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INTRODUCTION

Dietary fiber has long been a topic both for clinicians and nutritionists. Lately there has been a growing
interest in dietary fiber resulting from the works of Trowell and Burkitt. The fiber hypothesis proposed by
them suggested that high dietary fiber content hel ps protect against certain diseasesthat are common in the
Western World. Faulty diets are found to play an important role in the development of heart disease,
hypertension, cancer, osteoporosisand other chronic diseases. Dietshighin animal fat and low in vegetables
and fruits are strongly related to the development of these and other non communicable diseases (NCDs).

Intoday’sfast world many changes have occurred in the time honored food habits of almost all the cultures.
The displacement of fiber-rich plant foods by novel dietary staples, introduced during the Neolithic and
Industrial periods, was instrumental in changing the diets that our species had traditionally consumed—a
diet that would have almost aways been high in fiber.

Food staples and food-processing procedures introduced during these periods have fundamentally altered
7 crucia nutritional characteristics of ancestral hominin diets: 1) glycemic load, 2) fatty acid composition,
3) macronutrient composition, 4) micronutrient density, 5) acid-base balance, 6) sodium-potassium ratio,
and 7) fiber content. The evolutionary collision of our ancient genome with the nutritional qualities of
recently introduced foods may underlie many of the chronic diseases of Western civilization®.

The“western” diet isdefined by low fiber and high fat, sucrose and animal protein intakes and the pattern
of diseasethat accompaniesit. Peoplein Japan for example are known to livelonger than anyoneelseinthe
world. However, Japanese in United States who have adopted the western diet were found to have ahigher
incidence of NCDs as compared to their counterparts in Japan?. The human body functions best on a diet
that islow in sodium, contains a moderate amount of protein and is high in fiber, complex carbohydrates
and vegetables and fruits. Studies that tracked how disease patterns and rates change as people adopt a
“western” style of eating provided evidence for the benefits of high fiber, low fat, low sodium diets. A
recent analysis of mortality trends suggests that large increases in non-communicable diseases (NCDs)
have occurred in developing countries, particularly thosein rapid transition (e.g. Brazil, Chinaand India).
According to these estimates, at least 40% of al deaths in developing countries are attributable to NCDs
(vs.75% in industrialized countries) .

Therisein CVD isareflection of asignificant change in diet habits, physical activity levels, and tobacco
consumption worldwide as a result of industrialization, urbanization, economic development and food
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market globalization. Peopl e are consuming amore energy-dense, nutrient-poor diet and arelessphysically
active. Theseare no longer only diseases of the devel oped world: some 80% of all CV D deathsworld-wide
took placein developing, low and middle-income countries, while these countries al so accounted for 86%
of the global CVD disease burden. In developing countries people are being exposed to these risk factors
for longer periods and a high proportion of disease takes place in people of working age.

A complex range of factors interact to determine the nature and course of this epidemic in developing
societies like India which are rapidly urbanizing. Increases in energy intake, dramatic increases in fat
intake along with increased levels of sedentary life style are the rapid quantitative changes in developing
countriesindicating an increasein per capitaavailability of food which is also accompanied by qualitative
changes in the diet. Food balance data from the Food and Agriculture Organization (FAQO) show that the
changein energy intakein Asian countries has been small, but there have been large changesin consumption
of animal products, sugars, fats and refined carbohydrates with decreased consumption of coarse grains.
Thenet effect has been amarked shift in thediet with energy from fat (both animal and vegetable) increasing
each year and a decline in complex carbohydrates and dietary fiber. Data from India show that higher-
income groups consumed adiet with 33% of the energy from fat whilethe very low-income groups consumed
only 17% energy from fat*.

What are Dietary Fibers?

The American Association of Cereal Chemists (AACC) defines dietary fiber as “ The edible parts of
plantsor analogous carbohydratesthat areresistant to digestion and absor ption in the human small
intestine with complete or partial fermentation in the large intestine. Dietary fiber includes
polysaccharides, oligosaccharides, lignin, and associated plant substances. They promote beneficial
physiological effectsincluding laxation, and / or blood cholesterol attenuation, and/or blood glucose
attenuation.” The non-starch polysaccharides (NSP) include celluloses, hemicelluloses such as
arabinoxylans and arabinogal actans, pectins, modified celluloses, fructans (oligomers and polymers of
fructose, i.e. inulin), gums, and mucilages.

At varioustimesin history, linksbetween insufficient dietary fiber consumption and constipation, diverticular
disease, hiatus hernia, appendicitis, varicose veins, hemorrhoids (piles), diabetes, obesity, coronary heart
disease, cancer of thelarge bowel, gallstones, duodenal ulcers, breast cancer, and blood clotting have been
hypothesized. Of these, three physiological impacts characteristic of insufficient dietary fiber consumption
have been proven to be constipation, increased risk of coronary heart disease, and increased fluctuation of
blood glucose and insulin levels®.

COMPONENTSOF DIETARY FIBER

COMPONENT SOURCE
Cellulose All food plants
Hemicellulose All food plants, especially cereal bran
Pectin Mainly fruits
Lignin Mainly cereals and ‘woody’ vegetables
Gums and some food Food additives in processed
thickeners foods
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RECOMMENDED FIBER INTAKES THROUGH
THE LIFE CYCLE

Recommendations for adult dietary fiber intake generally fall in the range of 20 to 35 g/day. Other
recommendationsfor dietary fiber intakes are based on energy intake and are 10 to 13 g of dietary fiber per
1000 kcal. Nutrition facts labels use 25 g dietary fiber per day for a2, 000 kcal/day diet or 30 g/day for a
2,500 kcal/day diet as goals for American intake. Two to three servings of whole grains, five servings of
fruits and vegetables a day and one or two servings of legumes every week would supply the required
amount of fiber.

Dietary fiber hasimportant health benefitsin childhood, especially in promoting normal laxation. Currently,
children consume amounts of dietary fiber that appear to be inadequate for optimal health promotion and
disease prevention. No published studies have defined desirablefiber intakesfor infantsand children younger
than 2 years. Until there is more information about the effects of dietary fiber in the very young, arational
approach would beto introduce a variety of fruits, vegetables, and easily digested cereals as solid foodsin
the diet. Children aged 3-18 need less fiber than adults, and they need different amounts at different ages.
It is prudent to recommend that children older than 2 year s of age increase dietary fiber intaketo an
amount equal to or greater than their age + 5 g/day. Accordingtothe“age + 5" rule dietary fiber intake
would increase from 8 g/day at age 3 yearsto 25 g/day by age 20 years. After age 20, dietary fiber levels of
25 to 35 g/day are recommended. Dietary fiber intake should be increased gradually in childhood by
increasing consumption of avariety of fruits, vegetables, legumes, cereal s, and other whole-grain products.
Although very high fiber intake in childhood could have adverse effects, the potential health benefits of a
moderate increase in dietary fiber substantially outweigh the possible risks’.

Specificrecommendationsfor theelderly have not been published, although a saferecommendation
would be intakes of 10 to 13 g dietary fiber per 1,000 kcal. Adequate fluid intake should be advised
when recommendations for dietary fiber are made. Caution should be used when recommending fiber to
those with gastrointestinal diseases, including constipation.

The usual daily intake of dietary fiber in Europe and the USA amounts to only 15-20 g, while health
authorities and nutrition societies recommend areference value of at least 30 g. Dietary fibers are applied
asfood-integrated, as supplement and as purified substances.

