The substances has to be demonstrate three main proper-
ties to be defined as prebiotics. Firstly, it has to be resistant to digestive enzymes and
gastric acidity; secondly, it can be fermented by gut microbiota and thirdly, it can
be selectively stimulate the growth of beneficial gut bacteria such as lactobacilli and
bifidobacteria. Therefore, while all prebiotics have been classified as dietary fiber,
not all dietary fiber has been shown prebiotic properties [6, 7]. Prebiotic dietary
fibers fermented to short chain fatty acids (SCFAs) such as acetate, propionate

and butyrate by gut microbiota. SCFAs are responsible for many health effects by
increasing lactobacilli and bifidobacteria, decreasing pathogenic bacteria, producing
beneficial metabolites, decreasing protein fermentation, modulating gut barrier
permeability and supporting immune system defense [8]. Thus, prebiotic dietary
fibers alter gut microbiota positively to prevent metabolic diseases such as irritable
bowel syndrome and crohn’s disease, colorectal cancer, cardiovascular diseases and
obesity. Fructo-oligosaccharides (FOSs) and galacto-oligosaccharides (GOSs) are
well known prebiotic fibers which are also related with the regulation of weight
management [9].

2. Dietary fibers with prebiotic properties

Fermentation of prebiotic dietary fibers by gut microbiota is related with
solubility, longevity of chain and structure. Soluble fibers fermented better than
insoluble fibers and oligosaccharides fermented better than polysaccharides.

FOSs and GOSs are most common and proven prebiotic dietary fibers that meet

the three main prebiotic properties which are resistance to digestive enzymes and
acidity, fermentation by gut microbiota and selectively stimulation of the growth

of lactobacilli and bifidobacteria. There is not sufficient randomized controlled
clinical studies on other dietary fibers such as resistant starch 2, 3 and 4, pectins,
polydextrose manno-oligosaccharides and xylo-oligosaccharides to proven them as
prebiotic dietary fibers. However, there are in vitro and preclinical studies indicated
that these fibers can be accepted as prebiotic dietary fiber candidate. While resistant
starch 1 and 5, lignin and cellulose not recognized as prebiotic dietary fibers since it
has not been proven that they meet the prebiotic properties [10].

Fructans are fructose polymers which has three main types, and inulin type
fructans such as inulin, fructo-oligosaccharide and oligofructose are important
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ones. They contain p (2-1) linear chain of fructose. Degree of polymerization of
fructooligosaccharide is less than 10 while inulin’s polymerization degree is between
3 and 60. The degree of polymerization of oligofructose is between 2 and 20 and
forming as a product of degradation of inulin [9, 11, 12]. FOSs are naturally found
in asparagus, sugar beet, garlic, chicory, onion, Jerusalem artichoke, wheat, honey,
banana, barley, tomato, and rye. It has been known that FOSs stimulate bifidogenic
activity [13] GOSs are galactose polymers have p (1-3) and p (1-4) bonds and prebi-
otic GOSs have glucose as a terminal end and generally consist of 2-10 galactose and
1 glucose synthesized by p-galactosidase. GOSs are naturally found in milk. It has
have been known that GOSs are stimulate bifidogenic activity [12, 13]. Therefore,
FOSs and GOSs increase bifidobacteria [14] hence can switch glucose metabolism
and show beneficial metabolic effects to control chronic diseases [15].

3. Effects of prebiotic dietary fiber in control of chronic diseases

There is an association of dietary fiber consumption with a healthy gut micro-
biome, also there are promising evidence which demonstrates a favorable effect
of dietary fiber on body weight and overall metabolic health by reducing the risk
for the development of cardiovascular disease and mortality. Moreover, there has
been additional health benefits of dietary fiber such as reduction the risk of malig-
nancy and improved colonic health [16, 17]. It has been supported by Academy
of Nutrition and Dietetics in 2015 that the consumption of sufficient amount of
dietary fiber reduces the risk of some chronic diseases such as diabetes, obesity and
coronary heart diseases [18]. Precisely, studies have revealed that individuals with
adequate intake of dietary fiber seems to be at lower risk for developing stroke,
colorectal cancer, cardiovascular diseases and type-2 diabetes [19-26] Sufficient
intake of dietary fiber is correspondingly related with lower blood pressure and
lower serum cholesterol levels [27]. Additionally, via different mechanism through
satiety or fullness regulation, adequate intake of dietary fiber is proposed to help in
weight loss and weight management [28-33]. Furthermore, dietary fiber appears to
improve immune function via gut health and fiber-microbiota interactions [34-36].
Increased consumption of high-fat and high-sugar diets have been shown to alter
microbial ecology, leading to the impression that the gut microbiota may function
as an environmental factor resulting in increased energy harvesting and obesity [2].

