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PREV I EW
The lifestyles of western cultures have been determined to be major con-

tributing factors in diseases such as heart disease, diabetes and cancer.  The most
commonly cited factors are inadequate fiber intake, excessive consumption of
fats, and a lack of exercise.  Educational efforts have resulted in an increase in
involvement in various exercise regimines.  The consumption of fats, however,
continues to increase in spite of the dire warnings that have been publicized.  A
reduction of fat intake, from an average of 40 percent of the diet to less than 25
percent could have dramatic effects on the health and well-being of the popula-
tion as a whole.  Intake of fiberous foods reduces fat consumption generally
through the  bulking action of the fibers which leads to a feelings of fullness.
Some fibers have an ability to entrap fats in their gelatinous matrix and prevent
their absorption.  The most effective fiber for preventing fat absorption is chi-
tosan.  Chitosan’s fat entrapment properties can be enhanced by combination
with ascorbic acid and other dietary ingredients.  Fat entrapment by chitosan has
been shown in animals and can be readily demonstrated.  The use of chitosan in
nummerous environmental, agricultual, biomedical, and health-related areas is
well documented.  Chitosan has been found to be safe for oral consumption.

I NTRODUCTI ON
Stated simply, Chitosan is an extraordinary fat binder. Chemically speaking,

Chitosan is an amino polysaccharide that has the ability to “bind” lipids in the
stomach before they are absorbed through the digestive system into the blood-
stream. The presence of fats in the blood can raise cholesterol levels, contribute
to cardiovascular disease and cancer, and most importantly, promote obesity. 

Not only does chitosan attract and inhibit fats, it offers an array of other
desirable physiological benefits that can foster optimal health and longevity. In
an era where everyone is interested in decreasing their fat intake, Chitosan can
act as a remarkable supplement. When taken prior to eating or during a meal, it
can significantly reduce the body’s absorption of dietary fats.

Of equal significance is the fact that when Chitosan is combined with other
compounds such as citric acid, ascorbic acid and phytochemicals called indoles,
its action is enhanced, making it far more valuable as both a fat binder and
dietary health aid. Fat is responsible for more of our health “ills” than any other
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single substance. Chitosan provides a simple and safe complement to smart eat-
ing and exercise to control lipid levels.

FEARI NG FATS: The r e 's Pl e nt y  of  Cause
Over vi ew

A wealth of scientific evidence now exists which should have turned each
and everyone of us into a fat “phobic.”1a-e In other words, virtually every health
expert agrees that a high fat diet is directly linked to cardiovascular disease, vari-
ous types of cancer and premature death.

It’s no secret that excess dietary fat poses a tremendous health risk. The
United States National Institutes of Health, the World Health Organization and
many other scientific institutes have confirmed the frightening hazards of fat.
Health proponents generally concur that excess fat can significantly shorten
one’s lifespan.

More than 10,000 medical papers are published every year dealing with obe-
sity and cardiovascular disease, two of the most insidious killers of Americans.
Western eating habits, which promote fatty, salty, sugary foods, have created
massive widespread disease and tremendous suffering.

Studies have shown that fat is the macronutrient associated with overeating

and obesity.2 In spite of this finding we are eating more fat and becoming fatter.
The average absolute fat intake has increased from 81 to 83 grams per day over
the last ten years.3 Our obsession with fatty foods has exacted an enormous toll in
the form of rampant obesity, clogged arteries, hypertension, heart attack, stroke,
breast cancer, etc. Many of us remain oblivious to the fat gram count of foods we
routinely pop into our mouths, unaware that one fast food entree may contain

more fat grams than one should consume in one given day. Take a good look at
the following list of foods which have been assessed for fat content.

Fast food has become a 20th-century sensation which continues to boom and
expand throughout our society. Many of us literally exist on fast food, which is
frequently also “fat” food.  It’s no wonder so many of us “battle the bulge”, and
have skyrocketing cholesterol counts. Our love affair with greasy, fried, rich,
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• BACON CHEESEBURGER/HARDEE’S 39
• BURRITO SUPREME/TACO BELL 22
• HAMBURGER DELUXE/WENDY’S 21
• QUARTER POUNDER WITH CHEESE/MCDONALD’S 28
• SAUSAGE BISCUIT WITH EGG/MCDONALD’S 33
• POPCORN CHICKEN/KFC 45
• WHOPPER/BURGER KING 36

TABLE 1.  Total fat grams in single servings.4



creamy foods has burdened our bodies with the dilemma of excess fat “bag-
gage,” resulting in  phenomenal amounts of money being spent on weight loss
programs. Worse still, thousands of Americans are dying before their time or liv-
ing extremely compromised lives only because they ingest too much fat. Why is

this?  The bottom line is that fats taste good!5

Many of us were raised on seemingly innocuous foods that are loaded with
fat. Some of these include:

macaroni and cheese battered fish sticks hot dogs
cheese-filled casseroles pepperoni pizza burritos
pancakes, waffles doughnuts pies and pastries
ice cream candy bars ramen soup

Fat is also a major ingredient in most of the snack food we constantly nibble
on, including chips, crackers, cookies, and nuts.

Check ingredient labels to find the fat gram content of most snack foods.
You’ll be surprised to find out just how fatty these foods are. Even a healthy
sounding food like a “bran muffin” can  contain 36 grams of fat! No wonder they
stay so “moist”.

In addition to the above foods, fat can add wonderful flavor to breads, veg-
etables and the like, and is usually used liberally in the form of butter, sour
cream, whipping cream, melted cheese, cream cheese spreads, dips, cream
sauces, and gravies. Fruits can also be high in fats.  Did you know that one avo-
cado has 30 grams of fat? One half cup of peanuts contains 35 grams of fat and
only one glazed doughnut has 13 grams of fat.