Daily Requirement of Dietary Fiber in Different Age Groups

Age Adequate Intake (g/day) Age Adequate Intake (g/day)
Male Female Male Female
1-3years 19 19 31-50 years 38 25
4-8 years 25 25 51-70 years 30 21
9-13 years 31 26 > 70 years 30 21
14-18 years 38 26 Pregnancy - 28
19-30 years 38 25 Lactation - 29
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SOURCES OF DIETARY FIBER

Dietary fiber isfound in foods of plant origin only - cereals, vegetables, fruit, dried peas, beans, lentilsand
nuts. Because of their water content, fruits and vegetables are more dilute sources (1.5 - 5 %). Legumes,
nuts and dried fruits are higher in fiber (greater than 7%). Foods such as meat, fish, eggs, milk and cheese,
table sugar and alcohol do not provide dietary fiber.

Servings of commonly consumed grains, fruits, and vegetables contain only 1 to 3 g of dietary fiber”.
Though the vegetariansfeel that they consume adequate vegetablesand fruitsintheir diet, 73% of individuals
had a mean fiber intake below 20 g/day®.

Fiber content of certain foods per 100 gms

Food stuff Fiber (gms) Food stuff Fibre (gms)
Ragi 3.6 Figs (dried) 9.3
Rice bran 4.3 Banana 2.8
Green gram whole 4.1 Orange 31
Moth beans 45 Kiwi fruit 34
Amaranath 6.1 Pears (raw) 2.6
Drumstick 4.8 Prunes (dried) 7.2
Guava 52 Raisins 53
Passion fruit 9.6 Broccoli, raw 7.7
Bran bread 8.5 Brussels sprouts, (cooked) 2.6
White bread 19 Cabbage (white) raw 24
Cornflakes 2.0 Cauliflower, raw 24
Oatmeal 10.6 Sweet potato, cooked 3.0
Whest flakes 9.0 Tomatoes, raw 13
Oat bran, raw 6.6 Coconut, raw 9.0
Rice, raw (brown) 35 Peanuts, dry-roasted 8.0
Rice, raw (white) 1.0-2.8 Pistachios 10.8
Wheat bran 15.0 Tahini 9.3
Apple (with skin) 2.8 Tofu 12

Apricots (dried) 7.8

Source: Provisional table on the dietary fiber content of selected foods (Washington, D.C.: U.S.
Department of Agriculture, 1988).
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Thefood pyramid, showing a healthy diet, became familiar to many. It recommends 6+ servings of cereals
and breads aday, 5+ of fruit and vegetables, 2 servings of milk, cheese and yoghurt, and one of meat, fish,
chicken, beans, nuts or eggs. Food at the apex of the pyramid, fats, oils, sugars, alcohol and salt are usually
components of foods in lower levels so no servings are recommended. Similarly, the fiber pyramid could
be agood guide for disease prevention and health promotion.

FIBER PYRAMID

Poor Sources
Refined Flour,
Noodles, Polished rice,
White bread, Radish,

L ettuce etc.

Good Sources
Brown bread, Onion, Brinjal, Cabbage,
Cauliflower, Carrot, Beet root, turnip, apple
with skin, strawberries etc.

Excellent sources

Whole wheat flour, Wheat bran, Unpolished rice, Rice bran, Ragi, Bajra,
Jowar, Oats, Corn, Dark green leafy vegetables, Drumsticks, Ladies
finger, Cluster beans, Fenugreek seeds, Raspberries,
Blackberries, Guava etc.

Fruit and vegetable intake varies considerably among countries, in large part reflecting the prevailing
economic, cultural and agricultural environments. WHR 2002 analysis assessed the levels of mean dietary
intake of fruit and vegetables (excluding potatoes) in each region, measured in grams per person per day.
Low intake of fruit and vegetablesis estimated to cause about 19% of gastrointestinal cancer, and about
31% of ischemic heart disease and 11% of strokes worldwide. 2.7 million deaths are attributable to low
fruit and vegetable intake. Of the disease burden attributable to low fruit and vegetable intake, more than
four fifthsisfrom heart diseases and the balance from cancers.
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TYPES OF DIETARY FIBER

Dietary fiber isaheterogeneous group of substances which have only one common characteristic: the non-
digestability in the small bowel. With one exception all fibers are carbohydrates (poly- or disaccharides).
Somefibers are water-soluble— Solublefiber swhile othersareinsoluble and called I nsolublefibers. This
property is associated with physiological effects’. Insoluble fiber comes from the remnants of plant cell
wallswhile solublefiber is present in the space between the cell walls called the middle lamella. Insoluble
fiber iscomposed of cellulose, hemicellulose and lignin. Cellulose, hemicellulose and lignin are structures,
pseudo crystalline polymers held together by strong molecular forces of hydrogen bonding that are not
disrupted by water and are therefore insoluble in gastrointestinal fluid and therefore poorly fermented by
intestinal flora.

Soluble fibers are composed of complex polysaccharides such as beta glucans, pectins, gums and some
hemicelluloses. Solublefiber ishydrophilic, non crystalline and easily wetted by the aqueous gastrointestinal
fluid forming viscous colloidal dispersionsor gelswhen hydrated and is extensively fermented by intestinal
floral®.

Foodshighin solublefiber include oat bran, oatmeal, beans, peas, rice bran, barley, citrusfruits, strawberries
and the edible part of apples. Oat bran hasthe most soluble fiber of any grain; however, thewhole oat grain
isagood source of insolublefiber aswell. Fruit pectin, for example, isahighly solubefiber. Psyllium seed,
the commonest source of bulk laxatives, contains fiber that is moderately soluble. Wheat bran consists of
relatively insoluble fiber that is most readily evident as “roughage’. Although all fiber adds bulk to bowel
movements, the chemical effects of the different types of fiber can be opposite. Foods high in insoluble
fiber include wholewheat breads, wheat cereals, wheat bran, rye, rice, barley, most other grains, cabbage,
beets, carrots, Brussels sprouts, turnips, cauliflower and apple skin

Thefiber available from rice and wheat is predominantly insoluble while that from fruits and vegetablesis
mainly soluble; hencewhiletotal fiber intake probably changed little, in the old world agriculture generally
increased the insoluble: soluble dietary fiber ratio'2.

Resistant starch

While not traditionally thought of asfiber, resistant starch actsin asimilar way. Resistant starch, the sum of
starch and starch-degradation products not digested in the small intestine®®, contributes to the pool of
microbial substrate or dietary fiber reaching thelargeintestine. It isfound in many unprocessed cerealsand
grains, firm bananas, potatoes and lentils, and is added to bread and breakfast cereals as Hi-Maize. It can
aso be formed by cooking and manufacturing processes such as snap freezing. Resistant starch is also
important in bowel health. Bacteriain the large bowel ferment and change the resistant starch into short-
chain fatty acids, which areimportant to bowel health and may protect against cancer. Thesefatty acidsare
aso absorbed into the bloodstream and may play arolein lowering blood cholesterol levels.