Numerous classes of prebiotic dietary fibers display diverse health benefits.
FOSs and GOSs have long been considered prebiotics. Nonetheless, apart from
those prebiotic dietary fibers other categories (guar, lactulose, maltodextrin, etc.)
propose great health benefits, although in varying ranges of efficacies [8]. It has
been indicated that GOSs, FOSs and inulin alter glucose and lipid metabolism
hence can reduce body weight and the risk of chronic diseases such as diabetes and
cardiovascular diseases [37]. A study conducted with overweight or obese individu-
als indicated that especially inulin-type fructans and GOSs have beneficial proper-
ties on metabolic endotoxemia. After they get fermented in the gastrointestinal
tract, especially in general inulin-type fructans and in particular FOSs produce
SCFAs, thus those fermentation products favor the development of beneficial
microorganisms to the detriment of other harmful population. Likewise, those
SCFAs significantly increases feelings of satiety and reduces feelings of hunger
and thus reduces energy intake [38]. Although it has been known for years that the
metabolic benefits of dietary fiber have positive effects on human health including
the prevention of diabetes and obesity, the mechanism of these beneficial effects
has not been fully defined until recent years. Thus far, SCFAs and their receptors
have been progressively appreciated as a fundamental mediator that relates diet and

59



Dietary Fibers

the gut microbiota to host physiology by modulating endocrine responses, develop-
ment and functioning of leukocytes, and the activity of enzymes and transcription
factors. Consequently, it is essential to further lighten the role of SCFA receptors
concerning to the efficacy of dietary interventions and gut microbiota manipula-
tions in the management of obesity and metabolic syndrome [39].

4. Application of prebiotic dietary fiber on weight management

Manipulation of the gut microbiome, which is mainly influenced by diet,
seems to be an innovative therapeutic tool to prevent or control obesity and related
diseases. Of specific concern, prebiotic dietary fiber are fermented by the gut
microbiota, which consequently providing potentially beneficial health effects
[6]. Based on numerous studies which were conducted in animals and humans
have been suggested that fermentable prebiotic dietary fibers may increase satiety,
enhance obesity-related metabolic disorders, and modulate gut-related immunity
[40-42]. Suggested mechanisms to explain such effects commonly comprise bacte-
rial metabolites such as SCFAs. Inulin-type fructans are prebiotics that support
bifidobacteria and produces SCFAs upon fermentation; their administration can
improve health outcomes, particularly in the context of obesity [2, 6].

The effects of dietary fiber on weight management may be due to the non-
digestible nature of dietary fibers, which prolongs transit times in the intestinal
lumen and accordingly provides greater satiety compared to simple and easily
digestible polysaccharides. Moreover, dietary fiber may also play a role in prolonga-
tion of meal intervals and cause an enhanced mastication on satiety via presumable
cephalic and peripheral effects. Remarkably, diets rich in dietary fiber have lesser
energy bulk and could affect the flavor and palatability of foods, which can eventu-
ally lead to lower energy intake [43]. Another mechanism for the appetite-reducing
effects of dietary fiber is the stimulation of glucose-dependent insulinotropic pep-
tide (GIP) signaling by gastrointestinal satiety peptide hormones such as glucagon-
like peptide (GLP-1) and peptide YY (PYY) or dietary fiber resulting from their
fermentation in the large intestine by the gut microbiota [44].

Other possible mechanism which relates the mainly prebiotic dietary fiber
and weight regulation is fermented products of dietary fiber which are known as
SCFAs. In humans, nutrient digestion and absorption occurs mainly in the stomach
and proximal small intestine. Vital source of energy for the human being is the
carbohydrates, but the ability of humans to break down and use dietary mono-,
oligo- or polysaccharides is very limited. Various members of the gut microbiota,
known as saccharolytic microorganisms, degrade these complex glycans and in
this manner providing the host with a variety of metabolites, particularly SCFAs.
SCFAs which are the products of the digestion of soluble plant polysaccharides are
not only an important source of energy, but also play key roles in the regulation of
food and energy intake [45]. As mentioned previously, SCFAs and their receptors
have been progressively appreciated as a fundamental mediator that relates diet
and the gut microbiota to host physiology by modulating endocrine responses,
development and functioning of leukocytes, and the activity of enzymes and
transcription factors. Free fatty acid receptor (FFAR) 3/ G protein coupled receptor
(GPR) 41 and FFAR2/GPR43 represent two SCFA-specific GPRs that commonly
occur on gut enteroendocrine cells, adipocytes, and immune cells. Interventional
studies presented that activation of GPR41 on enteroendocrine cells stimulated
secretion of the gut hormone PYY, which functions to induce satiety and reduce
food consumption [46], while by promoting GLP-1 secretion GPR43 signaling was
proposed to mediate host insulin sensitivity [47]. Such molecular mechanisms of
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SCFA-receptor-mediated metabolic responses were further established in human
studies by the outcome that obese individuals who have administrated propionate
increased the secretion of PYY and GLP-1 with significantly reduced adiposity and
overall weight gain [48].