The majority of  research points to fat as a much more dangerous culprit than
anyone might have imagined. Saturated fats such as lard, palm, coconut oil, and
beef tallow are particularly menacing. Research scientists have found over and
over again that fats can contribute to the growth of tumors in animal studies.6

The National Research Council of the National Academy of Sciences report-
ed that even a relatively small amount of extra body fat increases the risk of cer-
tain diseases for women and may compromise their longevity.7 Even being mild-
ly overweight may be much more risky than anyone previously assumed.8

The Relat ionship be t ween Breast  Cancer, Fat s,  Fiber

And Indoles

Dr. Leonard Cohen, of the Dana Institute of the American Health Foundation
at Naylor, believes that pre-cancerous lesions found in breast tissue will develop
into cancer only if they are stimulated by certain agents such as fat.9

Women increase their risk of developing breast cancer when they consume a
diet high in fat and animal protein and low in fiber, vegetables and fruits.

When women put on weight, they have a tendency to create more estrogen
since adipose tissue produces estrogen.  Certain forms of estrogen, the so-called
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“bad estrogens” can act as carcinogens and are anything but desirable.10 High or
unbalanced estrogen levels stimulate concerous tissue in the breast.  Obesity is
also associated with increased breast cancer mortality.11

The three most important ways to inhibit “bad” estrogen from inducing
breast cancer are:

1. Maintain an ideal body weight.
2. Eat a diet high in fiber and low in fat (fiber helps to sweep excess estro-

gen from the bowel so it does not “recycle”).
3. Consume enough cruciferous vegetables (broccoli, cabbage, cauliflower,

Brussels sprouts, kale, radishes, watercress etc.) so that adequate amounts of 
dietary indole-3-carbinol enter the system.12

Indoles are phytonutrients which help us balance our estrogen levels and
reduce the levels of “bad estrogen” present. When combined with a low-fat,
high-fiber diet, indoles can provide the body with significant metabolic protec-
tion against breast cancer.

The Relat ionship be t ween Cervical,  Ut erine and

Endomet rial Cancers and Lipids

The cascade between a high-fat, low-fiber diet, obesity, and dangerous estro-
gen levels also plays a role in the development of  cervical, uterine, and endome-
trial cancers.13 It has been reported by the National Academy of Science that
“diet is responsible for 60 percent or more of all cancer in women. The most
important dietary change you can make to protect against these diseases is to
reduce dietary fat to less that 30 percent of total calories, preferably to less than
25 percent.”14

Prost at e Cancer And Fat

The incidence of prostate cancer has also been linked to fat consumption for
all ethnic groups.15, 16 Animal studies have shown that the promotional effects of
a high-fat diet on prostate cancer can be found even in the mother’s preconceptu-
al diet and the early adolecent diet.17 Conversely, mice fed a low-fat diet demon-
strated dramatic drops in prostate tumor growth rates.18

Colo- rect al Cancer and Fat

Dietary fat intake has been closely related to the incidence of colon cancer in
this country.19, 20 “Diet is probably the major determinant of the risk of colo-rectal
cancer; there is evidence that fruit and vegetables and fiber reduce risk and that
meat and animal fat increase risk[.]”20 Due to the action of intestinal microflora,
undigested meats and fats can be chemically altered to form carcinogenic chemi-
cals chich can damage the lining of the colon and promote the formation of cell
mutations.21 Again the case for a high-fiber, low-saturated-fat diet is evident.

Cardiovascular Disease ( CV D)  and Fat  Consumpt ion

Chitosan
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Overview
If we let ourselves become obese, we are much more prone to developing

heart disease, high blood pressure, stroke, diabetes and several forms of cancer.
Cardiovascular disease (CVD) or coronary heart disease (CHD) is the leading
cause of death and disease in our country—512,000 people die of heart attacks
every year (American Heart Assoc. 1995, Statistical Report).

Blood cholesterol levels are the primary indicators of one’s risk of CHD.  It
is not surprising then that ten of the twelve points listed by the National Heart
Foundation of Australia relating diet and coronary heart disease involved choles-
terol levels.22 The take-home message was to eat a high-fiber, low-saturated-fat

diet, and increase the amounts of essential fatty acids in our diets.

HDL and LDL Cholest erol
There are both “good” and “bad” forms of cholesterol.  The “good” form of

cholesterol is found in the form of high-density lipoproteins (HDLs).  The ‘bad”
forms of cholesterol are the low-density lipoproteins (LDLs). 

The types of fats we eat influence how much and what type of cholesterol
we make. Saturated fats are particularly good at raising low-density lipoprotein
or LDL cholesterol. The more of this type of cholesterol we have floating around
in our bloodstream, the greater our risk of developing atherosclerosis, heart
attack and stroke. The more HDL cholesterol we have (high-density lipopro-
teins) the lower our risk of coronary heart disease.   

The liver is constantly trying to clear out the bad cholesterol by dumping it
into the intestines.  If we have sufficient amounts of the right kinds of fiber in
our diet, our bodies dispose of cholesterol waste rather than reabsorbing it back
into the blood stream.  If we don’t eat sufficient amounts of the right kinds of
fiber, the cholesterol waste is reabsorbed and adds to the toxic stress on the
body—especially the liver.

The obesity factor is emerging as much more important than previously
thought.23, 24 New findings strongly suggest that even a relatively small amount
of excess weight (between 10 and 20 pounds) can predispose one to the develop-
ment of heart disease.25

Boost ing Fiber Consumpt ion To Prevent  CV D

Chitosan
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a) Elevated total blood cholesterol levels greater than 200 mg per deciliter
b) Elevated LDL cholesterol levels greater than 130 mg per deciliter
c) HDL cholesterol levels that create a ratio of total cholesterol to HDL 

cholesterol greater than 4.5 to 1
d) Obesity
e) Fat stores which accumulate above the waist

TABLE 2. Cholesterol factors that increase the risk of developing heart disease.