Legumesareaprimary source of resistant starch, with asmuch as 35% of legume starch escaping digestion™.
Small amounts of resistant starch are produced by the processing and baking of cereal and grain products.
The amount of resistant starch in atypical Western diet is not known and meaningful tables of the resistant
starch content of foods are not available.
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Different Fibersand their properties

Types of Fiber Physicochemical Physiological effect
property
Energy source. Increase in biomass.
Resistant starch, Short chain fatty acid production
B-Glucans, Pectin, Guar Fermentation Reduction in pH of colon
(inhibition of 7-a dehydroxylase),
Anti-neoplastic activity of butyrate
Non-fermentable portion of
hydrocolloids e.g. Cellulose, Water Holding Increased stool bulk
Arabinoxylans, Algal Capacity Shorter gut transit times
hydrocolloids
Pectin, Guar Viscosity Del ayed gastric emptying. Slower
transit time through small bowel
Guar, Logust bean Gel Eormation Reduced rate qf nutrient absorption
gum, Alginate (eg. glucose, bile acids)
Hydrocolloids with large
hydrophobic surface area Binding of organic Binding of hile acids,
e.g. B-Glucans, Arabinoxylans, molecules carcinogens and mutagens
Methyl cellulose

Addressing the Australian Gastroenterology Week conference in Adelaide, Dr Graeme Mclntosh said
researchers had already identified some new dietary fibers, including aspecific oligosaccharide that behaves
like an antibiotic. He said while an antibiotic killed the bacteria, mannan oligosaccharides performed a
similar function by absorbing certain pathogens (gastrointestinal bugs) and oligosaccharides had been
used successfully to treat disorders such asdiarrhea. Some oligosaccharides had already been commercially
developed in Europe and the United States with the manufacturer claiming it improved digestive tract
function and primed the immune system. The health benefits of fiber necessitate improvement in food
labeling standards to provide more reliable measurements of fiber to assist consumers with food choices.

MECHANISM OF ACTION OF SOLUBLE FIBERS

Although studied extensively, the mechanism by which solublefiberslike oat beta-glucan reduces cholesterol
is unclear. However, it has been demonstrated that development of viscosity in the gut, is an essential
precursor®s, Because soluble fibers like beta-glucan form a hydrocolloid, they have the capacity to form
highly viscous solutions at low concentrationsin vivo and this can lead to binding and increased excretion
of bile acids, reduced absorption of fat and cholesterol, and a reduced absorption rate of available
carbohydrates. Any or al of these events can result in attenuated cholesterol levels. Oat beta-glucan may
also promote cholesterol clearance from the plasma via reverse cholesterol transport. This also suggests
that soluble fibers like beta-glucan are likely to be more effective when taken with meals'®. When these
viscousfibersare added to adiet, the rate of glucose appearancein the blood isslowed, and insulin secretion
is subsequently decreased. These beneficial effects on blood glucose and insulin concentrations are most
evident in individuals who have diabetes mellitus.
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For most soluble fiber sources, the potential mechanisms are the following:

« Alter energy intake and gastric emptying
« Alter emulsification of dietary fat in the conditions prevailing in the stomach and small intestine,
« Alter the secretion rate of pancreatic enzymes and reduce the activity of gut lipases

« Slow and/or reduce the intestinal absorption of dietary fatty acids and cholesterol aswell as
glucose absorption and insulin response

* Bind bilesaltsin the small intestine and as aresult increase ileal and fecal excretion of fat,
cholesterol and bile salts.

« Alter chylomicron secretion and thus, postprandial lipid and lipoprotein metabolism.

 Alter hepatic levels of LDL receptor. Most soluble viscous dietary fiber sources lower fasting
plasmaand LDL cholesterol after chronic intake.

« Favorably alter risk factors such as hyperinsulinemia or thrombotic indices.

Depending on the particular type of fiber, some mechanisms can have more or less importance®’.

DIETARY FIBER CONTENT OF SELECTED
FRUITS AND VEGETABLES

Food Serving Solublefiber Insoluble fiber
Apple 1 0.84 1.96
Banana 1 medium 0.64 1.36

Pear 1 1.00 2.00

Effect of processing on fiber

The industrial era and food processing techniques have further distanced nutrition from its primate and
Palealithic antecedents. Roller-milling has reduced the fiber content of cereal-based foods so that total
fiber intake has plummeted to levels much below that consumed by agriculturists, hunter-gatherers, or
primates.

Thereis, however, de-polymerization of the dietary fiber polysaccharides where degradation isrelated to
the severity of the heat treatment. Souring, freezing and mild microwave treatments have no effects. The
viscosity isin general related to the extent of polymerization. Microwave treatment has different effectson
various cultivars of green beans, and the addition of salt (NaCl and CaCl,) to the boiling water changes the
physico-chemical properties of solublefiber in carrots, depending on the cation. The higher viscosity of the
soluble fiber in raw carrots may partly explain the lower glucose and hormonal responses observed in
healthy subjects when compared with blanched and microwave-cooked carrots.
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Dietary Fiber in Health and Disease

Accumulating evidence suggests that dietary fiber could help prevent major diseases such as CVD and
certain cancers, principally of thedigestive system. There are several mechanisms by which these protective
effectsmay be mediated, involving anti oxidants and micronutrients, such asflavonoids, carotenoids, vitamin
C and folic acid, as well as dietary fiber. These and other substances block or suppress the action of
carcinogens and, as antioxidants, prevent oxidative DNA damage.

BENEFICIAL EFFECTS OF DIETARY FIBER

ORGAN ACTION HEALTH EFFECT
Teeth Requires more chewing. Increases Protects against dental caries.
the secretion of saliva. K eeps gums healthy.
Stomach Increases the secretion of saliva Enhances satiety prevents
and gastric juice. overeating and weight gain

Decreases the rate of evacuation
of stomach contentsinto small
intestine >> prolongs the feeling

of satiety.

Digestive tract Shortens intestinal transit time. Prevents constipation. Decreases
Dilutes harmful substances. risk of breast and colon cancer.
Beneficial for the bacterial population | Altersbile acid metabolism
in the large intestine. Interrupts the in the gut in afavorable way.

enterohepatic circulation of estrogens,
reducing estrogen levels

Cardiovascular Inhibits the absorption of dietary Lowers blood cholesterol levels.

system holesterol.Increasesthe release of bile | Decreasestherisk of heart
acidsinto theintestine. Influencesthe | disease and gallstones.
plasmatriglyceride levels and blood
clotting properties

Blood glucose Slows down the absorption of Stabilizes blood glucose levels,
carbohydrates. especially in diabetic individuals.

Ecologic, observational and laboratory studies generally agree that eating adiet high in vegetables, fruits,
and other plant-based foods; low in animal fats and low in salt content, along with maintaining a healthy
weight, not using tobacco in any form, and being physically active can reduce therisk of cancer, CHD, and
other chronic diseases®®.

In the gastrointestinal tract, they modify the absorption of nutrients (particularly carbohydrates and lipids)
inthesmall bowel. They accelerate the gut transit time and determine stool composition and quantity. They
are the main nutritional source for the colonic microflora. During the bacterial fermentation, short-chain
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fatty acids are formed which are essential for nutrition and integrity of the colonocytes and for colonic
function. Moreover detoxicating enzymes, antioxidants and carcinogen-inactivating compounds are also
formed as a result of bacteria fermantation of dietary fiber. The most important fibers are cellulose,
hemicellulose, pectin, guar, psyllium, beta-glucan, lignin and digestion-resistant starch; they are present in
varying amounts in plant foods and in fiber preparations.

Dietary fiber lowersthe energy density of food, while increasing satiety and reducing hunger. In addition,
fiber increases the viscosity of the gastrointestinal fluid, impeding mass flow and absorption of molecules
in the small intestine, slowing the digestion of fat and starch and the transport of glucose into the blood
stream?®. The net result is that increased consumption of dietary fiber as part of a healthy diet, either in
foods naturally high in fiber or from foods supplemented with fiber, can lead to the gradual loss of weight
by reducing caloric intake®.