In support of the hypotheses outlined above, Jovanovski et al. aimed to sum-
marize and quantify the effects of viscose fiber on body weight, body mass index
(BMI), waist circumference, and body fat independent of calorie restriction,
through a systematic review and meta-analysis of randomized controlled trials.
Their results indicated that with an ad libitum diet, viscous fiber reduce the mean
body weight, BMI and waist circumference while there was no change in body fat.
Especially greater reductions in body weight was revealed in overweight and those
with diabetes and metabolic syndrome. As they concluded, they stated dietary
viscous fiber significantly improved body weight and other adiposity parameters
independently of calorie restriction [49]. Another meta-analysis by Miketinas et al.
supported the previous meta-analysis and they indicated that their primary aim was
to assess the role of dietary fiber as a predictor of weight loss in participants who
consumed calorie restricted diet for 6 months (=750 kcal/d from estimated energy
requirement). Their results pointed out that dietary fiber intake, independently of
macronutrient and energy intake, endorses weight loss and dietary adherence in
adults with overweight or obesity consuming a calorie-restricted diet [50]. Salleh
etal. carried out a systematic review which examined the effects of soluble dietary
fiber using randomized controlled trials. As their study mentioned consumption of
soluble fiber is advised since they slows gastric emptying, increases perceived satiety
and acting a noteworthy role in appetite regulation. In their study, randomized con-
trolled clinical studies conducted with different types of soluble fiber were exam-
ined in order to determine which type of fiber is more effective on weight loss. Their
results indicated that polydextrose as a prebiotic dietary fiber candidate showed a
significant reduction in energy intake yet compared to other types it was consumed
in a higher doses (25 g) which prepared in liquid meal. This study shows that not all
soluble fibers produce the same effect. They emphasized that further interventional
studies are needed to determine whether combinations of these soluble fibers will
have greater effects than individual fibers [51]. In another meta-analysis, specific
species of prebiotics were evaluated and the efficiency of FOS and GOS prebiotics
on body weight, BMI and fat mass were examined. According to the results, subjects
consuming prebiotics demonstrated a significant reduction in body weight [52].
Another systematic review of randomized controlled trials indicated that, 5 (42%)
of the 12 randomized controlled trial studies provided to the subjects nonviscous
but fermentable fiber supplements in the form of manno-oligosaccharides, GOSs,
and FOSs. According to the study results, soluble fiber supplementation reduced
BMI, body weight, body fat compared with the effects of placebo treatments. Their
study results concluded that soluble fiber supplementation improves both anthro-
pometric and metabolic outcomes in overweight and obese adults [53]. Also the
meta-analysis of randomized controlled trials indicated that viscous fiber within a
calorie-restricted diet decreased body weight and body fat [54]. Overall, prebiotic
dietary fibers modulate gut microbiota by increasing SCFAs and show effects in
relation with adipose tissue, liver, brain, and pancreas. Thus, SCFAs stimulate satiety
hormones such as GLP-1 and PYY, and shift glucose and lipid metabolism [55].

5. Conclusion

While all prebiotics are accepted as dietary fibers but not all dietary fibers are
accepted as prebiotics. FOSs and GOSs are well known prebiotic dietary fiber since
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Figure 1.
Basic action of mechanisms of prebiotic dietary fibers on weight management.

studies mostly focus on them. These prebiotic dietary fibers has shown effect on
weight management by increasing SCFAs thus modulating gut microbiota. SCFAs
while modulating gut microbiota also stimulate satiety hormones such as GLP-1
and PYY, and shift glucose and lipid metabolism (Figure 1). Nevertheless, there
is a need to further clinical trials to explain more comprehensively the effects of
prebiotic dietary fibers on weight management.
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Abstract