“Dietary fiber reduces blood fat and blood pressure.”26 While most of us
know how important it is to reduce the amount of fat we consume, many of us
remain oblivious to the very profound role that fiber plays in helping to keep our
arteries clear, preventing obesity and expediting elimination of toxins from the
bowel. 27

Ideally, a decrease in dietary fats combined with an increase in fiber and
exercise comprise the winning prescription for preventing CHD.28, 29 Coronary
heart disease is an insidious killer which can go undetected until it’s too late.

Di abet es and Body Fat
A recent examination of diabetes in the U.S.  revealed some startling facts:30

The increased incidence of diabetes with age has long been known.31

However, if one looks more closely, it is obesity, not age, that is the more direct-
ly related factor.32 Becoming overweight is one of the most significant contribu-
tors to the development of adult-onset diabetes.33, 34, 35 Biological mechanisms
explaning how obesity leads to diabetes have been proposed.36 But this is much
less important than the fact that diabetes, like obesity and heart disease, is
strongly affected by what we eat.30 Again high-fat, low-fiber diets coupled with
a sedentary lifestyle are a prescription for disaster.  Is it any wonder then that
diabetes, obesity and heart disease so often occur together in what has been
called “generalized cardiovascular-metabolic disease”?37, 38 Some individuals
with non-insulin dependent diabetes (adult-onset diabetes) overcome this disor-
der just by losing excess weight, a fact which highlights once again the perils of
those extra pounds. 

Aches and Pai ns
The dietary factors that are considered to influence the formation of choles-

terol gallstones include high intake of cholesterol and fat and low intake of
fiber.39 Similarly our high-fat low fiber diets which make us obese lead to
osteoarthritis.40 The extra weight we carry puts extra strain on our joints, can
cause osteoarthritis, and is one of the reasons we avoid exercise— it definitely
hurts!  Our western eating habits are giving us some very real pains.

OBESI TY:  A  2 Ot h- Ce nt ur y  Pl ague

Chitosan
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TABLE 3.  Diabetes in the United States

a) Over 13 million people in the United States have diabetes. 
b) Women represent about 60 percent of all new cases of diabetes.
c) Diabetes is more common among Native American, black, and Hispanic women 

than among white women.
d) Women with diabetes are at greater risk for CHD.
e) Women with diabetes are at greater risk for developing endometrial cancer.



Overview

Our modern, fast-paced, high stress, sedentary lifestyle with over-abundant
caloric intake is a prescription for obesity.  Obesity is an especially critical prob-
lem for black women who have nearly twice the rate of obesity of white

women.41

Culturally, being overweight is not looked on graciously, even by
physicians.42 There has been no end to the torture we have put ourselves through
to be or at least look thin.  From corssets to stomach stapling and liposuction to
wiring our jaws shut, we’ve tried it all.  So where are we today? The following
are indicators of abundant obesity:

Research and public education efforts are in agreement that excessive dietary
fat is the primary cause of adult obesity.2, 46, 47 Despite the fact that food manufac-
turers have flooded the supermarkets with low-fat, artificially sweetened, “lite”
products, we are fatter than ever before.

Is maintaining a healthy weight really that difficult?  In its simplest form
gaining or losing weight is a matter of the balance between energy in and energy
out.  This simplistic approach led to the early starvation diets.  Unquestionably,
these conventional very-low-calorie diet plans do not work.  For most of us the
first thing we lose is our sense of humor; then maybe some weight or possibly
our self-esteem.   The fact is, as most of us have regrettably discovered, that
drastically reducing our calorie tally only serves to slow our metabolism and
make us even more efficient at the business of storing and hoarding fat. 

Since very-low-calorie diets didn’t work alone, exercise was added to the
regime.  This also failed miserably because the first thing the body does when it
is in a starvation mode is to burn off muscle mass so as to conserve energy sup-
plies.  In fact, in animal studies, semi-starved animals maintained nearly the
same fat to muscle ratio as their well-fed litter mates.43,44 Even worse, when food
is again available the body not only gains back all the original fat but an additon-
al few pounds just in case this ever happens again.  Is it any wonder then that yo-
yo dieting leads to obesity and a host of other problems?42,45 The reconstruction

Chitosan

9

a) The overwhelming majority of all adults are unhappy with their appearance and 
fitness.

b) More of our children are obese today than ever before.
c) Two out of three people will regain the weight they lose on a diet program within 

one year.
d) 33 billion dollars is spent annually on weight-loss programs.
e) 33 percent of all adult Americans are over weight.

TABLE 4. Obesity in the United States



of muscle mass after starvation, a much slower process than regaining body fat,
leaves a person feeling weak and even more lethargic than before he started his
diet.