Soluble fibers (those found primarily in fruit and vegetables) modestly reduce total and LDL cholesterol
concentrations beyond those achieved by adiet low in saturated fat and fiber, by slowing gastric emptying,
may reduce the appetite and help to control caloric intake. Diets low in dietary fiber may underlie or
exacerbate constipation, appendicitis, hemorrhoids, deep vein thrombosis, varicose veins, diverticulitis,
hiatal hernia, and gastroesophageal reflux?. As componentsin foods are digested and absorbed from the
small intestine, fiber becomes a major component in the gut lumen, making the viscosity evident. This
viscosity interferes with bile acid absorption from the ileum?. In response, LDL cholesterol is removed
from the blood and converted into bile acids by the liver to replace the bile acids lost in the stool. Some
evidence also indicates that changes in the composition of the bile acid pool accompanying ingestion of
some viscous fibers dampen chol esterol synthesis. Because endogenous synthesis accountsfor about three-
quarters of total body cholesterol pool, slowing synthesis, as do the “statin” drugs, could have afavorable
impact on blood cholesterol concentrations2,
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CLINICAL BENEFITSOF DIETARY FIBER SUPPLEMENTATION

GASTRO INTESTINAL DISORDERS
OBESITY

DIABETESMELLITUS
CORONARY ARTERY DISEASE
HYPERCHOLESTEROLEMIA
CANCERS

DIETARY FIBER SUPPLEMENTATION AND
GASTRO INTESTINAL DISORDERS

Laxation isavery important physiological effect that results from increasing the dietary fiber component
of one's diet in place of other food components. The discomfort of constipation and the potential for
increasing therisk of other diseases resulting from constipation such asdiverticul ar disease and hemorrhoids
cannot be understated. Positive nutrition effects include improved body function and increased overall
body comfort. Improved laxation fits in both categories. Increased dietary fiber in the diet results in an
increaseinfecal bulk, reduced transit time of fecal material through thelargeintestine, increased frequency
of defecation, improved regularity of defecation, and reduced hardness of stools. Accompanying thisthere
istypically ashift to alower colonic pH, an increase in intestinal microflora populations and a change in
intestinal microflora species distributions, all considered beneficial. Softer stools result in less discomfort
to the colon and anus at time of elimination and less strain on the musclesinvolved in defecation.

Dueto highintake of refined foods, the expenditure on laxatives had increased to $870 million in the USA
in 1999. An Australian health survey (conducted viathe postal service) completed by 14,761 young (18-23
years), 14,070 middle-aged (45- 50 years), and 12,893 ol der (70-75 years) women reported in 2000 showed
constipation as a problem for 14.1% of the young, 26.6% of the middie-aged, and 27.7% of the older
women. Hemorrhoids affected 3.2% of theyoung, 17.7% of the middle-aged and 18.3% of the older women.
One third of the young women and half of the middle-aged and older women had sought help for their
constipation®. An overall constipation rate of 14.7% was found with some 45% of the individuals with
constipation reporting to be suffering from the complaints for 5 years or more in 1997 in a telephonic
interview of 10,018 individualsin the United States®.

Wheat branisavery good source of dietary fiber asit isnot solubleinwater. Thisgiveswheat branitsmain
beneficia action of being agood (and cheap) laxative - because the fiber increases the mass of the stools.
Wheat bran has few other actions that are considered important. Oat bran contains some insoluble fiber
plus alarger amount of soluble fiber, both of which can help laxation.

Burkitt et al#, compared various popul ation groups and found that those on high fiber diets produced stools
of 150- 980 (average 275 for children, 470 for adults) grams/day, with transit times of 19-68 hours (average
33.5for children, 35.7 for adults). Those on low fiber produced stools of 39-195 (average 173 for children
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on a high fruit diet, 110 for teenagers, and 104 for adults) grams/day with transit times of 28-144 hours
(average 48 for children on ahigh fruit diet, 76.1 for teenagers, and 83.4 for adults). The group consuming
amixed diet interms of dietary fiber content produced stools of 48-488 (average 165 for children, 185 for
teenagers, 155 for nurses, 175 for hospital patients, and 225 for vegetarians) grams/day with transit times
of 18-118 hours (average 45.2 for children, 47.0 for teenagers, 44.0 for nurses, 41.0 for hospital patients,
and 42.4 for vegetarians). The consensusreport of the European Non-Digestible Oligosaccharides concluded
thereisconvincing evidence that consumption of non-digestible oligosaccharides stimul ates bowel habit?,

Partially-hydrolyzed guar gum given 3 times a day in 12 gram dosages as a beverage after every meal,
increased fecal weight and output frequency in eight healthy men over the course of afour week study?.
Fifteen women aged 18-48 years suffering from constipation consumed 8.2 grams/day of partially hydrolyzed
guar gumin addition to an average daily intake of 9.2 grams/day of other dietary fibers. Defecation frequency
increased by 37% and fecal moisture increased from 69.1 to 73.8%®. Again adding 20 grams of partially-
hydrolyzed guar gum per liter of enteral feeding solution resulted in a significant decrease in cases of
diarrheain a study involving 100 patients on total or supplemental enteral nutrition®.

Epidemiological evidence suggeststhat low dietary fiber intake may predisposetoirritable bowel syndrome
(IBS) . Administration of dietary fiber supplements in these patients leads to an improvement in colonic
motility. In a controlled trial, intake of extra fiber led to significant decrease in pain and improvement in
bowel habits and colon motility®. In studies on rats the amount of butyric acid in the distal colon has been
shown to be higher with dietary components containing high amounts of resistant starch. Further, the
fermentability is lower and the butyric acid concentration higher with composite foods than with the
corresponding purified fiber fractions. In human studies the faecal concentration of butyric acid has been
shown to increase in patients with ulcerative colitis when [beta]-glucan-enriched oat bran (20 g fiber) is
added to the diet for 12 weeks. Also, an improvement of symptoms was reported®.

DIETARY FIBER SUPPLEMENTATION IN OBESITY

Globally, there are more than 1 hillion overweight adults, at least 300 million of them obese. Obesity and
overweight pose a major risk for chronic diseases, including type 2 diabetes, cardiovascular disease,
hypertension and stroke, and certain forms of cancer. The key causes areincreased consumption of energy-
dense foods high in saturated fats and sugars, and reduced physical activity.

The obesity epidemicisnot restricted to industrialized societies; and is often faster in devel oping countries
than in the developed world. The health consequences range from increased risk of premature death, to
serious chronic conditions that reduce the overall quality of life. Of especial concern is the increasing
incidence of child obesity.

The rising epidemic reflects the profound changes in society and in behavioral patterns of communities
over recent decades. While genes are important in determining a person’s susceptibility to weight gain,
energy balanceis determined by calorieintake and physical activity. Thus societal changes and worldwide
nutrition transition are driving the obesity epidemic. Economic growth, modernization, urbanization and
globalization of food markets are just some of the forces thought to underlie the epidemic.

The distribution of BMI is shifting upwards in many populations. And recent studies have shown that
peoplewho were undernourished in early life and then become obesein adulthood, tend to devel op conditions
such as high blood pressure, heart disease and diabetes at an earlier age and in more severeform than those
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who were never undernourished®. The“Nurses Health Study” found that compared to lean women (BMI <
22 Kg per m2) thosewith BMI > 35 had a93 fold increased risk of developing type 2 diabetes mellitus® .
For men with BMI >35, the risk was increased 40- fold®.