Food is a basic requirement for human life and well-being. On the other hand,
diet is necessary for growth, health and defense, as well as regulating and assisting
the symbiotic gut microbial communities that inhabit in the digestive tract, referred
to as the gut microbiota. Diet influences the composition of the gut microbiota. The
quality and quantity of diet affects their metabolism which creates a link between
diet. The microorganisms in response to the type and amount of dietary intake.
Dietary fibers, which includes non-digestible carbohydrates (NDCs) are neither
neither-digested nor absorbed and are subjected to bacterial fermentation in the
gastrointestinal tract resulting in the formation of different metabolites called
SCFAs. The SCFAs have been reported to effect metabolic activities at the molecu-
larlevel. Acetate affects the metabolic pathway through the G-protein-coupled
receptor (GPCR) and free fatty acid receptor2 (FFAR2/GPR43) while butyrate and
propionate transactivate the peroxisome proliferator-activated receptors (PPARy/
NR1C3) and regulate the PPARYy target gene Angptl4 in colonic cells of the gut. The
NDCs via gut microbiota dependent pathway regulate glucose homeostasis, gut
integrity and hormone by GPCR, NF-kB, and AMPK-dependent processes. In this
chapter, we will focus on dietary fibers, which interact directly with gut microbes
and lead to the production of metabolites and discuss how dietary fiber impacts gut
microbiota ecology, host physiology, and health and molecule mechanism of dietary
fiber on signaling pathway that linked to the host health.

Keywords: dietary fibe, gut microbiota ecology, host health, signaling pathway,
molecule mechanism

1. Introduction

The human gut harbors a plethora of a complex community of micro-organisms
that are vital for host development and physiology. This community of microbes
inhabiting the gut called “gut microbiota” represents a mutualistic symbiotic rela-
tionship with the host [1]. The host creates a stable environment for the microbes
while the microbes offer the host with an array of functions such as digestion of
complex dietary macronutrients, minerals and vitamins production, pathogen
protection, and immune system maintenance. Studies have shown that the gut
microbiota comprises of about 3.8 x 10" microorganisms [2] belonging to a wide
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spectrum of about 160 recognized gut bacterial species [3]. Generally, the opus of
the gut microbiota is observed to be comparable in all healthy individuals, however
the presence of different microbial species is determined by an individual’s dietary
habits, dietary patterns and lifestyle [4]. Dietary fibers (DFs) are vital modulators
of the gut microbiota composition which directly impacts individual biological pro-
cesses and homeostasis via the metabolites, a consequent of microbial fermentation
of nutrients such as, short-chain unsaturated fats (SCFAs) [5]. The gut microbiota
plays a key and essential role in the metabolization of DFs including non-digestible
carbohydrates (NDCs), proteins and peptides, which has escape digestion by host
enzymes in the upper gut and absorption in the lower digestive tract. These dietary
constituents, are then subjected to fermentation by the microbiota in the cecum
and colon (Macfarlane and Macfarlane, 2012) resulting in the production different
metabolites called SCFAs varying in carbon number which includes mainly acetate
(60%), propionate (25%) butyrate (15%) and methane (CH,4), carbon dioxide
(CO,) gases [6] which are known to have beneficial effects by behaving as signal-
ing molecules via different pathways. From among the different SCFAs produced
Acetate is the most abundant and it is used by many gut commensals to produce
propionate and butyrate in a growth-promoting cross-feeding process. Moreover,
the SCFA, have been shown a to regulate metabolic activities. Acetate affects the
metabolic pathway through the G protein-coupled receptor (GPCR) and free fatty
acid receptor 2 (FFAR2/GPR43) while butyrate and propionate transactivate the
peroxisome proliferator-activated receptorsy (PPARy/NR1C3) and regulates the
PPARYy target gene Angptl4 in colonic cells of the gut. The FFAR?2 signaling pathway
regulates the insulin-stimulated lipid accumulation in adipocytes and inflammation
however peptide tyrosine-tyrosine and glucagon-like peptide 1 regulate appetite.
The NDCs via microbiota dependent pathway regulate glucose homeostasis, gut
integrity, and hormone by GPCR, NF-kB, and AMPK-dependent processes. Hence
in this chapter, emphasis is given to address the effects of dietary fibers metabolites
as prime signaling molecules, through different signaling pathways and their link
between gut microbiota and the host health.