All Calories Are Not  Creat ed Equal

When we eat more than our daily energy requirements (and most of us do),
the extra energy is stored as fat. The human body is designed to stockpile fat
very easily. This tendency is related to innate mechanisms intended to protect us
against starvation or the threat of a diminished food supply. Fat cells provide
extra fuel which can be utilized if necessary to sustain life.  Those survival fat
pounds settle on the hips, waist, thighs, upper arms and back, not to mention
around organs, like the heart and kidney.  Some ethnic groups, whose ancestors
repeatedly suffered from famines, are especially efficient in energy storage.
These include the Pima tribe48 in the United States, the Aborigines of Australia,49

and many of those of African descent.41

Fats are very readily converted to pounds. Carbohydrates and proteins
require more complicated digestive processes to convert and store their energy
than fat does. Calories from carbohydrates and proteins are usually burned and
thrown off as heat (thermogenesis). Naturally, overeating proteins and carbohy-
drates can result in weight gain, however the body has to work harder to convert
these nutrients to fat stores.  It takes 20 to 25 percent of the energy in carbohy-
drate and protein to convert them into body fat.  It only takes about 5 percent of
the energy content of dietary fat to store it as body fat.  Fat is also twice as ener-
gy dense (9 calories per gram) as carbohydrates or proteins (4 calories per gram)
making fat at least twice as dangerous from a weight gain standpoint.50 Blood
taken from an individual soon after they have eaten a double cheeseburger,
french fries and a thick milk shake will often be a milky pink color due to the
infusion of fat from the digestive system.  This fat circulates throughout the sys-
tem until it is either burned or stored.

A Winning Combinat ion

Most people would agree that exercise combined with a low-fat, high-fiber
diet would be a winning combination for maintaining and improving health.   

Exercise is important in any health maintenance program.  It is especially
important in weight control since the amount of energy we expend in the resting
state, our Resting Metabolic Rate (RMR), is a function of our muscle mass and
tone.51,52 There is a tendency for us to lose muscle mass and gain fat pounds as
we age.  In part, this is due to life style changes.  Instead of flying kites we fly
desks!  Nevertheless, our capacity to increase our muscle mass is undiminished
with age.53 The lack of exercise rather than the abundance of candy is thought to
be the primary cause of childhood obesity.54

Eating a low-fat, high-fiber diet will produce some weight loss even in nor-

Chitosan
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mal weight subjects.55 The reason for this may well be the balance between full-
ness and satiety.56 It is a proven fact that we can easily eat an excess of fat before
we feel full or satisfied.  This is because fats are twice as energy dense (9 calo-
ries/gram) as carbohydrates or proteins (4 calories/gram).  By the time we are
full, we have over eaten.  Increasing our fiber intake helps us feel full.  (Of
course expensive gastric bypass surgery is another alternative.57)  Eating a high-
fiber diet helps us to feel more than just full.  Low-fat, high-fiber diets are found
to lead to a general lowering of cancer rates.58

Though the above combination of exercise, low-fat, and high-fiber may
work in theory; making the theory work in practice is quite another story.
Technology works against us in some ways as evidenced by this comment a
woman made about her husband’s physique:  “He has added 20 pounds of lap
since he got his lap-top [computer].”  And just try to get a low calorie meal over
your lunch hour.  In Feburary 1996 McDonald’s, an international fast food fran-
chise, announced that it would be dropping its five-year experiment with the
low-fat McLean burger (12 grams of fat).  Also gone from the menu will be the

Chitosan
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FIGURE 1. Fat digestion and absorption



Chef’s salad and the side salad.  The taste of the Big Mac (35 grams of fat) has
apparently won out over its McLean competition.  The salads seem to be a casu-
alty of convenience.  Eating a salad in the car after a quick pickup at the drive-
through can be a bit challenging.

Fortunately, state-of-the-art research in the area of weight loss has discov-
ered that through the addition of certain supplements and nutrients, the process
of decreasing the amount of fat we process in the stomach and boosting the
amount of fat we burn can be expedited.  For those of us who suffer from a “fat
imbalance” or a condition where we store more fat than we burn, it is often a
matter of life or death to lose fat in order to protect our arteries and heart.

T he  Secre t  t o We ight  Loss .  .  .  An Ounce  of  Prevent ion

Most weight-reducing strategies have to confront the “after the fact” prob-
lem of burning already stored fat. Like most of our medical practices, we rou-
tinely become sick or fat and then go about the business of trying to remedy our
ills. Despite Poor Richard’s advice that “an ounce of prevention is worth a pound
of cure,” we continually eat high-fat diets, and wait until we have to pay the
piper before most of us take serious action.  It’s much easier to prevent a fat
build-up than to reverse the damage that carrying extra fat stores can cause.
Going on a diet is nothing less than torture and usually means giving up all the
foods we like to eat.  Yet dieting seldom gets to the root cause of our excess
weight which most often is that we eat too much fat, when not dieting.

The body begins to digest lipids in the stomach and intestines.  The diagram
in Figure 1 illustrates the steps involved in getting fat into our bloodstream.59

There are four steps in fat digestion: 1) acidolytic breakdown of food in the
stomach;  2) enzymatic breakdown (lipolysis) of the fats (triglycerides, TGs) into
fatty acids (FAs) and beta-monoglycerides (b-MGs); 3) formation of soluble
mixed micelles with bile acids; and 4) absorption through the intestines.  If we
could tie up excess fat before it was absorbed, we could spare our physiological
systems the stress of having to deal with that fat.  Ideally then, what we need is a
substance that prevents fat absorption.

CHI TOSAN: The  Fi be r  t hat  Bi nds Fat

Overview

Chitosan is a natural product that inhibits fat absorption.  It has the potential
to revolutionize the process of losing weight and by so doing, reduce the inci-
dence of some of the most devastating Western diseases we face today.  Chitosan
is indigestable and non-absorbable.  Fats bound to chitosan become non-
absorbable thereby negating their caloric value.  Chitosan-bound fat leaves the
intestinal tract having never entered the bloodstream.  Chitosan is remarkable in
that it has the abilty to absorb an average of 4 to 5 times its weight in fat.60

Chitosan
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The same features that allow chitosan to bind fats endow it with many other
valuable properties that work to promote health and prevent disease. Chitosan is
a remarkable substance whose time has come.