The non-fatal, but debilitating health problems associated with obesity include respiratory difficulties,
chronic musculoskeletal problems, skin problems and infertility. The more life-threatening problems fall
into four main areas. CV D problems; conditions associated with insulin resistance such astype 2 diabetes;
certain typesof cancers, especially the hormonally related and large-bowel cancers; and gallbladder disease.
The likelihood of developing Type 2 diabetes and hypertension rises steeply with increasing body fat.
Confined to older adults for most of the 20th century, this disease now affects obese children even before
puberty. Approximately 85% of peoplewith diabetesaretype 2, and of these, 90% are obese or overweight.
And thisisincreasingly becoming aproblemin devel oping world. Chronic overweight and obesity contribute
significantly to osteoarthritis, amajor cause of disability in adults.

Although obesity should be considered a disease in its own right, it is also one of the key risk factors for
other chronic diseasestogether with smoking, high blood pressure and high blood cholesterol. In the analyses
carried out for World Health Report 2002, approximately 58% of diabetes and 21% of ischemic heart
disease and 8-42% of certain cancers globally were attributable to aBMI above 21 kg/n.

The prevalence of obesity among young adult males in urban areas was between 10.7%t0 53.1% *. In a
similar study in Delhi of 13,414 adults aged 25-64 years in urban areas, the prevalence of obesity was
found to be 27.8%. The incidence of obesity was higher in females 33.4% as compared to 21.3% among
mal es and obesity was found to be associated with hyperchol esterolemia, hyperlipidemiaand lower levels
of physical activity®. The Nutrition Foundation of Indiareportsthat the prevalence of obesity in the upper
strataof urban society is32.2% among malesand 50% among females and in the middle classthe prevalence
i$16.2% among males and 30.3% among femal es*. Obesity, both in children and adults, and its contribution
to NCDs are likely to become a serious health problem in India®.

Childhood obesity is already epidemic in some areas and on the rise in others. An estimated 17.6 million
children under five are estimated to be overweight worldwide. The preval ence of obese children aged 6-to-
11 years has more than doubled since the 1960s. Obesity prevalence in youths aged 12-17 has increased
dramatically from 5% to 13% in boys and from 5% to 9% in girls between 1966-70 and 1988-91 in the
USA. The problemisglobal and increasingly extendsinto the devel oping world. For example, in Thailand
the prevalence of obesity in 5-t0-12 year old children rose from 12.2% to 15.6% in just two years. The
probability of continuing obesity or overweight in adulthood, when acquired during childhood, varieswith
the child's age and the presence of obesity or overweight in parents: it is the primary risk of childhood
obesity. Thus, approximately 20% to 50% of children who were obese before puberty will remain so in
adulthood, and 50% to 70% of obese adolescents will retain this obesity in adulthood. According to the
WHO's global database, India has a preschool childhood obesity prevalence of 1% “. Joshi et a*from
Asian Health Care have found obesity as an emerging problem in pre-school, school going and adolescent
children.

Although the majority of obese or overweight children have no medical complications, specific disorders
can accur in the case of severe obesity and some subclinical disorders (hypertension, hypercholesterolemia,
and hypertriglyceridemia, etc.) are more common in obese children. Furthermore, childhood obesity has
psychosocia consequences, relating to a loss of self-esteem, worsened by the stigmatization of obesity.
The presence of atherosclerotic risk factorsin 237 school children aged 13-17 yearsin western Indiawas
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examined. Obesity was observed in 10% of the population, borderline hypertension in 27%, borderline
hypercholesterolemiain 32.9% and definite hypercholesterolemiain 6.8%. Fats provided nearly 40% of
the diet and fiber intake was less than 10 gm/day. The study showed a high prevalence of metabolic and
dietetic coronary risk factors among adolescents of the middle- and upper-middle classin India®.

Heaton® proposed that fiber acts as a physiol ogic obstacleto energy intake by at least three mechanisms: 1)
fiber displaces available calories and nutrients from the diet; 2) fiber increases chewing, which limits
intake by promoting the secretion of salivaand gastric juice, resulting in an expansion of the stomach and
increased satiety; and 3) fiber decreases the absorption efficiency of the small intestine. Diets high in
energy density increase food consumption when compared with diets lower in energy density. High-fiber
foods have much less energy density compared with high-fat foods.

Rolls* suggested that as humans consume a constant weight of food and, hence, lower energy (i.e., high
fiber) food intake per unit weight may promote a decrease in weight. Thus, high-fiber foods can displace
energy or calories. Further, eating alow energy or high-fiber food increases satiety. The bulking and viscosity
properties of dietary fiber are predominantly responsible for influencing satiation and satiety*.
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Physiological effects of dietary fiber®

Fiber rich foods usually are accompanied by increased efforts and/or time of mastication, which leads to
increased satiety through a decreased rate of ingestion due to intrinsic, hormonal, and colonic effects of
dietary fiber. Dietary fiber may a so influence fat oxidation and fat storage.

A diet of different fiber-containing foods also is usually richer in micronutrients. Theoretically, if dietary
fiber could block or limit the absorption of macronutrients, it could aid in weight control. Even a small
change in absorption could have long-term significance in weight maintenance.
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As per the World Health Organisation®, some of the key elements for effective weight management apart
from reduction of fat and caloriesinclude:

« Creating supportive popul ation-based environments through public policiesthat promote the availability
and accessibility of a variety of low-fat, high-fiber foods, and that provide opportunities for physical
activity.

« Promoting healthy behaviors to encourage motivate and enable individuals to lose weight by eating
more fruit and vegetables, aswell as nuts and whole grains.

Populationsthat report higher fiber consumption al so demonstrate lower obesity rates”. A multidisciplinary
study of more than 5000 individuals associated obesity with increased energy intakes and decreased
consumption of fiber rich foods such as fruits and vegetables®. Again, in cross-sectional observational
studies, fiber intake was reported to be inversely associated with body weight® -5 and sub scapular skin
fold thickness*® as well as body massindex among young adults™.

It isinteresting to note that obese men and women have significantly lower dietary fiber intakesthan do lean
mean and women®. Again in the Nurses' Health Study, weight gain was inversely associated with intake of
high fiber, whole grain foods and positively associated with intake of refined grain food®. Large intakes of
dietary fiber at breakfast are associated with lessfood intake at lunch. Levine et al. found lessfood intake at
lunch when a high-fiber breakfast cereal was consumed earlier in the day®. A higher-fiber breakfast with a
low glycemic index was associated with lessfood intake at lunch for normal and overweight children®.,

When postmenopausal women consumed higher-fiber diets they showed a significant weight 10ss®2.
Birketvedt et al® found that the addition of dietary fiber to alow-caloriediet significantly improved weight
loss, with the placebo group losing 5.8 kg and the fiber-supplemented group losing 8.0 kg. With ad libitum
energy intake, the average effect of increasing dietary fiber acrossall these studiesindicated that an additional
14 g/d of fiber resulted in a 10% decrease in energy intake and a weight loss greater than 1.9 kg through
approximately 3.8 months of intervention. The effects of increasing dietary fiber were reported to be even
more impressive in obese individuals**. The effect of one week of supplementation with a water-soluble
fiber (guar gum) in obese women (40 g in group 1 and 20 g in group 2) and no supplementation in group 3
resulted in reduction in energy intake by soluble fiber under free living conditions and in hunger-reducing
effect of fiber at the low energy intake level indicating the usefulness of fiber in the treatment of obesity®.
Delargy et al® compared the effects on short-term (24 h) appetite of two equienergetic high (22 g) fiber
breakfasts, an equienergetic low fiber breakfast and a low energy ‘light’ breakfast. Psyllium gum (the
solublefiber) and wheat bran (the insoluble fiber) wereincorporated into breakfast cereals. Hunger ratings
showed a trend towards the subjects being less hungry and they consumed significantly less energy at
snack time after the high insoluble than after the high soluble fiber breakfast cereal. The results indicate
that different types of fiber modulate the time course of appetite control and may produce alterationsin the
experience of motivation and patterns of eating without necessarily effecting total energy intake. According
to Pereiraand Ludwig® out of 27 experimental human studies published between 1984 and 2000, seventeen
studies showed a beneficial effect of dietary fiber on energy intake and seven reported mixed effects. The
results of the CARDIA study®” also provide strong support for a significant role of dietary fiber in weight
regulation.