2. Dietary fibers (DFs), gut microbiota and SCFAs metabolites
2.1 Dietary fibers (DFs)

Dietary fibles defined by codex alimentarius commission (2009) are edible
carbohydrate polymers with varying monomeric units that are impervious to the
host digestive enzymes and thus has escape absorption in the small intestines. These
includes, (1) edible naturally occurring carbohydrate polymers present in foods
such as fruits, vegetables, legumes, and cereals (2) edible carbohydrate polymers
obtained from food raw materials by physical, enzymatic, and chemical means and
(3) synthetic carbohydrate polymers. In addition, DFs are further divided either into
polysaccharides (non-starchpolysaccharides [NSPs], resistant starch [RS], and resis-
tant oligosaccharides [ROs]) or into insoluble and soluble forms [7]. Soluble fibers
are fermented by the gut bacteria giving rise to metabolites such as short-chain
fatty acids (SCFAs), insoluble forms of fibers such as cellulose and hemi-cellulose
may or slowly digested by the gut bacteria and contributes to a fecal bulking effect,
as they reach the colon. Delay absorption of glucose and lipids influencing post-
prandial metabolism on the other hand are caused by most soluble NSPs, especially
polymers with high molecular weight such as guar gum, certain pectins, b-glucans,
and psyllium, are viscous, meaning that they are able to form a gel structure in the
intestinal tract that can [7]. Food sources such as legumes, vegetables, nuts, seeds,
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fruits, and cereals forms the sources of soluble and insoluble fibers whereas RS can
only be found in starchy foods such as legumes, tubers, cereals, and fruitlike green
bananas, whereas pectin’s are more abundant in fruits and some vegetables, whereas
b-glucans are found in cereals [8]. Recently, due to low consumption of DFs in the
Industrialized Western world Fortification of foods with extracted or synthesized
non-digestible carbohydrates is carried out as a strategy to increase fiber intake.
Besides, a wide range of commercial DFs are currently available [9] worldwide,
called “prebiotics” on the fact that they exert health benefits by selectively induc-
ing beneficial bacterial populations in the gut. However, contrastingly, studies

have reported that irrespective of the types of fibers, virtually all fibers will induce
specific shifts in microbiota composition as a result of competitive interactions,

and which of these compositional shifts may be beneficial for health, has not yet
been established [10]. Furthermore, the mechanisms that have been established to
be beneficial to health, is not calculative on the selective utilization of the carbohy-
drates but on an integrative effect of bacterial fermentation, producing metabolic
compounds (e.g., SCFAs) [11], physiological changes (pH lowering), or protection
of the mucus layer [12, 13]. Hence, a change in the emphasis of the prebiotic concept
away from the selective effect of specific dietary components on gut microbial
communities towards the effects of ecological and functional consequences of fiber
fermentation, is more significant for host physiology and health [10].

2.2 Gut microbiota

Microorganisms including several species of bacteria, yeast, and viruses make
up the Gut microbiota. Out of the different Bacterial phyla, a few phyla represented,
by about 160 species [14] composed the gut microbiota. Some of the dominant
gut microbial phyla are Firmicutes, Bacteroidetes, Actinobacteria, Proteobacteria,
Fusobacteria, and Verrucomicrobia, with phyla Firmicutes and phyla Bacteroidetes
[15] making up to 90% of gut microbiota. Clostridium, Enterococcus, Lactobacillus,
Bacillus, and Ruminicoccus are among the more than 200 genera in the Firmicutes
phylum. Clostridium genera represent 95% of the Firmicutes phyla. Phylum
Bacteroidetes consists of Bacteroides and Prevotella as predominant genera. The
Actinobacteria a less abundant phylumis mainly represented by the Bifidobacterium
genus [15]. Besides, the gut microbiome is to a very large extent affected by dietary
administration of fiber, which alters the gut microbiota by providing substrates
for microbial growth, and expansion of their populations [7]. The possession of
different enzymes, about 130 glycoside hydrolase, 22 polysaccharidelyase, and
16 carbohydrate esterase enzyme families, allows the gut microbiome to switch
between different energy sources of fibers depending on their availability [16].
Bacteria such as Firmicutes and Actinobacteria has been found to be prime spe-
cies, which initiates the degradation of complex substrates [7]. Species such
as Bifidobacteriumadolescentis, Ruminoccocusbromii, Eubacteriumrectale, and
Pavabacteroides distasonisplay significant roles in degrading resistant Starch [1, 17].
The consumption of galactooligosaccharides mainly induces Bifidobacterium spe-
cies possessing the enzymatic machinery to utilize the substrate [18]. Reports have
also suggested that, degradation of complex substates, occurs in a cascade where,
different species will contribute equally at different stages towards production of
metabolites [7]. Primary fiber degraders are species that initiate the utilization
of a complex fiber through what can be considered a “guild” of species [19] or a
keystone species. Although R. bromii does not make butyrate, it is considered a
keystone species for the breakdown of RS and contributes significantly to butyr-
ate generation in the colon. Other dietary fiber types are expected to have similar
keystone species, although they have yet to be discovered.
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2.3 SCFAs metabolites