Chit osan: A Brief  Hist ory

Chitin, the precursor to Chitosan, was first discovered in mushrooms by the
French professor Henri Braconnot in 1811.61 In the 1820’s  chitin was also iso-
lated from insects.62 Chitin is an extremely long chain of N-acetyl-D-glu-

coseamine units.  Chitin is the most abundant natural fiber next to cellulose and
is similar to cellulose in many respects.  The most abundant source of chitin is in
the shells of shellfish such as crab and shrimp.  The worldwide shellfish harvest
is estimated to be able to supply 50,000 tons of chitin annually.63 The harvest in
the United States alone could produce over 15,000 tons of chitin each year.64

Chitosan
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FIGURE 2. a) Chitosan full structure
b) Abbreviated Chitosan structure
c) Fanciful "crab oligomer" Chitosan structure showing functional claw



Chitin has a wide range of uses but that is the subject of another book.
Chitosan was discovered in 1859 by Professor C. Rouget.65 It is made by

cooking chitin in alkali, much like the process for making natural soaps.  After it

is cooked the links of the chitosan chain are made up of glucosamine units.  Each
glucosamine unit contains a free amino group.  These groups can take on a posi-
tive charge which gives chitosan its amazing properties.  The stucture of chitosan
is represented schematically in Figure 2.

Research on the uses of chitin and Chitosan flourished in the 1930s and early
1940s but the rise of synthetic fibers, like the rise of synthetic medicines, over-
shadowed the interest in natural products.  Interest in natural products, including
chitin and chitosan, gained a resurgence in the 1970s and has continued to
expand ever since.  

Uses of  Chit osan

Some of Chitosan's major uses—both Industrial and Health and
Nutritional—are listed in Tables 5 and 6.

Wat er Purif icat ion

Chitosan has been used for about three decades in water purification process-
es.67 When chitosan is spread over oil spills it holds the oil mass together mak-
ing it easier to clean up the spill. Water purification plants throughout the world
use chitosan to remove oils, grease, heavy metals, and fine particulate matter that
cause turbidity in waste water streams.

Chitosan
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Table 6.  Health and Nutrition Uses of Chitosan 60,66,77-107

•  Absorbs and Binds Fat • Promotes Weight Loss
•  Reduces LDL Cholesterol • Boosts HDL Cholesterol
•  Promotes Wound Healing •  Antibacterial/Anticandida/Antiviral
•  Acts as Antacid •  Inhibits the Formation of Plaque/Tooth Decay
•  Helps Control Blood Pressure •  Helps Dental Restoration/Recovery
•  Helps to Speed Bone Repair •  Improves Calcium Absorption 
•  Reduces Levels of Uric Acid

Table 5.  Industrial Uses of Chitosan 66-75

•  Waste Water Purification •  Stabilizing Oil Spills
•  Stabilizing Fats in Food Preparation •  Antibacterial Protection for Seeds
•  Flavor Stabilizer •  Stabilizes Perishable Fruits/Vegetables
•  Ion Exchange Media •  Bacterial Immobilizer
•  Cosmetic and Shampoo Additive •  Tableting Excipient
•  Absorbant for Heavy Metal Removal 



Fat  Binding/ Weight  Loss

Like some plant fibers, chitosan is not digestible; therefore it has no caloric
value. No matter how much chitosan you ingest, its calorie count remains at

zero. This is a very important property for any weight-loss product.  Unlike plant
fibers, chitosan’s unique properties give it the ability to significantly bind fat,
acting like a “fat sponge” in the digestive tract.  Table 7 shows a comparison of
chitosan and other natural fibers and their ability to inhibit fat absorption.

Under optimal conditions, Chitosan can bind an average of 4 to 5 times its
weight with all the lipid aggregates tested.60 (NOTE: This assessment was made
without the addition of ascorbic acid which potentiates this action even further.77

Studies in Helsinki have shown that individuals taking chitosan lost an average
of 8 percent of their body weight in a 4-week period.76

Chitosan has increased oil-holding capacity over other fibers.108 Among the
abundant natural fibers, chitosan is unique.  This uniqueness is a result of chi-
tosan’s amino groups which make it an acid absorbing (basic) fiber.  Most natur-
al fibers are neutral or acidic. Table 7 summarizes the in vivo effects in animals
of various fibers on fecal lipid excretion.  

As can be seen from the results listed, ingestion of chitosan resulted in 5-10
times more fat excretion than any other fiber tested.  D-Glucosamine, the build-
ing block of chitosan, is not able to increase fecal fat excretion.  This is due to
the fact that glucosamine is about 97 percent absorbed while chitosan is non-
absorbable.  Fats bound to glucosamine would likely be readily absorbed along
with the glucosamine.   Chitosan, on the other hand, is not absorbed and there-
fore fats bound to chitosan can not be absorbed. 

Cholest erol Cont rol

Chitosan has the very unique ability to lower LDL cholesterol (the bad kind)
while boosting HDL cholesterol (the good kind).78 Laboratory tests performed on
rats showed that “chitosan depresses serum and liver cholesterol levels in choles-
terol-fed rats without affecting performance, organ weight or the nature of the

Chitosan
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Dietary Fiber % Fat Excreted Dietary Fiber %Fat Excreted
Chitosan 50.8 + 21.6 Carrageen 9.6 + 1.9
Kapok 8.3 + 1.1 Sodium Alginate 8.1 + 2.2
Pectin 7.4 + 1.9 Locust Bean 6.0 + 1.8
Guar 6.0 + 1.7 Konjak 5.2 + 0.6
Cellulose 5.1 + 2.1 Karaya 4.9 + 1.5
Acacia 4.6 + 0.9 Furcellaran 4.4 + 0.9
Chitin 4.3 + 1.0 Agar 2.8 + 0.4

TABLE 7.  Effects of Dietary Fibers on Fecal Lipid Excretion 109,110



feces.”79 Japanese researchers have concluded that Chitosan “appears to be an
effective hypocholesterolemic agent.”80 In other words, it can effectively lower
blood serum cholesterol levels with no apparent side effects.  A study reported in
the American Journal of Clinical Nutrition found that Chitosan is as effective in
mammals as cholestryramine (a cholesterol lowering drug) in controlling blood
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FIGURE 4. "Netting" mechanism used by Chitosan.