According to Holt et al® the strongest predictor of the breads’ satiety index scores was their portion size,
total carbohydrate, fiber content and thus energy density. Warren et al® found that low glycemic breakfasts
with higher dietary fiber decreased food intake in preadolescent children.
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Increasing dietary fiber inthe diet, asapart of ahealth promotion plan of action may be animportant public
health strategy in preventing obesity.

HYPOGLYCEMIC EFFECT OF DIETARY FIBER SUPPLEMENTATION

The WHO has projected an increase in the incidence of diabetesin the Indian population to 57 million by
2025 from the current level of about 26 — 27 million people. The Chennai Urban Rural Epidemiology
Study (CURES) conducted by the Madras Diabetic Research Foundation with the objective of estimating
the prevalence of diabetes, hypertension and related complicationsin the popul ation covering asample size
of about 26,000 people observed that more than 16% of the metro population above the age of 20 was
diabetic and about 22.3% were obese. There was also athree fold increase in the prevalence of diabetesin
obese as compared to the lean population®. All India Institute of Medical Sciences™ observed a high
predisposition to diabetes among children in Delhi. It was observed that 24% of male and 36% of female
children had insulin resistance, hypertension, high triglycerides, glucose intolerance (Syndrome X) and
13% had sub-clinical inflammation, a clear indicator for future diabetes and heart diseases. The children
aso had low levels of HDL cholesterol. The dietary habits of these children revealed alower consumption
of fiber and monounsaturated fat and higher consumption of saturated fat.

Although adirect and irrefutabl e linkage between insufficient dietary fiber intake and diabetes has not been
established, significant research since that time has indicated decreased risk of the disease with increased
dietary fiber consumption™. Shortly thereafter, several researchers designed and carried out a series of
studiesthat showed beneficial effectsof high fiber dietsfor individual s afflicted with the disease. Beneficial
effectsof increased dietary fiber consumption were shown for both Type 1 and Type 2 diabetics and included
improved glucose tolerance, reduced insulin requirements, increased peripheral tissue insulin sensitivity,
decreased serum cholesterol, decreased serum triglycerides, better weight control, and potential ly consistently
lower blood pressure™.

Of the 19 studies reviewed, 17 studies reported decreased fasting blood glucose levels ranging from 6-
39%, 13 of which were statistically significant™. According to Jenkins et al™ soluble dietary fibers, either
as part of afood or as a supplement well mixed with food appear to exhibit the greatest therapeutic effect.
Jenkins et a™ also showed that of guar, pectin, gum tragacanth, methylcellulose and wheat bran each
flattened the glucose response, with the reduction in mean peak rise in blood glucose concentration being
positively correlated to viscosity. Thereduction in the postprandial blood glucose was 44% with guar gum,
29% with pectin, 29% with psyllium, 23% with other gelling fibers (gum tragacanth, methyl cellulose,
locust bean gum, agar, Konjac mannan), and 27% wheat bran. A nonlinear inverse correlation between the
glycemic index and the dietary fiber content of afood was shown’s77,

Reduction in postprandial glucose with dietary fiber supplement™

Type of fiber Percentagereductionin
postprandial glucose levels

Guar gum 44%
Pectin 29%
Psyllium 29%

Wheat bran 27%
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Further similar correlations between the glycemic index and the insoluble dietary fiber component and the
soluble dietary fiber component with a stronger dependency on the soluble dietary fiber component were
demonstrated™. The high fiber diet lowers significantly the fasting as well asthe postprandial glucose™ In
arandomized crossover study™of 13 patients a high intake of dietary fiber (50g/day), particularly of the
soluble type was found to improve glycemic control — mean plasma glucose concentration was lower by
8.9%, decr ease hyperinsulinemia— plasmainsulin concentrations were 12% lower and decr ease plasma
lipid concentrations — fasting plasma total cholesterol was 6.7% lower, plasma triglyceride was 10.2%
lower, plasma VLDL concentration was 12.5% lower and plasma LDL was 6.3% lower, in patients with
Type 2 diabetes. The high fiber diet also decreased gastrointestinal absorption of cholesterol by 10% and
increased fecal acidic sterol excretion by 41%. Epidemiological studies®® have shown the healthful effects
of dietsin Mediterranean countries that are high in fruits, vegetables and grains.

Total fiber intake (g/day) was found to be inversely related to HbA1c (p = 0.02), independently of
carbohydrate intake, total energy intake and other factors regarding lifestyle and diabetes management.
Severeketoacidosisrisk fell significantly with higher fiber intake (p = 0.002). Furthermore, increased fiber
intake may reducetherisk of severeketoacidosis®. Similarly thereisareduction of 14.4% intotal cholesteral,
14% in triglycerides and 28.7% in LDL and an increase in HDL cholesterol by 12 mg/dl in 90 days with
supplements containing guar gum, pectin and oat fiber (10-15g)%. Passi et al® also found similar results of
13% reduction in total cholesterol, 16% reduction in triglycerides and 15% reductionin LDL cholesterol.
Guar gum supplementation was also found to increase HDL cholesterol by 6 mg/dl.

It ishypothesized that fiber-depl eted foodswill lead to higher glucose levelsand stimulate excessiveinsulin
secretion. Hyperinsulinaemia, in turn, may result in down regulation of the insulin receptors, lower levels
of relevant signaling moleculesand thus an elevation of the fasting blood glucose. Onceinsulin resistance
isestablished there may be an even greater sensitivity to the deleterious effect of low-fiber, high Glycemic-
Index foods, thus maintaining aviciouscycle. Viscousfiber may act to break thiscycle by reducing therate
of absorption and lowering the postprandial glycaemic and insulinaemic responses. To achievethese effects,
viscous fibers convert the small intestine into a storage organ for the slow release of glucose to the portal
circulation. Viscous fiber may impede bulk diffusion of the products of luminal digestion to the mucosal
surface.

Low fiber - high glycaemic-index foods

Rapid glucose absorption

/

Reduced insulin Increased
action Insulin levels

Fig. 1. Potential mechanisms for the relationship between dietary fiber and insulin resistance.
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Effect on Gut hormones

Beyond the effects of dietary fiber on postprandial glucose, insulin, and satiety discussed above, dietary
fibers alter responses and actions of the gut hormones gastric inhibitory peptide, glucagon-like peptide-
18485 and cholecystokinin (CCK). CCK isapeptide hormone and aneurotransmitter secreted by cellsinthe
upper part of the small intestine after ingestion of food. Thisregulates gut motility, gallbladder contraction,
and pancreatic enzyme secretion. CCK may mediate postprandial glycemic and insulinemic responses to
viscousfibers®. A direct correlation between postprandial CCK and subjective satiety scores after ingestion
of foods that differed in the amount of fiber was reported by Holt et al®”. Plasma CCK was associated with
subjective measurements of satiety in women®. Bean intake, as a source of dietary fiber, also increased
CCK in male subjects®.