Dietary fibers, are metabolized by the microbiota in the cecum and colon [20]
resulting in the formation of major products such as particular, acetate, propionate,
and butyrate [21]. However, studies have reported that, microbes can utilize amino
acids from dietary proteins and triglycerols from fats [22, 23] to facilitate dimin-
ished supply of dietary fermentable fibers resulting in reduced fermentative activity
and formation of SCFAs as minor end products [24]. Although, protein fermenta-
tion was observed to the SCFA pool but, however dietary proteins mostly give rise
to branched-chain fatty acids such asisobutyrate, 2-methylbutyrate, and isovalerate,
[25] which are may have a concerning effect as a result of insulin resistance [26].

Acetate (C2) is a major SCFA metabolite produced from pyruvate. Many gut
bacteria produce Acetate from pyruvate via acetyl-CoA or the Wood-Ljungdahl
pathway, which produces acetate via two branches: (1) the C1-body branch (also
known as the Eastern branch) via CO, reduction to formate and (2) the carbon
monoxide branch (also known as the Western branch) via CO, reduction to CO,
which is then combined with a methyl group. Propionate is created when succinate
is converted to methylmalonyl-CoA through the succinate pathway. Furthermore,
propionate, can also be synthesized from acrylate using lactate as a precursor via the
acrylate pathway [27] and via the propanediol pathway using deoxyhexose sugars as
substrates [28]. Butyrate, the third main SCFA, is produced by the condensation of
two molecules of acetyl-CoA and subsequent reduction to butyryl-CoA, which can
then be converted to butyrate by phosphotrans butyrylase and butyrate kinase via
the classical pathway [29]. The butyryl-CoA: acetate CoA-transferase enzyme can
also convert butyryl-CoA to butyrate [30]. Besides, reports have also shown that
some microbes can use both lactate and acetate to synthesize butyrate. Butyrate can
also be produced from proteins via the lysine pathway, according to a recent analysis
of metagenome data [31], implying that microorganisms in the gut can adjust to
dietary changes in order to sustain the synthesis of important metabolites like
SCFAs. SCFA levels vary along the length of the gut, with the highest concentra-
tions in the cecum and proximal colon and decreasing towards the distal colon [21].

3. Dietary fibers metabolites signaling mechanism and their health
implications

3.1 Molecular mechanism of dietary fibers (DFs) and its metabolites

The metabolites of dietary fibers (DFs) are SCFAs that play a significant role
in metabolic diseases prevention and treatment along with some contradictory
research finding [32]. The SCFAs formate, lactate, acetate, propionate, and butyrate
are produces by the saccharolytic fermentation of the dietary fibrous [33] which
have a significant role in the maintenance of health by reducing the chances of
development of different disease.

World Health Organization have recommended daily intake of dietary fiber
20 g per 1000 kcal consumed for adults human being and this (20 g per 1000 kcal)
quantity of dietary fiber is full filled by the daily consumption 400 g per day of
fresh vegetables, fruits and grains (https://wwwwho.int/news-room/fact-sheets/
detail/healthy-diet). Modern life style, dietary pattern, seasonality, stress, habitat,
consumption of antibiotics and disease cause a drastic change in dietary pattern of
individual’s finally leads to gut microbial alteration [34] that influence production of
SCAFs. The various physiological functions in the gut (including adding the energy
to colonocytes, maintaining their mobility, blood flow, and regularize the movements
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of electrolytes and nutrients within the lumen) activate and modulate by SCAFs [35].
Colonic cell proliferation, differentiation and integrity mentioned by butyrate along
with the major and preferred metabolic substrate for colonocytes 60-70% energy
requirement [36]. Propionate maintains glucose homeostasis by gluconeogenic path-
way [37]. The expression of leptin has enhanced by propionate and acetate. Leptin is
a potent anorectic hormone, in adipocytes [38]. Acetate is a lipogenic SCFAs, reduced
levels of acetate would result in decreased lipogenesis [37]. In the rat hepatocytes,
acetate act as de novo lipogenesis and cholesterol synthesis, and these two pathways
are to be inhibited by propionate [39]. The increased levels of propionate SCFAs
would assist in the inhibition of acetate conversion into lipid in adipose tissue and the
liver. The DFs via gut microbiota increase the rate of acetate synthesis while reduc-
ing the level of propionate in cells [40]. Acetate SCFAs is inversely related to plasma
insulin levels [41] and acetate also activates leptin secretion in murine adipocytes [42].