FIGURE 3. Magnetic mechanism used by Chitosan



serum cholesterol without the deleterious side effects typical of cholestryra-
mine.81 Chitosan decreased blood cholesterol levels by 66.2 percent.82 It  effec-
tively lowered cholesterol absorption more than guar gum or cellulose.83

Laboratory test results indicated that a 7.5% chitosan formula maintained ade-
quate cholesterol levels in rats, despite a dramatic increase in the intake of cho-
lesterol.84

MECHANI SMS OF CHI TOSAN FAT- BI NDI NG
The exact way(s) that Chitosan prevents fat absorbtion is not fully under-

stood but a number of experimental observations support two basic mechanisms.
The first mechanism involves the attraction of opposite charges which can be
compared to the attraction of opposite magnetic poles. The second entrapment
mechanism can be compared to the effect of a net.  In the first mechanism the
positive charges on chitosan attract the negatively charged fatty acids and bile
acids binding them to the indigestible chitosan fiber.  

This mechanism can explain why chitosan reduces LDL cholesterol levels.
Our bodies make bile acids in the liver using the cholesterol from LDL. When
chitosan binds bile acids it increases the rate of LDL loss thus improving the
LDL to HDL ratio.  If enough bile acids are bound, the fats are not solublized,
which prevents their digestion and absorption.

The second mechanism (figure 2) describes a netting effect of chitosan fiber.
In this model the Chitosan wraps around fat droplets and prevents their being
attacked and digested by lipid enzymes.  Fats unprotected by Chitosan are digest-
ed and absorbed. The “netting” mechanism has been seen to operate in vivo. 1 0 8

Subst ances t hat  Enhance t he  Act ion of  Chit osan

Fibers can be likened to a tangled-up chain.  Fibers must “unravel” in order
for them to be of maximum benefit to us.  “Unraveling” is especially critical for
chitosan because each link has a hook on which to attach lipids.  Chitosan can
absorb an average of 4 to 5 times its weight in lipids.  Reports of numbers above
and below this range have also been reported and may well reflect the rate or
extent of unraveling that had taken place.  Fiber formulations can be prepared
that unravel rapidly and swell quickly.  These highly effective formulations are
called superabsorbants.  When certain substances are added to chitosan, its
remarkable fat-binding ability can be significantly enhanced. 

Ascorbic Acid

D-Ascorbic acid (erythorbic acid) and L-ascorbic acid are C-vitamins which
enhance chitosan’s ability to bind lipids.  Combining chitosan with ascorbic acid
results in even less fat absorption and greater fecal fat losses.77,108 In one study
the addition of ascorbic acid to a chitosan enriched diet increased fecal fat losses
by 87 percent and decreased fat absorption by over 50 percent.77
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Cholesterol oxides cause lesions in artery walls which predispose blood ves-
sels to collect plaque. These dietary cholesterol oxides profoundly influence the
initiation of heart disease.Free radicals can also contribute to the formation of
cholesterol oxides which are even more likely to damage the heart. Cholesterol
oxides have been found in deep-fried foods, powdered eggs, processed meats
and in human blood itself. Consequently, taking antioxidants like ascorbic acid is
vital to protect against the cellular damage this type of free radical causes.112

Cit ric Acid

In feeding experiments with animals, adding citric acid to a chitosan
enriched diet resulted in a decreased feed consumption.77 The most likely expla-
nation for this effect is that the citric acid may be enhancing the swelling action
of chitosan leading to a sense of fullness, producing satiety and appetite suppression.

Indoles

Indoles are remarkable phytochemicals which have the ability to selectively
activate certain Mixed Function Oxidases (MFOs).113 These MFO’s help balance
estrogen metabolism and prepare dietary toxins for elimination before they are
absorbed.  The presence of fiber in the intestines provides a bulk agent to carry
the metabolized toxins out of the body. 

Chelat ed Minerals

The very best approach to weight loss is to nutritionally augment food choic-
es with nutrient supplementation. Certain biochemical compounds are essential
to promoting vigor during the process of thermogenesis. Chelated minerals act to
bolster, support and protect the organ systems of the body.114,115

For example, when fat is burned, heat and energy are released. If a lack of
certain minerals exists, energy levels will drop. Minerals help to transport need-
ed nutrients to depleted areas of the body, thereby stemming off the fatigue we so
often experience after eating a fatty meal. Even more importantly, free radicals
are released whenever fat is consumed and burned and the presence of chelated
minerals helps to expedite the removal of these metabolites and facilitate the
availability of fuel for energy.