Effect on Gastric Emptying

Dietary fiber affects gastrointestinal physiology and functions including delaying gastric emptying®.
Consumption of viscous fibers delays gastric emptying, which may cause an extended feeling of fullness
and may delay absorption of glucose and other nutrients™. Yao and Roberts® summarized the effect of an
increasein energy density on therate of gastric emptying in humans and consistently found that high-fiber
dietssowed gastric emptying. They also specul ated that thereisalink between pal atability, gastric emptying,
and glycemic index. Dietary fiber also by delaying gastric emptying and/or slowing down the energy and
nutrient absorption, leads to lower postprandial glucose and lipid levels.

DIETARY FIBER AND CORONARY HEART DISEASE (CHD)

Recently the American Heart Association (AHA) and the Food and Drug Administration (FDA) confirmed
that coronary heart disease isthe leading cause of death in the United States, killing more people than any
other disease. It causes heart attack and angina (chest pain). The AHA ranks stroke as the third most fatal
disease in America, causing paralysis and brain damage. Reduced risk of developing and consequently
dying from CHD was amongst the earliest observations of workersin dietary fiber research, with subsequent
inclusioninthe“dietary fiber hypothesis’. Scientific consensus on the evidencefor therole of dietary fiber
in reducing therisk of CHD hasthus been acknowledged. In 1993 the regul ationsfor the Nutrition Labeling
and Education Act allowed claims that high fiber foods, i.e. whole grains, fruits and vegetables, may be
effective in reducing CHD risk. Subsequently, specific claims for oat and oat bran products and psyllium
products have also been allowed, based in part on the results of extensive meta-analyses of the research
data accumulated on these two foods in recent decades. Epidemiologic data suggests that the intake of
complex carbohydrate and dietary fiber is associated in an inverse manner to risk for coronary artery
disease (CAD).

Since 1979 studies have repeatedly shown that fiber, and cereal fiber in particular, resultsin areduced risk
of CHD. It has been estimated that an additional 5 g of cereal fiber per day will reduce therisk of CHD by
37%%. In a Harvard study of over 40,000 male health professionals, researchers found that a high total
dietary fiber intake waslinked to a40 percent lower risk of coronary heart disease, compared to alow fiber
intake™. Raised plasmacholesterol isamajor risk factor for early coronary artery disease. Studiesin America
have shown that a 1% reduction in cholesterol produces a 2% reduction in the risk.

It has been known for many years that oats and oat products can help to lower blood cholesterol levelsin
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the body. The soluble fiber component of oat bran helpsin lowering the cholesterol. This probably occurs
through the increased conversion of cholesterol to bile acidsin the liver. Because oat bran binds bile acids
intheintestine, morebileacidsarelost when oat bran is eaten; therefore more chol esterol isused to replace
the bile acids.

Short term, controlled clinical trialsindicate that oat bran or beans, in a metabolic ward setting, decreased
serum cholesterol concentrations of hyperchol esterolemic individuals by 10 to 12%. Studies of free-living
hypercholesterolemic individuals and animal studies have documented that incorporation of oat products,
psyllium or guar gum and pectin into the diet decreases serum cholesterol by 6 to 8% due to the viscous,
solublefibers in these foods which have substantial hypochol esterolemic effects.

Feeding experiments in humans have shown that about 60 to 90 grams of oat bran per day (depending on
the type of bran) is required in order to lower blood cholesterol levels appreciably. This amount may
provide up to 10 grams of the total fiber intake required per day. The quantity of rolled oats needed to
produce the same effect is larger because oat bran is a more concentrated product. However, one food
product alonein the diet cannot be expected to lower cholesterol levelsby itself and should be coupled with
areduction in the intake of total and saturated fats.

According to the American Heart Association, for every gram increase in soluble fiber from sources such
asoat, LDL cholesterol may decrease by an average of 2.2 mg/dI®. Long term clinical trialshaveindicated
that increasing soluble fiber intake as part of alow fat, low cholesterol diet reduces serum cholesterol
concentration from 3 to 5% below that for the low fat, low cholesterol diet.

Other studies suggest that increased fiber intake may decrease blood pressure dightly, assist in weight
management, alter blood clotting factors, and increaseinsulin sensitivity. Intake of dietary fiber and complex
carbohydrate appear to have a protective role for coronary artery disease (CAD). A 12-year study of 859
southern California men and women showed that a 6-gram increment in daily fiber intake was associated
with a25% reduction in ischemic heart disease mortality®.

A twelve-week study utilizing 208 healthy men and women demonstrated that consuming oat products
along with the AHA fat-modified eating style resulted in approximately 3% lower serum cholesterol than
thereduced-fat diet alone”. A diet of variouslevels of beta-glucan (in theform of oat meal and oat bran) an
acceptableform of water-solublefiber, iseffectivein lowering serum cholesterol levelsin conjunction with
alow-fat diet in adose dependent manner®. Beta glucan in oats and psyllium husk, have been sufficiently
studied for the FDA to authorize ahealth claim that foods meeting specific compositional requirementsand
containing 0.75g or 1.7g of soluble fiber per serving, respectively, can reduce the risk of heart disease™.
Consequently, these two dietary fibers are specifically included in the most recent National Cholesterol
Education Program American Heart Association guidelines'®. Glucomannan, the fiber from the Konjac
root, and a staple of the traditional Japanese diet is also valuable for reducing cholesterol.

The characteristics such as solubility in water, viscosity, fermentability, and the kinds and amounts of
protein and tocotrienol s have been explored as possible basesfor this physiol ogical effect and the mechanism
by which these fiber sources lower blood cholesterol levels has been the focus of many investigations'™.
Viscosity has been one characteristic common to all cholesterol-lowering fibers'®t. Indeed, when asoluble
fiber that is not viscous is evaluated or the fiber is treated to reduce viscosity sufficiently, the cholesterol-
lowering ability is lost?%1% As components in foods are digested and absorbed from the small intestine,
fiber becomes amajor component in the gut lumen, making the viscosity evident. Thisviscosity interferes
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with bile acid absorption from theileum®1%, In response, LDL cholesterol isremoved from the blood and
convertedinto bile acids by theliver to replace the bile acids|ost in the stool. Some evidence also indicates
that changesin the composition of the bile acid pool accompanying ingestion of some viscousfibers dampen
cholesterol synthesis 16197, Because endogenous synthesis accounts for about three-quarters of total body
cholesterol pool, slowing synthesis, as do the “statin” drugs, could have a favorable impact on blood
cholesterol concentrations. Increasing soluble fiber intake by consuming awide variety of foods may® or
may not'® have a hypocholesterolemic effect; this variable effectiveness may depend on the composition
of therest of the diet.