High-fat diet-fed rats have increased acetate (C2) production due to gut micro-
biota that leads to ghrelin secretion and glucose-stimulated insulin secretion by
activation of the parasympathetic nervous system (PNS), apart from these high
calorically dense diet through gut microbiota-brain-f-cell axis promotes obesity and
health complications by regimenting glucose and lipids homeostasis [43].

New study finding by many researchers groups have suggested that [44, 45]
the loss of gut microbiota species from the colonic microbiota is associated to
consumption of the high-fat, low-dietary fiber diets and other nutrient intake and
diversity of gut microbiome [46, 47]. The fermentable dietary fibers directly govern
the diversity of the gut microbiota [48], SCFAs regulate the different physiological
activity of host. The majority of SCFAs transported across the mucosa by active
transport, mediated by two receptors. The monocarboxylate transporter 1 (MCT-1)
and the sodium-coupled monocarboxylate transporter 1 (SMCT-1) receptors. Direct
inhibition of histone deacetylases HDACs to directly regulate gene expression and
SCFA also effects signaling through G-protein-coupled receptors (GPCRs), this
may influence host physiology by modulate biological responses of the host.

3.2 SCFAs sensing signaling pathway

All physiological activities occurring in the body are gut metabolites driven and
SCFAs are connecting the link between the gut immunity with microbiota. The
crucial role of SCFA has been signified in shaping and regulating both local and
peripheral immune systems that respond to host metabolism via inflammatory
pathways. Therefore, SCFAs modulate functions of the different systems including
the enteric, nervous, endocrine, and blood vascular system serving as a key factor to
regulate metabolic disorders and immunity. The dietary fibers metabolites exerted
effects via their receptors, like the G protein-coupled receptor (FFAR3/GPR41 and
FFAR2/GPR43 and GPR109a) through the inhibition of histone deacetylases and
the activation of G-protein coupled receptors [32, 49].

3.3 SCFAs sensing signaling pathway in immunological responses

Gut bacteria produced SCFAs from indigestible saccharides diet precursors and
SCFAs transported across the mucosa by active transport mediated by two receptors,
monocarboxylate transporter 1 (MCT-1) and sodium-coupled monocarboxylate
transporter 1 (SMCT-1) receptors which influence host physiological functions and
modulate biological responses of the host. The main mechanism is direct inhibition
of histone deacetylases (HDACs) to directly regulate gene expression. HDACs remove
acetyl groups (deacetylation) from lysine residues of histones [50]. Transcription
of genes is enhanced through inhibition of HDACs function by increasing histone
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acetylation. Dietary fibers SCFAs inhibit HDACs activity and therefore suppress
expression of gene in different cells. Butyrate (C4) SCFAs is the most potent inhibi-
tor of HDAC:s activity and induces gene activation by facilitating the access of
transcription factors to promoter region, such kind’s activity of C4 known asan
epigenetic modification of chromatins [51]. The SCFAs-mediated HDACs inhibi-
tion, acts as an anti-inflammatory immune response mediated by less production of
inflammatory cytokines IL-8, IL-6, and TNFa [52]. Apart from these butyrate and
propionate reduced NF-kB activity and inflammatory cytokines [53], showing that
the anti-inflammatory effects of SCFAs are mediated through the modulation of
NF-kB signaling pathway. Beside this the SCFAs also affect signaling through GPCRs.
The SCFAs activate different GPCRs e.g. propionate (C3) is a most potent activator
of GPR43. The expression of GPR43 has been reported in the entire gastrointestinal
tract (GIT) along with cells of the immune and nervous systems. In GIT, GPR43 is
highly expressed in endocrine L-cells of the ileum and colon of intestinal PYY and
GLP-1 [54] producing cells as well as on colonocytes and enterocytes. The order of
potency was reported as like propionate >butyrate>acetate for GPR41 receptor [55].
The SCFAs control the body weight through the release of leptin in adipose tissue by
the expression of GPR41 [56]. The SCFAs play crucial role in metabolic functions of
hepatic cells through the FFAR3 signaling pathway without influencing the intestinal
environment [57]. Niacin receptor 1 (GPR109a) is activated by C4 at low concentra-
tion while highly expressed in adipocytes with a lesser extent is also expressed on
immune cells. Activation of GPR109a in adipocytes suppresses lipolysis and the low-
ering of plasma-free fatty acid levels (FFAs) [58]. Through epigenetic mechanisms
via histone acetylation acetate also increases fatty acid synthesis [59]. Therefore these
finding could helpful to promote the development of functional foods using SCFAs
or dietary significance of non-digestible carbohydrates fiber.