Essent ial Fat t y Acids

Prostaglandins control and balance many body functions.  The dietary build-
ing blocks for making prostaglandins are the essential fatty acids (EFAs).  The
role of prostaglandins in weight loss has been extensively discussed in a recent
review.116 EFAs exert profound lipid-lowering effects.They reduce the synthesis
of triglycerides and very low density lipoproteins (bad cholesterol) in the liver.
EFA supplementation coupled with a low-cholesterol, low-saturated fat in diet
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produces a complementary effect in lowering serum lipid levels.117

Garcinia Cambogia ( Hydroxy Cit ric Acid)

Garcinia Cambogia contains hydroxycitric acid (HCA). This form of citric
acid inhibits the liver’s ability to make fats out of carbohydrates.118

Carbohydrates are converted to glycogen stores, not fat stores, giving the body a
better energy reserve and an increase in stamina.119

Ephedra And Thermogenisis

Thermogenesis means “creating heat.”  This is one of the ways our bodies
have of burning off excess calories and maintaining a constant weight.120 This is
an area of weight management research that is being intensely studied. When we
repeatedly yo-yo diet or abuse ourselves by eating too much, our thermogenic
ability may be reduced.  Numerous animal and human studies have confirmed
the benefits of ephedra and methylxanthines in inducing weight loss and restor-
ing thermogenic responsiveness.43,44,121

CHI TOSAN SAFETY
Chitosan is not only very useful, it is also very safe.  Chitosan has been used

extensively in nummerous industrial, health, and food applications.66,71

Nevertheless, all substances when taken improperly or in gross excess can be
detremental to our well-being.  For example, water is normally safe when swal-
lowed.  On the other hand, breathing large amounts of water can be deadly.
Similarly breathing air is relatively safe whereas intraveneous injections of air
are usually fatal.  

To determine the relative safety of various foods, scientists run experiments
to determine the food’s toxic level or LD50.  Chitosan has been found to have an
LD50 of over 16 grams/day/kg body weight in mice.122 Chitosan is a fiber
which expands to form a gel in the acidic environment of the stomach.  The
problems encountered with extremely high doses of chitosan were caused by
gastric dehydration and impaction due to the expansion of the fiber.123 To put
these data in context, the authors compared Chitosan to common sugars stating
“[I]t appears that chitosan is less toxic than these substances.”122 Mice are not
men.  For safety purposes data gathered in mice is divided by 12 to get the
human equivalent.124 The relative LD50 in humans then would be 1.33
grams/day/kg.  Given that an average person weighs 150 pounds or 70 kg, this
means that the toxic amount for a person would be greater than 90 grams per
day.  Conservatively, one could feel very confident below the 10% level, or 9
grams per day.  Clinical studies have used amounts in the 3-6 grams per day
range with no adverse effects.  As with any fiber, a person is well advised to
drink plenty of water.  Changing our diets affects our colon function.
Constipation or diarrehea may occur in some persons depending on their individ-
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ual constitutions and on how well the Chitosan supplement was originally for-
mulated.

Even though Chitosan is not digestible by our enzymes, it can and is degrad-
ed by soil and water microorganisms.  This makes Chitosan environmentally
friendly.  This was recently acknowledged by the US Environmental Protection
Agency when it exempted Chitosan from tolerance level testing.68 Any break-
down of chitosan by our colon microflora would release D-glucoseamine which
is itself a wonderfully beneficial nutrient for osteoarthritis sufferers.125

Because Chitosan can bind lipids and certain minerals, it is best to take
essential fatty acid supplements, fat soluble vitamins and mineral supplements
separate from Chitosan.  Taking Chitosan with D- or L-ascorbic acid helps
increase the amount of fat bound and decrease the loss of minerals. 77,126

WARNI NGS
YOU SHOULD NOT TAKE CHITOSAN IF YOU:

• Have Any Kind of Shellfish Allergy
• Are Pregnant or Breast-feeding

(NOTE: If you are taking medication of any kind, check with your physician
before taking Chitosan. Some drugs may be bound to the Chitosan.)

The delicate nature of pregnancy and breast-feeding are always approached
with additional caution.  Even substances as safe as Chitosan are customarily
issued with a cautionary note regarding use during these times unless over-
whelmingly positive results from a huge number of well-controlled tests with
pregnant subjects is available.  In the case of Chitosan the potential loss of essen-
tial fatty acids (which we generally are already deficient in), fat-soluble vita-
mins, and certain minerals needs to be taken into consideration.  Unfortunately
saturated fats don’t come with such a warning label.

Another caution involves allergies.  Nearly all food substances will trigger
allergic reactions in persons with extreme sensitivies.  Since Chitosan is derived
from shellfish, those persons with extreme shellfish allergies are advised to be
cautious.  Tests with a small number of persons with extreme shellfish allergies
have not demonstrated an allergic response.  This is an encouraging but very pre-
liminary result.  Reasonable and sensible consumption should always be the rule.
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HOW TO TAKE CHI TOSAN
The best way to take Chitosan is prior to eating a high-fat meal, which is

usually lunch or dinner. Do not take with essential fatty acids, fat soluble vita-
mins, minerals or medications with Chitosan as their bioavailability may be
inhibited. In order to avoid any type of nutrient deficiency, take your other sup-
plements in the morning, when Chitosan is normally not used. Taking one to two
grams of chitosan is adequate for most meals.

(NOTE: Whenever taking any form of fiber, drinking at least 8 glasses of water
per day is highly recommended.)

SUMMARY AND CONCLUSI ONS

1 .   Chit osan Provides a Realist ic Approach t o Fat  and

Fiber Int ake .
Low-fat, high-fiber advocates have recommended a diet that is calorically

fueled between 10 and 20 percent fat and includes 35 to 45 grams of fiber.
Unfortunately, most of us, no matter how good our intentions are, will not be
able to sustain this type of diet. Therefore, if we are going to face facts, a diet
that reduces fat to 20-30 percent of the total caloric value and increases fiber to
20-30 grams/day is much more realistic and will help significantly in controlling
weight, avoiding artery disease and promoting good colon health.

Taking Chitosan prior to eating a meal can make dietary fat goals much more
attainable while promoting a number of desirable health benefits. Because obesi-
ty ranks among the top ten diseases (which, by the way, are almost all related to
obesity), the availability of a safe, health-promoting fat binder is desirable.