A meta-analysis of 67 controlled studiesfocusing on soluble dietary fibersthrough oat products, psyllium,
pectin and guar gum showed asignificant reduction in serum cholesterol with increased dietary fiber intake®.
Significant reductionsin serum cholesterol with 50 g/day of oat bran and 42.5 g/day of processed oat bran
were demonstrated in free-living men and women with hyperchol esterolemia-3, Oda et al * showed that
rats on diets supplemented with soluble fiber fractionsfrom oat, barley or wheat had lower liver cholesterol
even though their plasma cholesterol was not significantly lower. Insoluble dietary fiber fractions also
lowered liver cholesterol, but not significantly.

Evidence is aso accumulating that a diet rich in fiber may protect against diseases associated with raised
clotting factors. Pectin supplementation caused significant decreases in total cholesterol, low-density
lipoprotein cholesterol, apolipoprotein A & B and lipoprotein-a. Significant changesin the characteristics
of fibrin networks devel oped in the plasma of the pectin supplemented group indicated that networks were
more permeable and had lower tensile strength. These network structures are believed to beless atherogenic.
It is suspected that pectin modified network characteristics by a combination of its effects on metabolism
and altered fibrin conversion'™. This confirms the therapeutic possibilities of dietary intervention.

A 19-year follow-up study reported in the November 2001 issue of Archivesof Internal Medicineindicated
that increasing bean and legume intakes may be an important part of a dietary approach to preventing
coronary heart disease''. Soybeans and legumes are high in protein and soluble fiber. Liu et al''’ reported
that increasing our consumption of fiber-rich foodslikewholegrains, fruitsand vegetables, can significantly
lower the risk of heart disease. Thus, it is proved that eating a high-fiber diet can significantly lower our
risk of heart attack, stroke and colon cancer.

ANTICARCINOGENIC EFFECT

Case-control studies that compared non-vegetarian and vegetarian diets and alcohol and tobacco use in
India have reported that vegetarians have a reduced risk of oral, oesophageal, and breast cancers“. In
India, theincidence of breast cancer isincreasing, with an estimated 80,000 new cases diagnosed annually.
The incidence of breast cancer increased by approximately 50% between 1965 and 1985,

A recent comprehensive analysis by World Cancer Research Fund & American Institute for Cancer
Research'®, showed that vegetables exert a convincing preventive effect for five cancers, a probable
preventive effect for four others, and a possible preventive effect for another seven. Fruits revealed four
convincing, four probable and four possible preventive relationships. In short, the best available evidence
suggeststhat vegetables and fruits have far more cancer-preventing potential than do grains. This probably
reflectsthe phytochemical content of fruits and vegetabl es, phytochemical sto which current human biology
became adapted through many million years of evolutionary interrelationships.
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Obesity and lack of physical activity are associated with increased risk at various cancer sites, including
breast and endometrial cancer. In India, increases in the rates of obesity, central adiposity, and waist-hip
ratio associated with urbanization are seen in every region and are highest among those with the highest
levels of education and income™. Large epidemiological studies have identified a possible association
between increased dietary fiber and a decreased risk for cancers of the colon and breast. The nutrition
guidelinesfollow the World Cancer Research Fund recommendationsthat advocate having adiet containing
vegetablesand fruitsin large amounts, reducing theintake of saturated fats, and increasing physical activity.
Additionally, results from recent studies at the American Institute of Cancer Research indicate high-fiber
protein-rich soy-based products, such as textured soy protein and tempeh, help in preventing and treating
colon cancer.

Extensive epidemiologic evidence supports the theory that dietary fiber may protect against large bowel
cancer. Correlation studies that compare colorectal cancer incidence or mortality rates among countries
with estimates of national dietary fiber consumption suggest that fiber in the diet may protect against colon
cancer. Data collected from 20 populations in 12 countries showed that average stool weight varied from
7210 470 g/day and was inversely related to colon cancer risk!?,

When results of 13 case-control studies of colorectal cancer rates and dietary practices were pooled, the
authors concluded that the results provided substantive evidence that consumption of fiber-rich foods is
inversely related to risks of both colon and rectal cancers',

Despite the inconsistency in the results of fiber and colon cancer studies, the scientific consensus is that
there is enough evidence that dietary fiber protects against colon cancer and that health professionals
should be promoting increased consumption of dietary fiber'?,

Ingestion of prebiotics (non-digestible food ingredient that selectively stimulates bacteria in the colon)
resultsin adifferent spectrum of fermentation products, including the production of high concentrations of
short chain fatty acids, leading to a decrease in pH. A low pH in faeces was associated with a reduced
incidence of colon cancer in various popul ations!?>126,

Butyrate is associated with many biological propertiesin the colon'?”. One of the first observed effects of
butyrate on the degree of DNA methylation is probably associated with modified gene expression, the
consequences of which are yet unknown, particularly in relation to colon cancer. However, butyrate may
also directly enhance cell proliferation in normal cells and suppress proliferation in transformed cells by
improving cell differentiation. Thisisan important step in suppressing cancer cells. In addition, apoptoses
may be increased in transformed cells but inhibited in normal cells when butyrate is present 1251,

Colon cancer, which in a high proportion of the population is due to somatic mutations occurring during
thelifetime of anindividual, could be retarded by preventing these mutations. Prebiotics have been shown
to deactivate genotoxic carcinogens. DNA damage had been prevented and chemopreventive systems may
be stimulated in vivo in colon tissues.

International comparisons show an inverse correl ation between breast cancer death rates and the consumption
of fiber-richfoods'®. Aninteresting exception to the high-fat diet hypothesisin breast cancer was observed
in Finland, where intake of both fat and fiber is high, and the breast cancer mortality rate is considerably
lower thaninthe United States and other Western countrieswherethetypical dietishighinfat'®2. Thelarge
amount of fiber in the rural Finnish diet may modify the breast cancer risk associated with ahigh-fat diet.
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A pooled analysis of 12 case-control studies revealed that high dietary fiber intake is associated with
reduced risk of breast cancer®. Dietary fiber intake hasaso been linked to lower risk of benign proliferative
epithelia disorders of the breast!®. Excess estrogen levels can occur as one gets older and the estrogen
ratios get out of balance. Eating adiet high in fiber can bind or soak up the excess estrogen, increasing the
rate at which it is excreted from the body**>%, Eating lots of fiber also speeds up digestion through the
stomach, small intestine, and largeintestine (or colon), limiting the amount of time cancer causing chemicals
can get into the bloodstream. Some fibers have been shown to actually absorb cancer-causing substances
that then leave the body in the stool*¥'.

MECHANISM OF ACTIONS OF DIETARY FIBER
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In Obesity

It causes satiety by forming a bulk
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POTENTIAL ADVERSE EFFECTS OF DIETARY FIBER

* Fedling of Fullness
e Bloating

* Gastritis

* Flatulence

Precautions with dietary fiber intake

It should always be taken along with adequate amount of water to prevent impaction & intestinal
obstruction.

It should be used with caution in people with gastrointestinal diseases

CONCLUSION

Itisachallengefor the clinicians and dietetic professionalsto ook into the changing pattern in the dietary
intake and the nutrition transition in relation to its contribution to the emerging epidemics of non
communicable diseases and to act with an insight into the diagnosis, pathogenesis, prevention and
management of the same.

Dietary fiber asapreventive aswell as curative agent in the daily diet has been well established. Different
types of fiber have different functionswith different mechanisms of action. Theresultsof increased dietary
fiber from high-fiber foods or from fiber supplements were similar. In addition, the beneficial effect of
dietary fiber was seen for soluble and insoluble dietary fibers

Food technologists should find ways and means of reducing refined flour in the food products and bring
out fiber rich food products in the market.
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Dear Doctor,
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