3.4 SCFAs sensing signaling pathway in hormone regulation

Gut microbes regulates the host metabolism by secretion of gut hormone. Gut
microbiota induced signal to nearby intestinal enteroendocrine cells through micro-
bial metabolites of DFs. These enteroendocrine cells release metabolically active
hormones like GLP-1, PYY, GIP, 5-HT, and CCK which influence feeding behavior,
glucose metabolism, insulin sensitivity and adiposity. Dietary components also
impact on the composition of gut microbiota which may have further downstream
consequences on gut hormone secretion and host metabolism. Enterochromaffin
cells (EC) of the gut are the main source of serotonin (5-HT, 5-hydroxytryptamine).
The EC is dispersed throughout the GI tract of the host and constitutes about
half of all enteroendocrine cells. The gut microbiota influences 5-HT levels in the
host. The antibiotic-treated mice study showed that significantly lower levels of
EC cell-derived 5-HT when compared to antibiotic free animals. The EC cells can
sense microbial metabolites by FFAR2 and FFAR3 signaling mechanisms [60]. PYY
(Peptide tyrosine-tyrosine) regulates food intake and satiety through activation
of central G protein-coupled Y2 receptors on neuropeptide Y (NPY) and AgRP
neurons in arcuate nucleus of hypothalamic part of brain [61]. This is the relay of
signaling cascade where by appetite-stimulating NPY neurons are suppressed that
allowing for the activation of the satiety-inducing a-MSH / pro-opiomelanocortin
(POMC) pathway [62]. The ability of gut microbiota to influence PYY secretion,
therefore, gut microbiota has significant implications for the development of meta-
bolic disease and obesity. Study reported that oral administration of C4 increased
circulating PYY level [63] by FFAR2/3 signaling. Glucagon-like peptide 1 (GLP-1)
augments insulin and inhibits glucagon secretion from the pancreas cells. GLP-1
inhibits gastric emptying and influences satiety and food intake [64, 65]. Orally
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administrated sodium butyrate in mice has been shown to transiently increase GIP
and GLP-1 secretion and GIP level were associated with adiposity reported the
ileal infusion of acetate, propionate, and butyrate during feeding in pigs, increased
plasma CCK levels and paradoxically inhibit pancreatic secretion [66]. SCFAs

are influence insulin function via their receptors [67, 68]. Glucose homeostasis in
type 2 diabetes mellitus patients managed by fiber reaches diet that alters the gut
microbiota. The deficiency in SCFAs production in host has associated with type

2 diabetes by interfering HbA1lc levels in circulation [69]. Diet plat a major role in
gut microbiota composition and gut microbiota regulates metabolism via metabo-
lites produces by plant-based diets and intake of probiotics increases secretion of
carbohydrate-active enzymes [70] in luminal of GIT.

4, Conclusion

Dietary fibers and its gut microbial metabolite SCFAs have been known to exert
metabolic benefits to the host [71]. Various health benefits have been reported whereby
Dietary fibers via SCFA increase plasma SCFA levels to active FFAR3 which has been
shown to improve hepatic metabolic conditions. Furthermore, Dietary fibers con-
sumption reduced HFD-induced liver weight growth and hepatic TG accumulation,
as well as a shift in hepatic lipid metabolism. Dietary SCFAs consumption improved
hepatic metabolic conditions via the FFAR3 signaling pathway. Besides, Dietary fibers
were reported to shift the gut microbiome towards the production of more butanoate
which is accompanied by up-regulation of microbiota and AMP-activated protein
kinase (AMPK)-dependent gene expression which contributes to intestinal integrity
and homeostasis by affecting metabolism, transporter expression. In addition, micro-
bial metabolite SCFAs derived from microbial fermentation of dietary fibers are likely
to have more broad impacts on various aspects of host physiology including health.
Hence, Diet plays a pivotal role and is key as they have a significant impact on the
composition, variety, and richness of the gut microbiota which directly determines the
formation of essential SCFAs metabolites. Different aspects of the diet have a time-
dependent effect on gut bacterial ecosystems. Long-term dietary patterns, particularly
high protein and animal fat intake, have been demonstrated to diminish the number of
beneficial microorganisms, which has been linked to host health.
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