Weight control needs to be realistic and effective. Workable weight loss pro-
grams are few and far between and usually involve a life style that many of us
can never incorporate. While Chitosan is not a panacea for maintaining our
youthful figures, it could be a very powerful dietary complement, facilitating
what might otherwise be unattainable. Lowering the amount of dietary fats we
eat, exercising more, and making sure we get enough fiber seems to be the win-
ning combination for health and longevity. Chitosan is a valuable tool to use in
attaining optimal nutrition and robust health.

2 .   Chit osan Is an Ef fect ive Fat  Binder.
While all the previously mentioned properties of Chitosan are notable, its

extraordinary ability to bind fats promises to be its most valuable asset. To reiter-
ate, getting rid of fat after it has been stored as adipose tissue is much more diffi-
cult than neutralizing its effects before it enters the blood stream. Chitosan
accomplishes this formidable task by converting fat into a form that the body
does not absorb and subsequently expels.
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3 .   Chit osan Has Remarkable V alue.
Any of us who occasionally eat southern fried chicken, a Big Mac, or a slice

of cheesecake every once in a while can profoundly benefit from the fat binding
action of Chitosan. As a fat binder, Chitosan can significantly reduce the amount
of fat that enters our blood stream. 

Consider the possibilities.  The foods mentioned above are full of excess fat
grams.  If you take four capsules (1 gram) of Chitosan with ascorbic acid, which
is generally recommended, the fat content of that food is dramatically lowered.

Remember the discussion on how the liver has to deal with excess fat?
Chitosan decreases the liver’s work load which lightens the stress put on other
body organs by the presence of excess fat. In other words, Chitosan eases the
metabolic processes that kick in after we eat excess fat. As far as our metabolic
processes know, those fat grams may as well never have existed. 

4 .   Why  Chit osan Is Called t he Fiber of  t he  Fut ure.
After years of fiber “hyping” most of us are well aware of the profound ben-

efits that fiber has for human health and longevity. Fiber is considered a dieter’s
best friend.  It has also been linked to slower rises in blood glucose which also
profoundly affects how we store excess calories and when we feel hungry.

Most fibers are hydrophilic which means they repel fat and attract water.
Psyllium, for example, is used for its bulk forming action. This type of fiber
absorbs water and is easily passed through the intestine, helping to maintain a
normal bowel function.

Chitosan is different. While it possesses many of the same benefits as plant
fibers like psyllium, Chitosan is “lipophilic” meaning that it “loves fat”  It is a
positively charged fiber that binds to negatively charged fatty acids.  A fiber that
attracts fat is unique to say the least. 

Simply stated:
• Chitosan is a non-digestible dietary fiber.
• Chitosan binds fats.
• Chitosan increases the excretion of dietary fats and cholesterol.
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Table 6.  Health and Nutrition Uses of Chitosan.  

•  absorbs and binds fat/promotes weight loss 60,76,77

•  reduces LDL cholesterol and boosts HDL cholesterol 78-84

•  promotes wound healing 85-89

•  antibacterial/anticandida/antiviral 90-96

•  acts as an antacid 97,98

•  inhibits the formation of plaque/tooth decay 98

•  helps to control blood pressure 99,100

•  helps in dental restoration and recovery 101,102

•  helps to speed bone repair 103,104 

•  improves calcium absorption 104,105

•  reduces blood levels of uric acid 106



1 .   Chit osan Is A Nat ural Ant acid
Studies have shown that  Chitosan is an effective and highly safe antacid.97  A

U.S. patent has also been issued in this area.107

2 .   Ant ihypert ensive  
Some clinical studies have found that Chitosan worked as an antihyperten-

sive agent. It lowered blood pressure in male subjects which were fed a high salt
diet.99 It also has the ability to decrease blood levels of chloride, which decreases
the activity of an angiotensin converting enzyme. Angiotensin is vital to the
maintenance of normal blood pressure.100

3 .   Ant ibact e rial/ Ant icandida/ Ant iviral Propert ies Of

Chit osan.
a) Chitosan has been effectively used to treat acne.  It is able to inhibit cer-

tain bacteria which cause the inflammation associated with acne.91

b) Chitosan has exhibited the ability to kill candida in clinical tests involving
mice due to its effect on protease action.92

c) When used as a food preservative, Chitosan exhibited stronger bacterici-
dal activity than lactic acid.93

d) In some tests, Chitosan even demonstrated a dramatic anti- parasitic
action.94

e) Chitosan very impressively reduced the amount of bacterial translocation
which can occur after a burn injury. It is believed that by reducing the bacterial
population of the colon, the potential for a life threatening infection to set in after
a trauma is decreased.95

f) Chitosan has demonstrated the ability to kill certain viruses.96

4 .   Wound And Ulcer Healing And Chit osan.
Tests using topical applications of Chitosan found that it promoted faster

healing of wounds or abscesses that had become infected with staph infection.88

Topical applications of Chitosan decreased coagulation time which is vital to the
healing of wounds like bleeding ulcers.89

5 .   Ant i-Plaque Act ion Of  Chit osan In The Mout h.
Because of its antacid action, Chitosan increases the pH in the mouth.

Chitosan also binds bacteria that cause dental plaque and subsequent tooth
decay.98

6 .   Chit osan,  Calcium Absorpt ion And Bone Healt h.
Clinical tests have found that Chitosan enhances the bioavailability of calci-

um.   When Chitosan is added to the diet more of the dietary calcium is
absorbed.105 The more calcium is available, the better bone quality will be. The
prevention of osteoporosis depends on continual supplies of “absorbable” calci-
um.  Chitosan has been used as a supplementary food for osteoporosis.
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